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Forward 
From the title it might be suspected this is a highly technical 
document, though it is that only in places. For the most part the book 
simply presents “snippets of life”  as I have seen it from the 1930’s 
to the 1980’s, and is likely to be of interest to many of you who are 
little concerned with the more esoteric aspects of the Television 
Broadcast business. It will be seen that this is also a story of the fun 
and foibles of Broadcast Television as well as a small glimpse at the 
high pressure business of putting Television  programming on the 
air, and too, my long time interest in the writing  and publication of 
articles on the design and manufacturing of equipment for the 
Television Broadcast industry. I hope you will find my story to be of 
interest and value to you. 
 
Please note that this, like my life, is a work in progress.  If it is not 
wholly complete, then why publish or present it to others? Well, after 
60 years as a Broadcast Engineer and now into my 9th decade of life, 
it seems wise to do so as, who knows if there will be time for me to 
finish it, and I feel it is of adequate significance to have it presented. 
 
Others may have seen some of these events differently - my story is 
accurate insofar as I remember the events - and this narrative is 
simply the way it all appeared to me. In the document I have 
mentioned names of a few of the fine individuals I have been fortunate 
to work and associate with. I know I have omitted the names of a great 
many folks. It is not that they are of lesser import, rather that the ones I 
refer to by name are simply those who happened to pop into my mind as 
I was recalling the many interesting events of the past. 
 
Bob Zuelsdorf 
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Memoirs of a Broadcast Engineer 
 

[my 1954 Television interview] 
  …he had been at CBS New York and had chosen to return to his home 
state of Wisconsin. As he was also a technical individual, Smitty and I 
connected immediately. I had a strong interest in the UHF band and a 
good deal of experience and background in the higher frequencies such as 
UHF and Radar. My previous work with resonant cavities fit right in with 
understanding the cavity resonators of the WKOW-TV RCA TTU1B Channel 
27 transmitter. The interview ended by my being immediately hired by 
Smitty as a Television Broadcast Engineer!! 
 
               Prologue 
Growing up in rural Wisconsin was an interesting and generally positive 
experience. While not living on a farm, there was ample opportunity to 
sample farm life. I was born at home in York Center in August of 1931. 
My brother Joe preceded me having been born a year earlier at 
Columbus Hospital in June of 1930. We both attended the York Center 
school, a one room school a mile to the south of York Center. Before we 
were old enough to have bicycles we walked both ways each day, 
except in the coldest weather when we got rides to and from school. For 
most of his eight years at school Joe was the only one in his class, while 
my class was huge – for the first six years there were five of us! One 
teacher, usually at the back of the room, handled all 8 grades, if indeed 
there was at least one student per grade, which was not always the case. 
 
During the early 1930’s York Center consisted of two farms, Dad’s 
Garage and Machine Shop, a Cheese Factory, a General Store and the 
York Center Town Hall along with the Town of York equipment 
buildings. The population was 26 people. At the Garage we worked on 
and repaired everything from farm tractors and farm equipment to autos, 
motorcycles, race cars, tracked vehicles and Mack trucks. I grew up 
helping, and learning, in Dad’s York Center Garage and Machine Shop.  
 
There was a farm at the south end of York Center on Hwy 73 and to the 
north was another farm. Across the road from the Garage was the 
Cheese Factory and just past the Cheese Factory on the gravel road to 
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the west was the General Store. The Town of York buildings were 
across the intersection to the northwest of the Garage. A Tavern was 
just south of the Garage and just south of the Tavern was a culvert with 
a fairly sharp deep dropoff. (more about this later). 
 

 

                                       York Center Garage 
 
. The first thing past the culvert was the spot where Ed Opal kept his 
Steam Engine. While yet very young, Joe and I were intrigued with this 
Steam Engine. It had a large flat-belt pulley on the right side to the rear 
of the boiler which was driven by a steam piston, and used to power 
threshing machines. The rear wheels were steel about 12 or 14 inches 
wide and perhaps 5 feet in diameter while the front wheels were much 
smaller with a steel ridge around the center. A rectangular roof of 
canvas sat above the entire unit, high enough to be well above the head 
of the operator. Ed, while not unfriendly, had little to say. He would fire 
the boiler and we would watch the large steam pressure gauge move up. 
When it got high enough at and begin to slowly back out. Toward the 
right front the balls on the flyball governor rose, pulling up the forked 
lever which regulated engine speed. 
 
Other than the crunching sound of steel wheels on gravel, pish, pish, 
pish was the only sound the Steam Engine made as it moved slowly 
down the gravel road heading east toward the threshing job ahead. Days 
later, when we heard that crunching sound of steel wheels on gravel, Joe 
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and I would run out to greet the Steam Engine on its return. I don’t 
remember just when, but one day the Steam Engine was gone from its 
spot beyond the culvert. It never returned. 
I always said Dad lived to hunt. We hunted most all game, pheasants, 
geese, rabbits, deer, etc. I had a single shot bolt action 410 shotgun 
when I was 9 or 10 and Joe had a break-open single shot 20 gauge. Dad 
was a very good shot and we learned from him. We hunted pheasants 
and rabbits just behind the shop and around the area. We would go to 
Horicon Marsh for Geese and up to mid-Wisconsin for deer hunting. 
During the Depression the game we shot provided a major source of 
meat. Dad repaired guns and there were always targets behind the shop 
at 100 and 300 yards. At any time of day you might hear an 8mm 
Mauser or perhaps a Royal Enfield being tested. After the war Dad took 
to Trap shooting and, at one point, we had a full scale Trap Range 
behind the Garage. Dad was very good at Trap and one year he won the 
Minnesota State Championship. Trap Shooters would wear jackets with 
“25 Straight”, “50 Straight”, or the like, on the back. This meant you 
had broken that many clay pigeons without missing. As I recall, Dad’s 
jacket said “300 Straight”. All this shooting in my youth played out well 
for me as, when I was in the Army, I never failed to shoot  “Expert” 
when being tested on the firing range. 
 
Fox hunting was a community sport in the years after the War ended, 
involving a good many of the farmers around York Center. There was a 
bounty on fox as they were implicated in killing chickens. We tanned 
the pelts and they brought a rather good price. On weekends a group of 
neighbors would go looking for fox. An airplane could be used to spot a 
fox but one could not shoot from the airplane. Dad was the primary pilot 
for the fox hunt and I often went with him as the spotter. The wheels 
were replaced with skis for the winter so the plane could land on the 
snow covered runway, or in a farm field. Once a fox was spotted the 
pilot would circle, keeping the wing pointed at the fox. Those on the 
ground would see where the wing was pointed and go after the fox on 
foot with rifles and shotguns. I believe our best year was 126 fox, 
though we got more than 100 in several other years. Again, Dad was an 
excellent shot. When he was on the ground as a hunter any fox within 
100 yards was as good as dead. 
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While our family never dug out fox that were in a hole, a few others did 
so, though very infrequently. On one of the few occasions this was done 
there were three very small fox pups retrieved from the hole.  We got 
one of these, a female. 
 
It was less than two inches long and totally unable to fend for itself. I 
was the person it imprinted upon and, though we all cared for the pup, it 
turned out that I was the primary care giver. I remember feeding her 
milk with an eye dropper and holding her to keep her warm. When it got 
a little larger, being a wild animal, she was a bit ferocious. If the fox 
tried to bite, never pull your hand out of its mouth! Grab the back of the 
jaw from above and squeeze till it let go. As she grew larger the taming 
process proceeded and it became less aggressive. We soon named her 
“Tuffy”, a rather appropriate moniker. She lived in our house in a semi-
enclosed shelf in the pantry. Tuffy loved sweetened condensed milk and 
I would sometimes hold some under her nose in the morning to wake 
her up. There would be an “Errrr!, Errrr!, Errrr!“ espoused as she 
awakened to this treat. 
 
Tuffy was highly energetic and, in the house, she would incessantly 
jump up the living room door, over and over again. After awhile, tiring 
of this, she would simply jump from the floor to the top of the door and 
lay on top for awhile. We had a Beagle, “Sport” at the time. We would 
let them out in the yard, which wasn’t fenced, and they would run 
around and play. Sport would run at full speed around the circumference 
of the yard and Tuffy would literally run circles around the dog as they 
played! 
 

 

                                                Tuffy the Fox 
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The 1940’s 
 
The 1940’s saw some changes around York Center. Prior to that, around 
1936, the “High Line” came through. 110 volt power was now provided 
by the REA and we no longer needed the 18 inch high blue glass 
batteries in the cellar which stored 32 volt power for our lights. Mother 
got an Easy Spin Dryer washing machine to replace the old tub-and-
wringer machine. It was no longer necessary to jam down on the foot 
operated starting pedal to get the gasoline motor going so as to be able 
to wash clothes. A real Refrigerator replaced the Ice Box which we had 
used till then. Sitting outside the Garage near the wall was a 4 cylinder 
engine, Studebaker perhaps, which powered the large 18” swing-above-
the-bed metal turning lathe by means of a flat belt which passed into the 
building. This engine was removed and a large 220 volt electric motor 
was mounted inside the Garage up by the 4 step pulley, having another 
flat belt going down to power the lathe. Speed of the lathe was selected 
by moving this belt along a corresponding step pulley on the lathe. As I 
loved doing machine work I spent many an hour at this lathe turning 
wagon hubs and spindles for the farm wagons which Dad made and 
sold. 
 
I remember a day – in 1940 I believe – I was down at the bridge on the 
road east of home watching the many airplanes in the sky from Truax 
Field in Madison as they went through their training maneuvers. I was 
watching one particular AT6 as it went downward  into a spin. It 
disappeared past the horizon and I instinctively put my fingers to my 
ears, then, as nothing happened I thought, “ it is farther away than I 
realized”.  As I removed my fingers from my ears there was a loud 
boom and smoke arose. I ran home to tell Mom and Dad but found that 
Dad and his brother Albert had jumped in a car and dashed to the scene 
of the crash. The two of them were the first ones there and ran to the 
burning aircraft. Finding no life from the two pilots, they then retreated 
to a safe distance. 
 
Early in the War the Badger Ordnance Powder Plant was built near 
Baraboo WI. A number of farmers were displaced as their land was 
needed for the construction. Swaine and Cora  Mather, with sons Myron 
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and Elton, bought the farm a mile and a quarter north of York Center. 
Members of both families were often at the Garage, but Myron was by 
far the most frequent visitor. Myron was a bit younger than Dad and 
perhaps 15 years older than I. Myron and Dad struck up a close and 
lasting friendship and, when Myron was around, there was always 
something going on! He was outgoing and gregarious and always full of 
fun. 
 
Myron had a 33 HP Evenrude outboard motor – at the time the most 
powerful outboard made. One Sunday he and Dad took the motor and a 
boat up to the Fall River Mill Pond. Mother, with Joe and I and Myron’s 
wife Eileen, were to follow a bit later. The boat was a 16 foot step-
hydroplane designed for a 16 HP motor. With the 33 HP motor it really 
moved! Myron, never too reverent, and with Dad in the boat with him, 
went zipping around the lake. He managed to roar past a number of 
fishermen in boats, casting great waves toward them as he went. They 
had seen him before and were not pleased. On a really fast run Dad said 
he noted that the waves were no longer slapping on the bottom of the 
boat. Persons on shore said the boat was completely out of the water, 
riding only on the prop. Dad said the next thing he knew he was in the 
air. The boat had flipped over backward throwing both of them out. 
They hit really hard but were able to swim. None of the fishermen came 
over to help them. They swam to shore safely. All this was over by the 
time we arrived. 
 
It was either 1942 or 1943.  The 4th of July was approaching. The 2 foot 
long by 8” square box of fireworks would not be arriving this year. It 
was not here last year either. Missing would be the Roman Candles 
shooting their flaming missiles into the air. Missing would be the 
firecrackers, the cherry bombs, the fizzing cones and the sky rockets. 
Fireworks were “non-essential”. They had been lost to the War Effort.  
 
In the shop one day in late June Myron mused aloud, “What’s the 
difference between a firecracker and a stick of dynamite?” “Dynamite 
goes Boom! while a firecracker goes Crack!” He deduced the difference 
was a firecracker had a lot of paper wrapped around it and that made it 
sound different. A few days passed and July 4th rolled around. About 
mid-morning Myron walked into the shop with a roll of newspaper 
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about 10” in diameter. A fuse stuck out one end. A stick of dynamite 
was inside. Myron had made his firecracker. 
 
There was some discussion about where to set it off. Down in the marsh 
behind the shop would be a good spot. A 5 foot stake was taken down 
about 300 yards and driven into the ground. Myron attached the 
firecracker to the top of the stake and lit the 10 minute fuse. We all sat 
in the Garage and waited for our 4th of July.  The paper wrapping did 

make the difference in sound.    CRACK!            
All that could be seen was a cloud of confetti. It floated above the entire 
marsh and took half an hour to somewhat disperse. Yes, we had our 4th 
of July that year. Thanks to Myron. 
 
One day Myron came into the Garage with a huge stack of Popular 
Mechanics magazines. He asked me if I wanted them. Wow! Yes I 
wanted them! I remember saying, “Is there some Radio in them?” Of 
course there was, as Popular Mechanics often had construction articles 
for various radio receivers.  These were magazines I would not have 
been able to afford and I cherished them, reading most everything they 
had to offer. A few years before Myron died at age 80 I sent him a letter 
thanking him for those magazines and noting they helped me on the way 
to a career in Television Broadcasting. 
 
Earlier I mentioned there was a dropoff at the culvert just south of the 
Tavern. It was 1946 and one of the neighboring farmers was at the 
Tavern with his new Buick DynaFlow – one of the first with an 
automatic transmission. Seems he spent a little too much time in the 
Tavern that day and was feeling pretty jolly when he came out. The 
Buick was nosed in toward the Tavern so he had to back it around 
toward the culvert to get turned enough to leave. He put it in reverse, 
stomped on the gas and arced around so fast that he backed right over 
the edge of the dropoff. He then put it in drive and the rear wheels, 
hanging over the edge, whirled merrily in the air as he revved the motor. 
He tried reverse and drive several times to no avail. Dad then went over, 
guided him to Dad’s car, and drove him the couple miles home. After 
Dad’s return we used the wrecker and freed the Buick. I don’t recall if 
we delivered it back to them, or if one of the family came and got it. 
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As I noted, after the War Dad started flying again. Along with the 
Mather brothers he was instrumental in starting the MathAir airfield on 
their property just over a mile to the north of York Center. Dad had 
several airplanes starting with an Aeronca Champion and ending with a 
Piper Pacer and a Taylorcraft. Mom and Dad were members of the 
Flying Farmers and often went long distances to their events. Mother 
was Flying Farmer Queen, twice I believe. I remember once they flew 
as far as Seattle to an Event, which was quite a feat in a light plane with 
limited radio capability. Brother Joe got his Pilot’s License while in his 
early 20’s and flew a good deal.  

 

                    Mom & Dad – Airplane 
Being at the Garage there was often an issue which required our 
immediate attention. I think it was in the winter of 1947, on a below 
zero night, when our phone rang about midnight. A young man who 
lived nearby had crashed his car on the steel railed bridge on a gravel 
road a few miles away. He was not seriously injured but the car was 
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cross ways on the bridge completely blocking it. Dad woke Joe and I 
and we got dressed for the cold and ready to go. Our wrecker, which 
dad had built, was powered by a 1928 Buick motor, had large tractor 
size rear wheels and a heavy duty truck differential. It was powerful, but 
had a top speed of about 20 mph. Joe and I followed in the car while 
Dad drove the wrecker to the scene. The crashed car was wedged 
between the bridge rails and it took some interesting cabling and pulling 
to free it so as to clear the roadway. It was then good to get back home 
and into a warm  bed. 

 

             Garage Wrecker 
 
Before dad put a slate ceiling in the Garage the joists and rafters were 
open and visible. We used to keep odd parts, such as carburetors, 
starters, etc. atop the cinder block walls just below the roof. I was about 
13 and on a step ladder cleaning up this top of wall area when I came 
upon a tin can with strange, unknown contents. I brought it down, 
showed it to Dad and asked what it was. It contained some oily sawdust 
and a few copper things which looked a bit like .22 shells. He took a 
look at it and said, “we need to get rid of this”. Dad used to blast rocks 
for farmers so they would be small enough to load on a stoneboat. The 
can contained TNT and blasting caps. He handed it to his brother Walter 
and said,” take this down in the marsh and take a shot at it”. Walter set 
it against a post about 100 yards away and returned. There were 3 large 
windows at the back of the shop, each with a large single pane in the top 
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and another in the bottom. He picked up a 30-40 Krag, aimed out the 
window and fired a shot. Nothing happened. Dad looked out and said, 
“you better move that down farther”. Walter moved it another hundred 
yards farther away and came back. He fired another shot. This one must 
have hit a cap. The can exploded and broke or cracked every window in 
the rear of the garage. 
 
The Garage was heated only by a single pot belly stove. In cold winter 
weather we would bank the fire so there would still be glowing coals in 
the morning, then get a fire started again. In my younger days we still 
cleaned oily and greasy parts with gasoline. The gasoline would reside 
in a metal dishpan and would be discarded when it got too dirty. In the 
morning there was usually a dishpan with perhaps a quarter or a half 
inch of gasoline left in it. To get the fire going again you would first put 
in more coal. Next, pick up the dishpan of gasoline in your right hand, 
throw it in on the coals and use your left hand to quickly slam the stove 
door shut. There would be a “fwooosh”, the stove would shudder and 
the fire would get under way … 
 … don’t think I would try that these days … 
 
I think I always knew I would go into some kind of technical profession. 
When I was 8 years old my brother and I each got an allowance of 50 
cents a week. Always interested in the stars, I was enthralled with 
telescopes. In a magazine I had seen an ad for a 3” diameter lens with 3 
eyepieces for only $3.00 which could be made into a six foot long 100 
power telescope. I convinced my mother that I could save 35 cents one 
week and 15 cents the next till I had saved the $3.00. It was a struggle 
for me but I did just that and purchased the telescope parts. With Dad’s 
help we put together a  5” diameter stovepipe six feet long and cut a 
circular wood piece to mount the objective lens. A cardboard tube was 
then mounted in the other end in a manner so the eyepiece could be slid 
in and out to adjust focus. Stove bolts were used at the balance point to 
attach the tube to a mount which Dad made. What I did not know, but 
soon learned, is that a long, high f/ratio telescope has a narrow field of 
view. Thus it was tough to locate astronomical objects. However I did 
get many good views of the moon and some stars. That low quality 
telescope set me on my way. As an amateur astronomer I now own three 
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good telescopes and maintain a strong interest in astronomy and 
astrophotography. 
 
Just after the War there was great interest in jet propulsion. There were 
the pulse jets, used in the German V1’s, turbojets, which were under 
development, and ramjets which used the incoming air from the front to 
sustain compression and combustion. While these latter engines were 
only able to start and work when moving rapidly through the air, I read 
an article about a self starting ram jet. Following the dimensions and 
angles described I soldered one up from thin sheet metal, fashioning a 
cone-shaped front as shown in the article. It said alcohol fuel could be 
sprayed in or fed in by a wick. I used a wick and soldered  together a 
fuel reservoir on the top. I aimed my ramjet out the open upstairs 
window and, with some trepidation, put a match to the wick. The 
alcohol lit and just burned for awhile. Fortunately, not enough fuel was 
supplied to the combustion chamber to get the ramjet going. Don’t 
know what I would have done had it blasted off and gone sailing out the 
window and into the blue... 
 
Ever since I learned about elements and compounds in grade school I 
wanted a Chemistry Set. When I was about 10 years old the Chemistry 
Set arrived for Christmas. I spent many happy hours making various 
compounds, seeing solutions change color, etc. One day, in the winter, I 
set out to make a little hydrogen sulfide. The experiment was too 
successful. Too much was made. Mom had to open all the doors and 
windows to clear out the smell. Hydrogen sulfide is the gas produced by 
rotten eggs. 
 
At age 12 or 13 I noted an old gasoline motor from a washing machine 
setting in the Garage basement. When asked, dad said I could have it as 
he did not have a use for it. After determining a drive system I mounted 
it above the rear wheel of my bicycle. The drive was to be a shaped 
pulley which engaged the rear tire. An over-center lever held it against 
the tire and could act as the clutch. By this age I had done a good deal of 
machine work so I turned out a drive pulley on the lathe. It wasn’t just 
right so Dad helped to get a contour on the drive pulley which better 
matched the tire. He somewhat reluctantly gave his aid, as his son was 
creating a mechanical device and he couldn’t stay away from it when I 
needed help. My idea was to get the bike rolling with the pedals, then 
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pull the lever to engage the engine and start it, and I would be under 
way with motor power! I had calculated the gear ratio to give a 30mph 
speed. This was much too high and the motor would not turn and start. I 
said, ”I’ll change the gear ratio and set a 15mph speed”. As I was well 
under age for my driver’s license, Dad thought the project had gone far 
enough and so it was halted. 
 
Mother was a wonderful and gentle person. I didn’t realize it till I was 
much older, but Mom was well ahead of her time in photography. She 
took many pictures and provided Joe and me with Kodak Box Cameras 
at an early age. Later we went to other 120 and 620 size cameras. In 
1946 I bought a Robot (brand) camera which was used by the German 
Luftwaffe. In those days 35mm was rather new and the best cameras 
available had f3.5 lenses. After each shot it was necessary to reach to 
the top of the camera and manually wind it to the next frame. The Robot 
had an f2.0 lens and a wind-up mechanism so I could take shots as fast 
as the shutter was pressed. It was very expensive - $200 as I recall – and 
I bought it with money saved from working summers in the Stokley 
canning factory in Columbus WI. Through High School and after, I took 
many pictures of sporting events, family, friends and HS functions, 
learning to process and develop my own film as I went. This interest in 
photography  has stayed with me as I continue to take pictures digitally, 
and also astrophotography of stars, planets and the like.  
 
 I believe it was in 1947 that I built a crystal radio. Myron Mather’s 
Popular Mechanics magazines had provided much information about 
radio and helped to propel me forward. With a long-wire antenna the 
crystal radio worked and two stations could be received. WKOW in 
Madison WI was the strongest and I would listen to it with my 
headphones. However there was a problem! About 4:30 in the afternoon 
it would abruptly stop broadcasting (or so I thought). I could not get it 
again. The next day it would be back and, in the afternoon, would 
suddenly be gone until the following day. What I did not know is that 
WKOW changed from a daytime antenna pattern to a nighttime antenna 
pattern in late afternoon. This was necessary to protect another station 
from interference at night, and it put a null of minimum signal in one 
direction, which happened to fall right over York Center. When they 
changed to the night time pattern it was gone. In my wildest dreams I 
never imagined that a little more than 2 decades later I would be Chief 



18 
 

Engineer of WKOW Radio and TV, and thus be responsible for 
maintaining the integrity of this signal null! 
 

 
 

Epilogue: 
 
School was always easy for me, but my beloved brother Joe also did 
well. He was slated to graduate from Milwaukee School of Engineering 
in the spring of 1957, but slid off a snowy road coming home the 
preceding Christmas, and was killed.  
 
… still seems like just yesterday … 
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In the Beginning 

 
Twelve hours a Day seven Days a week, from 6 to 6 or from 6 to 6 – 
that is, from 6am to 6pm or 6pm to 6am – that was my work shift. 
Breakfast/supper was at 5:30am/pm or 6 am/pm depending whether you 
were going on-shift or off-shift. The 400 HP 6 cylinder Cooper 
Bessemer stationary engine turned at 1200 RPM for 24 hours a day 
spinning a 36 inch rotary cutter which was scraping clam shells or 
oyster shells from the bottom of Lake Ponchartrain LA to be sucked up 
through the 12 inch diameter pipe and flushed out upon a 50 foot long 
barge or a huge converted  World War II  LST (Landing Ship Tank) and 
piled high for transport through the Industrial Canal to Stevens & 
Company in New Orleans 9th Ward for storage.  
 
There is no gravel in Louisiana. Concrete was made using shells instead 
of gravel. If you sniffed a concrete road in the summer it smelled like 
fish. The odor from the shells was unmistakable.  As a deckhand on the 
80 foot long walking-beam dredge I was responsible for using the 2 inch 
rope to secure the barges and to manually operate the discharge chute to 
smoothly fill these barges. An easy task it was not. 
 
Following High School graduation in 1949 I had come to New Orleans 
from WI expecting to find work in the shipyards as a machinist. Being 
naively unaware of the economics of the times, the only work I could 
find was on the shell dredge. 85 cents an hour with room and board. 
That was the arrangement. With no time off to go ashore the money 
earned  was easily saved. Looking longingly at the distant shore after 3 
months of 12 hour days, 7 days a week, it was time to take a break. 
 
 After a week ashore friends helped me locate a job as a deckhand on 
the Atlas. The Atlas, a sea going tug, was powered by an 800 HP 4 
cylinder Atlas engine. It developed full horsepower at 600 RPM. It idled 
so slowly you would hear it going punk ---punk --- punk ---.  So slowly, 
I almost expected it to stop between the firing of each cylinder. At full 
chat each cylinder could still be counted. We hauled in barges from the 
Mississippi, Lake Ponchartrain and the Gulf, along with an occasional 
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steamer being brought  into port. Hard work, but easier and more 
satisfying than the shell dredge. 
 
After a few weeks I again took shore leave and a break. Contemplating 
my future, interspersed with meandering along  Gentilly Boulevard and 
down Rampart Street and Bourbon Street, it seemed time to head back 
toward home. Packing the few belongings I jumped on my 1946 
Bonneville Indian motorcycle and pointed the front wheel northward 
along highway 51, heading though pieces of Louisiana, Mississippi, 
Tennessee and Illinois along the thousand miles back to Wisconsin. 
 

A Change of Scene 

 
Fall 1950 and I was immersed in my Chemistry major at University of 
Wisconsin, Madison with tuition money saved from summer work in 
canning factories as well as savings from the New Orleans adventure. 
Physics, science and math had always been easy for me and I was, well, 
not breezing along, but doing okay at U of W.  
 
It was March 1951 when it came. 
The Letter. 
“A group of your friends and neighbors …” 
Drafted!! 
 
The Korean conflict was moving along at full force. Being in college, 
we were supposed to be Draft Exempt. 
 
But, The Letter had come. 
 
The Big War, World War II, had ended but a few years earlier.   
Refuting a call to serve your country was unthinkable. 
 
At the Great Lakes Induction Center preliminary exams were given to 
determine what skills we had and where each of us might best serve. As 
I had grown up in my father’s Garage and Machine Shop I was initially 
assigned as a Tracked Vehicle Mechanic. One of the questions the 
interviewer asked what was the firing order of a 6 cylinder motor. With 
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but a moment’s pause I replied, “1, 5, 3, 6, 2, 4”. He smiled and said, 
“you’re the first person to answer that correctly”.  With this temporary 
MOS the Pennsylvania Railroad train to Philadelphia awaited. Some 18 
hours of bumping and shaking later the East Coast destination was 
reached. Having previously enjoyed the smooth grandeur of  the 
Milwaukee Road’s 400 and Hiawatha I observed, “The Penncy is 
certainly no Milwaukee Road!”.  More tests and exams ensued and, not 
surprisingly  to me, the scores in radio and electronics were high.  My 
new destination was Aberdeen Proving Grounds and the Anti-Aircraft 
Gun Computer School.   
 
My brother Joe, a year older than I, also had technical skills and he too 
was assigned to the same school as I. Quartered in adjoining barracks 
we saw each other daily and compared notes on the Antiaircraft Gun 
Computer school curriculum as we progressed along the way.  These 
were analog computers using a quantity of 6SN7 vacuum tubes in the 
feedback DC operational amplifiers (OpAmps).  12 inch diameter wire 
wound rotary sine-cosine  cards were used to compute future position of 
a targeted aircraft to the 2nd derivative of position so as to fire the 
90mm gun to the calculated location of the target at the time the 
projectile would arrive. The M33 Acquisition Radar was employed to 
locate a target and a higher frequency SCR584 Track Radar provided 
positional input information for the Gun Computer system. Adapting to 
the polar coordinate system in use we mastered the math and gained 
understanding of the system and the circuitry involved.  
 
As I was fortunate enough to graduate at the head of the class I was 
invited to stay on at Aberdeen Proving Grounds as an Instructor at the 
Gun Computer School. There was considerable military concern about a 
potential invasion of Alaska, and brother Joe was assigned to Elmendorf 
Air Force Base near Anchorage AK to maintain the Antiaircraft Gun 
Computers in operation there. Fortunately there was never military 
action there and he thrived on hunting, and also fishing salmon, in his 
off duty time. 
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           Brother Joe in Alaska 
 
The Ordnance Schools were moved from Aberdeen Proving Grounds to 
Fort Monmouth NJ, and while there those of us who were Instructors 
received some excellent schooling taught by Philco Tech Reps who 
were attached to our Division. I fondly remember Wally Croneburger in 
the Philco group. Smiling and outgoing, he was a source of knowledge 
and background and was always ready to be helpful. Before his stint 
with Philco he had been a Broadcast Engineer at the 50,000 watt station 
WGN in Chicago.  
 
On Wally’s right hand his middle finger was missing down to the first 
joint. When I asked about it he flashed his usual smile and said, “I was 
giving a tour and demonstration out at the tower house.  The transmitter 
was off and was to stay that way for our tour.” Those familiar with AM 
Radio tower houses will know that they are populated with tuning coils, 
air wound from copper tubing, perhaps two feet or more in diameter. 
These, along with the large ceramic encased  Sangamo capacitors, are 
used to tune out reactance and provide an impedance match to the 
tower. “I was pointing out the tuning coil when someone turned the 
transmitter on. It drew an arc to my finger and I got down and made 
myself as small as possible. The arc subsided, but I lost the end of my 
finger”, said Wally. Anyone who has had an RF burn will know they are 
painful and slow to heal. 
 
While at Fort Monmouth I got my first television set. It was a used 
Majestic and not in working condition. The vertical hold didn’t work 
and the picture kept rolling upward. It didn’t take long to find and fix 
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the problem and I now had a working TV set! The picture on the set was 
snowy and an antenna was the next thing needed. Looking at the 
literature I found information about an aluminum antenna made by 
Amphenol. Using  ½” copper tubing, and tweaking the dimensions a bit, 
I soldered together  an antenna and got permission to put it up on the 
roof. As the Empire State Building was visible some miles across  the 
water it was an easy task to get it aimed properly. I well remember 
Ernie Kovacs and his off beat brand of comedy – a local show on the 
New York Dumont station, Channel 9, I believe. 
 

 

                   Discharged             Joe & Bob Z 
 
March of 1953 arrived, the Korean War had wound down, and military 
discharge would be coming in April. With many GI’s being coming out 
of Service work might be difficult to find. One evening in the barracks 
some of us  were discussing possibilities for the future. One of the guys 
said, “You could go up to New York and get a First Class Radio 
Telephone License and go into Broadcasting”. Hmmm, what is a Radio 
Telephone License, I asked. Armed with a bit of study in a book titled 
“Q & A” I wrote both the 2nd Class and 1st Class exams in one sitting 
and happily came back with my 1st Phone License! With all the 
experience teaching Basic Electronics, Radar and the Anti-Aircraft Gun 
Computer classes I now felt ready for the Broadcast world. 
 
Looking for broadcast work back in Madison WI I interviewed at 
WKOW-TV Channel 27 which was just going on the air and would be 
the first Television Station in Madison. It was my first choice and the 
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place I really wanted to be. I interviewed for an engineering position 
with  Vince Vanderheiden, then Engineering Supervisor. (WKOW had 
an unusual arrangement in that the position of Engineering Supervisor 
was the upper Engineering position – there was not a “Chief Engineer” 
till the 1960’s) Vince, while new to television, had been a number of 
years in broadcast radio. WKOW, 1070 KC  AM, was the “parent 
station” of the new WKOW-TV. (Yes that’s “KC”, or kilocycles. This 
was before “kHz”, or kilohertz became the common term to describe 
frequency).  In the interview Vince asked if I had ever operated the 
Board. Hmmm…, I thought, what is “the Board” ? Of course it was the 
audio board used to switch and control audio sound, but I did not know 
that at the time.  
 
I didn’t get the job. 
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A Start in Radio 
 
I next interviewed at WKTY radio in La Crosse WI. The station was 
owned by the La Crosse Tribune newspaper and had an inside track in 
getting the Channel  8 Television allocation which was to be assigned to 
La Crosse. While, I thought, radio is okay as a starting point it is 
television that interests me. I interviewed with George Egli, CE (Chief 
Engineer) at WKTY. I tried to get a little better salary but was only able 
to move them up from $50 per week to $52 per week.  Don Borchert 
was Engineering Supervisor at the station. Little did I know that he and 
I were to have a long and fruitful association in the years to come. 
 
WKTY was a 1kW  4 tower directional AM station on 580 KC with the 
main lobe pointed toward Minneapolis. When other stations are on the 
same frequency, and they were on-air first, a newly licensed  station 
must protect these existing stations from interference. This is done by 
using a directional antenna array (DA) which reduces the signal in the 
direction of these other stations so as to prevent interfering with them. 
WKTY had gone on the air in 1946, I believe. While quarter wavelength 
high towers are ideal, those used  are often shorter than this so as to save 
construction and maintenance costs. A quarter wavelength at 580KC is 
a bit over 400 feet, but our towers were just 300 feet tall for the reasons 
I mentioned. The towers were spaced a quarter wave length apart and, 
as was typical, had a ground plane of number 8 copper wire forming a 
radial pattern  with wire spokes running out from each tower and 
connecting to a circular wire forming  the outside diameter of the 
grounding circle. Normal procedure is to bury each of these wire radials 
about a foot underground. As WKTY was built in a swampy area next 
to the Mississippi River those installing the station surmised the wires 
would work their way underground during spring flooding. When I 
arrived at the station there were some issues with our directional pattern. 
Our nulls were not exactly where they should be and our two protected 
stations were receiving some level of interference from WKTY. They 
had contacted the FCC (Federal Communications Commission) about 
the matter. Don Borchert and I then spent a good deal of time driving 
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around with a field strength meter checking the precise depth and 
location of the nulls. They were not as they should have been. 

 

 
Those who designed the antenna array did a good job of describing it. I 
spent many hours going over the polar math and working out the nulls 
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as related to the tower currents and phasings. I learned a lot in this 
process, information and techniques that would later be of use in 
working with the vertical patterns of broadcast television and FM 
antennas. At WKTY we brought in a Consulting Engineering firm to 
work with us on the problem. It was noted that there were several 
deficiencies now resident in this directional antenna system. Many of 
the ground radials had not buried themselves but were simply sitting on 
top of the earth. Checking the outer ground wire circle revealed that the 
wires were not soldered but simply twisted together making very 
questionable electrical contact. Instead of being neatly cut or trimmed, 
weeds and brush were as much as 10 feet high in places as no real 
attempt had ever been made to adhere to the provisions originally 
outlined in caring for the area surrounding the towers. All these things 
could affect the integrity of the array and its pattern. 
 
Ecologically those were very different times than today.  A mixture of 
kerosene and 2-4-D  was applied to kill the vegetation. A neighboring 
farmer with tractor and mower was employed to cut down and remove 
the brush. All wire joints were soldered and a plow was used so the 
wires could be dropped in and covered. At each step in the process Don 
and I would go out with the field strength meter  to measure the 
progress. Little by little the nulls moved back to their prescribed 
positions. It was a long and tedious process but success was achieved. 
The FCC was satisfied and our Broadcast License was safe! 
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                                          WKTY Transmitter 
 
In those days the FCC required a station to have a person with an FCC 
license on site at the transmitter location. A 1st Class License was 
needed for a directional array while a 2nd Class would suffice at a non-
directional (NDA) station. At a DA it was necessary for the engineer to 
take the common point antenna current reading, readings of transmitter 
power and remote phase and tower current every half hour. Once a day 
the trek was made out to the “doghouse” at the base of each tower to 
read current and phasing values. Pleasant at many times, but less so in 
foul weather such as rain or snow. 
 
I recall having a difficult time reading tower #3 at one point. Yellow 
jackets had built a nest just behind the top of the door, which opened 
inward. Opening the door jostled the wasp nest.  It was not possible to 
open the door, let alone go inside and take readings, without stirring up 
an angry batch of yellow jackets. That was a nasty puzzle for a couple 
days. I then found a can of wasp killer which could be blocked with a 
wood wedge so as to spray continuously. I first blocked the spray can 
open, slipped it inside and quickly pulled the door shut. Just a faked 
reading that day … Next day I carefully opened the door. No wasps. All 
were dead. As long as I was at WKTY, tower house #3 smelled of wasp 
spray. I was never again bothered by wasps. Another tower reading 
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detail: in the spring the Mississippi rose. Tower #3 could be read with 
hip boots – a canoe was sometimes necessary for tower #4.  
 
Barely squeezing by on my radio station salary, I found a part time job 
as a television repairman. These were all vacuum tube sets and fairly 
similar in design, though each brand had its quirks and idiosyncrasies. 
We often went out to the customers home to fix the set, or bring it back 
to the shop if necessary. Rather like the Doctors of those days, we made 
“house calls”. My very first call was a Philco TV set. Vertical linearity 
was bad – the electrolytic cathode bypass capacitor on the vertical 
output stage had gone out to lunch. Changing it restored proper linearity 
and the set was fixed! Philco’s were known for this problem, so I was 
aware of where to look. While I was quite familiar with TV sets, this 
experience added to my troubleshooting skills. If the screen was dark 
you would take an insulated screwdriver and bring it close to the plate 
cap of the 6BQ6 horizontal output tube. A small arc to the screwdriver 
indicated the horizontal  oscillator – often a 6SN7 - was working and 
driving the output tube. Next would be a check of the HV rectifier tube 
– usually a 1B3. Careful here! The aquadag coating of the CRT 
(cathode ray tube) picture tube would act as a 10kV capacitor, in 
addition to the 500pF HV capacitor. Don’t want to get zapped with the 
high voltage! 
 
WKTY and WKBH, another La Crosse radio station, were now vying 
for the Channel  8 Television license. It looked as though the La Crosse 
Tribune and WKTY would win out, but WKBH had a lot of clout and 
so the outcome was uncertain. One day it was announced that the two 
station owners had come together on the matter. The La Crosse Tribune 
bought into WKBH and sold WKTY. We had been “sold down the 
river” and WKTY would not get the TV License! 
 
Bummer!!! 
 
Don Borchert shortly resigned and went to Mankato MN where he 
became Chief Engineer and constructed the new TV station assigned to 
Mankato. George Egli moved to a television station in Colorado, I 
believe. I stayed with WKTY till spring 1954 when I again turned my 
attention to the Madison WI Television Broadcast market. 
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Into Television 
 
By now two other TV Stations had gone on-air in Madison, WMTV 
Channel 33 and WHA-TV Channel 21. WHA was the Educational 
while WMTV had affiliation with NBC and also the fledgling ABC 
network. WKOW-TV held the coveted CBS affiliation. There was also 
a Channel 3 allocation which had not yet been assigned. Going first to 
WKOW-TV I again interviewed there, armed with a year of broadcast 
radio experience and a far better understanding of the broadcasting 
business. By now Vince Vanderheiden had moved to the Sales 
Department and Cloren Smith was Engineering Supervisor. Smitty had 
been a cameraman at CBS New York and had chosen to return  to his 
home state of Wisconsin. As he was a  much more technical individual, 
Smitty and I connected immediately.  I had a strong interest in the UHF 
band and a good deal of experience and background in the higher 
frequencies such as UHF and Radar. My previous work with resonant 
cavities fit right in with understanding the cavity resonators of the RCA 
TTU1B Channel 27 transmitter. The interview ended by my being 
immediately hired by Smitty as a Television Broadcast Engineer! 
 
WKOW Radio and TV was owned by Monona Broadcasting, a group of 
local businessmen. While they had experience with broadcast radio they 
had little knowledge or understanding of broadcast television. Thus, I 
suspect, the expectation was that operating expenses would be similar. 
When we needed even minor expenditures for equipment there were 
problems. While we had a video patch panel we greatly needed an audio 
patch panel so, in case of trouble, we could patch around a piece of 
audio equipment and keep our sound  on-air. Without a patch panel our 
only alternative was to go behind the racks and disconnect and move an 
audio cable to make the patch. The patch panel  was a $200 item. 
Despite Smitty’s requests and lobbying we could not get it. I suspect the 
$1200 cost of a replacement image orthicon camera pickup tube (which 
lasted for about 1000 hours of use, 1 for each camera) was also enough 
to stun them. Perhaps the price charged for commercials, and the 
number which could be sold, was not realistically evaluated when 
planning the station. In any case, things were very tight in those early 
days. 
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Everything was live then. There was no videotape – there was not even 
audio tape at first. Every half hour, or more frequently in the case of a 
locally projected film program, there would be one or more 
“commercials”, which were our source of revenue. These were most 
often voice over slides, opaques, or sometimes 16mm film on the other 
film projector when we were showing  a film program. The voice over 
was done live from an Announce Booth which could be viewed from 
the Control Room through a sound proof glass window. This meant 
there had to be a “booth announcer” on duty throughout the broadcast 
day. Management realized expense could be reduced if we had a way to 
record the announcer’s messages and play them back. 
 
 Audio tape machines had recently become available and we suggested 
a broadcast quality Ampex machine. However this was to no avail. 
Without knowledge of the engineering department a “trade out” was 
done with a local store selling consumer type equipment for home use. 
We would air commercials for the store in trade for the tape machine. 
The device which arrived was a Wilcox Gay audio tape machine. It was 
soon dubbed the ”tape worm” as it would sometimes eat the tape, 
stretching or rolling it into a useless mess. Instead of having a servo 
controlled capstan or synchronous capstan motor, speed was controlled 
by some felt clutches. The amount of oil on the felt controlled the 
slippage and thus the speed. We now did a “book tape” wherein the 
announcer recorded the next day’s announcements on the tape and each 
was played back in order the next day with the matching “spot”, or 
commercial video material. 
 
The WG tape worm tended to start out slowly and, as the record process 
went on, go faster toward the end. Now IF the speed change at playback 
matched the speed change when recording, all was reasonably okay. 
However this often was not the case. The played back spots then were 
not exactly the proper length and – more noticeably – the pitch of the 
announcers voice changed throughout the day. 
 
As a friend of mine once said, “there are more nuts per acre in television 
than any other place in the world”. 
 
One of our announcers – we’ll call him Roger – would play a game with  
the errant  tape  machine.  He  would  begin  the  book tape   
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s - l - o - o - w- l - y  and with a deep bass voice.  “ T – h – i – s     i – s     
W – K – O – W –  T – V     s – i – g – n – i – n – g     o – n     t – h – e     
A – i – r   .  .  .  .  . “    By the middle of the tape he would be at normal 
speed and pitch, but by the end it would sound like Alvin and the 
Chipmunks.  
 
Within a few months we got the Ampex 350B – a superb audio tape 
machine which served us well for many, many years! 
 

 

            WKOW-TV 1960’s Control Room 
 
RCA was the dominant manufacturer of TV Broadcast gear and 
WKOW-TV was equipped heavily with RCA equipment. GE and 
Dumont were other important manufacturers. Our video switcher was an 
RCA TS-10. It had 10 inputs with a splitable fader to go between two 
banks of buttons. With Camera 1  punched up on one bank and Camera 
2 selected on the other bank, moving the fader levers to the opposite 
bank would produce a dissolve between our two studio cameras. We 
also had a film camera which used an 1850A Iconoscope as the pickup 
tube. Our multiplexer – to go between slide, opaque and film - was a 
mechanical monstrosity. It was all but impossible to properly align the 
mirrors for various sources so they registered in alignment on the Ike, as 
the Iconoscope was called. I remember Herb Jordan working till 3am on 
this alignment and reporting, “spent tonight’s maintenance shift 
adjusting the various vernier precision adjustments on the multiplexer 
for optimum registration”. We all got a big laugh about that one! The 
Ike did an adequate job on stills, such as slides, but produced less good 
results with film. As a frame of film was flashed on the Ike for a few 
milliseconds the tube had to store the image while it was being scanned. 
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As it got older the storage deteriorated. The Ike was scanned from top to 
bottom and the video amplitude dropped off toward the lower part of the 
picture. When this got down to about 50% amplitude it was time for a 
new Iconoscope tube. 
 
Our station consisted of two RCA TK11 studio cameras, a film chain 
and the CBS Network feed as video sources. Of course each had 
accompanying audio as well. All sources were monochrome as adoption 
of a  color system was yet in the future. The two tripod mounted studio 
cameras used 5820 Image Orthicon tubes as pickup devices. While this 
was state-of-the-art at that time the “Orth” had some interesting issues 
which were overcome in later pickup tube designs. The tube would tend 
to “burn” on a static scene. If left focused on a scene for a period of 
time the tube would retain a negative image of the scene. Thus we tried 
to move slightly every few seconds to minimize  the burn.  After 
shooting a show, or at the end of a day’s usage, it was necessary to 
“burn off” the camera. This was done by aiming the camera at a white 
card for 5 or 10 minutes. After that the burn was (mostly) gone. As the 
tube aged burn became a greater problem so that after about 1000 hours 
of usage replacement was necessary as the burn(s) could be seen 
showing through on whatever scene was being televised. As noted 
earlier an Orth cost $1200. Somewhat later RCA introduced the 
“orbiter” which moved the image around in a small circular pattern, 
then stabilized the image farther along through the Image Orthicon so it 
cancelled out the motion of the orbiter. This did keep the image moving 
on the burnable part of the pickup device so as to reduce effects of the 
burn and somewhat extend tube life. 
 

      

     TRT-1, Ampex Helical, & TR3 VTR’s              Control Room 
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When WKOW-TV began broadcasting we had the CBS Network 
affiliation. CBS was the top network followed by NBC and the fledgling  
ABC. The next two stations on air in the Madison market were WHA-
TV, Educational, and WMTV which then had both NBC and ABC 
networks. There was another allocation to the market, Channel 3. On the 
Radio scene the principal players were WIBA 1310KC, WKOW 
1070KC, WISC (“1480io on your Radio” ) and WHA 970KC. WIBA 
and WHA had been there since the 1920’s. WKOW was a newcomer, 
getting on air in 1948. I believe WISC was also a post war station. 
WIBA was Newspaper owned, and  WISC was a Morgan Murphy 
property. While many assumed WIBA would get the Channel 3 
allocation, it was more of a Democratic leaning outlet, and this was 
during a Republican administration. Much to the surprise of many, 
Morgan Murphy got the allocation and WISC-TV Channel 3 resulted. 
 
Madison was the last intermixed market, meaning there were both UHF 
and VHF stations in the same market. VHF “was a license to print 
money”. On the network and national advertising scene the first station 
“buys” for advertising were the V’s. Anything that  was left in an 
advertising budget went to the U’s, the “crumbs from the cake” that is. 
This was particularly true in the early days, though it persisted almost to 
the digital era,  Our management had talked with Bill Paley, head of 
CBS, just after the Channel 3 allocation was announced. “We have not 
even thought of changing stations in Madison”, said he. A week later 
CBS changed its affiliation to Channel 3. WKOW-TV was left to 
affiliate with the “bottom of the barrel”, ABC. While it was a disaster at 
that time, the upward mobility of ABC in the late 1960’s and 1970’s 
eclipsed CBS in viewership and Ratings. 
 
“What goes round, comes round …” 
 
About 1955 I started teaching Technical School part time, in addition to 
my job at WKOW-TV. Vince Vanderheiden had left his Sales position 
at WKOW-TV and started Wisconsin School of Electronics. While 
Vince was not a highly technical individual, he was a good 
businessman. He had become aware of the many ex-GI’s from the 
Korean War who had GI Bill money to spend on education and saw the 
opportunity to provide some of this schooling by founding and 
operating this new school. There were no Lesson Plans or the like 
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available at the School, but I had some of these Plans saved from my 
Army days. In particular the Basic Electronics  Lesson Plans were quite 
helpful as this was the starting point for those beginning  Technical 
School. Having spent most of my Army time teaching, I also had a good 
grasp of what was  needed to formulate new Lesson Plans for other 
technical subjects and made good use of this background. As I recall I 
taught at Wisconsin School of Electronics for a single year. 
 
Aubry “Red” Urhig, a Channel 3 Engineer, and I split the half day 
teaching chores. One week he would teach Monday, Wednesday and 
Friday while I covered Tuesday and Thursday. The next week we 
swapped the days. While this was primarily vacuum tube subject matter 
for the active devices, I was already starting to provide some solid state 
information to the students. A couple of the students were just there to 
collect their GI Bill money, but most really wanted to learn and applied 
themselves to the task. At least three of the students went on to become 
Broadcast Engineers:  Ken Dixon at Channel 27 and Channel 21, Ed 
Daigle and another (whose name I don’t remember) at Channel 33/15 in 
Madison.  
 
In 1958, a young man started working on the Floor Crew at WKOW-
TV. Well, not really so young – turned out he is 3 years younger than I. 
Sometimes you meet a person and there is an immediate connection. 
There was instant rapport between the two of us. The gregarious, 
outgoing style of  John Bredesen along with his smiling, confident 
manner was, well, one of those things. Little did I know then that our 
two lives would be technically intertwined for at least 60 years to come, 
but also that we would become lifelong best friends. In 1959 John, now 
with his First Class Radiotelephone license, was hired as vacation relief 
engineer at WKOW-TV. There was no engineering opening in the fall 
so he went to Milwaukee and worked for defense contractor AC Spark 
Plug. Come the spring of 1960 Ev Anderson left to work on the missile 
project in Cheyenne WY. I called John and he immediately came back 
to us as a full time engineer. 
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Televising a Lunar Eclipse 
 
Televising astronomical events, such as eclipses, was simply not done in 
the early days of television, at least not by local stations. In the winter of 
1960 an upcoming lunar eclipse caught my notice. Being an amateur 
astronomer it seemed a possibility, though it was not a certainty, we 
could pull it off.  
 
A lunar eclipse occurs when the moon and sun line up, with the much 
smaller moon then being in position to partially or totally obscure the 
sun, or the sun partially or totally obscure the moon. It happens that the 
sun is 400 times larger than the moon and it is also about 400 times 
more distant. I say “about” as the moons orbit, like that of all 
astronomical orbits, is elliptical rather than round. The average distance 
from earth to moon is 239,000 miles, but the moon does get as near as 
226,000 miles and as distant as 252,000 miles. This then presents the 
possibility that when they might be in alignment one could cover, or 
eclipse, the other. And, because the moons orbital plane is at a 5 degree 
angle to the plane of the earth, alignment to produce an eclipse occurs 
mush less frequently than might otherwise be expected. 
The Wisconsin winter was much in evidence at the time of this event 
and there was still a good deal of snow on the ground. Taking a snow 
shovel in the afternoon I cleared a large enough area so a camera moved 
out the back door of the studio would have space on the parking lot to 
look at the moon. The question remained, would our lens complement 
be adequate to provide a picture of reasonable size so as to be readily 
seen on a television screen? And, would the eclipse be bright enough to 
produce an acceptable result? 
 
Each of our two TK11 Television cameras had a complement of 3 
lenses, a 50mm, 90mm and a 135mm. One of the cameras also had a 
“10 inch”, or 250 mm lens, mounted on the lens turret. However this 
lens was of lower quality than the others and could be plagued with 
internal flare and reduced contrast. Viewing the moon with the TV 
Camera as soon as the sky became adequately dark demonstrated that 
the 135mm lens produced a good quality but a rather small image, while 
the 10 inch lens showed flare around the moon yet still gave only a 
marginally sized lunar reproduction. 
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        Bob with TK11 Camera                    TV Screen Shot of Eclipse 
 
Let’s see, what else might we do? Jumping in the car and driving home 
I grabbed my 7x35 binoculars and brought them along back to the 
station. After some experimentation they were taped in place with one 
eyepiece in front of the 135mm lens thus forming a compound lens 
arrangement. It was still possible to find focus and a significantly 
improved image size resulted. By now we had learned there was 
adequate illumination to produce a good quality picture of the moon. 
During the Late News that night we successfully televised a live lunar 
eclipse – a first for our Television Market.  
 

 
Projector Audio Amplifiers 

 
For the projection of 16mm film, which, for TV stations, was the 
standard of the day, we used RCA TP-16 projectors through the optical 
multiplexer which I mentioned earlier. The TP-16 did an adequate job, 
visually, performing  as well as any other projector of this day. However 
it could have some significant audio problems. The audio pickup was a 
927 photocell. A light was focused through the variable density audio 
track on the left edge of the film and on to the 927. An audio amplifier 
was mounted just below in the projector frame. The system was very 
high impedance as the output of the 927 required  a high  impedance 
input amplifier such as this vacuum tube unit would provide. 
Connection from the 927  to the amplifier was a coaxial cable, with a 
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very thin wire floating about loosely inside a much larger shield.  The 
amplifier was rubber mounted, as any slight vibration would be 
microphronicly picked up  and amplified as a singing whine in the 
audio. If this amplifier chassis moved around even a small amount it 
would manage to touch the metal frame and then be amplified and the 
singing noise would be produced. Even the connecting coax contacting 
the frame would produce the problem. 
 

  

            1960’s Telecine                    Vacuum Tube Projector Amplifier 
 
The other television stations in Madison used the same type of 
projectors and this same sound would often be heard on air when one of 
their amplifiers or coax cables moved slightly causing the microphonic 
pickup. It was early 1960’s and I had been working with the transistors 
invented by Bardeen and Shockey. (One of our engineers had said, 
“anything that small can’t possibly work …”).  I was quite early on the 
scene in doing transistor design. By using feedback to the emitter it is 
possible to raise the input impedance to near that if a vacuum tube 
amplifier. Conversely, feedback to the base would lower input 
impedance to a very low value. Silicon photo cells had just become 
available and indications were that these had low output impedance. As 
the problems with the projector audio were due to the extremely high 
circuit impedances presently in use, might a low impedance solution be 
possible? 
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For tests a silicon photocell approximately ¼” square was glued in place 
at a location which caught the light beam after it passed through the 
audio track on the 16mm film. I designed a PNP, NPN, PNP 3 stage 
amplifier with 16dB of feedback from output collector to input base, 
and a gain of 41 dB was provided. Frequency response of the  optical 
pickup system tended to drop at the upper end of the audio spectrum so 
appropriate RC tweaking at the input and within the feedback loop was 
used to flatten the response. When the testing was finished the system 
performed superbly! Gone were the microphonics and it was no longer 
necessary to run the periodic tube checks previously needed. A second 
unit was built and installed in the other projector. This was my first 
significant Broadcast design - we had truly entered the solid state era!  
 
A bit after this RCA came out with the TP66 projector which used a 
similar optical sound track pickup arrangement. However, as purchase 
of these new projectors meant considerable capital investment, it was 
some time before they appeared at stations in the Madison market. 
 

 
 
 
 
 
 
 
 
 



40 
 

r 

New Projector Amplifier 
 
Later on, I published several articles in Broadcast Engineering 
Magazine, the leading technical publication in the Television industry. 
As I mentioned, being a UHF station in our intermixed market meant it 
was a very competitive situation. When considering publication I only 
offered up articles which did not relate to any competitive advantages 
which would then be passed on to other stations in our market. Thus, the 
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solid state audio system for the film projectors was never submitted for 
publication 
 

.  

 
Control for the film chain, slides and opaques was, shall we say, “not 
user friendly”. Above the TS10 Switcher and to the left were the Line 
Monitor and monitors for the two studio cameras. Down at the level of 
the TS10  Switcher, below the camera monitors, were the studio camera 
control panels. Over to the right was the Multiplexer control panel, then 
the Iconoscope monitor and the film camera  Gain and Pedestal 
controls. In the Film Room slides were first slid into metal mounts and 
these were stacked sequentially into a vertical feed hopper. Opaques 
were 2 ¼ x 3 ¼” pictures attached to flat metal plates with slots at the 
top on both sides. Using the slots, they were hung on downward slanted 
rails where the opaque lamps could illuminate them. Unlike the single 
sequential slide arrangement, opaques were loaded alternately in a left, 
right, left, right … fashion. 
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Left and right lamps were selected by a 3” knob for slides and a similar 
one for opaques. Toggle switches were used to turn the slide or opaque 
lamp off or on. To use the system the operator would, for example, turn 
on the slide lamp, move the knob 90 degrees to the stop on the other 
side to change to the next slide, press the eject button for the used slide, 
move the knob to the other side and eject, etc. Flipping the slide lamp 
off and the opaque lamp on simultaneously would put the first opaque 
on-air and the opaque operation was then similar to slide operation. 
However, after putting the opaque on-air the operator had to remember 
to eject the used slide and move the slide knob to the other side to be 
ready for the next slide. The same was true when using the opaques. 
Running a spot (commercial) with both slides and opaques was an 
invitation to disaster. As everything was live in those days – there was 
no videotape – it was not possible to prerecord a spot. 
 
After color came on the scene in the latter 1950’s we used a “jeeped” 
color TV set as a color monitor. A relay was installed so transmitter 
input video could be fed to the video amplifier of the monitor and thus 
be seen on the color picture tube. A switch flipped the relay so the TV 
set could also be used to view our off-air output. The contacts would 
sometimes get dirty and, as the relay was deep inside the monitor, it was 
hard to get to it for contact cleaning. Usually a rap on the side of the 
monitor’s metal cabinet would restore proper operation. One day I 
walked into the Control Room and noticed a cord from the audio 
engineers position leading up to the ceiling and back down to a rubber 
mallet at the side of the monitor. Bunty, the audio engineer gave me a 
demonstration of its operation. A pull on the end of the cord brought the 
mallet out. When the cord was released the mallet swung back, hit the 
side of the monitor and a clean picture was then seen … 
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Telethons 
Infantile Paralysis was the scourge of the late 1940’s and early 1950’s. 
We all knew that polio had taken the ability to walk from President 
Franklin D. Roseveldt, though this was a well kept secret during his four 
terms as President. He had contracted polio in the latter 1920’s when he 
was a rising political star and his legs were paralyzed. As was true in 
nearly all polio cases no amount of therapy could help, and he never 
walked again. When he stood at a podium or on a platform at the rear of 
a train he was propped up and using braces for support.  
 
In my latter high school days there was caution about going swimming. 
Polio cases seemed to be related somehow to that and, in fact, to any 
gathering of groups of people. In this time period I lost 2 friends to 
polio. One of them, Margaret Wetzel, lived just a quarter mile from the 
home where I grew up. She was about 5 years older than I with brothers 
“Bud” and “Fritz” a bit closer to my age. “Maggie” was outgoing, 
vivacious and a joy to be around. The brothers where close friends of 
myself and my older brother. We had basketball hoops set up on their 
barn floor and had many a rather rough and tumble basketball session 
there. Backyard football was also on the docket as we all played high 
school football. About 1950 Margaret came down with bulbar polio – 
the worst kind – and perished a couple weeks later. A tremendous blow 
to all of us. 
 
After I was at WKOW-TV we put on a Telethon for Polio each year. 
We had victims – often children – in Iron Lungs – the respirators of that 
time. Polio often paralyzed the chest muscles, making it impossible to 
breathe. Sometimes a young child would hobble across the studio floor 
in crutches or braces, to the strains of “You’ll Never Walk Alone”. It 
was gut wrenching, but it did bring in donations to fight polio. As you 
likely know, this helped finance Dr. Jonas Salk and his discovery of a 
vaccine to prevent polio. What an outstanding success against the 
greatest scourge of my lifetime!! 
 
At first our Telethons were a remote broadcast from the Lorraine Hotel 
in downtown Madison WI while later we moved them to our Studio at 
the edge of town. Initially we hired the WTMJ-TV Remote Truck from 
Channel 4 in Milwaukee WI for the Telethons. The first few years we  
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used the microwave system from the truck to carry the signal about 5 
miles back to the TV Studio. As the Telethon was always in January the 
weather could be a formidable issue. The last year we used the 
microwave it was bitterly cold. Setting up atop the Lorraine Hotel roof 
was cold, but tolerable. However, Smitty climbed 100’ up the TV tower 
at the studio in 30 degree below zero weather to set up the microwave 
receiving dish. While Smitty was a rugged individual, he nearly froze in 
the process. The next year we paid AT&T for the service. As it was an 
already installed link no one had to freeze to get it set up.   
 
The Telethons often brought in nationally known personalities to bolster 
the show, such as “The Four Freshmen” or Betty Clooney, whose sister 
Rosemary Clooney was the better known of the two. I recall that, in the 
middle of the Telethon night while Herb Jordan was switching the 
show, Betty Clooney was sitting on his lap helping him along. 
Hmmm… there are some perks to being a Television Broadcast 
Engineer… 
 
The early days of TV were all live, no video tape, no replays – what was 
done went on the air. Naturally all was not perfect. There were the 
typos, some were simply strange wordings, others were goofs on the air 
– some funny, some embarrassing. There was the typo which had a 
promo for that night’s movie,  “A Cockwork Orange …”  Truman 
Thompson, our first weatherman, had a live announcement for a sponsor 
– a maker of bread. He was to pick up a peanut butter sandwich and 
remark as to how good it was. Unfortunately the floor crew, who 
provided the props, did not have any peanut butter, so they put in a 
graham cracker instead. Truman picked up the sandwich and, not 
following the script instructions, took a bite. His mouth full of dry 
graham cracker, he was barely able to complete the weather show while, 
as discretely as possible, spitting out the graham cracker. Later on, 
another weatherman, a very classy and dignified announcer, 
mispronounced a word. The sponsor was a local bank with a Night 
Despository. Unfortunately it came out “Night Suppository …”. We had 
several Woman’s Shows. One of these was hosted by Jean Parr, a model 
who had appeared on the cover of Life magazine.  
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She would lean over so as to better demonstrate the item she was 
showing. One day the switchboard received a call: “We like Jean Parr, 
but must we see so much of her?” The switchboard operator came into 
the control room and took a look. Indeed, the camera angle was such 
that the view down Jean’s dress was a bit too revealing. 
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Flashbacks and More 
 
Mentioned earlier were my uncles Albert, Walter and Ralph, all of 
whom worked at the York Center Garage at one time or another. Dad 
also had sisters and, as extended family, we saw them often. Originally 
Albert drove his Model A Ford on a 16 mile commute from near 
Doylestown Wisconsin each day. As long as I can remember he worked 
for Dad in the garage.   
 
Albert’s Model A, I believe it was a 1928, was a huge step forward for 
Ford from the ubiquitous to Model T which was produced from 1908 to 
1927. It was certainly more sophisticated. For example, a self starter, 
rather than having to get out in front and crank as you did with the 
Model T, was now the way to start the engine. Headlights were 
improved and the entire body and seating arrangements were much 
more palatable to the customers then the earlier Model T’s. Engine was 
a bit larger, being a 201cu. in. rated at  40 hp versus the Model T’s 177 
inch 20 hp version. If you ever drove a model T you had to get out, 
make sure it wasn’t in a place that it could roll, move to the front, slide 
the leather holder off the crank and then crank it till the engine started. 
Anyone who did this very much was soon aware of the fact that 
cranking could be a problem. You always grab the crank with your 
fingers and keep your thumb on the same side as the fingers. Otherwise: 
backfire  - broken thumb! The Model A, while more sophisticated, was 
still not quite what some of the other cars of the time were, but had the 
right combination of pricing and amenities. Ford sold them by the 
millions. But even at that it was still a sort of rattily clunky shaking ride 
and rather noisy in the cockpit. I would look forward up on the dash and 
there were four lights or gauges up in the center.  The upper one in the 
center was the fuel gauge. That was pretty easy because the gas tank 
was just below the cowling right in front of the windshield and you 
were looking at the actual gasoline in the gauge. Then there was the 
ammeter and speedometer, and it seems to me they always just kind of 
went jiggling along. They shook enough you had to see what the 
average looked like in order to tell what they were reading. It was an 
interesting ride and I always did look forward to going along with 
Albert. 
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The next big jump forward for Ford was the introduction of the Ford V8 
in 1932 and ’33. Now we had sophistication and a much more 
comfortable driving and handling car with the 221 cubic inch V8. It was 
a smooth and powerful engine and a great step ahead from the four 
bangers of the past. I know this vehicle well as I drove a 1933 Ford V8 
to high school. Originally it came out with a 65 hp engine, and when we 
purchased the ’33 it had a bad engine. That was known to my father and 
he planned to change the engine out when he purchased the car. Of 
course the 65 hp was taken out and replaced with the 85 horse power of 
the same displacement. More advances in the vehicles were provided, 
though they took till the latter part of the 1930s. Improvements in both 
the carburation and, I suspect, in camshaft changes as well, yielded the 
added 20 hp. This was a most interesting car.  It had lots of power and 
handled well.  With the sleek down slope grill it was a beautiful vehicle. 
I wish I had it today.  
 

 

                                             My 1933 Ford V8 
 
The ‘33 Ford was a huge jump forward over the Model A  but it still had 
some things which would be getting improved upon through the 1930s. 
The rod brakes which were used on the Model A were retained on the 
V8 Ford as well.  It was not till about 1940 Ford went to a hydraulic 
brake system which then really worked. I can remember getting 
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underneath and adjusting those brake rods many, many times to try to 
get some reasonable brakes on the ‘33. Brakes were not the forte of 
Ford. Also heat from what was supplied is a heater was the same way. 
Living up in Wisconsin, we put a gasoline heater under the dash on the 
passenger side. The ‘33 Ford was actually a factory hot rod of its day. 
With the 85 horse engine it had power!  We were not wild and crazy 
drivers but, when you stepped on the gas and wanted to pass, it would 
go. Well I’ve drifted far afield of my story of Albert and the model A so 
let’s get back there.  
 
Albert lived up near Doylestown WI for quite a few years. I don’t 
remember just when he moved down toward York Center, but he moved 
to about a mile from the Garage and that certainly was advantageous in 
reducing his commute immensely. Albert, the second oldest one, was a 
bit more laid-back and less fussy while Dad was hard driven and always 
on task. While sometimes gruff and crusty, Dad had the respect and 
confidence of the farmers - our customers - and as the garage owner 
they usually came to him with their problems. It could be scheduling of 
the rebuild of a 4 cylinder air cooled Wisconsin engine which powered 
their McCormick Deering hay baler, or the welding of a broken frame 
on the corn shredder.  
  
My Uncles Ralph and Walter were both working at the garage at various 
times through the later 1930s. However just like Joe and I, war came 
along and they were inducted into the Army. Walter  was assigned to 
Europe while Ralph was sent north to build the Alcan highway.  He was 
stationed near Whitehorse and busy on the highway trying to keep the 
log road up above the surface of the mud and the permafrost. However 
he also had spare time and was out one day walking in the woods with a 
single shot .22 when he spotted a moose. A single shot .22 is not much 
of a weapon to take down a moose. Ralph thought about it a bit, looked 
around and spotted a tree he could climb if necessary. He then lined up 
carefully and took a single shot at the moose. He hit it just right - killed 
it with one shot. The moose was then dressed out and the meat taken 
back to camp. There was a welcome change of food in the mess hall for 
quite some time to come. 
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I have long been struck by the similarity between Ralph and Walter 
being drafted and, just a decade later, Joe and I also getting drafted into 
the army. Ralph was sent to Alaska. Joe was sent to Alaska. Our roles 
were different with Ralph and Walter both inducted into the Engineer 
Corps due to their familiarity with heavy equipment, fostered by their 
York Center Garage background, while Joe and I were both in the 
Ordnance division as that is where the AAA Gun Computer equipment 
resided. After Alaska Ralph was sent to Europe were Walter had been 
earlier assigned. They both operated large trucks and trailers and were 
engaged in Tank retrieval. They would go out and return damaged 
Army Tanks which had been hit. 
 
Ralph was on one of these trips moving eastward in France or Belgium, 
always careful to stay on the friendly side of the lines of battle. 
Sometimes these lines weren’t exactly obvious. He told of the time that 
all was quiet and peaceful till he got to a village. There people came out 
into the streets waving and shouting. At first he wasn’t quite sure why. 
Then, one who spoke English said, “Thank you, thank you – we have 
been liberated!”.  
 
He had crossed into enemy territory.  
 
When talking about it he later said, “I got the hell out of there just as 
fast as I could!!”  
 
Ralph was later trapped in the Battle of the Bulge. Fortunately the US 
Army withstood the German Pincer Movement and their trap fell apart. 
This was essentially the last major battle of the war. 
 
 
Getting drafted – bummer! What worse thing could possibly have 
happened!   
 
Or was it really that bad?  
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Early on I knew that I was not suited for the caste style structure of the 
Army, and would not be staying in after my tour was over. However, 
what appeared to be a negative event, getting drafted, turned out to be 
one of the best things that ever happened in my life.   
 
Why is that? 
 
 It delayed my getting back to the University of Wisconsin by the 
amount of time that I was in Service and then some. It turns out that by 
starting back to the U of WI in 1963, taking one year off for a major 
project of designing and building a Routing Switcher, that I got my 
Electrical Engineering Degree and Graduated in 1971. I took enough 
credits to have full time school status and continued to work full time at 
WKOW-TV as well. Busy! In the Army I received excellent hands-on 
electronics training and the opportunity to make Lesson Plans and to 
teach. Had I gone through the University at the normal pace I would 
probably have gotten out about 1958 or something like that, still in the 
vacuum tube era. As it is I went through school at a time when the 
transistor was already being used for new designs and, as a person who 
was very interested in transistors, I was ahead of my time in working 
with them, having started designing with transistors in the latter 1950’s. 
Also I learned Fortran at UW and then later, other languages on the 
IBM 1620 computer of the Engineering Department. I would have had 
no significant computer work. I would’ve had no solid-state work and 
instead would have been likely a dozen years behind compared to  
where I was, considering the delay from the Draft. So what looked to be 
a very unpalatable thing turned out to be a great opportunity for me, 
giving an advantage over other people my age and being able to keep up 
with contemporary electronics and computing. I didn’t realize it till 
much later, but the delay was actually a HUGE advantage. 
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Family and Church Life 
 
My first marriage took place before I went into the Army when we were 
both under age 20. It survived until we came back to Madison after 
being in La Crosse. Looking back I would say we were both too young 
for what we were doing. Two children were born, Annette with whom I 
still have a close loving relationship, and Robert a couple years after 
Annette.  
 
Following this I continued at WKOW TV and there met my future wife 
Kay Derr. She was Traffic Manager and, as she did the copy books and 
logs, we had reason to interact frequently. We married in 1957 and now 
have over 60 years of marriage - 60 wonderful years! 
However there were first a few small hurdles to hop over on the way. 
 

 

                            12 Years                                                    50 Years 
 
We knew immediately that we were going to seek a church home. As 
Kay had been brought up Catholic and I had been married in the 
Catholic Church as well, that was not an option. Neither one of us were 
disturbed about that issue and we looked to see what direction we were 
going to head. Our weatherman at the time was Gene Jayberg. Gene was 
an ordained minister in the Evangelical United Brethren Church, or 
EUB Church, that is. He was a good friend and we talked with him a 
good deal about the directions we might take. It was all very interesting 
and useful. The EUB Church is an offshoot of the Methodist Church as 
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they had separated in the late 1800s. I believe it was a 1964 when they 
came back together, and so the Methodist Church is now the United 
Methodist Church with the United coming from the EUB merger.  

  

  Bethany Methodist Madison                       Nevada City Methodist 
Looking around we found that Bethany Methodist church was not 
terribly far away from where we were living. At Bethany we found 
Pastor Bob Adams and he became a close friend as well as the person 
who married us. When we go back to Wisconsin to see friends, which 
we do about every two years, we stop in to see Bob, who is now in his 
90s and have visits and share memories. He is still bright, sharp and 
cheerful just the way he had always been. A great insightful person, he’s 
been one of my very favorite pastors in our church life. Bethany was a 
good sized church at the time we joined. It ranged between 600 and 900 
members in the 30 years that we attended there. We had a very small 
wedding and joined the church the day after our wedding. The pastors 
wife Jean, without our knowing it,  baked us a wedding cake. When we 
had our joining meeting the evening before the wedding, the cake came 
out and we had a surprise wedding cake to enjoy. 
 
We were both very active at  Bethany Church in the 30 years we were 
members there. And we have been equally active out here in California 
at the Nevada City United Methodist Church in the 30 years we have 
been here. Counting both churches Kay has been Church Treasurer for 
over  50 years. I think I have served on every possible committee and 
taken just about any post that was available at the church at the time we 
were in Madison as well as our time here in Grass Valley.  Kay was 
Administrative Assistant for many of the years we were at Bethany, in 
charge of Building and Grounds as well.  
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             Bob on Camera                                        Our House in Winter  
 
Our lives have been rich and full - full particularly after I started back to 
the University. And then, I chose to get going back to college about a 
month before daughter Cindy was born in 1963. We didn’t have a lot of 
social life but everything was full and busy and went very well. On the 
west side of town we bought our first house in 1958 in which we lived 
the entire time we were in Madison. In 1976 Kay and I added a 225 
square-foot addition, with full basement, to the original 900 sq ft which 
gave us a bit more room to live. By now we had two daughters, as 
Kathleen was born in 1967. When I joined Grass Valley Group in 1987, 
both Cindy and Kathleen were working in Chicago. Cindy came to visit 
during the first month. Kathleen moved to Nevada City three months 
later and Cindy moved here a year after. They have both been active in 
the Broadcast Television field.  
 
I have often said, “We must have done something right, as our 
daughters are still our best friends!” They both met their husbands and 
married here. And, too, the Television business must have rubbed off on 
them. They both helped on local TV Remotes, stringing cable, helping 
get equipment set up and just generally observing the TV Broadcast 
operation. Kathleen spent much of her career as a Technical Writer for 
TV equipment manufacturers. Cindy heads up Kokoro Inc which 
provides worldwide Marketing Services and Software for those in the 
Broadcast and Communications fields. 
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TTU12A Transmitter 
 
Our initial WKOW-TV Transmitter was an RCA TTU1B. Following the 
exciter there was a 4x150A RF amplifier, 6161 frequency doubler, 6161 
grounded grid triode amplifier, and the 6181 1kW tetrode amplifier. The 
latter three stages used resonant cavity tuning. The two 6161 stages had 
box type cavities and were tuned by cranks at top and bottom which 
changed the cavity size, for input and output tuning. The 6181 radial 
tetrode Final Amplifier used a cylindrical input cavity and a box type 
plate cavity with an output pickup loop coupling it to the 3 1/8” rigid 
transmission line. It used 1200 volts on the plate to produce 1 kW 
output at tip of sync. A bit later we were able to purchase an RCA 
TTU12A Transmitter with an output of 12.5kW. With our antenna gain 
of 25  this gave us 200kW ERP (Effective Radiated Power) after 
considering transmission line losses. The original TTU1B was then used 
as a driver for the TTU12A. 

 

TTU1B 1kW Transmitter 
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The day we brought the TTU12A on line and boosted our power to 
200kW ERP the change in the picture would be visible, especially to 
our more distant viewers. However the audio, being FM, would not 
show a noticeable change. Greater power would not make it louder. As 
we had promoted the power increase – and we wanted our viewers to be 
aware of it – we needed to also have the audio appear stronger and 
louder. The changeover was slated to occur at 10am. When we started 
the broadcast day it was with the new transmitter turned to much lower 
power, same as the old transmitter. We also signed on with the audio 
modulation significantly reduced. This was long before Remote 
Controls for TV sets and most people would turn on the station and set 
the sound to a good listening level. At 10am we turned up the visual 
transmitter to full power and also brought up the audio modulation 
level.  
 
Thus, the picture got better and the sound got louder, apparently 
because of the greater power of the new transmitter. Marketing strikes 
again … 
 
The 12.5kW RCA TTU12A transmitter was water cooled and used  
6448 radial tetrodes as final stages in the Visual and Aural transmitters. 
12.5 gallons per minute of distilled water was pumped through each 
6448 plate (anode) with about half a gpm cooling each screen grid. 
There was not a great deal of difficulty  with water leakage, though a 
water leak at that high pressure could cause a good deal of problem and, 
perhaps, a free shower. These tubes ran 1000 volts  on the screen and 
6800 volts on the plate at about 4 amps per tube. Each tube cost over 
$5000 and would last 6 months to a year. When we needed to install a 
new 6448 it was, “roll in a new Cadillac”. These tubes had a series of 
harp or V shaped cathodes around the circumference just inside the 
metal wall of the tube, followed by the control grid, then the screen grid 
and the anode at the center of the tube. The cathode, or filament, 
received 2000 amps total, in phase quadrature, at 1.5 volts. The filament 
connections were exposed as this was, of course, not a dangerous 
voltage. However, one always removed rings or anything else metal 
from the hands before working around the tube. As 1000 amps could 
melt a wedding ring, and severely damage  the finger it was on, this 
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kind of care was necessary. Water was pumped up through the plate 
cavity, which extended about two feet  downward, and through the 
anode of the tube so as to provide cooling. Distilled water was used as 
the plate  was at +6800 volts as I mentioned previously, and water with 
significant conductivity, such as tap water, would have shorted the 
power supply. The cooling water was tested and changed periodically as 
a bit of excess conductivity could cause electrolysis and corrosion of the 
metal of the tube. 
 

 

                               RCA TTU12A Transmitter - Visual Final 
 
RF (radio frequency) input to this final amplifier stage from the one  
kW driver came in to the 18” long cylindrical grid cavity mounted atop 
the tube. This cavity was attached to the tube by clamps and the cavity 
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had to be well centered to keep the grid current down and be able to 
tune it properly. There were four balancing plates on the cavity just 
above the tube which could be moved in or out. After the cavity was 
attached to the tube and centered as well as it could be, the balancing 
plates were used to obtain best RF transfer. This was achieved when the 
grid current meter was down near zero. However getting the cavity 
properly centered was a nontrivial task. It was usually necessary to grab 
the cavity with the arms, pulling it up against my chest, and then wrestle 
it around for a dip in grid current. Each of the four balancing plates was 
then adjusted for a final grid current minimum and the clamps tightened 
to solidly secure the cavity to the tube. 
 
Extraordinary means were taken to protect these expensive tubes. Of 
course there were fast acting over current relays in the screen and plate 
supply lines. There were also four thyratron tubes, each about a foot tall 
from the base to the plate cap, one for each screen and each plate circuit. 
A sensed over-current would turn on the thyratron, shorting the HV to 
ground until the over-current relay could shut down the power supply. 
We tested these thyratron protect circuits every month or so. Two 
engineers were always present for such testing. The tests were done by 
first wrapping a piece of foil backed cigarette paper around the screen or 
plate terminal. Of course the grounding stick’s metal end was hanging 
on the terminal for safety while this was being done. The stick was 
removed from the terminal and a short piece of #26 wire was wrapped 
around the metal end of the grounding stick. Power was applied and the 
grounding stick was gingerly moved to bring the end of the #26 wire 
near to the cigarette paper. Zap! If the thyratron sensitivity was properly 
set a short strip of the metalized part of the cigarette paper would be 
removed from the paper and the transmitter would be tripped Off. 
 
I once wondered if the thyratron protect circuit was really doing 
anything, or if the over current relays would do just as well by 
themselves. Using the 1000 volt screen circuit as a test, rather than the 
6kV plate supply, I removed  the associated thyratron plate cap to 
disable this circuit and conducted the test without the thyratron. When I 
brought the wire near the cigarette paper BZAAP!! The entire paper 
and wire disappeared in a puff of smoke! The thyratron protect circuit 
indeed was working … 
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Often the mode of failure of a 6448 was a control grid to filament short. 
Plate current would then be excessive and trip the transmitter off. After 
a bit RCA did come up with a “fix” for the problem. This consisted of a 
momentary connection of the control grid to the 1kV screen supply. If 
all worked well  the piece of the grid causing the short would be blasted 
off and the tube would again be functional. However “there is no free 
lunch”. Losing that piece of control grid would usually cause the grid 
current, and sometimes the plate current, to increase. If it was necessary 
to zap the tube on several different occasions the tube would no longer 
function properly and it was time to “roll in another Cadillac”. 
 
It was “never a dull moment” in the television business. After we lost 
CBS the ABC programming didn’t start till noon. While we did not go 
on air till then, the staff started work in the morning. In cold weather, 
and Wisconsin frequently having  below zero temperatures, heat from 
the transmitter was used to heat the building. Prior to the change of 
networks this worked well but with no building heat till noon “the 
natives were getting restless” – they were freezing! My wife, Kay, was 
Traffic Manager and she, along with the News Department and others in 
the area, rebelled against the cold. Someone (it was rumored to be Kay) 
grabbed a 4’ tall round fiber waste basket full of old news copy and 
tossed in a match. A news photographer took a picture of the staff 
gathered around the fire rubbing their hands. The picture was sent 
downtown to the Radio Station where General Manager Ben Hovel was 
officed. He sent back a note, “Don’t worry Kay, the fire insurance is 
paid“. Within a week electric heaters were installed to provide morning 
heat. 
 
Maintenance work on the transmitter was done after sign off which was 
usually about midnight. One morning after there had been transmitter 
maintenance the night before, I came in and fired up the transmitter for 
the day. A bit later I opened the front access door of the 1kW visual 
driver – the old 1kW transmitter – and noticed there was an Allen 
Wrench protruding from the 3 1/8” transmission line elbow at the output 
of the 1kW output stage. It was put in the night before  when rotating 
the coupling to optimize output from the stage. Normally the power 
would be turned off and the tool removed. While there was 1200 volts 
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on the plate of this stage with the transmitter in operation, the RF (radio 
frequency) output was isolated from this and dangerous high voltage 
was not present at the Allen Wrench. However 1000 watts of RF at 
550MHz was present. Several of us looked at it and contemplated how 
to remove the wrench, preferably without turning off the transmitter and 
interrupting programming.  A possible solution was to use an insulated 
tool and flip the Allen wrench out. As we considered this, one of our 
new engineers walked up. He said, “I can get that out”, and before we 
could stop him, he reached up and pulled it out. Of course he did not 
hang on long. The RF burned a hole through his finger. RF burns are 
painful and slow to heal. Needless to say, he rapidly gained added 
respect for RF and never again tried such a move. 
 
Recalling another incident relating to the front of a TTU1B Transmitter 
cabinet, one evening it was raining with thunder and lightning. This was 
with the old 550’ tower and, as usual, it was taking frequent lightning 
strikes. When the station was originally built the main Station Ground 
was made under the old film projection room. Some copper strap had 
been buried under  the tower base – not really enough – and a 3” wide 
copper strap came from the tower base through the trenches to the film 
room where a long ground rod had been driven into the earth. When 
there was lightning you would hear the copper strap rattling in the 
trenches as the lightning current found its way to earth.  
A little spooky … 
 
On this occasion I was examining something in the Control Cabinet. 
Power Breakers occupied the vertical rear panel with operator access 
through the sliding front door, which was not interlocked. I don’t recall 
just why I was looking in there with the door open. I had my head near 
the switches on the panel when a lightning strike occurred. BAM!! it 
sounded like someone fired a .22 pistol right by my head. It was said I 
went the 10 feet down the hall and, at right angles, through the Control 
Room door without ever touching the floor …. could be …. (?) 
 
Returning to the Control Cabinet , after a short but appropriate delay, I 
looked back inside for an examination of what had happened.  While the 
transmitter had not tripped off but stayed on-air, there was a black burn 
mark where a screw which held in a Breaker had its head melted off. It 
was perhaps 6” from my ear before I abruptly departed … After signoff 
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that night we replaced the screw. Later, when we put up the 1100’ tower 
replacing this old one, a heavy duty ring of 4” wide copper strap was 
buried – in two concentric circles – under the tower base. This became 
the Station Ground. While it was still connected to the control room 
equipment, there was no more rattling of copper strap in the trenches. 
 
On one occasion someone from the floor crew or production group 
found a large thistle outside. It appeared the next morning occupying the 
video switcher’s chair, set up so as to appear it was the engineer who 
did the switching. As I stated earlier Jerry was our production manager 
and at this time was officed down in the studio area.  He headed up the 
floor and production departments and it was suspected he had 
something to do with the appearance of the thistle. One morning shortly 
thereafter he went to go into his office and found out the door didn’t 
open just right. Something was in there and he could just barely squeeze 
through the door to get into the office. The problem was a 55 gallon 
barrel filled with water just inside the door which kept  the door from 
fully opening. How could that occur and how did it get there? The barrel 
just sat there for several days and Jerry had to struggle into his office. 
Immediately he was suspicious that the problem might be either Larry 
or Homer who likely had something to do with this. He had clients who 
were coming in to see him and of course they had to squeeze through as 
well. Fortunately most of them knew us very well and went along with 
the antics without difficulty. Jerry tried to figure out how to get that 
barrel out of the office. With 55 gallons of water at 8 pounds per gallon 
in the barrel he wasn’t able to move the barrel at all. After complaining 
a good deal and trying to figure out how he might well get it out of 
there, it was still  keeping him from accessing his office in a normal 
manner. To add to the situation Larry and I, one night after signoff, 
added a few things to the mix. Baking soda was added to the water and I 
got a plastic milk carton and put a smiley mouth and two eyes on it and 
let it float around in the barrel. It looked like a pig floating around on 
top of the frothing water. One morning shortly after, Jerry came in and 
the barrel was gone! Andy, my Engineering Supervisor, was working 
late the night before and simply took a hose and siphoned the water out. 
Not sure how long it was before Jerry learned how the barrel actually 
got out of there, though he suspected how it may have gotten in there.  
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        Larry, Jerry & Homer           Engineers, Bob, Herb, Floyd & Dunc 
    
Our companion radio station WKOW had been officed in downtown 
Madison since it went on air in the late 1940s. In the early 1970s it was 
decided to move the radio studios out to the television station which was 
located a few miles west of town. Studios were built and  the radio crew 
which had been downtown now came to work at the television location 
out at the edge of town. With much of our audience being  in a rural 
area, we had a farm show on radio which originated from the new radio 
studios. On one of these farm shows Roy Gumtow our farm director and 
Clark Hogan, another announcer, were doing the show that day. They 
had gotten through the usual farming things giving the prices of wheat 
& grain, hog bellies and the amount of back fat along with beef cattle 
prices, and had come to the commercial for American Breeders 
Company, who specialized in artificial insemination of cattle. Roy was 
lauding the abilities of this company and its fine young men. He said, 
“yes sir they’ve got a bunch of real commers out there”. Clark stopped 
for a moment, got up out of his chair went out through the sound lock 
and “rolled on the floor laughing.” Shortly, Roy figured out what it was 
he said, was slowed down for a bit, but, like the professional he was, 
then kept rolling along.  
 
On one occasion three of us TV engineers worked late on a problem – I 
don’t recall what it was – and were getting ready to leave at 4:30am. 
The sign-on shift of radio engineers arrived at that time. They looked at 
us and said, “My God, are you guys still here?” We looked back at and 
said, with equal incredulity, “My God, do you guys have to get up and 
be here this early??” 
 
It’s all in your viewpoint. Neither of us would have wanted to swap 
places with the other. 
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Recreation - and Foolishness 

 
I and some of the other WKOW-TV engineers would often go out and 
play golf together.  We weren‘t all that good but we had fun doing it.  
Often it was Herb, Evert and Dunc, and sometimes Smitty going out for 
a round. Anything under a score of 50 for 9 holes was good for me and 
51 or 52 was sort of normal. The important part was getting out together 
for a few well hit shots and just plain having a  good time. We normally 
played Odana Hills, a Madison municipal golf course of about 3200 
yards. Seems to me that playing nine holes cost about a dollar and a 
quarter. None of us were too serious but Herb was perhaps a little more 
serious than some of the rest. He sometimes took lessons from the Pro 
and often shot well down into the 40s. Not all that serious though. I 
remember him swinging at a fairway shot, getting too much of the turf, 
and not hitting the ball very far at all. He looked down at the results and 
said, “too much big ball before the little ball”. Al Schwartz played 
occasionally. Al hosted a weekly comedy/variety show on our station. 
One day, after hitting a bad shot, he looked at the golf club somewhat 
disdainfully and said, “ club must be mal-shafted”. Good for a laugh 
from all of us.  Al later went on to direct every Television Show Dick 
Clark did after American Bandstand. 
 
From a golfing standpoint the “worst thing” that ever happened to me 
was when two well-known pros played an exhibition round at Odana 
Hills golf course. I was excited to go out and watch Arnold Palmer and 
Gary Player play a round on my home course. Palmer had long been a 
favorite of mine and the laid back Gary Player was always a joy to 
follow. However the telling moment came when I watched them play 
one particular hole, I think it was number 13, while we were standing 
midway down the fairway,  just about where my ball would  land after 
my tee shot. From there I might use a five iron or perhaps a four wood 
for my second shot to get to the green. When Arnold Palmer teed off the 
ball was still going up when it went by our vantage point. The shot was 
pin high just to the left of the green. Gary player hit. He was on the 
green a few feet short of the pin. I had seen Pros play before, but not on 
my home course. It was astounding! 
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While television was serious business it seems there was always time 
for fun and foolishness. After we got the Ampex 350 audio tape 
machine the booth announcer recorded the “book tape”, as I noted 
earlier. It was always a diversion to clown in front of the booth window 
and see if you could “break up” the announcer. In that case the tape was 
simply rolled back and the announcement re-recorded. A very 
professional announcer was Jerry Harper. Nothing anyone could do 
would faze him. One time we were successful. We rolled an engineer by 
the window on an office chair. He was standing on his head – naked. 
That did it. Harper came out of the booth hooting with laughter. Jerry 
Harper went on to become the chief news announcer for WBBM-TV in 
Chicago, a post he held for the rest of his career. 
 
Two engineers, Larry Entner and Homer Bellus, along with Production 
Manager/Director Jerry Emmerich were always up to something. Jerry’s 
office was still down in the Prop Room area, same as when the barrel of 
water appeared behind his door. One day when I came into the control 
room Homer, with a sly smile, put his hand on a toggle switch on one of 
the panels – a switch which I had not seen before. He flipped it on for a 
few seconds, then off again. About 30 seconds later this was repeated. 
From the Prop Room area, through the open studio door, came the loud 
shout, “Bellus!!” Shortly, Jerry came roaring through the door snorting 
loudly. It seems that Larry and Homer, on a maintenance shift the night 
before, had taken a break to install a relay – modified to work as a 
buzzer – in the metal ductwork above Jerry’s desk. A flip of the switch 
caused it to go ZZZAAAARRRRR!! above Jerry’s head. 
 
Later on, after we had added on to the building Jerry had an office in the 
new area, just around the corner from my office. In his office was a 
television set which he could use to monitor what WKOW was 
broadcasting. He came in one morning and sat down to work. After a bit 
he realized he heard a barely audible  click! sound. It was only once, he 
thought, and he went back to work. In a few minutes he thought he was 
hearing the sound again. It kept on – just now and then… After awhile 
he set out to find the source of the sound, and narrowed it down to his 
TV set. The set was on, so he turned it off. A bit later he thought he 
heard it again. Yes, there it was. He now unplugged the TV set. In a 
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short time Jerry realized it was still there. “Bellus!!” It seems the 
dynamic duo had put together a battery powered metronome, but with a 
very long time constant so it just fired every few minutes, and 
connected it to the speaker of Jerry’s TV set. 
 
Back when WKOW-TV was still a CBS affiliate the Network National 
News anchor was the renowned Edward R. Murrow.  Our news anchor 
at the time was Ed Bakus. Roger Forrester, always up to something 
funny, took to introducing our newscaster with a resounding “Now here 
is Edward R. Bakus and the News!” Our TV station manager at the 
time, who was not always known for having a great sense of humor and 
tact, issued a memorandum that only the actual names of the talent 
would be used in introductions. Roger checked and learned that the 
nickname “Ed” stood the real first name, Edgar.  
 
So he proceeded to introduce the News in the same resounding tone, 
“Now here is Edgar Bakus and the News!” 
 
At one time we had a late movie after the news and before sign-off. On 
Saturday nights it was a Horror Movie. Rich Schermerhorn, a tall and 
husky young man would often dress in costume, sometimes as the 
Frankenstein Monster, as a part of the movie intro. One Saturday night 
we buried him in a small plot outside at the rear of the studio. A shallow 
hole was dug and, just before the movie, Rich lay down in it. Breathing 
through a straw he was covered with a thin layer of dirt. Rolling a 
camera outside from the studio we shot the hillside scene on that moon 
lit night as the strains of the eerie intro music were playing. Zooming in 
to the “grave” Rich, on cue, wiggled about, then slowly stood up and, in 
true Frankenstein style, with arms extended forward, lumbered over the 
hill and into the night.  
 
The deep voiced announcer – I think it was Roger – said in an creepy 
voice “Yes, ladies and Gentlemen, the Monster is heading for the west 
side of Madison … watch for him out your window tonight …”  
 
After a bit, the phone began to ring … seems this was a little too eerie 
for some viewers. 
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PE Registration 
 
In 1957, now 4 years after going  into Broadcasting,  I became aware of 
the Professional Engineering Registration. While each state has its own 
process, all states tend to be similar. In Wisconsin the requirement to 
apply was 4 years of college to take the Engineer in Training (EIT) 
exam, then 4 more years of Professional Experience to take the 
Professional Engineer (PE) exam. Eight years of acceptable 
Professional Experience would also suffice to apply to take the EIT and 
PE exams. Registration as a PE is necessary in some engineering fields. 
It is not required, but is desired, to practice before the FCC. 
 
Let’s see, do I have the necessary qualified experience to come up to the 
8 years? Two years in the Army, mostly in school either learning or 
teaching electronics. 4 years as a Broadcast Engineer. 2 years, part time 
teaching at the Wisconsin School of Electronics. Hmmm ... well, 
maybe(?)  Close, anyway. I found there was a highly regarded semester 
long Engineering Refresher Course presented nights  by the University 
of Wisconsin. I took the course and learned a lot from it. All aspects of 
engineering were covered from electrical and electronic engineering to 
chemical, structural and civil as well as stress analysis, flow through 
weirs and much more. In some cases it was a refresher, in others this 
was totally new material. 
 
As I had originally majored in chemistry that was a breeze, as were the 
electrical/electronic segments of the course. Having had extensive 
exposure to these fields there was not a lot of new material to be 
digested. Pin-connected trusses, strength of materials, loading of wood 
and metal beams of various cross sections with point and uniformly 
distributed loads, and determining the stresses in the metal or wood - 
this was all totally new to me. Find the amount of water flow through a 
V-notch weir with 6” of head behind it; determine the moment of inertia 
of a hollow shaft of certain specified dimensions and the stress in the 
most distant fiber of a loaded I Beam; etc. etc. 
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There was, of course, no Google or other repository of specific 
knowledge available for ready access. The PE Exams were Open-Book, 
the idea being that, as a practicing Engineer, you would have these 
resources at your disposal. Lest anyone think an open book exam is 
easier than one of the closed book variety - try one and see! 
 
Here a couple examples of PE Exam questions and some work I did to 
get answers. 
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                                     PE Exam Questions 
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                          Typical Calculations of Mine 
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The first day 8 hour EIT exam was given on Saturday. Here I brought 
one suitcase of books. This is the examination usually taken after 4 
years of college. As my grade was well above passing taking the 2nd 
day exam was allowed. For this 2nd day 8 hour PE exam on Sunday  
two suitcases of books came with me. This is the exam normally taken 
after four years of engineering experience following the earlier 4 years 
of college. Very useful books were Mark’s Mechanical Engineers 
Handbook and Machinery’s Handbook, each 2 1/2 inches thick. Also 
most useful were ITT’s Reference Data for Radio Engineers and the 
Radio Amateurs Handbook. A number of other Reference Books were 
also of great value. 
 
In the late afternoon of the last day it was necessary to pick one of four 
discussion questions to answer. I chose to discuss RF Propagation and 
Ionospheric Influences in the HF and VHF Frequency bands. Having 
spent several years in Ham Radio and Broadcast Television this was a 
made to order opportunity. The exam was passed with a grade in the 
upper 80’s. Was I now a PE? Not quite. Not all of my listed experience 
was accepted. What do I do now? Would I have to take the exams 
again? Oh, no. Nothing like that. I was now an “Engineer in Waiting” 
and would have to accumulate experience for a bit less than two more 
years, then simply reapply. The passed exams were fully valid. When I 
reapplied I was awarded my Professional Engineer License. Yes, yes!, 
yes!! 
 

 
Ham Radio 

 
Earlier, about 1955, my close associate,  good friend and fellow 
WKOW engineer, Herb Jordan, W9LA, helped  lead me into Amateur 
Radio. I had been designing and building electronic devices since my 
Army days and had long been interested in radio, particularly the higher 
frequencies such as VHF and UHF. Working with resonant cavities, 
waveguide and transmission lines fit in very well with the television and 
UHF transmission which was a part of my daily life. So, Ham Radio 
was a natural for me. 
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There were Novice, Technician and General class licenses for Ham 
Radio. Novice and Technician classes required 5 words per minute 
proficiency in Morse Code while the General Class license called for 13 
wpm. The Novice written test was simple while the Technician and 
General tests were the same and a bit more comprehensive. While the 
written test was a ho-hum affair for me, I was never good at Morse 
Code. In my Army Placement Tests code was my worst area. I struggled 
to achieve the 5 wpm requirement and, even later, was never able to get 
to 13 wpm. Plus, I was never really interested in code. Single Sideband 
voice communication was just coming on the scene and my greatest 
interest was there. The circuitry required was much more complex than 
for simple AM transmission, but that was simply a reason to be more 
interested in it. SSB could cut through much better than AM modulation 
while still requiring less transmitter power to do it. 
 
The Technician Class license was good only for 6 meters (50mHz) and 
higher frequencies but this was not a problem as that was where my 
interest was anyway. Having gotten The Technician license the next 
step was building transmitting and receiving equipment. Prior to this I 
had built such things as: 
Vacuum Tube Voltmeter (VTVM) 
5 band RF signal generator 
High and Low Band TV RF sweep generator 
Modified an RCA 155B Oscilloscope for push pull instead of  
           single ended deflection  
      as well as building an RF signal tracer and audio and Hi Fi  
           amplifiers and other items.  
Also worked part time as a TV repairman while at WKTY Radio 
 
Having great interest in UHF, resonant cavities and the like, I first built 
gear for 432mHz. The transmitter was a 6J6 3rd overtone oscillator 
followed by multipliers and a 6360 tripler to 432. On the receiving side 
I used a grounded grid 6AN4 or a 417A in what became one of my 
favorite tuned lines for these frequencies. A one inch square cavity 
about 8” long was bent from flashing copper. This was the plate cavity, 
tuned by a small piston variable capacitor at the far end.  The center 
conductor was a ¼” diameter piece of copper tubing.  A  loop of 
insulated wire about an inch long laying against it was the output link. 
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The signal was hetrodyned down to the 8mHz input of a surplus BC455 
receiver.  As its IF bandwidth was too wide I had added a half Lattice 
crystal filter to bring it down to 2.5kHz at the 3dB point. 
 

 

                         432 MHz Converter 
 
Feeding a small yagi antenna for quite some time I tried to make contact 
on 432. Nothing.  After awhile the inescapable conclusion was that 
there was no one else within range on 432mHz. Hmmm … 
 
Skipping 220MHz I next built gear for 2 meters – 144Mhz. The 6360 
now ran straight through on 144Mhz and drove an 832A output stage. A 
down converter to the 8Mhz BC455 provided receiving capability. 
Same result – nobody there!!  At that time there was no 2 meter activity 
in the Madison WI area.  Well, what is next?? 
 
So I dropped down to 6 meters – the 50Mhz band.  
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                                               6 Meter Transmitter 
 
Outside our rear bedroom I cast the base of a Rohn 25 tower into 
concrete, then added sections to bring it up to a 40’ height. At the top 
was mounted a rotor and a Telex 4 element 6 meter beam (yagi 
antenna). A little later the Telex design was modified by making and 
adding radiators and extending it to a 6 element beam on a 20’ boom. 
After having success in making contacts with the 50 watt AM 
transmitter there was next the construction of more sophisticated gear. I 
had long been interested in single sideband so investigated what it might 
take to build a SSB exciter for the 6 meter ham band. Checking out the 
literature I came up with an FT241 crystal filter design using crystals 
that were reasonably available. Modifying the design to fit my needs 
and available components, and with soldering iron in hand, it was all put 
together.  It took a good bit of tweaking of my design to produce the 
desired bandwidth for good intelligible audio response. After adding a 
VFO and appropriate mixers drive was sent to a 6146 producing about 
60 watts PEP output. 
 



73 
 

Following is a schematic of just one section of the exciter, and the audio 
passband response following the crystal filter section. 
 

 

             Crystal Filter SSB Exciter 
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There were nearly no other Hams on 6 meter SSB and so it was 
sometimes a challenge to instruct  those who somehow responded to my 
CQ to understand how to receive single sideband. Generally I had to 
insert carrier and begin the contact using AM modulation, then switch to 
SSB. However when propagation was marginal SSB would get through 
where AM failed. 
 
The next move was go get a better receiver than the BC455. A war 
surplus BC342 receiver was located and purchased. It covered the ham 
bands below 18MHz and was originally used in Army Tanks. I still 
have it - it is heavy as a Tank! It used Philco Loctal tubes - like an Octal 
Tube, but with a different base. These were not easily available and 
certainly not state-of-the-art. I tore the BC342 totally apart. Knowing 
the contemporary tube types, miniature tubes were selected to perform 
the equivalent functions of the loctals they were to replace. It took a 
great deal of time and some significant circuit changes before the result 
was satisfactory. All tube sockets were removed and replaced. Of course 
the tube pinouts were different and this had to be taken into account in 
the rewiring. Among other things I added a switchable half lattice 
crystal filter for 2.5kHZ and 1kHZ bandwidths for SSB and CW 
reception. Looking at my diagram there is seen a twisted wire pair 
across two of the crystals. Obviously this was part of the frequency 
response tweaking process. 
 

    

500W PEP Final     Xtal Filter SSB Exciter   BC342 Rcvr BC455 Rcvr 
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        BC342 Receiver - partial diagrams 

As a final step I wanted greater power output. Not just every 
transmitting tube was suitable as a linear amplifier and would provide 
significant power at 50MHZ. It was found 811A’s were capable of good 
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power output at this frequency in SSB usage. Being a person fond of 
resonant cavities, etc., I chose to use a tuned line output circuit made 
from 1/2” copper tubing. A directional coupler was incorporated so it 
was possible to check VSWR performance of the transmission line and 
antenna. Using this directional coupler the measured performance of the 
6 Element 6 Meter Beam produced a VSWR of between 1.04 to 1.08 
from 50.0 to 51.0 MHz. A very good result!  
 
I had built the SSB exciter to cover 20 through 6 meters and originally 
planned the same coverage for the linear amplifier. The input circuitry 
was set up for this frequency coverage and I thought I might make the 
output tanks pluggable for the same range. This never appeared 
practical and so it remained a 6 meter final amplifier. As VHF and UHF 
were my only interests, it really never mattered. The power supply 
would put out either 1000VDC or 1200VDC. Much of the time the final 
operated at the lower voltage, but the higher voltage was available at the 
flip of a switch if needed. At 1200 volts the 811A  plates would glow a 
bit red on voice peaks while putting out 500 watts PEP (Peak Envelope 
Power). I now had a potent signal! There were getting to be a few more 
operators on 6 meter SSB, but almost none with this kind of power. 
 
Those familiar with propagation at 50MHz know that range is limited to 
just over the horizon without help from the ionosphere. Reflections 
from the “E Layer”, so called “Sporadic E” propagation, can provide a 
range of up to about 300 to 400 miles. Under good sunspot conditions  
double hop Sporadic E can yield up to 800 or perhaps 1000 miles. 
Under extremely good sunspot activity periods the “F Layer”, which is 
above the “E Layer” in the ionosphere, can occasionally support 
propagation of 6 meter RF. This can allow communication as far as 
Alaska, Argentina, Hawaii, or even Japan. Higher power helps. 
 
With the new Linear, higher power paid off. During the great “1956 
sunspot cycle” I heard a  “CQ DX” call one afternoon. It faded in and I 
worked Umtali Southern Rhodesia on 6 meters, double hop “F  Layer” 
skip - which is very rare. The last I heard he was again calling “CQ DX” 
as he faded away. Unfortunately, it is a QSL card I know I have, but  
cannot seem to locate. On two other  occasions I worked Fletchers Ice 
Island in the Arctic Ocean north of Alaska on Auroral Scatter.  
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Only CW or SSB is possible on the Aurora as AM growls so badly as to 
be unintelligible. We had the QSO’s using SSB at both ends. Also 
worked on various occasions were a multitude of other 6 meter DX 
contacts. 
 

 

                           6 Meter 500W PEP Final Amplifier 
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QSL from Southern Rhodesia 
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QSL from Project Oscar Ham Satellite 
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  Some QSL’s worked from Wisconsin 
 

 New Tower for WKOW-TV 
 
The station originally went on air in 1953 with the TTU-1B 1kW UHF 
transmitter. Atop our 550’ Blaw-Knox tower it fed an RCA TFU-24DL 
slot radiator antenna through 3 1/8” rigid transmission line. Ten years 
later there was a desire to raise the center of radiation to improve our 
coverage. A 1100’ Stainless tower was selected for the change. The 
TFU-24DL was rated for only 13.5 kW and, as we were now running 
the TTU-12A transmitter with a 12.5kW output, there was no room for 
future power increases. To allow for the future a TFU-25G antenna was 
chosen with 6 1/8” transmission line feeding it. We then would have a 
system capable of handling over 100kW of transmitter power with the 
best null-filled antenna available.  
 
A television broadcast antenna gets its power gain by taking the 
radiation which would be wasted going up and going down, and 
squishing it into a doughnut of circular radiation. This the way the TFU-
25G obtained its power gain of 25x. However it takes some clever 
antenna design engineering to obtain this gain and not put some pattern 
nulls into the area near the tower so that close-in viewers still have a 
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proper level signal. The TFU-25G was specifically designed to provide 
the appropriate null-fill. This made the antenna more expensive, but 
assured good close-in coverage. 
 
I don’t recall just where our tower erection crew was from, but they 
were the typical stereotype steel climbers - a bit wild and crazy! For just 
one example, I remember seeing one of them slide down a lower guy 
wire to get to the ground ...   
 
Paul Tiner’s crew had erected our original 550’ tower. His son Jim 
Tiner was now running that crew. We got Jim’s crew in to put the 
antenna atop the 1100’ tower. The Tiner crews were the finest in the 
business. They were sharp, disciplined and solid. I used Jim Tiner’s 
crew many times after this for other tower jobs. The 82’ high x 16” 
diameter TFU-25G antenna was held atop the tower by a ring of bolts at 
the junction of the base of the antenna and the top plate of the tower. 
Henry Gazaowitz was president of Stainless Tower and, during tower 
and antenna fabrication, RCA & Stainless communicated as to the size 
of the bolts and diameter of the bolt circle. Seems like they were to be 1 
1/2” diameter bolts perhaps 5” or 6” long. 
 

 

                        WKOW-TV Towers 
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During the tower construction a bright, cheerful man about my age 
appeared on the site. He was Professor Richard Marleau of the 
University of Wisconsin Electrical Engineering Department. We struck 
immediate rapport. He was curious about the station and the tower 
erection and I gave him a tour and explained about our transmitter 
system and the new construction. This was the summer of 1963 and I 
had taken a UW Correspondence course that spring in 1st semester 
calculus. In the future I would see much more of Dick Marleau. 
 
Jim Tiner and crew set their gin pole and hoisted the TFU-25G antenna 
to the top of the tower preparing to set it in place. But, there was a 
problem...  As they moved the antenna down near the top plate of the 
tower it became evident the bolt holes in the antenna did not match 
those in the tower. The holes were of a different size and the bolt circle 
of the antenna was a different diameter. Oh sh ... !  There were hurried 
phone calls back to Camden NJ - RCA - and to Stainless in Pittsburgh.  
After some checking it was found that RCA had transmitted the change 
back to Stainless, but they had missed it. 
 
It was said you could hear Henry Gazaowitz back in Wisconsin without 
needing a telephone………. 
 
Now what? There were the same numbers of bolt holes in the mating 
faces, but they were different sized holes on a different diameter bolt 
circle. RCA and Stainless came up with a solution. Rotate the antenna 
half a bolt hole and drill new holes, Stress analysis showed this would 
not be a problem and everything would be strong and secure.  
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Now, about drilling those 16 holes through 1 1/2 inch thick steel 1100’ 
above the ground ...  There was a lot of heavy industry in Madison. We 
we able to procure a drill with an electromagnetic base which would 
hold it down to the tower top plate. It took the tower crew nearly two  
days to drill the new bolt circle. The donkey engine whirred and back 
went the 3.2 ton antenna from the ground and up the gin pole. Of course 
everything matched this time and the antenna was bolted down without 
issue. The elbow complex just below the antenna was assembled 
connecting the antenna to the 6 1/8” transmission line coming up the 
tower. Next it was pulse the line from the bottom and look for 
reflections. Then use the SWR (Standing Wave Ratio) bridge for an 
exact measurement. All was well as the visual usually ran at a VSWR of 
about 1.04:1. Excellent! And the hole stress analysis proved itself over 
time, as that antenna was still there in the 1990’s when Channel 27 
moved their transmitter to the 1500’ Candelabra a few miles away. 
 

 
NAM Design 

 
One of my significant early designs was a modification to the TS10 
Video Switcher. Initially the clunk-clunk slide switches on each bank 
were directly fed with 1.4 volt peak to peak video - the 1.0 volt standard 
came in later. On all modern switchers video is handled remotely with 
the switches telling the remote chassis to make the switch. Not here.  
Latching push button slide switches actually switched the output video. 
In this switcher there was no “keyer” as we now know it. To do a “key”, 
which we called a “super” (for superimposition) the video engineer 
would split the fader so as to bring in the lettering to be inserted while 
reducing  amplitude of the background video. This gave a tolerable key, 
unless the background video was a film and a bright scene appeared. 
This washed out the keyed in lettering with the poor result of the viewer 
being unable to read it. Also, the mix was additive and a sudden change 
of scene on the film could cause over modulation of the transmitter.  It 
did work, but was never a really satisfactory method of producing a key. 
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Somewhere in the literature I had heard of a “non-additive mix” but had 
never seen one described. Giving this considerable thought it came to 
me that an OR gate could provide the solution. I set up circuitry with a 
diode OR gate, using 1N270’s so that the most positive signal would 
pass. The OR function insured the positive signal now could not exceed 
the amplitude of the incoming video and so we had the non additive mix 
(NAM). Thus there could be no transmitter over modulation. When the 
NAM was switched on and used, the background was usually left fully 
up and the other fader lever split to fully bring in the key. If the 
background was very bright it was possible to bring the background 
fader lever down to perhaps 80% for good readability of the text with 
little visible reduction of background amplitude. This gave us an edge 
others  employing this type of switcher and we used the NAM for 
several years till we replaced the TS10 with a more modern video 
switcher. The NAM produced a decidedly more legible key than the old 
“super”. Due to the competitive nature of our market I did not offer this 
for publication. 
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              Non-Additive Mix 
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  RCA TS10 Switcher at Lower Left, 1960’s Video and Audio Control 

 
 

Video DA’s 
 
The Video Distribution Amplifiers which were installed when the 
station went on air in 1953 were of course, vacuum tube affairs, using 
6AC7 and 6AG7 tubes. Each single channel was mounted in a 3 ½” or 5 
¼’ rack chassis, I don’t remember which. They took up both room and 
power. The tubes were black metal and hot! If you ever grabbed a 6AG7 
without using a tube puller you would get a greasy feel on the fingers as 
the skin started to scorch. In the early 1960’s I was looking for an 
amplifier transistor with a high enough gain-bandwidth product to be 
usable for video amplification. The 2N706 was a 300Mhz GBW 
switching device, but it cost $5.40 each. When the price dropped to 
$3.60 per transistor I bought a couple to give them a try. Indeed they 
worked as well as amplifiers as switches. This was a silicon NPN 
transistor, the first of the silicon type I felt I was able to afford.  
 
About this time I had a conversation with Dave Nelson, of WHA-TV, 
who also was an engineering student at the University of Wisconsin. 
WHA is the educational station and was affiliated with the University 
and located on the UW campus. We had discussed possible video 
amplifier architecture and this took place at a time when I was interested 
in developing a video DA. Dave’s input was most helpful.  
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Using a transistor as a current source, instead of just an emitter resistor, 
gave the emitter follower output stage better linearity and increased 
swing in the negative direction so I gave that a try. The totem pole 
output stage then appeared to provide the necessary 10mHz bandwidth 
with some to spare. A PNP – NPN pair was employed in the amplifier 
section so as to yield the proper near-zero DC at the output of the DA. It 
took some calculation and experimentation to get the right feedback and 
gain control implemented for the circuitry. Using +10V and -10V power 
supplies the unit could drive three 75 ohm loads. Tests of the completed 
circuit confirmed that it gave the desired performance. 
 
Having no better way to do it at the time I laid out a template, then used 
a resist pen to draw the traces on 3” square single sided epoxy circuit 
board. After etching and drilling the board the circuit was assembled 
and ready for further testing. It performed as anticipated so I made up 
more amplifier boards, Ten of these were mounted in a  
3 ½” rack chassis with card slots at the bottom and card sockets on the 
back panel, and there was adequate room for the power supply at the 
right hand end of the chassis. We now had 10 DA’s in less space than a 
single vacuum tube DA, and taking far less power than the vacuum tube 
predecessor. As time passed and more DA chassis were desired I had 
the boards printed and etched for a cleaner, repeatable look rather than 
doing it by hand with the resist pen. Again, this was not submitted for 
publication. 
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Races and Motorcycles 

 

Model T Races 
Going back to my earliest days growing up in York Center WI, where 
we were at the Garage, there were always cars of many brands and types 
around. In the early 1930’s Dad (Louis Zuelsdorf) who had previously 
raced motorcycles as an Indian rider, started racing Model T’s. Before 
you start laughing please note that Model T’s were very potent Race 
Cars in their day. The rules were that you could use any factory made 
Model T part on your car. As I recall a 1924 cylinder head on a 1928 
Model T block gave a higher compression ratio than either the standard 
1924 or 1928 engine. This was perfectly legal as all parts were factory 
Ford T parts. Things like this could give more power, and thus more 
speed, than the original configuration.  

 

                                              Model T Race Cars 
 
Of course everyone tried to “bend the rules” as far as possible to get an 
edge on the other drivers. At first some would grind the heal of the cam 
so as to give increased valve lift for the 3 liter Model T engine. Soon it 
became standard procedure that the winning car was carefully examined 
after the race. This camshaft alteration was then caught in the post race 
“tear down” of the winning racers engine. With the cylinder head 
removed it was a simple matter to measure how high an open valve 
protruded above the block and catch the infraction. In this case, or other 
major infractions, the driver was stripped of the win. 
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Dad, being a mechanic in the business of operating a Garage and 
Machine Shop, was intimately familiar with all aspects of the car and 
engine. He had a few of his own tricks, but his many wins were due 
more to his highly aggressive, and skilled, driving style than anything 
else. I grew up spending weekends at the dusty dirt tracks of Wisconsin, 
Iowa and northern Illinois. And dusty they were! There were times we 
could not see the Back Stretch as the dust had not settled from the run 
down the Home Stretch in front of the Grandstand. Listening to Dad 
after the race, there were times when he could not see either. He would 
watch the fence posts on his left and, when they faded away, know he 
was entering the next turn. It was seldom that bad, but it was often very 
dusty! Most of the tracks were half mile, but were a few one mile tracks 
as well, such as in Sun Prairie and Madison WI, and Belvedere IL. The 
main events were usually 25, or possibly 50, miles in length. 
 
Many of you likely know that the engine Fred Offenhauser and Leo 
Goosen developed in the early 1930’s was the King of Professional 
Racing through almost all of the 1960’s. In its 4.5 or 4.2 liter 
configuration nearly all of the Indianapolis 500 races were won with 
Offenhauser engines. Midget Car racing was also popular in this period. 
Engines such as the 4 cylinder Studebaker and 2.25 liter Ford 60 were 
often used for power. In totally another league were the “Offy” Midgets 
using the 1.6 or 2.0 liter DOHC (double overhead cam) 4 valve 
Offenhauser motor. They were the top dogs of Midget Racing and were 
virtually never challenged by the “stock block” cars. The two were 
seldom on the same track. 
 
One time the Offy Midgets challenged the Model T’s to a race. It was to 
be run on the mile track at Sun Prairie. The Offy’s arrived and everyone 
took a few practice warmup laps. As usual they all lined up and ran the 
Pace Lap. Green Flag and the race was under way! 
 
The Model T’s “Blew the Offy’s off the Track”. They never came back 
to challenge again. 
 
In 1938 the Model T National Championship was to be decided with a 
one hundred mile race held on the one mile track at Belvedere Illinois. 
Cars were there from as far away as California and other distant states. 
It was a bit surprising the site picked was a rather obscure town in the  
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Midwest but this is where it was. Dad prepared the car throughout the 
week before and of course was there for qualifying. I don’t recall just 
where he qualified, but it was reasonably up in the pack. A hundred 
miles was a long race and pit stops were necessary to refill fuel and 
check tires. Dad came into the pits and was furious at the driving tactics 
by a black car from California. This simply made him drive faster and 
push harder. As the race progressed these two cars kept moving forward 
toward the front of the pack. When the checkered flag was waved Dad 
was the first to take it! He had won the Model T National 
Championship!! 
 

 

   Louis Zuelsdorf 1938 Model T National Champion 
 

Motorcycles 
 
There were always motorcycles around the Garage. Dad had raced 
Indians in the 1920’s and various makes such as the Excelsior Super X, 
45 cu inch and 74 cu inch Harley Davidson and Indian models, were 
often present. They may have been in for repair or tune up, and it 
seemed Dad usually had a couple of his own to add to the mix. Often 
they could be seen, and heard, zooming up or down Hwy 73 which 
came from Marshall WI to the south, passed in front of the Garage and  
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intersected with US 151 four miles to our north. This blacktop highway 
was the usual test strip, as opposed to the gravel roads heading east and 
west. 
 
Earlier I mentioned the motorized bicycle project, which never was 
allowed to reach completion, but I didn’t actually own a motorcycle till 
after my high school days. However we often attended motorcycle races 
in the area when the Model T’s were not occupying a weekend. The 
War ended Model T racing, but after the War in my High School days, I 
often spent Sunday nights at Sun Prairie WI watching the Midgets. The 
one mile dirt track had been replaced with a quarter mile dirt oval - 
“The Fastest Banked Dirt Track in the Midwest” - where the “Mighty 
Midgets of Sun Prairie” held forth on those Sunday evenings. These 
were the stock block cars, mostly Ford 60’s with a smattering of other 
powerplants such as Studebaker, Willys, Essex and even an Evinrude. I 
hung around the pits, got to know some of the drivers, and did think 
about trying to “get a ride”, as driving a race car was referred to at that 
time, but never did pursue it. I didn’t know it till long after we were 
married, but Kay’s father, Reuben Derr, was a Midget driver there at the 
time. 
 
Back to the motorcycles: In the section of this Book  “In the Beginning” 
it is stated in the last paragraph that I got on my 1946 Bonneville Indian 
Motorcycle and headed back to Wisconsin. This was my first 
motorcycle. I bought it in New Orleans. In 1949 I had gone down there 
with a couple friends, riding as the rear passenger on the “Buddy Seat” 
of a 1936 flat head 74 inch Harley ridden by one of them. The Indian 
was spotted for sale in a New Orleans Harley Dealer’s shop. It was 2 
tone green, nicely painted, a beautiful bike!  However there was one 
small problem...  The forks were bent back so the front fender was 
squished into the frame - the handlebars would not turn the front wheel.  
 
The shop owner said, “Oh, we can straighten the forks”. He wanted 
$325 for the 3 year old Bonneville Indian 74.  It seems the original 
owner was riding on a rural road one night when an obstacle appeared 
in front of him. It was a large steer. He was unable to stop. While not 
seriously injured he hit the animal with the front forks of the bike taking 
the impact. I never heard what happened to the steer. I came back to the 
shop the next day and took the Indian, now with straightened front 
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forks, for a ride. It seemed just fine and we struck a deal. As the original 
fender was mashed beyond repair a new one had been installed but was 
unpainted, just primed. I got a $15 allowance for the lack of painting 
and we settled for a $310 price. Being a Premium model of limited 
production - a Bonneville - it had magneto ignition, aluminum cylinder 
heads, polished ports and more radical cams. It was a steal! 
 
Our purpose in coming to New Orleans was to go to work in the 
shipyards. Having had a good deal of experience in the machine shop at 
home I expected I might be able to snag a job as a machinist. For a 
couple years Harry Ridgdell and has wife had come up to Wisconsin to 
work at the canning factory for the summer. We had become good 
friends and they were returning to Ponchatola LA, on the north shore of 
Lake Ponchartrain. Unfortunately, none of us were very aware of the 
economics of the times. The shipyards were laying off workers. There 
were no jobs at all there, or most anywhere else in the area. 
 
What next? I’m not sure where we got the idea - perhaps we heard there 
was work there - but we decided to seek jobs in Tampa Florida, about 
600 miles east. Though I had driven motorcycles many times before, 
and had ridden the thousand miles to New Orleans as a passenger on 
one, this was my first long distance solo ride. And, also, I was getting 
used to a new motorcycle. Indian had a different philosophy than its 
biggest competitor Harley Davidson. All motorcycles of that time were 
hand shift, foot clutch. It was only later that hand clutch, foot shift bikes 
arrived on the scene. The Indian had a right hand shift and left hand 
throttle, opposite if the Harley and some other cycles. Also, the Indian’s 
left side foot clutch was engaged when tipped backward, disengaged 
tipped forward - again opposite of the Harleys right side foot clutch. I 
was happy with the left throttle, right shift but did not like the direction 
of the Indian clutch. It was easy to change, so I moved the rods which 
connected it to the transmission so it worked the same way as the 
Harley. It seemed so much easier and natural! 
 
Most all the roads along the way were 2 lane and so it was often 
necessary to pass other vehicles. To change to the left lane on a 
motorcycle so as to pass, it would seem you would want to turn left with 
the handle bars to move to the passing lane. That works if you do it 
slowly and gently. However a quick change to the left lane is initiated 
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by pulling on the right handlebar. The front wheel turns right, the bike 
tries to flop left as the weight shifts. A transfer of the riders weight to 
the left, a subtle steering correction, crank on the throttle and you are 
past. I had earlier learned this technique but used this “training ride” to 
Tampa to perfect it. 
 
Leaving New Orleans it was along Canal Street, grab Gentilly Blvd and 
head out over the 6 mile bridge at the southeast end of Lake 
Ponchartrain to Slidell LA and continue on eastward. There were no 
Interstate Highways then, and it seems we took Hwy 90 at least part of 
the way east. On past Pascagoula LA and on to Mobile Alabama. As it 
had been most of the way from Wisconsin to New Orleans, the weather 
was decent. However, it is still a long way to Florida. We needed 
Motels at night, there were the necessary stops for food and coffee as 
we went. While the bikes got about 35 mpg our gas tanks were either 4 
or 5 gallons capacity and this often dictated our stopping points. 
 
In particular I remember longer stops at Pensacola and Tallahassee 
Florida. Pensacola seemed like a rather nice town and Tallahassee was 
hilly. At that point the hills caused me some issues. I remember coming 
up a side street to the main road which ran along the top of a ridge. 
Getting started I killed the engine. Weighing about 155 lbs it was all I 
could do to restart the Indian. After getting back to Wisconsin I learned 
there was an alternate crank available. Actually it was the stock crank 
for the normal non-magneto ignition Indians. My bike had a higher ratio 
on the cranking gear. This was supposedly to spin the motor - and thus 
the magneto - faster to insure getting a good spark. For me it worked 
inversely. I did not weigh enough to always get adequate weight on the 
kick start crank so as to get fire from the magneto. After changing the 
crank in WI this was no longer a problem, but it was an issue here in 
Tallahassee and for the trip back to Wisconsin later.  
 
Well, I did get it going and we continued on our way. 
 
For those of you riders so young as to have not needed to kick start a 
motorcycle - see what you have missed!! 
 
Arriving in Tampa we found the situation to be little different from New 
Orleans. Poor economic times, and no work to be found. After a week 
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of looking, we gave up and decided to head back to New Orleans. There 
we knew someone, Harry Ridgdell, and perhaps with continued effort 
we could find some paying employment. After all, we had come down 
here to get jobs and make some money, not to spend what we had saved 
from the canning factory. Also, Tampa and Florida were not all that 
inviting - blowing sand and salt water spray which tried to impart rust 
on anything it hit. 
 
We were somewhat beaten down but still adventurous. Let’s see the 
territory on our return trip! I suppose we got more blowing sand and salt 
spray that way, but I believe it was Hwy 98 we took along the coast to 
Pensacola. The blowing subsided and it turned out to be a most pleasant 
jaunt. On the way east there had been so many trees it was difficult to 
see much but vegetation. Here, along the coast, was a much superior 
view with both towns and ocean sights in abundance. A good deal of the 
ride was either along the beach or on key islands or long points of land 
where there was water on both sides. Got a far better view on the way 
west than coming east to Florida. 
 
Upon our arrival in New Orleans it was evident the weather had 
changed. Several days were spent holed up in a Motel as a deluge hit 
caused by a not-too-distant hurricane. In those days there were none of 
the weather services we have today and we were fortunate to have 
gotten back before the wind and rain got there in earnest. After the 
storm subsided we rode around the east side of Lake Ponchartrain past 
Slidell, along Hwys 190 & 22 through Madisonville to Ponchatoula. 
Rigdell’s lived there. 
 
Harry Sr. and his wife were strawberry farmers of modest means. Great, 
pleasant, caring people! We stayed a few days with them, contemplating 
our next move. One of the mornings Harry Sr. cautiously said, “ Samuel 
sometimes comes over to visit me.” ...  “Would it be all right if he 
comes over today?” That left me a bit puzzled. Firstly, it was Harry’s 
house and he didn’t have to ask my permission. Secondly, Harry was a 
large man, with big hands rough from the labor of picking strawberries. 
He certainly could do what he wanted to. Why would he be asking me? 
 
“Samuel is a negro”, he said. Well of course it would be okay - why 
should I care? 
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I had not been brought up in an environment where race was an issue. 
It did cause me to remember an incident at home when Joe and I were in 
high school. In Wisconsin during the War some Jamaicans were up in 
our area to help with the hemp harvest. Hemp was raised for making 
rope and was essential to the War Effort. A group of these folks were in 
York Center and Joe and I, along with Fritz Inabnet from across the 
road, started talking with them. We talked about baseball, and they 
about Cricket. Before long we all went down in the field behind the 
Garage as we began to teach them baseball. After a bit Dad came down 
and called Joe and me aside, saying quietly, “I don’t care, but some of 
the customers in the Garage don’t think you should be playing with the 
Jamaicans”. Dad truly didn’t care. Before or after, I never heard him 
give any indication of prejudice. We told our newfound  friends we 
could not continue, and they left. 
 
Samuel arrived. He was a delightful individual and it was a joy to talk 
with him. His visit was a time I will always remember, and a positive 
addition to my life. 
 
Trying once more to find jobs we went back to New Orleans looking for 
work. We were successful - in a convoluted sort of way. Ed got a job on 
an oil drilling platform in the Gulf. Marvin and I went to work on the 
Shell Dredge, as I mentioned earlier - 12 hours a day, 7 days a week, 
from 6am to 6pm, or from 6pm to 6am on the other shift. 85 cents an 
hour, room and board included. Food was good, we ate a half hour 
before going on shift and half an hour after getting off, with a half hour 
break for lunch in the mess area. It was hard work, though not all that 
different from stacking cases of canned goods in the canning factory.  
Each of us had a bunk in an area where two or three deckhands shared a 
common space. One day when I was trying to sleep after a night shift a 
few others got a dice game going in our area. I do not gamble, and never 
have, but they were keeping me from sleep. Still laying in my bunk I 
joined their game with a few coins I had handy, bouncing the dice off 
the edge of the bunk next to the floor. I guess luck was with me as I 
cleaned them out and the dice game was over. They never again came 
back to play dice. 
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As I may have noted earlier, this was a “walking beam” dredge, 85 feet 
long and two stories high. There was a vertical beam at each front 
corner which could be raised and lowered. An anchor, with anchor 
buoy, was ahead and to each side of the dredge. When the left beam was 
lowered down into the lake bottom it became the pivot point. The right 
beam was raised and the steel cable to the right anchor was reeled in 
swinging the dredge to the right and causing it to “walk” forward. Next 
the process was reversed and it walked forward toward the opposite 
side. As the 36” rotary cutter at the lower end of the “A-frame” would 
swing left and right with each successive step in the walk new lake 
bottom was accessed for each step along the way. 
There was a small tugboat with the name “Dubby”, which was used to 
move the anchor farther forward as the dredge caught up to them after a 
good many “steps” along the way. Farther forward and off to one side 
was yet another anchor point where empty or full barges were secured. 
When a barge was filled with shells the Dubby took it there and an 
empty one brought back to the dredge to be loaded. A larger tug from 
Stevens & Company, which was located on the Industrial Canal, would 
bring the empty barges and take full ones back to be emptied so the 
cargo of shells could be delivered to customers needing them for their 
concreting projects. Incidentally, it happens that Stevens & Company 
was located in New Orleans 9th Ward, just about where hurricane 
Katrina broke through flooding the city. 
 
A converted LST was the empty barge anchored there when three of us 
took the Dubby to retrieve it late one afternoon. An LST is huge, 
towering high above our tiny tugboat. If I remember correctly the 
information label riveted to the inside of the hull said “3,300 tons”. 
While it wasn’t that heavy what with all the superstructure removed for 
the conversion to a barge, it may have weighed that much when loaded 
with shells. It was empty now, riding high above the water. We had 
gotten two lines on the LST, one to the bow and the other to the stern, 
and were preparing to add more when Dubby’s engine stopped.  
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Now, need to restart it.  
 
No action.  
 
Battery won’t turn the motor. 
 
A poor time to be dead in the water - waves are getting bigger - weather 
is coming in. 
 
With the Dubby’s Hallicrafters radio we called the Coast Guard. A bit 
of confusion here. The first response was they will come out to help us. 
A little later, “ the storm is a hurricane. We can’t come.”  They didn’t 
think the hurricane would be a direct hit on us, but it was already too 
dangerous for them to come out. Ponchartrain is a shallow lake and 
heavy winds seemed to make the waves just roll off the bottom 
accentuating their effect. We had tried starting the motor several times 
to no avail. What to do(?) 
 
The wind appeared to be coming from the south. As it didn’t look like it 
was possible to get back to the Dredge we tried to reduce the wind 
exposure as best we could. The stern line was longest so we let it out to 
its full length. The LST, still attached to the mooring anchor, was now 
about 30 degrees to the wind and we were, of course, behind it. Having 
two anchors on the Dubby we had deployed both of them. Hopefully 
everything would hold and we could ride out the storm here.  
 
Night fell and the howling wind continued. We had a few conversations 
with the Coast Guard as the night wore on. Our one flashlight revealed 
the LST was still in place. Taking shifts one of us was assigned to keep 
watch while the other two attempted to get a little sleep. We truly did 
not know if we would survive the storm and live to see morning. 
 
About 4am it was noted the wind appeared to be slackening, and it had 
abated considerably by daylight. As the sky brightened it was evident 
something was different ... nothing on the shoreline looked familiar. 
Buildings and landmarks we had observed last night were no longer 
there. The scenery had changed(!?) Daylight revealed we were no 
longer where we had been last evening. With the mooring anchor, the 
LST anchor and the two Dubby anchors attempting to hold us, we had 
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been blown far from where we started. In fact, it was later determined 
the wind had taken our pair of vessels about 4 miles from where we 
initially were anchored. Looking back downlake, we could no longer 
see the Dredge. Astounding! Fortunately, with wind from the south, we 
were blown the long way of the lake and not into shore, where we may 
not have survived. Indeed, the center of the hurricane did hit Texas 
causing the counterclockwise winds around the low pressure eye to be 
from the south, here on Lake Ponchartrain. Thus we were blown north, 
which then kept us from being pummeled into shore. The Coast Guard 
arrived in a couple hours, got Dubby’s engine started and our ordeal 
was over. 
 
Following our nautical adventures the three of us headed our 
motorcycles northward, pointing along Hwy 51 toward Memphis, Cairo 
IL and back to Wisconsin. As we approached Durant Mississippi a 
motorcycle coming toward us slowed, turned around and caught up to 
our threesome. Riding a Harley 61 cu in (1000cc motor) he waved us 
down and a friendly conversion ensued. Gary was from Durant and said 
we should stop for a bit. We did that, spending a couple days of 
conversation and fun. On the road someone often wanted to see who 
was fastest, had the greatest acceleration, etc. At one point he zoomed 
off, I followed, caught and passed him. After we stopped he said, “I was 
doing 120 mph when you passed.” The Indian had a Smith Chronograph 
speedometer - very accurate. My tested top speed of the Bonneville 
Indian was 96 mph, and I don’t think I was up there when I passed him. 
It simply went to prove what all non-Harley riders knew: that Harley 
Davidson speedometers indicated speeds ridiculously faster than the 
bike was actually moving. 
 
It was soon time to keep moving northward and we reached Wisconsin a 
week or two later. Upon arriving home I changed the Indian starter 
crank thus resolving the starting issue. The Indian had a slight tendency 
to drift to the left. At the Garage we removed the front forks, Dad used 
his 10 ton press and gave them a final straightening. No more drift. The 
Bonneville Indian was a great road bike and I rode it till after starting 
the  University of Wisconsin in the fall of 1950. Meanwhile my brother 
Joe bought a similar Indian - this one painted red. It was a standard 
model and did not have the acceleration or speed of the Bonneville. 
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Later, we tweaked the engine a bit, added different cams, and it could 
run with the best of them.  
 
The two of us had gone to the State “Gypsy Tour” and were returning 
home. He was on the left of our lane and I on the right when we caught 
up with a new looking Harley Davidson. We were traveling at the speed 
limit, or a little less. Joe pulled out to pass the Harley and it zipped 
rapidly ahead. 
 
The Harley slowed and again we caught up. The same thing happened. 
Next, Joe and I swapped places. When we again caught up I was ready 
for him. As he started to try to pull away I leaned  froward, twisted the 
left hand throttle grip and kept in on full till well ahead, than sat up and 
rolled both grips forward. Pop, pop, bang, bang, bang! Sitting up with 
the spark retarded the back rap signified that I was well ahead and 
shutting down. Seemed like quite awhile till he went by, still at full 
throttle. Didn’t see him again. 
 
Ray Tursky operated the Harley Davidson Dealership in Madison WI. 
My father knew him well. I also knew him, but on a somewhat different 
plane. Ray was not a real talkative or outgoing individual. He was the 
perennial Wisconsin State Champion of Motorcycle Racing and a fierce 
competitor on the track. A few days after my encounter with the Harley 
Dad stopped into Ray’s shop and said hello to him. No great response, 
but that was not atypical of Ray. After a bit, continuing on with this 
work on a bike, he said, “Did your son go to the Gypsy Tour”. “Yes, he 
was there”, was Dad’s reply. A bit of silence. “The owner of a brand 
new Harley came in and said he was blown off by an Indian.” A bit of a 
pause. Ray had said to him, “was it a two-tone green Indian?”  Getting 
an affirmation from the Harley owner Ray said simply,  
“That one runs ... ” 
 
In 1950 Joe rode his Indian to Daytona Beach from Wisconsin. In those 
days the track was 4.2 miles per lap with the back stretch on Florida 
State Road A1A and the main stretch on the beach along the ocean. 
Both corners were sand. Joe took a couple leisurely laps of the course 
on the Indian. While there, as motorcyclists often do, he became 
acquainted with another cyclist who owned a Vincent Black Shadow. 
The Shadow was a legendary machine, a 61 cu in (1000cc) 90 degree  
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V Twin.  At one time it held the American Land Speed Record where 
the two way average of the unstreamlined motorcycle was 164 mph. Joe 
took the Shadow on a fast trip around the track. He said the blacktop 
back stretch was so wollowy he was in the air as much as on the 
pavement! 

 

 Joe on his Indian at Daytona                 Vincent Black Shadow 
 
Regarding motorcycles a point in time arrived when there was a “New 
Kid on The Block”. I became very interested in the British Bikes which 
were arriving on the scene. Far lighter and less cumbersome than the 
“Big Irons”, the Harley and Indian road bikes, the foreign 500cc and 
650cc models maintained the same or better levels of performance with 
much greater agility. Money being tight and not being easily able to 
afford one with the above displacements, I sold the Indian and bought a 
15 cu in (250cc) single cylinder BSA. This motorcycle served me 
through the first part of my Service in the U.S. Army. The following 
two pictures are from weekends during our time at Aberdeen Proving 
Grounds.  

 

         Joe Bob BSA 250cc                       Bob on right, Pursuit Race 
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Being Instructors we had the advantage of having most weekends free 
and this was taken advantage of by attending many motorcycle races. In 
my group of Instructors was Tom Robinson. He was drafted at age 26 
and had operated the BSA Motorcycle shop in Baltimore MD. Tom was 
an Expert in “Flat Track”, which was usually half mile or one mile dirt 
track racing. He had competed in the motorcycle Daytona 200 mile race 
riding a 500cc BSA Twin. 
 
With our motorcycles or cars we were always interested in getting a 
little more power, a little more speed so “tweaking” a motor was a 
passion. The 250cc BSA engine was not a marvel of high performance 
design. The camshaft was low on the block requiring very long 
pushrods to activate the rocker arms and thus the valves. This 
arrangement produces high reciprocating weight in the valve train, thus 
leading to valve float and limiting top end rpm. After considering the 
situation for some time we arrived at a possible solution: cast a new 
aluminum cylinder head! It would be of single overhead cam design 
using a chain to drive the cam.  Both Tom and I had extensive machine 
shop background in this type of work and indications were that we 
could use the machine shop at Aberdeen for the job. We would use a 
wood form to make the mold, then pour it with aluminum heated to its 
liquid state to form the casting. Valve guides and valves would be from 
Triumph or BSA and we had a BSA twin camshaft which could be 
adapted to our purpose. Valve seats would be an easily available type 
which I had used many times before, and would be pressed into 
machined recesses for the intake and exhaust valves. While this sounds 
like an over ambitious project, it was really within our capabilities. 
 
We readied the drawings began construction of the wood to form the 
mold. Here we hit a snag. The person actually in charge of the machine 
shop at Aberdeen Proving Grounds was, at best, lukewarm to our 
project.  After checking through channels it became evident they would 
not support it. It was a doable project, not the last “impossible” project I 
would attempt.  
 
       (See the highly successful Sequencer project in this book). 
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I do not know how the motorcycle racing groupings work today, but 
here is how it was then. There were 3 Classes. You started as a Novice. 
Those having enough points from winning or placing in races were 
advanced to the Amateur Class level at the end of the season. Amateurs 
with enough points moved up to the Expert Class. This could take 
several years for some, if they ever got there at all. Then there were the 
National Championship Races. A number of these were held each 
season, such as the Milwaukee Mile, the half mile races at Columbus 
Ohio and Redding PA, the mile at Sacramento, etc. If a rider ever won 
one of these National Championship Races he was thereafter considered 
a “National Champion”. Harley dominated the dirt track racing scene. 
They, and Indian, fielded 45 cu in (750cc) flat head bikes. Flat Head: 
not overhead valve. The British motorcycles were all overheads and 
were limited to 500cc. While they could produce more horsepower per 
cc, the added 250cc of the flatheads gave more torque. Torque is 
important in dirt track in your broadslide through the corners. As Harley 
Davidson dominated the AMA (American Motorcycle Association) the 
rules gave them a dirt track advantage. 
 
There were many Harley National Champions such as Bobby Huber, 
Jimmy Chann, Chet Dygraff,  Joe Weatherly and others. Indian, being a 
smaller company had fewer, Bobby Hill and Bill Tuman were the 
prominent two. I had the good fortune to be acquainted with Bill 
Tuman. I stopped in Rockford IL at his Indian Dealership one time to 
see what was there. Well, he had an Indian Dealership, but no real shop 
or motorcycle display. I suspect that, being a top Indian rider, he had the 
dealership simply because he brought in Indian victories.  Stopping at 
what was really his house, his mother came to the door of the rambling, 
somewhat ramshackle building. She said Bill would be back from “the 
factory” (his “day job”) soon. Meanwhile, did I want a piece of pie? Of 
course! As the pie arrived Bill got there as well. He was a gangly man, 
laid  back and pleasant. Over some pie we had great conversation and 
reminisced with motorcycle stories. Seeing him at trackside after, he 
remembered me, and having pie together. 
 
We got to many motorcycle races while I was at Aberdeen. Usually it 
was Tom and his fellow Expert Class friends, “Chromy” McCandless, 
Ted Boyd and others. Sometimes they raced, sometimes they were 
spectators. Bill Worthington, an Army friend from Fort Worth TX was 
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often along riding his 650cc BSA twin. Bill knew Albert Gunter, a 
National Champion also from Fort Worth, and one time we were able to 
chat with him. It was at the Langhorne PA Speedway. Gunter rode a 
500cc BSA Gold Star single. Warren Sherwood was also racing there. 
Brother Joe had gotten to know him so of course I soon did too. Warren 
ran the BSA Motorcycle shop in Nutley NJ and rode a BSA 500cc twin. 
The Langhorne track was built in 1926 specifically as a motor race 
course. It was a banked one mile oval shaped like a football. Even the 
straightaways were banked and slightly curved. When I took a 
motorcycle around the track I was surprised at how rough it was - not 
like the usual dirt track. Yet, as I remember it, the Experts averaged near 
90 mph on the oval. 
 
Things were very different in those days. We would go to a Sunday 
race, sometimes that day or sometimes the day before. The track was 
usually open and we would get on and take a few fast laps. With 
opportunity to run on a number of tracks one soon got accustomed to 
the track surfaces and learned cornering techniques. My times were 
never great - 36 to 39 second laps while the “hot shoes”  could do 31’s 
to 33’s. However I had to give it a try. I ran two races as a Novice, one 
at Hanover and the other at Williams Grove PA. Never last, but also 
never first. 
 

 

          On my 500cc AJS Single                        At Williams Grove 
 
However, my world soon changed. My then wife Jenny gave birth to 
our daughter Annette  (our son Robert was to follow two years later). 
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They came out to join me after Annette’s birth, and also the Ordnance 
School soon moved from Aberdeen to Fort Mammoth NJ. Of course we 
also moved there too. I still followed motorcycle racing, but participated 
in it no more. 
 
The AJS was the bike I had when discharged from the Army. It had 
served me well but now it had become time to add some amenities to 
make the motorcycle more palatable for highway usage. It had magneto 
ignition but no other electrical system. I located and obtained a 
generator and headlight. I really preferred not to have to add a battery 
and battery box and so a work around was devised. I knew a generator 
needed a load - it could not simply run by itself when the lights were off 
or it could be damaged. Using a long bolt, a power resistor was added 
below  the seat. I believe it was a 4 ohm 50 watt resistor. When the 
engine was at idle the headlight was rather dim with some flicker. But 
when moving the light was bright and steady. It all worked fine and the 
added battery was avoided. Also installed then was a “spring frame” to 
replace the rigid frame that had been necessary for competition use. The 
rear springing now matched that in the front and the ride was much 
smoother and far better for road usage. 
 
The last bike I owned was a 650cc Triumph Thunderbird. This twin was 
introduced with an exhibition on a track in England - I believe it was 
Silverstone. Three Thunderbirds set out to run 100 miles at 100mph. 
Two of them made it, the 3rd had to stop for a difficulty and, I believe, 
completed about 95 miles in the allocated hour. This was a smooth 
powerful machine and gave me many good and exhilarating miles along 
the highways. 
 
Fast forward a decade. I am now an Engineer at WKOW-TV in 
Madison WI. ABC is televising a motorcycle race. Rather unusual, as 
they normally do not broadcast motorcycle races. I believe it was a 
National Championship event, but I do not remember where it was 
being held. At the start of the race, before the riders all blast off from a 
standing start, the contestants are introduced. About the third or fourth 
rider received this introduction: “Now here is the Grand Old Man of 
Motorcycle Racing, Warren Sherwood!”. Warren Sherwood ? - I know 
him!! Warren didn’t win, but he rode a good race. …….It was a Blast 
from the Past!! 
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Twilight for Dinosaurs 
 
What kind of a day was it? a day like all days, filled with those events 
which alter and illuminate our times -- and You are There ...  
                      Walter Cronkite 
 
It was the spring of 1963 and the Wisconsin TV Network had been 
approached by the Regional Office of the Mobil Oil company about the 
possibility of our providing some coverage of the up coming 
Indianapolis 500 on Memorial Day. Mobil was a Sponsor of the Race 
and the supplier of fuel for nearly all the Race Cars. This would be a 
type of Regional Coverage to be shown the day following the Race. 
There was not a reasonable method of getting a signal from Indianapolis 
to Madison WI at that time and the Race would be recorded on film. We 
would not cover the Race in its entirety but only in shorter segments, 
using the Bell & Howell and Arriflex 16mm film cameras. As this 
equipment was the province of the News Department they would be 
handling the gear and doing the filming. I was asked to go along to 
provide any needed technical support. 
 
Would I be interested in going? 
 
You didn’t have to ask twice!! 
 
A little more background here: Dad had raced as did I, and I had 
extensive experience with motorcycles and with motors of all types. I 
had followed the Indy 500’s since the 1930’s, as well as taking interest 
in the European Formula 1 Motorcycle Races and Formula 1 Car Races. 
Indy Drivers such as Ted Horn, Duke Nalon, Johnny Parsons, Bobby 
Unser and Bruce McLaren were among the American leaders in those 
days. My favorites were Tony Bettenhausen and Rex Mays. Before it 
was paved and the Milwaukee mile was still a dirt track I would watch 
as Rex Mays came out of turn four onto the front straightaway, often 
with sparks coming from the outside rear of his “Bowes Sealfast” 
Maserati as he ticked the wall at that point. Ted Horn was very steady, 
not spectacular, but won many races. 
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Just as the AMA Motorcycle rules permitted different engine 
displacement depending on motor configuration, the Indianapolis style 
cars had somewhat similar restrictions. For this racing one could have a 
4.5 liter normally aspirated engine, or use a 3.0 liter supercharged 
motor. As I noted earlier the prominent engine in these cars was the 4.5 
liter DOHC (Double Overhead Camshaft) four cylinder Offenhauser. 
There were also a smattering of Maserati, Fararri and other engines 
used.  Offenhauser powered race cars won the Indianapolis 500 twenty 
seven times in the 1930’s through 1960’s. Most prominent of the 
supercharged cars were the V8 Novis. This car was very often the 
fastest car on the track but could have durability issues. Though drivers 
Duke Nalon, Jimmy Hurtabise and the renowned Ralph Hepburn led 
many laps at Indianapolis Novi never won the race. 
 
The Novi engine used a Roots Supercharger which is a positive 
displacement device, as opposed a fan type blower, to cram more fuel 
mixture into the cylinders. The supercharger vanes are turned by the 
motor via a belt or chain. Francis Roots patented this design in 1860 
while Gottleib Daimler first put a Roots supercharger on  a car engine in 
1900.  

 

          Roots Supercharger 
 
I remained very interested in motorcycles and closely followed the 
European Formula One  (F1) Races in particular - the F1 motorcycles 
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and F1 cars. Both had a relationship to the 1963 Indy 500 which we 
would cover and, by delay, televise. 
 
In the F1 motorcycle racing world there were a number of standout 
racing circuits. In England were Silverstone and the Isle of Man. 
Zandvoort in Holland and the German Nuremberg Ring were a faster 
curvy circuits. Monza in Italy was a very high speed oval while at the 
other end of the scale was the Monaco Grand Prix which ran in the 
streets of the city. In a sense, the Isle of Man was similar to Monaco. 
The roads on the Island were closed to normal traffic and the race was 
run, 26 miles per lap, on these roads. In the early 1950’s the Manx 
Norton was the formidable racing machine. Dubbed the Featherbed for 
its superb frame design it was dominant on the Isle of Man. 
 
The Manx Norton heritage dates to the early 1930’s when the SOHC 
(Single Overhead Cam) 500cc engine made itself known as Nortons 
won seven of the annual Isle of Man races in that decade. Before the 
1930’s had ended Norton engineers introduced the DOHC design which 
remained a centerpiece of Norton racing machinery for most all years 
thereafter. The first engines were “under square” having a bore and 
stroke of 79.6 mm and 100 mm. In 1953 this was changed to 86 mm × 
85.6 mm and used an 11:1 compression ratio. A long stroke engine has 
better torque, but lower HP output, than a square or slightly over square 
counterpart. Thus the new dimensions raised the available horsepower 
output. However, you do not get something for nothing. The larger bore 
and shorter stroke maintains the 500cc displacement but, as we would 
say in electronic engineering terms, gives a “higher Q” system. As the 
changed dimensions increase the horsepower the torque curve narrows, 
thus requiring more shifting of gears on the race course. A prime 
example: BRM (British Racing Motors) built an engine wherein 
Graham Hill drove the F1 car with their 1.5 liter V12 producing 210 HP 
at 11,000 rpm. To compete it needed a 5 or 6 speed gearbox, in an era 
where a 4 speed gearbox was the norm. 
 
On the F1 motorcycle circuit another bike caught my attention. It was 
the 350cc AJS 7R, known as the “Boy Racer”. A single, it was an 
interesting and competitive machine, winning many races in its class. 
Later, the Matchless G50 made by the same company (effectively a 500 
cc 7R) won at least one Isle of Man contest. All this was particularly 
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interesting to me as these were made by AJS, the brand I had owned. 
Also of note, Les Graham won a Riders World Championship on an 
AJS E90 500 cc “Porcupine”. It got its name being a side-by-side twin 
laying flat with the cylinders and fins facing forward. As I subscribed to 
Motorcycle and Motorcycling, two British magazines, I was able to 
keep up on all this. I remember one time Graham put the bike down in a 
race, righted it and, per the description, moved back into the race “with 
the tail end wagging like Gypsy Rose Lee”. I might note the Manx 
Norton and AJS E90 were “Factory” machines. That is they were built 
and maintained by the Factory and only available to select riders who 
rode for the manufacturer. However, the 350cc AJS 7R was available to 
all buyers and so was very popular with the non-professional racers. 
There were almost no Manx Nortons in America. The only one I know 
about was the Manx Norton which Dick Klamfoth used to win the 1949 
Daytona 200. He would follow with two more Daytona wins and was a 
multiple National Champion by virtue of a total of 12 National 
Championship Race wins. 
 
In Europe the Norton and AJS bikes were being strongly challenged by 
Italian 4 cylinder 500cc racers, the Gillera and MV Augusta. While the 
Manx Norton had a specified top speed of 130 mph the Italian 
transverse fours could make 140 mph. The British maintained a 
competitive mode at the Isle of Man where handling and cornering were 
paramount, but were outclassed at Monza when speed was the deciding 
factor. 
 
The Manx Norton motor was not only used in Norton motorcycles but 
was also adapted into 500cc race car usage. John Cooper built cars 
where the engine was mounted in the rear and a chain drive was 
employed to power the rear wheels. These Formula Three racers used 
Norton and JAP (J. A. Prestwich) motors and were driven by Cooper 
himself and others. They were economical and highly successful. Other 
drivers including Sterling Moss, Peter Collins, Ken Tyrrell and more 
were soon driving the Cooper 500 race cars.  
 
Learning from the 500cc cars and using a modified Coventry Climax 
fire-pump engine for power, the rear engine Cooper F1 cars were more 
stable and less likely to spin out on the track. With weight distribution 
now evenly balanced, they were more effective in maintaining traction 
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as well. When Sterling Moss won the 1958 Argentine Grand Prix in a 
Cooper the handwriting was on the wall. Following this, Jack Brabham 
and the Cooper team were  the first to win a Formula One World 
Championship in a rear-engined race car.  Since 1960 all Formula One 
Driving Champions have driven rear engine cars. 
 
Colin Chapman, the engineer who founded Lotus Cars in 1952, 
followed Cooper with rear engine designs. It was said John Cooper built 
his F1 cars from chalk lines on the floor while Chapman used 
Engineering Drawings. Both were successful, with Lotus ultimately 
winning  six Formula One Drivers Championships which included 
Drivers Jim Clark, Graham Hill, Emerson Fittipaldi and Mario Andretti. 
Chapman was an innovator and pioneered the monocoque design in 
racing cars which made them lighter and stronger. 
 
Back to the Indianapolis 500 Event. Chartering an airplane, several of 
us flew to Indianapolis for the 1963 Race. As news reporters, and with 
the sanction of the Mobil Company, we had pit passes and full access to 
the infield and pits. 
 

 

  The Lotus Cars of Jim Clark and Dan Gurney 
 
Colin Chapman and Dan Gurney, the only American ever to win a 
Formula One Race driving a car of his own design and construction, had 
met with Ford and got them to provide a pushrod 4.2 liter aluminium V-
8 Ford passenger car engine for the 1963 Indianapolis 500 Race. Two 
were entered, one driven by Jim Clark and the other by Dan Gurney and 
were sponsored by Pure Oil. Clark qualified 5th and Gurney 12th. The 
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rest of the field was mostly front engine cars except for three, I believe, 
Mickey Thompson rear engine racers. The others were Offy powered 
front engine cars, including top qualifier Parnelli Jones in his Offy 
Roadster “Old Calhoun”. 

     

             Roger Ward       Parnelli Jones 
Many other prominent contenders were there filling out the 33 slots, 
including A.J. Foyt as well as the supercharged Novi piloted by Jim 
Hurtubise. As is typical the pits were hectic before the start of the race 
until the cars were called to the Starting Grid. Our camera people were 
in their positions at the main straightaway Start/Finish Line and at the 
corners where the action of passing could be of great interest. Then the 
singing of Back Home in Indiana followed by “Gentlemen, Start Your 
Engines!”. The Pace Car moved out leading the race cars around the 
track, then pulling off for the Start. The Green Flag and away we go! 
 

 

Speedway                                           Starting Balloons 
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With my background and interests I followed the action intently, 
knowing the potential capabilities. The Lotus vehicles were at 
something of a disadvantage using pushrod engines as opposed to the 
DOHC Offenhausers. The DOHC Fords would not appear till a couple 
years later. 
 
The race ending was controversial. In the closing laps Jim Clark began 
steadily closing the gap behind Parnelli Jones. With 25 laps to go, 
Jones’ lead was down to only 5–6 seconds. Eddie Sachs, a very popular 
driver, spun in turn three on about lap 189, hitting the wall and losing a 
wheel. With about 20 laps to go officials were concerned with smoke 
coming from leader Parnelli Jones’ car. It had been leaking oil due to a 
crack in the external oil tank. Indications were that dripping oil was 
making the track slick, which caused Eddie Sachs crash. Long time 
Chief Steward Harlan Fengler had the Black Flag in his hand when J. C. 
Agajanian, the owner of Parnelli’s car confronted Fengler in a heated 
exchange at the start/finish line. Colin Chapman rushed over to join the 
discussion. Agajanian, an influential individual at Indianapolis, 
prevailed and there was no Black Flag. With oil on the track Clark then 
fell back and Parnelli Jones won the 1963 Indy 500 with Jim Clark’s 
Lotus coming in second. 
 

  

               End of the 1963 Indy 500, #98 Parnelli Jones wins 
 
Following the race the exposed film was rushed to the airport and sent 
back to Madison for processing and was aired the following day. The 
crew, including myself followed in our chartered airplane a bit later. We 
retired to the Mobil Hospitality Room for the celebration. The room was 
filled with happy chatter and I was talking to a lady from Mobil. She 
remarked what a good race it was. Holding my glass of wine I said, “ 
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Yes, I really wanted Clark to win!” The room was instantly silent. She 
said, “He was sponsored by Pure Oil and didn’t use Mobil”. Without 
missing a beat I said, in a loud voice, “Like I said, I was rooting for 
Parnelli all the way!” The room erupted with laughter and the happy 
chatter commenced once more. 
 
1964 was a gestation year.  By 1965 the front engine “Roadster” cars  
had been dubbed the “Dinosaurs”. That year Jim Clark, Colin Chapman 
and the Lotus were back, this time with a DOHC Ford engine. Jim Clark 
dominated the race and won by 2 minutes and 5 seconds over Parnelli 
Jones - a huge margin of victory. Racing would never be the same. 
 
The Astroid had hit…... Mortally wounded, the Dinosaurs went extinct 
within  a few years. 

 
Chopper 

 
With a television transmitter it is necessary to monitor modulation depth 
so as not to over modulate. As the NTSC implementation was an 
intercarrier system, and demodulation on the viewers TV set depended 
on the visual carrier being present, over modulation to the point of 
having zero carrier would cause severe buzzing in the recovered audio. 
To monitor the transmitter signal a directional coupler was mounted on 
the 3 1/8” (or 6 1/8”) rigid copper transmission line from the transmitter 
output. The sample from this coupler was routed to an oscilloscope  - a 
Tektronix 524 in our case – then on to a video monitor. To check 
modulation a buzzer type relay was connected so as to short the signal 
path to ground. Switching this buzzer relay On would “chop” the signal 
so the ground, or zero modulation point, was easily seen. FCC rules 
limited modulation to 87.5 % and the chopper relay allowed the zero  
level to be readily seen. However the relay could only be used for a few 
moments to check modulation level as the video, both on the scope and 
on the monitor, was badly chewed up by the chopper relay. 
 
I remember having  a discussion with another WKOW-TV engineer, 
Evert Anderson, about the problem and how  to come up with a better 
way to check modulation. (Ev later went on to work on the missile silos 
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in Cheyenne, then to become Director of Engineering at KQED-TV, the 
educational  station in Los Angeles). I wondered if a transistor might be 
used so, when turned on and saturated, it would short the signal to 
ground. I designed and tested a system which had a sync separator, 
delay multivibrator and pulse generator to turn on the chopper 
transistor. As sync was derived from the signal all was synchronous and 
the chopper pulse was placed on the “back porch” of the vertical sync 
block. It was stable there and could be left in continuous operation if 
desired and it was easily seen on the scope. On many monitors there 
was no degradation of the observed picture. However some monitors  
were not totally happy with the missing equalizing pulses within the 
100uS chopper pulse. 
  
My article “Solid State Chopper for Modulation Checks” was published 
in the June 1964 issue of Broadcast Engineering Magazine, the most 
widely read Engineering magazine in the Television Broadcast field. 
Editor Jim Moore later told me it was the most popular article they had 
ever published. The first page of the article follows. 
I had noted in the article there was as much as a .02 volt error due to the 
saturation resistance of the chopper transistor. While this was adequate 
for most cases, I was not perfectly happy with it. This, along with the 
fact that some monitors were bothered by the missing equalizing pulses, 
caused me to continue development of the chopper.  
 
In October 1966 the article “Solid State Chopper Revisited” was 
published in Broadcast Engineering. I had now added a synchronous 
gate and appropriate delay to pass the equalizing pulses so the signal 
now conformed to NTSC specifications and thus was acceptable to all 
monitors. Also, an offset correction circuit was incorporated to remove 
the .02 volt error and provide an exact zero reference level. The second 
picture is the new schematic. 
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1964 BE Chopper Article  
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           1966 Broadcast Engineering Article - Chopper Revisited 
 
 
In those days the Federal Communications Commission (FCC) had 
Field Inspection Trucks which would check each television station at 
least once each year for conformance to FCC Standards and Practices. 
They would always make all their checks, then stop at each station for a 
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visit. If something was out of compliance a notice to that effect would 
be issued. (In all my years in Broadcasting none of my stations ever 
received such a notice.) At one of these inspections we were invited out 
by the two FCC Engineers to see the Inspection Truck and all the 
attendant measurement equipment. Upon looking this truck over I 
remarked, “I see you are using my chopper to check modulation”. This 
brought a puzzled look from the inspecting engineer. I then noted to him 
that they had constructed their chopper from my Broadcast Engineering 
article. He was more than a little surprised when informed that I was the 
designer. It felt rather good to see the FCC using a product of my design 
in their compliance inspections of Television Stations around the 
country! 
 

Back to U of W 
 
Following my successful Professional Engineering Registration in 1958 
I still entertained the idea of getting back to college. In the spring of 
1963, 10 years after my discharge from the US Army and 12 years after 
my last college experience, I enrolled in a 1st semester calculus 
correspondence course from the University of Wisconsin. Though I was 
successful in this, I had enrolled on a non-credit basis, not knowing just 
how it would go. The next fall I enrolled as a student at the UW. Not 
taking the calculus course for credit turned out to be an unwise decision. 
I had been discharged from the Army in late April of 1953. Had I taken 
the course for credit it would have counted as a start at the University. 
However my return to school was in the fall, a couple months more than 
10 years after my discharge. It didn’t occur to me till later that delay 
meant my GI Bill schooling benefits had expired and I was no longer 
eligible for GI Bill support for schooling. Thus I got no GI Bill money 
to assist on the way. 
 
I worked full time as Assistant Engineering Supervisor at WKOW-TV 
and took enough UW credits to qualify as a full time student. My 
wonderful wife Kay bore our 1st daughter, Cindy in October. Even 
though she left her job at the TV Station just prior to this, we were both 
up to our ears in work, school and family at this point. 
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After the many years away from college, returning was not all that 
difficult, though it was indeed challenging. Between the full time work 
and taking a “full load” of 12 credits at the University Kay and I didn’t 
have much social life, and I didn’t get any excess sleep, but moved 
forward both at school, and at work. When beginning back at the 
University I did not really expect to finish and actually get an 
Engineering Degree. I simply wanted to learn how to be a better 
engineer, to improve my ability to design and analyze circuits. 
 
The first advisor I had at UW was the only Professor in my University 
experience who was not particularly helpful. When I met with him he 
had said, “Those who come back to school after a long absence never 
finish. It is unlikely you will be here long”.  I was not to be put off or 
denied and was determined to move myself and my objectives forward. 
Every other professor I had contact with at the University was nothing 
but helpful and encouraging. In 1971 I graduated, with Honors, with an 
Electrical Engineering Degree. I don’t remember the name of that 
advisor, but I really fooled him! 
 
For most of my life I have had the fortune to appear younger than my 
actual years. I was age 32 when returning to the U of WI, but looked to 
be about age 20. As a result I fit in with the other students and had easy 
rapport with most  of them, though my social life did not include any 
students. In  the eight years I spent at the University I essentially never 
let anyone know my age, occupation or background. Eight years(?) Yes 
it took eight years for me to get my EE Degree with the full time work 
and taking a full load of college credits. After 8 years of this I 
graduated, with Honors, with a Degree in Electrical & Computer 
Engineering a couple months before my 40th birthday. Actually, it was 
only 7 years of schooling – I did take a year off  from school to design 
and build a Routing Switcher for the TV Station. 
 
Of course, appearing to be about the same age as the others did have 
some interesting ramifications. While teaching in the Army at Aberdeen 
Proving Grounds in the early 1950’s our group of Instructors was 
assigned  an interesting project. The Ordnance School purchased eight 
Heathkit OS-1 Oscilloscope kits. It was the sideline task of the 
Instructors to assemble and test these scopes, which we would later use 
in our teaching. It was great fun to complete that project. Also, in the 
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first days at WKOW-TV our primary oscilloscope was a Tektronix 
524D, which was continuously in use to monitor transmitter output 
video and, while still in the army, I owned my first oscilloscope an RCA 
155B.  
 
Perhaps in 1968, there was a Laboratory class at U of WI wherein we 
needed to use Tek oscilloscopes to make some measurements. The 
majority of the class had never seen a scope up close, let alone used one. 
While the TA (instructor, or Teaching Assistant) did give instructions, 
the class was a turmoil of students trying to figure out how to get a 
meaningful trace, or interpret what, if anything, was displayed. As any 
Broadcast Engineer of the day would know, there is sweep rate, trigger 
settings, etc. to adjust so as to provide an intelligent visual result. Most 
of us “could set up a scope in our sleep.”  It was a day I spent setting 
scopes, explaining what was needed, while not disclosing any more of 
my background than absolutely necessary. “Oh yes, I have used an 
oscilloscope before, and just happen to know how to set it up and make 
it work  …” 
 
I was fortunate to have mostly all wonderful and highly proficient 
Professors in teaching roles while at the University of Wisconsin. Oh 
yes, they made me work, and think!! This is exactly what we all needed 
to move us forward in our Engineering careers. Unfortunately, though I 
knew them well, I did not log many of their names on paper – or in my 
memory of now more than 40 years – and so cannot recall many names 
of these fine folks.  
 
Earlier, in the section of the book  A New Tower for WKOW-TV I 
noted my meeting Professor Dick Marleau of the U of WI when he had 
stopped out at the TV station. He was perhaps my age and had been 
voted “Best Instructor of the Engineering School” in more than one of 
the annual ballotings. Competent, smiling, outgoing and friendly, it was 
easy to see why he earned that distinction. I had him as a Prof for two 
courses, the first in what was likely my 2nd year there, and another 
course later regarding  Feedback Control Systems. Perhaps half way 
through the first course we were studying oscillator circuitry. The 
oscillator, originally devised by Edwin Armstrong, can use a number of 
different  feedback methods to sustain oscillation on a set frequency. 
We had studied in detail the Armstrong, Colpitts and other circuit 
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configurations when, with no warning whatsoever, he said, “Bob will 
you tell us about crystal oscillators?”     
 
Huh? What? went through my brain …  
 
Of course Prof Marleau, with whom I had great rapport, knew my 
background in designing circuits for Ham Radio, implementing crystal 
filters for narrow bandwidth frequency selection and in (SSB) Single 
Sideband exciters, etc. However, I had not expected that, while sitting in 
class, I would be called on to give an ad lib presentation. I began with 
AT and BT cut crystals, explaining their difference in temperature 
coefficients due to the slicing angles of the crystal stock, moved on to 
HC49 wire mounted crystals, the differences between FT241, FT243 
and other crystals, etc. After moving on to 3rd and 5th overtone 
implementations, gears were shifted slightly to a lead-in to crystal filters 
and their use in communications receivers and SSB equipment, using 
half lattice or full lattice crystal filters. All this took most of the 
remainder of the class time and the period then was over. It may not 
have been the best presentation I ever did, but, due to the unexpected 
introduction, it certainly is one of the most memorable!  
 
In the hall one day I recall overhearing a couple engineering students 
lamenting about difficulty with their grades. One said to the other, “I’m 
going to have to take more liberal courses to bring up my Grade Point”.  
Hmmm, I thought, just the opposite for me as my engineering and math 
grades are always my best. Somehow, I had a knack for those subjects. 
Couldn’t have taken more liberal courses anyway – it was always a 
struggle to squeeze in enough of them to satisfy school requirements. I 
remember in particular, needing another liberal course to satisfy those 
needs. All I could find which would fit into my very tight school/work 
schedule was North American Geography. As I started the class it was 
evident the Professor was much older than I, and I wondered how this 
all would work out. (Now, I’m much older than everyone!) However I 
did focus on a mantra of mine: I never took a course of any kind from 
which I did not learn something valuable. The Professor was bright and 
engaging as he introduced plate block mountains of the Canadian 
Rockies, synclines and anticlines of the Sierras and where they could be 
located and seen, and a host of other relevant and interesting 
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information. Always interested  in geology, this was one of the better 
courses I ever took! 
 
As I noted the professors were always helpful to me and, in general, to 
the other students. However I do remember when, just before Christmas 
break, a learned Prof had started class working from his teaching  notes, 
when he became aware there were many students missing from the class 
that day. “Where is everybody?”, he asked. It was noted by those 
present that some had gone home a day or two early while others had 
simply cut the class. Hmmm … The Prof closed his teaching notes, 
reached into his briefcase, and pulled out another set of notes. For the 
rest of that class period he taught from the alternate notes – covering 
somewhat different material than he had started on that day. After 
Christmas Break there was an exam. Every question on the exam was 
covered by the alternate material taught that day. Those who were 
present got good grades on the exam.  
 
It does pay to fulfill your requirements and expectations … 
 
In particular I do remember Professors Beyer, Scidmore, Brown and 
Vernon. All were great teachers and I learned much from them. The 
math and the concepts were difficult, but the results rewarding. In each 
class I filled my notebooks with lines of calculations and results. In 
particular Professor Beyer became one of my favorites. RF, 
transmission lines and waveguides were his fare. He could be firm, but 
gentle as well as new and deep concepts were heaped upon us. I was 
fortunate to have such great instruction! 
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 A Few Engineering Notebooks 
As time passed I did begin to glimpse a light at the end of the tunnel. I 
was achieving my original objective – that of learning to be a better 
engineer. I had assimilated techniques of using mathematics and 
computers to analyze and design not just circuits, but also systems. 
Furthermore, in maintaining the path to a degree by completing the 
requirements involved, the possibility of actually getting my 
Engineering Degree had brightened.  
 
In the latter 1960’s focus on the Vietnam war sharpened. The University 
of Wisconsin, the “Berkeley of  the East”, became a hotbed of anti-war 
protests. Liberal Arts and Humanities were centered on Bascom Hill, 
where Bascom Hall, headquarters of the University was located. The 
Engineering campus was down on University Avenue in Madison, 
perhaps 6 or 8 blocks from Bascom Hall. For Liberal Arts classes I 
usually had to go to Bascom Hill to attend. On one occasion I went into 
a class on Bascom Hill - I don’t recall just what class it was. When the 
class was over I went out with the intent of heading down toward the 
Engineering campus. As I went through the door and headed down the 
sidewalk, I found either side lined with large policemen. I was then just  
six feet tall and they towered above me, both in height and in girth. 
Walking  between them I was thinking, “I hope they know they are here 
to protect me and that I am not one of those they are guarding against.” 
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By this time anti-war demonstrators had smashed large plate glass store 
front windows. They had set fire and burned out the largest grocery 
store near campus  – I believe it was an A&P. In a large, roaring fire it 
burned to the ground. While I was not totally opposed to their 
sentiments, I could not condone their actions. While in an Engineering 
class a group of them came to the door requesting an audience. The 
Professor allowed them in and let them have the floor. They  were part 
of a group organizing a Student Strike to support their views. After they 
presented their ideas the class responded. Leading this response I said, 
“I am not totally opposed to your views but I will not condone or 
support the methods you use. Also I am here, paying my money to get 
an education, and will not be joining you.” In a short time the rest of the 
class voiced support for this and the demonstrators had no alternative 
but to depart. Later that year I was in the Physics building taking an 
exam in relativistic physics. I could not see to complete the test. I was 
crying too much. Tear gas coming in the window to quell the 
demonstrations was too potent for me to continue. 
 
That fall Kay and I were in Albuquerque NM visiting her family when 
The Blast occurred. In a section of the Physics Building was housed the 
Army Mathematics Research Center (AMRC). As it was related to the 
Military the demonstrators focused on it. That is why I had been tear 
gassed. On the night of August 24, 1970 Karl Armstrong drove a van up 
next to the building. He earlier had flown a small airplane over the 
Badger Ordnance Works at Baraboo WI, a manufacturer of powder,  in 
an attempt to bomb it. The bomb dropped but it was a fizzle and no 
damage was done. However the FBI and other authorities were aware of 
the incident but not the identity of the  perpetrator. With a van loaded 
with a ton of nitrogen fertilizer which was  saturated with fuel oil, the 
blast was set off. The explosion blew off the front side of Sterling Hall, 
the seven story Physics Building, including the 3rd floor classroom 
where I had taken my test, killing Robert Fassnacht, a Grad Student who 
tragically had come in to complete some research work on 
superconductivity that night. Fassnacht was opposed to the war, and it 
appears the bombers had attempted to do their deed when the building 
was unoccupied. If that was the case, they were not successful. 
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Some years later, after I moved to California, I learned of another 
connection to this event. At our Nevada City Methodist Church we had 
become friends with  Pat Mahoney and his wife Barb, and learned that 
Pat was in the University of Wisconsin at the same time I was. He was 
getting his PhD in Physics at the time, and had a Lab in the Physics 
Building when the bombing took place. This Building is the same 
Physics Building where I took the exam and was crying because of the 
tear gas, as mentioned earlier. Pat’s lab was up on the area of the second 
floor where the bombing had severe impact. His lab was the second one 
back, a room away from the outside wall. In the first lab was a friend of 
his who was working there at the time of the bombing. As events 
unfolded this person very nearly died from  drowning. Due to the 
explosion and the fire, much water was poured into the building and it 
had been hit hard enough that his Lab had collapsed.  He was knocked 
down in the collapse and the walls had fallen upon him. Fortunately his 
head was in an upward direction when the water came in. Though his 
body was pretty well covered with water his head stayed above it. Had it 
not, he would have drowned. My friend Pat was away at the time, back 
at the University of Oklahoma still working with the PhD dissertation. 
Thus he was not there at the time of the explosion and so was not 
personally threatened by it, though he was very concerned for his friend 
who very nearly lost his life because of it. It was only these many years 
later, long after the fact, that I learned of this connection.  
 
Life has a strange way of reaching out in many directions.  
 
The Bombing was the slamming of the door. There were no more 
demonstrations. All of them immediately ceased. As opposed to the 
present, at that time there was still deep respect for the sanctity of life. 
The killing of just one person was enough  to bring perspective back to 
all. Karl Armstrong, his brother and two other accomplices participated 
in the bombing. The Armstrongs and David Fine served prison time, 
Leo Burt was never apprehended.  
 
At this time I owned a former Madison Police Car, a 1969 Ford. It was, 
in some ways, a motley looking thing, painted solid black. It also had an 
unusual Driver restraining arrangement. From the inside of the roof 
hung two flat straps going down to the top rear of the seat cushion and 
held upward by a spring retention system. To drive I sat down, then 
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pulled the two straps to each side and released them. It was a superb 
system as the driver was fully restrained in the event of a crash. My CB 
radio antenna also resided atop the roof. 
 
During the time of the unrest, and before the Armstrong bombing, I was 
using this vehicle. Driving down University Avenue near the U of W 
one evening two students were hitching a ride. Ensconced in the driver 
restraining straps when stopping to pick them up, I asked where they 
were going as one got in front and the other in the rear seat. They said 
where, about a half mile away, and we got going. As I started chatting 
with them I noted the person in front giving me a wary look. Soon one 
of them then said they really didn’t need to go all that far and could they 
get out in a couple blocks. I said sure, and pulled over to let them out, 
saying to the front passenger, “You’ll have to open the rear door for 
him, as there is no rear door handle on the inside”. They followed 
instructions and were soon gone. 
 
 I had not owned the car long at that point and had not yet replaced the 
inside rear door handle which the Police had removed.  While I had no 
intent to deceive them, I thought back, and expect they were sure the 
Police had given them a ride, and, with the conditions around campus, 
were most anxious to depart company without great hesitation. 
 
On the lighter side of things, a student named Leon Varjian was often 
stirring the pot (pot?). He organized the Boom Box Parade, wherein a 
few hundred students would hold portable radios (Boom Boxes) on their 
shoulders and march the several blocks up State Street from the foot of 
Bascom Hill to the WI State Capitol at the top of Capitol Hill. All Boom 
Boxes were tuned to the same station and a solid wave of loud music 
blared out. Amid some interesting odors promulgating from the group 
they would have a raucous rally promoting the legalization of pot, for 
the legislators to absorb. Under the auspices of the Pail and Shovel 
Party Varjian ran for President of the U of W Student Council. If elected 
his group would be the new governing body, replacing the far more 
staid and conventional officers than were currently in charge. He ran on 
a Platform that the Pail and Shovel Party would bring the Statue of 
Liberty to Madison. Perhaps the students had enough of the serious stuff    
       – Pail and Shovel won! 
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It became late fall and the Statue of Liberty had not yet materialized in 
Madison. No one really expected it to. Madison is situated on five lakes 
and Lake Mendota which the U of WI borders is the  largest. It is now 
winter in Wisconsin and Lake Mendota has frozen over. Still no Statue 
of Liberty. 
 
One morning there she is! Maybe(?) Yes … well,  the statue is there, but 
she has sunk deep below the surface of the lake. All that is above the ice 
is the top of her head, and the torch she holds …    
 
They did it – they brought the Statue of Liberty to Madison! 
 

 

                                             Statue of Liberty 
 
It was actually a great full size Papier Mache rendition of these parts of 
the statue! As the picture shows it was a wonderful job and caused a 
sensation in Madison and Wisconsin. 
 
  



126 
 

 
 
At Graduation time a friend who had gotten his degree a few years 
earlier said, “I didn’t bother going to my Graduation”. “Didn’t bother?”, 
I exclaimed, “You couldn’t keep me away!!”  After all these years of 
full time work and full time school no one was going to keep me from 
enjoying the culmination of my efforts! In June of 1971 I proudly 
attended the Honors Ceremony and then returned the next day for 
Graduation. My parents and family were there to offer support. I had 
emerged from the tunnel! The light at the end of the of it was now the 
bright sun!! 
 

 

  Honors Convocation                                Graduation  
 
It had been a long , fruitful and satisfying road to Graduation. I cannot 
say enough about the actions of my wonderful wife, Kay, without 
whose support and assistance it could not have happened. While 
managing our family, keeping the books, and handling paying of the 
bills, she tolerated and supported my absences from home while at 
school or at work. As she had been Traffic Manager at WKOW-TV 
until we started the family, she was very familiar with the work, the 
needs and demands of Television and, also knew the station personnel 
with whom I worked very well.  

To Kay, a big Thank You!! 
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  Mom Bob Dad                                     Bob & Kay 
 
 
 
 
 

WAOW-TV Antenna 
 
WKOW-TV in Madison WI was first on the air and Flagship Station of 
what was to become the Wisconsin TV Network. To add some coverage 
a bit farther north in Central Wisconsin WAOW-TV Channel 9 was 
constructed and put on air to cover the Wausau WI area. It is the only 
one of our five stations wherein I was not directly involved with the 
design and build, or the very early operation of the station. At this point 
in time I did not yet have any responsibility for engineering planning 
and operation of stations other than WKOW-TV. Channel 7, WSAU-
TV, our chief competitor in the Wausau area, was long established in 
the Wausau market as it had gone on air a number of years earlier. So, 
we were the “Johnny come lately” trying to wedge our way into the 
market. 
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WAOW signed on the air June 12, 1965. The original Channel 9 
allocation was not to Wausau but another town farther east. It may have 
been allocated to Wittenburg WI, though I’m not really sure. In any case 
it was far enough away that the allocated Grade B, which is about 70 
miles in radius, did not interfere with the Grade B of the Channel 9 
station in Minneapolis MN, KMSP-TV. Thus the original WAOW 
tower and transmitter was perhaps 20 miles east of Wausau. Conversely, 
WSAU-TV Channel 7, broadcast from Rib Mountain, very near to 
Wausau and easily the highest point in north central Wisconsin. With 
this great location they had far better coverage than our much lower and 
considerably more distant antenna site. 
 
As time passed our inferior coverage became more of a “thorn in the 
side”. Our sales people had a more difficult time selling advertising – or 
“commercials” as they are called – due to this issue. As anyone in 
commercial broadcast TV or radio is aware, the ONLY significant 
income to the Broadcaster is from the sale of commercial time. This is 
the only source of revenue, and the only thing which pays the salaries of 
the staff and the power bills and operating overhead of the station. 
Inability to sell commercial time, or to have to sell it at a lower rate 
negatively impacts the ability of the station to purchase programming, 
to turn a profit and even to stay on the air. About 1966 or 1967, as I 
remember, we began seriously looking at alternatives to improve our 
position. 
 
By now I was Engineering  Supervisor at WKOW-TV, and Bob 
Wickhem who was Channel 27 Chief Engineer and also Director of 
Engineering for the Wisconsin TV Network, invited me to become 
involved in the WAOW-TV problem.  
 
 - Here I digress for a moment:  Bob Wickhem was a truly wonderful 
man and a great leader to work for. In addition to being a very good 
engineer and a person of high integrity, he was compassionate and easy 
going in style. I learned much from him in how to work smoothly with 
people and tried to emulate his qualities throughout my career. He died, 
far too early, at the age of 52, in 1979. He has been greatly missed by 
myself, and by many others. 
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The FCC (Federal Communication Commission) had early on mandated 
that a “unique site” could not be monopolized by any entity. The top of 
Rib Mountain is a unique site. Thus we had standing in gaining access 
to the WSAU-TV tower. At over 1900’ Above Mean Sea Level 
(AMSL) Rib Mountain was 700’ higher in elevation than the city of 
Wausau and the 650 foot tower of course added to the overall elevation 
of the antenna. The WSAU people were aware of the FCC mandate and 
were generally cooperative in our getting this access. Also, the top of 
Rib Mountain was State of Wisconsin property. While this was not 
really an obstacle, it was another entity to be involved and needed 
appropriate assurances that safety, and integrity of the tower would be 
preserved. 
 
The first approach to the issue was for us to add side mounted antenna 
panels up toward the top of the tower. I was never fond of panel 
antennas. First issue is wind loading. Panels would have pushed us 
some distance down the tower and this was an overriding negative 
factor. Also, in my experience, icing is often a significant issue with 
panel  antennas, and WI is subject to rime ice, which builds up and adds 
significant loading.  
 
I had a great deal of interest in antenna design and performance since 
teaching radar in my army days. This was also whetted by experience 
with the directional antenna system at WKTY radio. In many ways the 
horizontal patterns of AM Directionals are mimicked by the vertical 
patterns of television broadcast antennas. However, the issue here was 
not the vertical pattern, but the RF field radiated on the horizontal plane 
toward Channel 9 in Minneapolis. With a panel array we could set up a 
horizontal pattern to reduce the field in the direction of KMSP in 
Minneapolis. However this would be at the expense of a considerably 
lower center of radiation, and the attendant loss of coverage area. Also 
the potential increase of loading would mean fewer panels, and thus 
reduced antenna gain. 
 
 
Channel 7 radiates between 174 and 180 MHz, while Channel 9 
occupies the spectrum from 186 to 192MHz. While I was investigating 
the situation, information was uncovered that the engineer who set up 
the RCA Batwing antenna for Channel 7 also ran tests at Channel 9! It 



130 
 

appears he suspected that someone in the future might want to diplex 
both Channel 7 and Channel 9 into this same antenna. Having close 
connections with the RCA Antenna department I was able to obtain the 
Pattern and SWR (Standing Wave Ratio) curves for the Channel 9 
frequencies. They were favorable, as were the antenna power ratings. 
That meant it was possible for both Channel 7 and Channel 9 to use the 
same antenna. Because of the Unique Site ruling of the FCC we were 
able to negotiate with WSAU and obtain permission to diplex our TV 
Broadcast signal into their antenna.  
 
This solved the problem – sort of…   As the RCA Batwing was a non-
directional antenna it meant we would have to reduce our power from 
the allowed 316kW ERP (Effective Radiated Power) to a lower level. 
Hmmm… 
 
At this point I was very familiar with the FCC propagation curves and 
had calculated Grade B and Grade A curves many times before. The 
resulting values are derived not only from ERP and height of the 
radiator, but also the HAAT (Height Above Average Terrain) for each 
radial direction. It would be necessary to determine this information 
both for WAOW and KMSP. I next contacted Washington DC 
Consulting Engineer Jules Cohen to discuss the matter. Jules was most 
helpful in describing how to determine the potential interference 
location on each radial, and thus determine our maximum allowable 
power (Field Strength) in that direction. It seems to me that our power 
reduction would have had to be in the order of 2.5dB or 3dB had we not 
been able to use a directional antenna pattern. The coverage loss would 
have been more than desired.  
 
This was an RCA Batwing antenna, and I believe it was a 16 bay.  This 
means there were 16 sets of dipoles, each shaped something like a “M” 
with the points toward the round center mast. At each of the 16 levels  
there are 2 of these M’s one across from another, and the other two at 
right angles. A  3 1/8” transmission line is used to feed one pair of 
dipoles all the way to the top of the antenna, and a 2nd transmission line 
feeds the pairs which are at right angles.  
 
With the right angled sets of dipoles being fed by separate transmission 
lines it just might be possible to make this a directional antenna for the 
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Channel 9 feed by sending different amounts of power, possibly at a 
different phase, to this set of dipoles while Channel 7 fed equal power to 
each set of dipoles just as they had been doing. Thus this would be a 
Directional Antenna for Channel 9 at the same time it was a Non 
Directional Antenna for Channel 7. Though I’ve never heard of it being 
done (either before or since) it seemed it might work.  
 
A critical issue was establishing the rotary position of the antenna so as 
to define the exact direction the batwings were pointing. From the 
ground, even with binoculars results were indecisive. It was not possible 
to exactly determine the pointing of the batwings in relation to the guy 
wires. Failing this I sent a tower climber up to the base of the antenna to 
see what the relationship of the Batwings was relative to the guy wires. 
When he came down he was unsure … 
 
We used aircraft to ferry our technical and production crews to the 
University of Wisconsin hockey and basketball Remote Broadcasts. 
Jerry Emmerich, our Production Manager was an Instrument Rated pilot 
and often flew a Cessna 210 on these trips. My next (and final) move 
was to have Jerry fly me over the tower. He banked into a tight circular 
pattern while I aimed my camera out the side window and photographed 
the antenna and guy wires from an almost straight down vantage point. 
This worked perfectly in defining the antenna position and thus the 
direction of the batwings. However, looking through the viewfinder 
while in a tight turn over the tower was disorienting! I have never gotten 
sick in an airplane, and didn’t this time, but we were about 50 miles 
back toward Madison before I really felt well again. 
 
This was well before computers were available, and definitely before 
the advent of hand held calculators. All calculations were done by hand. 
I taped paper together into a large desktop sized sheet. First, arcs were 
made at fixed mileages from the KMSP and WAOW towers. Next the 
KMSP Grade B contours were calculated and the distances marked on 
the KMSP arcs on the paper. Now the fun began. From the direction of 
radiation from one set of batwings I knew where the RF energy would 
go. The issue was how much excitation and at what phase would give 
the needed result of keeping the WAOW field strength no higher than 
that of KMSP at any point on the KMSP Grade B while still 
maintaining maximum field strength in other directions. Many 
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calculations later an answer emerged. A few tries of changing the phase 
did nothing to help the situation and the proper amount to reduce the 
power to the set of batwings radiating toward KMSP then became 
evident. 
 
When two analog TV signals on the same channel are picked up by a 
receiver one will usually dominate. Due to small differences in visual 
frequencies of the two transmitters a rippling beat pattern can show up 
on the TV screen, looking something like waves on a pond and 
significantly disturbing the dominant signal. With the two Grade B 
signals, each being acted upon by varying propagation conditions, this 
condition is likely to occur at random times and locations near the 
juncture of the two Grade B’s. To minimize this possibility the FCC 
required both stations to employ Cesium frequency standards to supply 
RF drive to their visual transmitters, a very unusual requirement. While 
the transmitters were not phase locked, frequency stability of these 
Cesium devices was such that they might drift perhaps one cycle per 
day. Thus there would be no drifting beat pattern and so none of the 
aforementioned interference. 
 
Working with the RCA Antenna engineering department design of a 
diplexer was formulated which would allow WSAU-TV to continue 
feeding full power to both sets of batwings while reducing WAOW-TV  
power to the selected set of batwings by the prescribed amount. The 
diplexer consisted of cavity tuning elements filling a cubic space 
perhaps four feet on each side with, of course, inputs from each of the 
two transmitters and the two output feed lines up to the antenna. As I 
noted earlier, this was all 3 1/8” rigid coaxial transmission line with a 
center conductor little less than an inch in diameter suspended by Teflon 
insulators. As usual, when working with this rigid copper line it was 
necessary to carefully lay out the locations of all components, cut line 
sections to length where necessary, and solder on end flanges and 
connect elbows as needed. The layout was done on paper ahead of time 
so that fitting and assembly was made as expedient as possible. 
 
After installation, all was powered up and tested and Larry Entner, 
WAOW-TV CE, and myself traveled around the projected WAOW 
Grade B contour taking field strength measurements. The vehicle was 
an AMC Gremlin – a “flying overshoe” as it was known, and I did most 
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of the driving. A circular trip with a roughly 70 mile radius around the 
antenna site at Rib Mountain took nearly 4 days of travel through north 
central Wisconsin. It was first Highway 29 west to Stanley, north  from 
there to Ladysmith, along Hwys 8 and 13 to Fifield,  then a swing east 
to Eagle River, and on around the rest of the loop. At each location we 
would stop and raise the antenna mast, take the readings and, if they 
were not about what we expected, move closer or farther  from Wausau 
till we were approximately on the contour. Now, northern Wisconsin is 
lake filled and wooded, a most pleasant place to travel. I liked to drive 
and said to myself more than once on this and other TV Station trips, 
“just think, I’m actually getting paid for this!” Oh well, with rural roots, 
I always enjoyed the outdoors and the splendor of nature. 
 
Completing the circuit we examined the readings. RCA was confident 
their diplexer would do the job as intended, and indeed it did. The Field 
Strength measurements we took were provided to the FCC and they 
signed off on the project. We had achieved our goals of greatly 
improving our coverage of the Wausau area and significantly expanding 
our Grade B as well. 
 
To the best of my knowledge this was the first time a single TV 
Broadcast Antenna was used by two television stations with one station 
having a directional pattern and the other being non-directional, and I 
have never learned of another antenna being configured in this manner. 
Possibly, this is the only one. 
 

Routing Switcher 
      Design and Construction 

 
One summer morning in the 1960’s Bob Wickhem, Director  of 
Engineering for the Wisconsin TV Network, asked me about the 
possibility of building our own Routing Switcher for our station, 
WKOW-TV. We still were operating with a very minimal arrangement 
for switching video sources to feed various pieces of equipment and this 
was impeding our operation. The station was much in need of a true 
Routing Switcher (in those days termed a “Master Switcher”). In the 
ensuing days we tossed the idea around, considering possible 
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implementation and construction techniques and methods. While I 
would be responsible for design and layout of the electronics, Wickhem 
had a table saw and experience with it. He suggested the frame be made 
from “masonite”, also known as “hardboard”. Once we had determined 
the physical layout needed he proposed that he would cut out a frame 
and assemble it. 
 
The Routing Switcher would be a major project. After getting a bit 
farther into it I came to the conclusion it would not be possible for me to 
continue working full time at the TV station, going to the University of 
Wisconsin on a full load basis, and taking on this project as well. 
Knowing myself, and my work style, it was evident that I would be 
doing a good deal of the design work at home on “off hours”. Why? 
Because I loved electronic design and would focus heavily on this 
endeavor which had been set before me. After getting under way, and 
passing the point of no return, I decided I would take a year off from 
school so as to find the time to see this project through to a successful 
conclusion. It was a challenge, and one in which I would become fully 
immersed. I knew I would see it through to the completion of a fully 
functional final product! 
 
There were many decisions to be made. How big? What layout? What 
will fit into a 19” rack and how will the space be occupied? Individual 
crosspoint cards, or one or several large boards to hold the circuitry? 
There were several reed relay implementations at that time. Go that way 
or use a solid state crosspoint? For reasons which are obscure at this 
range of 50 years, the reed relay implementation was chosen. As I’m 
sure I had operational transistor video switches working at that point in 
time, it seems we should have gone that way(?) In any case the reed 
relay design proved to be a good one and gave little trouble in the years 
of usage which followed. 
 
As usual with equipment design, I prepared an Instruction Book for the 
Routing Switcher, this one being 35 pages in length. It provided a 
circuit description for each section of the switcher, parts lists and 
schematic diagrams. When designing any piece of equipment it is 
incumbent on the designer to provide complete documentation for those 
who will be using and troubleshooting the device. 
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Here is a small portion of the document which provides insight to the 
design principles and execution: 
 

ROUTING SWITCHER INSTRUCTIONS 
 
The Routing Switcher is a 180 crosspoint reed-relay video 
switcher designed for lap switching of composite video 
sources. There are provisions for 15 loop through inputs with 
12 output banks. Switching is initiated by means of momentary 
contact pushbuttons which are individually illuminated to 
indicate the energized crosspoints. Pressing a given button 
activates the corresponding crosspoint, which in turn 
automatically deenergizes all other crosspoints in that bank. 
This insures that only one crosspoint per bank may be closed 
at a time, eliminating the possibility of getting video from two 
sources at once. Tally circuits are included to provide for audio 
follow or other auxiliary switching. 
 
Redundancy is one of the keys to reliability. It would have been 
possible to power the Routing Switcher with a single power 
supply generating all the necessary voltages.  However loss of 
any portion of this supply would have meant failure of the 
Routing Switcher and all its functionality. To achieve the 
degree of reliability desired of the station’s prime video 
control system, the Routing Switcher power distribution is 
divided so that separate power supplies feed the various 
sections. In the event of failure of any supply a backup unit is 
automatically switched in to supply power.  
 
The Routing Switcher consists of 5 units. The Main frame 
contains sockets for 219 plug-in cards of 5 separate types. The 
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input and output amplifiers are VDA-2 cards, the same as 
those used in the 10 unit DA frames. Twenty-seven of these 
are used; one for each of the 15 inputs and one for each of the 
12 output banks. There is room for 180 crosspoint cards. This 
type of card, CP-1, contains a 3A, 1B Dunco reed relay along 
with steering diodes and tally circuitry. There is also an input 
emitter follower to isolate the crosspoint from the input video 
buss. The third type of card, TGR-1, is the trigger card. There 
are twelve of these, one for each bank. The purpose of the 
Trigger card is to sense that more than one crosspoint is 
turned on and to deenergize the unwanted one. 
 
The Power Supply section consists of 18 power supplies 
mounted on 5 separate chassis, plus a Power Supply 
Changeover Panel.   The DA’s get +15 and -15 volts from DA 
Power Supplies (DAPS) while the Crosspoint Power Supplies 
(CPPS) feed -12 @2A and -28 volts to the CP and TGR cards. A 
3V Power Supply chassis (3VPS) supplies +3V for the crosspoint 
emitter followers. All power is fed through the Routing 
Switcher Power Supply Changeover Panel (MSPSCP) to the 
main frame.   This unit senses loss of any voltage, switches in a 
spare supply and provides warning lights indicating which 
voltage has been lost. Remotely mounted momentary 
pushbuttons provide control of the Routing Switcher 
crosspoints. Thirty-six contact Micro Ribbon plugs and 19 pair 
cables provide interconnections.    
 
Video is fed to the input jacks and terminated or looped 
through, as desired.   Arranged in a row along the top of the 
main frame is a DA for each video input.   There are test points 
on the DA input and output at the rear of the main frame. 
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These may be used for trouble shooting and are helpful when 
setting the DA’s for unity gain. One output from each Input DA 
feeds a vertical 75 ohm coax which is terminated at its lower 
end. Outputs are tapped off this coax at each bank to feed 
video to the crosspoint cards. 
 
The output terminals of each crosspoint card in a bank are fed 
to an open buss of #12 wire. This buss is unterminated and 
feeds the output DA for that bank. Trigger cards and Output 
DA’s are in a vertical row along the right edge of the main 
frame. At the rear of the main frame there is an input and 
output test point for each Output DA. Three 75 ohm outputs 
from each bank are provided. 
 
In the lap type switching used here there will be two 
crosspoints “ON” at the same time when switching occurs. This 
overlap lasts approximately 1 millisecond, the release time of 
the unwanted crosspoint. This provides a smooth, glichless 
transition between video sources. 
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         Power Supply Fault Indication 
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Following is the only reasonably good picture of the Routing Switcher 
which has made the 50 year journey from then to now.  As noted earlier 
the frame was made from Masonite.  
 
 

    

 
                              Front View of Routing Switcher 
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                                     Video Crosspoint Diagram 
The four frame pieces, sides, top and bottom were made first. Slots were 
milled into the edges of the sides so as to accept the 15 crosspoint 
support boards. These support pieces were slotted from front to back to 
accept the needed 12 crosspoint cards per row. Fifteen rows were 
provided to hold the 180 reed relay crosspoint cards. At the rear a 
connector was mounted to provide interface for the control, video and 
power connections for each crosspoint. 
 
This is not a large switcher by today’s standards, but was a good sized 
router at that time. While the design took into account possible crosstalk 
paths it remained for actual tests to be made with a fully, or nearly fully, 
populated switcher. Looking at the crosspoint schematic it will be seen 
that two series switch contacts are opened and the juncture of these 
grounded when the crosspoint is switched to the OFF mode. This was 
done to reduce any possible feedthrough of the crosspoint when it was 
OFF.  
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When I initially designed the card, emitter follower Q2 was not present. 
Considering real life, video would not be synchronous in most cases as 
it was unlikely that the same video, such as color bars for example, 
would be in use on more than a few rows at the same tine. Thus, the 
possibility for crosstalk would be rather small. What I failed to consider 
was there is actually a coherent high frequency signal which is very 
often present on a great many rows at once. That  signal is the color 
burst on each source. Well, as they are all coherent so what? As they are 
all in phase this will cause little problem.  
 
So I thought...! With all the coherent color bursts present they could add 
and were a possible problem for a non house synchronized signal - such 
as network! Yes, I did see a little bit of color burst floating through 
network video. Examining the situation I realized the source impedance 
to the series crosspoint contacts was not sufficiently low. Adding 
emitter follower Q2 provided added isolation and solved the problem 
and the router was crosstalk free!   
 
This routing switcher served us well for a good many years, till a larger 
one was needed and purchased as a replacement. 

 
WKOW-TV 60kW Transmitter 

Regarding the transmitter, I have had a long time love affair with the 
Varian vapor phase klystrons, such as the VA953A 55kW tubes and the 
VA890A 30kW version. The TTU60 used three of the 30kW  tubes, two 
for the visual and one for the aural. The beauty of the vapor phase 
design was that there was no high pressure cooling water and the water 
supply was at ground potential. Tube cooling functioned by virtue of the 
fact that it was achieved by having the collector boil off the water to 
steam, which was then cooled in a heat exchanger and recirculated. The 
collector was at ground potential while -19kV was connected to the 
cathode end of the tube. Due to the heat of vaporization of water at 80 
calories per gram,  only 2GPM (Gallons Per Minute) of water was 
needed for cooling. This was fed in with float level control  - a simple 
design which worked very well. It was a far cry from some other 
transmitter designs which used 60 to 80GPM of water at high pressure 
for cooling. If you lost a water hose on one of those transmitters there 
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was water all over the place - perhaps shorting and arcing, depending 
where  it was hitting. 
 

 

      Larry & Andy Cutting T/L            Transmission Line Plumbing 
 
“Some assembly required”. A total understatement when it comes to 
installing a television transmitter. The TTU-60 is a walk-in design, with 
the enclosure about 15’ long and 12’ deep. At the entry door is a round 
non-conducting pole at waist height which opens the primary power and 
activates shorting bars. Just inside the door is a shorting hook with a 3’ 
handle. Upon entering the enclosure one would touch the shorting stick 
to all accessible capacitors, etc, which could possibly still be above 
ground potential.  
 
When working with about 20kV having perhaps 15 or 20 amps behind 
it, one did not take chances or make mistakes! Just one mistake could be 
fatal. 
 
The transmitter arrived in many boxes and large packages. First a layout 
was done, at least somewhat similar to the one RCA provided. RCA 
supplied, for example, a layout for the water pumps  and pump piping 
for the cooling system. There were 2 water pumps for redundancy, with 
shutoff valves so that either one could be run independently and the 
other taken out of service should maintenance be needed. Their 
configuration took, I thought, much more floor space than needed. To 
lay out a more compact system it was necessary to re-establish all pipe 
lengths, elbows and valves needed, etc. This was before CAD so all was 
done with hand drawings. It paid off in the end as I was able to come up 
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with a more compact setup which allowed us to have additional floor 
space for other uses. 
 
Input power was 440 volt 3 phase at about half a megawatt. The three 
19kV high voltage transformers, each about 4’ high and 18” in 
diameter, were mounted outside under a metal shield to (hopefully) 
keep falling ice from the tower from hitting them. They were of rugged 
construction but had two ceramic HV posts about 10” long and 2 1/2” in 
diameter protruding from each metal top cap. These supplied the 19,000 
volts for the three klystrons.  
 
Four inch diameter copper steam pipes were soldered together so as to 
run from the top collector above each klystron to the heat exchanger. A 
large 440 volt 3 phase motor turned the large squirrel cage blower 
which forced cool air through the steam condensing radiator, with the 
heated exhaust air being sent outside, or, in cold weather, being used to 
heat the inside area. 
 

         

      Bob Z with TTU-60 Transmitter under construction - 1969 
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The ceiling mounted filterplexer was hoisted up and bolted in place. 
Next it was necessary to mount the 6 1/8” coaxial changeover switch 
panels so that a klystron could be taken off line if there was a problem. 
In that case we could operate with “only” 30kW, down just 3dB. 6 1/8” 
copper transmission was carefully measured and cut to length using a 
table saw with a non-ferrous blade to do the cutting. Flanges were 
soldered on and, piece by piece, it was all assembled. 
 
Going from 200kW ERP with the 12.5 kW transmitter allowed us now 
to provide a 1 megawatt ERP signal to our viewers with the new 60kW 
transmitter, a 7dB increase which added considerable area to our Grade 
B coverage. This was an easier transmitter to maintain and had far less 
RF radiation around the transmitter and adjacent area as well. It was our 
work-horse for as long as I was at WKOW-TV. A great addition! 

 
SBE Chapter 24 Founding 

 
With the founding of the Society of Broadcast Engineers in 1964 there 
was the beginnings of what was to became a large and important 
organization supporting our Profession, its needs and interests. As I 
recall it was somewhat slow to gain momentum with a few new 
Chapters being added now and then. While we all knew about it, no 
immediate formative action was taken in the Madison Broadcast 
Engineering community. Bob Wickhem, always a leader in getting 
people together and fostering communication among them, had started a 
weekly lunch for the Chief Engineers and Supervisors sometime in the 
latter 1960’s. We would get together, usually at the Cuba Club 
restaurant on University Avenue, have lunch, and discuss common 
issues and problems. While we did not share any private or competitive 
company information, we were all good friends with common interests 
and issues. I can remember loaning Elmer Weisensel  at WMTV some 
transmission line when he had an immediate need. Also, the other TV 
stations loaned us 3 1/8” inner conductors in the 1976 Ice Storm when 
we needed more then our broadcast suppliers could provide. We would 
all do anything we could to help another Broadcast Engineer. 
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As we worked together on a daily basis, Bob Wickhem and I had 
chatted about SBE on numerous occasions. It was at one of our lunches 
in the fall of 1969 that Bob brought in a proposal that we form a new 
SBE Chapter in Madison. He gave some background and suggested that 
we move forward on this matter. Of course it was discussed, and then 
was followed by unanimous approval. Those I can remember who were 
present were Bob Wickhem & myself (WKOW-TV), Don Borchert 
(Educational Communications Board), Gene Zastrow (WHA-TV), 
Elmer Weisensel (WMTV) and Walt Hariu (WISC-TV). There were 
likely others, but those are the ones who come to mind. Bob Wickhem 
continued pressing forward on the project and we soon had obtained, 
and completed, the membership papers. Society of Broadcast Engineers 
Chapter 24 came into being. 
 
Referring to the SBE Chapter 24 Website these were the first meetings: 
 
10/14/1969 Bob Wickhem - Tour of WKOW TV 
11/12/1969 Bob Zuelsdorf - Semiconductor Theory 
12/11/1969 Peter Dare/Guy Lewis - RCA TV Tape 
1/13/1970 Herb Jordan - Colorimetry and Color TV Basics 
2/11/1970 Dunc Godshall* - Forest Products Lab Tour     
                                 * former WKOW-TV Engineer 
3/11/1970 Dave Chapman - Telemet Distributor 
4/12/1970 Gene Zastrow - Digital and Logic Circuits 
5/13/1970 Ken Dixon - Grating Generator 
 
I note that six of those first eight meetings involved presentations by 
local Broadcast Engineers, and most were technical in nature. This was 
a great start for SBE Chapter 24, and it is obvious it has continued in 
fine style! 
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WXOW-TV La Crosse WI Construction 
 

Initially conceived as a Satellite station WXOW-TV became much more 
than that even before the first signal was broadcast. Regarding  the new 
La Crosse Wisconsin outlet, it was soon realized more would be 
expected of the third television station in the Wisconsin Television 
Network than a simple repeater of programming from WKOW-TV. As 
was  the case with Wausau station WAOW-TV, a full fledged broadcast 
facility would be needed here.  
 
Originally Network video and audio came to WKOW-TV in Madison 
through AT&T lines with audio arriving via standard telephone wires 
and video being handled by a large, perhaps 1 1/2” diameter, coaxial 
cable. In the early 1960‘s Midwest Relay Company (MRC) appeared on 
the scene. They were poised to handle video and audio via microwave 
links and would be providing a notable improvement in signal quality.  
 
To provide for this change of service a tower would be required at the 
WKOW-TV site, as well as intermediate towers for the hops along the 
way to Madison from the MRC origination point near Milwaukee WI. 
As this was a leased  service we were not concerned with the 
intermediary relay points or equipment, only the tower at the 
termination point at WKOW-TV which was on our property. The 
facility was totally constructed and maintained by MRC.  This was a 
guyed tower about 200’ tall and held 8’ or 10’ diameter “A” rated 
parabolic dishes for reception of the signal. Later, other dishes were 
added for feeds to WAOW-TV in Wausau and WXOW-TV La Crosse 
WI. 
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                                              MRC Tower 
 
In the picture the “A” dishes are the two large ones with a rim around 
the circumference and a flat white cover at front. Any directional 
microwave antenna, except a horn or folded horn, has low level “side 
lobes” due to unwanted reflections from the “feed horn” which 
illuminates the dish with RF (Radio Frequency) energy. To reduce these 
side lobes the circumferal rim is coated with carbon or other conducting 
material which absorbs much of the unwanted RF energy. This is 
necessary to prevent interference with other nearby microwave stations 
on, or near, the same frequency. The unshielded smaller dish seen in the 
photo is being used on a less stringently protected set of frequencies 
which do not require the same measure of interference control. It will 
also be noted the tower guying includes double guys to torque arms, 
which act to reduce tower rotation caused by winds. This is a desirable 
feature to keep wind gusts from moving the beam of the dish enough to 
compromise path integrity.  
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After some testing on the part of MRC they presented us with their 
results.  Video Differential Phase and Differential Gain were in spec  
and audio Signal to Noise (S/N) was over 70dB while audio  distortion 
was also within tolerances. An audio test was then made with Program 
Audio.  
 
It was horrible! Distortion and clipping were so bad as to render the 
received audio almost unintelligible.  A phone call to MRC was initiated 
immediately. In the ensuing discussion I learned they did the S/N and 
distortion testing with full level  sine wave signals, allowing no 
headroom for audio peaks. Thus, they had to back the level down 13 or 
14dB to allow for normal audio peaks. S/N was now just over 60dB 
and, as expected, distortion was not adversely affected. Apparently the 
MRC personnel conducting tests had little real world experience with 
actual program audio. 
 
Just as we had earlier done for WAOW-TV, we leased intercity 
transmission facilities from MRC when WXOW-TV was about to go 
on-air. Another dish was added to the MRC tower at WKOW-TV, MRC 
set up the towers and equipment along the way, and a path to WXOW-
TV was established. 
 
What about the Television Station itself? There was now a TV Station 
to be designed, built and staffed. Two experienced persons from 
WKOW-TV agreed to move to La Crosse and take leadership roles 
there. Art Osborn, from our Madison Engineering staff, took on the 
responsibility of Chief Engineer, while John Schermerhorn from 
Production became WXOW-TV Station manager. This flowed well 
from my perspective, as we had all worked closely together in Madison. 
Though I was still simply Chief Engineer for WKOW-TV at this time, 
Bob Wickhem increasingly handed me additional responsibilities for the 
other WI TV Network Stations prior to my move to the Network 
Director of Engineering position in 1973. Having had Art Osborn on the 
staff of WKOW-TV since I arrived at the station in 1954 made for an 
easy and cooperative situation in the WXOW-TV build. 
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     Bob and Art (recent picture)                             WXOW Studio 
 
I acted in an advisory role as Art headed up the design and construction 
of the station while – though I no longer find the paperwork in my files 
– I am sure I did the FCC Applications for WXOW-TV. (having  done 
so many FCC Filings, they all seem to just fuzz together...)   La 
Crescent MN was the optimal site for the Transmitter/Studio as it is well 
above the Mississippi Valley where Metropolitan La Crosse is located. 
At a ground elevation of the Transmitter and tower at 1230’ it was 600’ 
above the Mississippi River, putting our antenna Center of Radiation 
roughly 1200 feet above the city and less than 10 miles from most all of 
the heavily populated area.  
 
Paul Tiner and his crew from Fort Worth TX had installed the original 
550’ Blaw Knox tower for WKOW-TV in Madison WI in 1953. As we 
had replaced this tower with a 1100’ Stainless tower, the old 550’ tower 
was no longer in use and so was available for use at WXOW-TV to 
support the antenna for this new station. The antenna site  is high atop 
the bluffs near La Crescent MN, and well above the La Crosse 
metropolitan area, so this tower had adequate height to meet our needs 
for service at WXOW-TV. By now Jim Tiner had taken over the tower 
erection company his father had founded and so was employed by us to 
again erect the Blaw Knox tower. This tower was transported to the new 
WXOW-TV site and erected there. As I recall we again used an RCA 
TFU25G antenna so as to provide the coverage desired. 
 
An RCA TTU30 transmitter was employed providing about 500kW 
ERP (Effective Radiated Power) to the metro area. This xmtr uses two 
30kW Varian VA890A vapor phase cooled klystrons, one visual and 
one aural, as output tubes. As I may have mentioned earlier, the vapor 
phase cooled klystrons were favorites of mine. By using the heat of 
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vaporization of the water-to-steam transition only 2 gpm (gallons per 
minute) of water at low pressure is needed to provide cooling, rather 
than the 60 to 80 gpm of high pressure water needed for the more 
simplistic water cooling arrangements used in some other transmitter 
designs. While operating at half the power with just a single visual 
klystron, installation issues were very similar to those discussed earlier 
in the WKOW-TV TTU60 implementation.  
 

 

             WXOW Video Control                        Tape and Telecine 
 
 
It was, of course, necessary to design, lay out and install, Audio and 
Video Control, Studio Cameras, Terminal Gear, Monitoring, Video 
Tape, AC Power, News/Sports equipment and all the other ancillary 
items necessary to make the technical portion of the Television Station 
functional. Construction of the building itself with appropriate offices 
and other facilities naturally preceded all of this. 
 
My notes indicate we went on-air March 7, 1970. Now the Build Phase 
is over - it is time to begin the Operational Phase as a real, operating 
Television Station! 
 
At WKOW-TV we had an RCA TR60 VTR (Video Tape Recorder) as 
one of our machines. As opposed to the RCA TR3, this machine had 
both record and playback capabilities. It functioned very well and thus 
another TR60 was a natural choice for WXOW-TV. The front of the 
WXOW TR60 can be seen at the left edge of the Tape and Telecine 
picture above. 
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The WXOW TR60 arrived in Madison on a Moving Truck. As we had a 
TR60 I wanted to look it over and run some tests before sending it to 
WXOW. While we were unloading the new VTR the Truck Driver was 
helping - a little roughly from my viewpoint. I said, “Be careful, that’s a 
one hundred thousand dollar machine”. He scoffed and continued on as 
before. I then said, “To be exact, I paid $98,600 for it”. He stopped 
instantly as his eyes widened. Much more care was taken thereafter. 
VTR’s were expensive. 
 
Following the tests I had the TR60 shipped to La Crosse. It was 
unloaded and several of us were rolling it across the floor. As can be 
seen in the picture the machine is about 6 feet tall, 40” wide and perhaps 
3 feet deep. Also quite heavy. Getting around a corner, and for reasons I 
don’t comprehend, it became tipped forward. Two of us were in front 
and it became evident we could not hold it. “Let it go”, I yelled and, 
Bam! It fell front down on the floor. If we had not let it go someone 
would have been seriously hurt. Fortunately the TR60 has solid metal 
pieces perhaps a quarter inch thick vertically along each edge. Falling 
face down it appeared there was no damage. 
 
Applying power and testing the machine it seemed to function okay. 
However I wasn’t certain and so had it shipped back to Madison and 
exchanged it with the TR60 we had there. Turns out this was a good 
move. Careful inspection revealed the upper reel face did make contact 
with the floor and the shaft was bent a few thousandths of an inch. 
Replacing the Reel Motor assembly was necessary to bring the machine 
back to a totally pristine state. 
 
Tower Cut-Down 
 
After a couple years of on-air operation a 3rd station was poised to 
provide service to La Crosse WI - Educational TV Station WHLA-TV. 
As we did with WHA-TV, the Educational station in Madison, we 
maintained a close and friendly relationship with WHLA-TV and the 
entire Wisconsin Public Television operation. Among other things 
WKOW-TV had arrangements to broadcast the away-from-home 
basketball and hockey games of the University of Wisconsin, which was 
the home of WHA Radio and TV. Terry Shockley, TV Station Manager, 
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had set up the arrangement. In my position with WKOW-TV I often 
worked closely with Elroy Hirsch, a Wisconsin Alumni who was long 
time Athletic Director, as well as with other U of W persons. 
 
Of course a new station meant another tower in our vicinity, this one to 
be perhaps 150’ taller than our  WXOW tower. The ECB (Educational 
Communications Board) followed the normal specified path, obtaining 
FCC and FAA approvals for the structure and publishing all this in the 
newspapers as required. In the process our television group of stations, 
The Wisconsin Television Network, was supportive in assisting the 
ECB. Our leaders attended some meetings noting our support in 
bringing an Educational Television Station to serve the people of the La 
Crosse area. A few months after the FCC and FAA approvals some 
individuals, said to be aircraft pilots, complained that they had not 
known of this and the new tower would be a hazard to aviation. 
 
It appears they simply had not maintained an awareness of the due 
process which had been followed and did not yet have knowledge of the 
actions and approvals thereof. It was actually a non-issue. As I noted 
earlier my father was instrumental in setting up and operating the airport 
at York Center WI. I then discussed the matter with him. Not a problem. 
I had flown into the La Crosse airport a number of times with him at the 
controls. The TV tower to be added conformed to Federal requirements 
and was not a problem in landing or take off from the airport from any 
direction. Despite all of this there were some rumblings of discontent in 
the background. 
 
On July 4, 1973, well before construction of the WHLA-TV tower had 
been started, the WXOW-TV tower was cut down. This was done, after 
midnight, by using a pipe cutter and cutting two guy wires. The tower 
came down in the classic spiral hitting a corner of the building as it 
crashed. Fortunately the corner was strong and there was not significant 
building damage. An 80’ section of tower remained standing. No 
personnel were on site and there were no injuries.  
 
Of course WXOW-TV was off the air. 
 
Along with Bob Wickhem I immediately went to La Crosse to survey 
the damage. The vertical piece of 3 1/8” transmission line stuck out 
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above the remains of the tower and there was simply a mass of twisted 
metal on the ground. Communicating with RCA it was learned it would 
take perhaps 10 days to 2 weeks for them to fabricate a low gain 
temporary antenna to get us going again.  
 
Returning to Madison I set to work designing a dipole antenna for the 3 
1/8” transmission line. Walt Hariu, WISC-TV CE, loaned me their 
Hewlett Packard “J Bridge” without which an attempt at impedance 
matching would not have been possible. The J Bridge read out resistive 
and reactive components of the load, in this case the antenna. I used 
slug matching but had not a solid  reference as to just where, or how 
large, the slug should be, though I had a rough idea of how to go about 
it. It was necessary to put 3 bolts in the flange, check the match, then 
pull it apart and change slug position or size. After most of a days work 
on matching, an SWR of under 2:1 was achieved. Next the dipole was 
taken to La Crosse where the broken top section of the transmission line 
was replaced with a new section having my antenna mounted on top. 
The dipole was oriented broadside to the city below. I believe Art 
Osborn, Bob Wickhem and I were all there when we gingerly brought 
up the transmitter. Standing Wave Ratio (SWR) as read by the 
reflectometer was comparable to that shown by the J Bridge.  We were 
back on the air with WXOW-TV 2 1/2 days after the tower cut down, 
though with an antenna gain of a bit more than one rather than a gain of 
25. 
 
While I was working on the dipole antenna Bob Wickhem went about 
procuring a replacement tower. WHA-TV, the Educational TV Station 
in Madison, had their transmitter about a quarter mile to the north of our 
location. Like us, they had replaced their shorter unit with a 1000+ foot 
tower. The old 750’ tower, disassembled, was on the ground near the 
transmitter building. Wickhem obtained the tower, had it shipped to our 
La Crescent transmitter site and made ready for erection. So as not to be 
delayed by FCC paperwork we had it erected at the same height as the 
tower which had been cut down. Warzyn Engineering first checked it 
out for structural integrity at the shorter height. I believe RCA supplied 
us with a TFU6 temporary antenna in just under 2 weeks. The new 
permanent antenna arrived and was put into operation October 19, 1973.  
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When the new tower was erected the guy anchors were fenced with 
razor topped wire. Conduit was run from each anchor back to the 
transmitter building. A system of concentric disc antennas ranging from  
1.5 ” to 5” in diameter was employed at each anchor site. Wiring was 
run from each anchor site back to the building. There was never again 
any indication of attempted intrusion at our site. To the best of my 
knowledge the WHLA was never bothered either. 
 
The FBI investigated the tower cut down as Television is a vessel of 
interstate communications. Their finding - much later - “the tower was 
cut down by person or persons unknown ...” 
  
                              ………Disappointing……….. 
 

  



155 
 

Wien Bridge Audio Oscillator 
 
When WKOW-TV needed a good, low distortion audio oscillator, the 
HP200A, invented by Bill Hewlett in the 1930’s, of course came to 
mind. It was a vacuum tube device which used a light bulb as a negative 
resistance in one leg of the bridge so as to give the proper  feedback to 
provide amplitude stability. The HP200A was well established as the 
oscillator to produce a low distortion sine wave across a broad range of 
audio frequencies. Being well into the solid state era I wondered if the 
circuit might be converted to a solid state design. Running some 
calculations on the Wien bridge configuration improved my 
understanding of it and made it appear the solid state approach could be 
feasible. Getting the proper phase inversion with a few OpAmps and 
transistors, with appropriate gain and impedances, seemed fairly straight 
forward. 
 
The non linear resistance light bulb was another matter. My circuitry did 
not appear to provide the level of available voltage and current to 
implement the necessary negative resistance needed. Looking over a 
range of incandescent bulbs, none appeared to fit the requirements. Next 
a Fenwall GB32J2 thermistor was tried. It sort of worked – but not 
really well. Having frequency limitations which gave distortion of over 
0.2% in the 10 kHz range, it was not a satisfactory solution. A couple 
other Fenwall thermistors were tried without improving overall 
performance. 
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Other components were tried in the negative resistor position. A 
CK1121 Light Dependent Resistor (LDR) package showed promise. It 
consisted of an incandescent bulb in a package with the LDR, however 
the current drain of the bulb seemed excessive. I then removed the bulb 
and replaced it with a FLV100 LED. This worked well and was the 
ultimate solution to the problem.  By switching capacitors a range of 
frequencies covering from 12Hz to 30kHz was obtained in seven ranges 
with distortion of less than 0.1%. I made a copy of this instrument for 
my own use, and it is still operative today. 
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                           Audio Oscillator Calculations 
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          Audio Oscillator Schematic 
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KBSC-TV Los Angeles 

 
In 1975 I was approached by a representative of Oak Industries 
inquiring if I would be interested in acting as an Engineering Consultant 
for the proposed construction of a Subscription Television Station in 
Los Angeles CA. Oak was a large player in the Cable Television 
industry in that they manufactured many of the pieces of electronic 
hardware needed to equip a cable television system. This included 
Trunk  Amplifiers and Line Extender Amps as well as encoders for the 
cable headend and the decoder boxes which went into the homes. 
Premium cable channels such as HBO and ESPN were encoded and a 
monthly fee was charged to rent the decoder box so the Premium 
channel could be viewed in the home. 
 
The system they used was very good for cable usage but posed some 
problems when implemented for over-the-air Television Broadcast 
usage. At the transmitting end a sine wave was added to the video, 
phased so that its peak excursion went into the blacker-than black area 
at the center of each 63.5uS television line. Thus the home receiver 
could not cope with this aberration and sync was lost producing a 
scrambled, messed up picture on the receiver. The set-top boxes were 
addressable so that a viewer who paid for Premium Service had a sine 
wave 180 degrees out of phase added in, cancelling out the transmitted 
anomaly and restoring a perfectly viewable picture. Oak had sold and 
deployed many thousands of these boxes in cable systems throughout 
the country. Their plan was to use the same technology and hardware 
for over-the-air broadcast usage. This was very logical considering the 
huge investment they had in this technology and hardware. 
 
However in feeding this signal through a Television Transmitter there 
were a couple of important considerations. The FCC licenses each 
station to a specified peak power. For a standard TV signal peak power 
is (1.67979 x average power) as measured with a black picture. If the 
output is fed to a Dummy Load it is then straight forward to determine 
the peak power and calibrate the power meters. However this 
relationship does not hold for the scrambled signal with the added sine 
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wave. It was my task to determine the peak-to-average relationship for 
the scrambled signal waveform. As seen on the following figures, I was 
able to write an equation for the integral of this composite waveform. 
 
However evaluating this integral expression analytically would be 
tedious at best. Having done a good deal of work with digital computers 
I knew it was possible to slice up the waveform into very short time 
duration pieces and effectively evaluate the integral by combining the 
sum of all these slices. This was the basis of what was submitted to the 
Federal Communications Commission to obtain Type Approval for the 
scrambling system. I have included sketches and condensed the multi 
page description to a couple pages so as to illustrate what was done to 
generate the submission for Type Approval. I had long practiced before 
the FCC and at this point simply had to include the statement, “My 
qualifications are a matter of record with the Federal Communications 
Commission”. 
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                                   Scramble Calculations 
 With Type Approval in hand there was now a new task: Design and 
build the Television Station. 
 
The Channel 52 allocation existed with the transmitter assigned atop 
Mount Wilson, overlooking Los  Angeles CA. At 5700’ elevation it was 
just over a half mile from the 60” and 100” astronomical telescopes. 
More about this later. My responsibilities were primarily for the 
transmitting site while others, for the most part, handled the studio 
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installation. Mount Wilson was crisp, clear and refreshing. I liked it up 
there. More than once I looked down at the city and said, “ you know, 
there may actually be people  down  there  underneath  that  brown  
stuff ...”  
 
For the transmitter we selected the RCA TTU-110 and specified an 
RCA TFU25G antenna. It was a NDA, Non-Directional Antenna, that 
is. I was later asked why I didn’t chose a directional antenna as the 
metro area was in a semicircle to the south and power would be wasted 
putting signal in the sparsely populated portion to the north. Two 
reasons were involved in the choice of the NDA. There was tremendous 
pressure to get the station on the air rapidly. A standard Directional 
Antenna could have worked but for the fact that management had a 
strong desire to cover the Antelope Valley. A stock DA would not have 
provided for this, and the lead time to have a specialized Directional 
Antenna designed and built did not fit into the mandated timetable. As it 
was, with the NDA, we not only covered the Los Angeles area but put a 
respectable signal into San Diego as well. The TFU25G was a null filled 
antenna which meant that the vertical pattern was well defined so as to 
provide close in coverage of nearby areas. Being well above a 
metropolitan population which was not really distant this was an 
important feature in attaining uniform coverage of the not too distant 
homes. The 25G was more expensive - I believe the channel 52 antenna 
was about $225,000 - it was deemed worthwhile considering the 
accrued benefits of the implementation.  
 
We had an existing tower from the original and now defunct Channel 52 
installation. Being on the mountaintop it was a short tower - perhaps 75’ 
tall. Getting the antenna to the top of Mount Wilson was an interesting 
and difficult endeavor. The road to the top has many tight switchbacks 
in the more than 4000 foot climb from Pasadena. When the 60” 
telescope was installed on Mt. Wilson in 1908 the 5 foot diameter 
mirror and supporting steel as well as construction materials for the 
telescope dome were hauled up by horses. While the road was much 
improved by 1975 it was still very twisty and difficult with many sharp 
turns without guardrails and having shear drops at the edge of the road. 
The 70 foot long antenna was carried up by semi truck. On many turns 
it was necessary to back up - sometimes more than once - on the way 
up. It was very dark before the truck driver made it to the top. His wife 
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was with him and was so distraught she had to be brought down by 
ambulance. Fortunately our trips by automobile were  far less 
harrowing. 
  

 

                                              Mt. Wilson Road 
There is a lot to do between conceptually laying out the system and 
“making steam”, as we called it. I always felt it took 3 months to put a 
transmitter system together and have it operational. With all the push to 
expedite we may have beaten my time estimate by possibly a week. 
The finished 110kW transmitter was about 15’ long x 12’ deep. It was a 
walk-in affair which made for easy access when necessary. At the door 
was a large round non-conducting pole at waist height which opened the 
primary power and activated shorting bars. Immediately inside the door 
was a shorting hook with a 3’ handle. Upon entering one would touch 
the shorting stick to all accessible capacitors, etc, which could possibly 
retain voltage. When working with 20kV to 25kV with perhaps 20 amps 
behind it, one didn’t make mistakes or take chances! A single mistake 
could be your last. 
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                                      RCA TTU-110 Transmitter 
 
As seen above, the three VA953A five cavity klystrons are in adjacent 
cabinets. These are internal cavity tubes set into the external magnets of 
the transmitter. Each tube weighs about 800 pounds. By releasing a few 
latches and connectors the assembly can be tilted forward to the 
horizontal position. A tube removal cart the length of the klystron - and 
having rails along the top - is rolled up to this now horizontal klystron. 
Rollers on the sides of the tube allow it to be rolled out and onto the 
carrier. A new tube is shipped in a crate having a similar arrangement. 
The new klystron is rolled in to replace the old one and the tube which 
was removed rolled into the shipping crate for return to Varian. These 
klystrons cost about $10,000 each and would last at least a year, perhaps 
a good deal more. 
 
One would begin with the transmitter output fed to the dummy load 
while having adequate cooling water running through the load. A 
Delta/Wye switch on the power supply primary allowed the tube to be 
operated at low voltage - about 14kV - for tuneup purposes. The cavities 
were broadbanded - that is stagger tuned - to achieve to full video 
bandwidth. If tuned too narrow a loss of some frequencies would result 
thus producing resolution deficiency. Too wide, and there would be 
reduced power output.  After tuneup at low voltage switching the 
Delta/Wye switch  to high voltage would apply the full 24kV to the 
klystron with about 8 amps of beam current. Final tweaking of the 
tuning and checking the bandwidth could now be done. These were high 
gain tubes requiring only 1 watt of drive to produce full output of 55kW 
from each visual final. It did take some technique and experience but, in 
general, these klystrons were not all that hard to bring up. 
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A sidelight here which is of great interest to me: In the latter 1990’s 
while I was at Grass Valley Group, Kay and I were also members of the 
Nevada City United Methodist Church, as we still are today. Ralph 
James, a member of the church, had become a good friend. Ralph had 
founded and operated a Packaging Company in Silicon Valley. His 
clients were electronics manufacturers in the area. His company devised 
packaging for their products which he supplied to them. One day I noted 
that I had used many of the Varian klystrons at various television 
stations. Ralph listened attentively as I described how the klystrons 
were crated and shipped to us. After taking in my description of the 
crates, tubes and how they could be rolled in and out he said, “I 
designed and supplied those crates!” Yes, James Packaging had made 
and supplied the crates to Varian for shipment of their klystrons.  My 
good friend had come up with the packaging for the klystrons for our 
TV Stations and the many others using these klystrons! 
    More Small World department: Doug Perry and his wife Terri ran a 
restaurant a few miles from Grass Valley, which we frequented. In 
conversation one day we were discussing my background in Broadcast 
Television and the equipment used therein. He said, “My father holds 
patents for the klystron.” Really(?) I checked it out and found the 
information below. Indeed his father Robert L. Perry co-holds patent 
3,289,032 for the klystron. Very small world ... 

 

                                             Klystron Patent 
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Back to the transmitter installation: It took a bit of “getting there” before 
we were at the point of installing klystrons, applying power and making 
steam. There is setting of the cabinets, mounting of the RF Patch Panel, 
cutting and flanging transmission line and bolting it in place in the 
proper locations, having the 440 volt 3 phase 1 megawatt power 
installed, etc. For this transmitter installation I had suggested we use the 
heat exchanger specified for a 160kW transmitter rather than the normal 
110kW unit. In addition to the thinner air at this altitude there was the 
issue of the scrambling. The way a klystron works is that the beam 
current, and thus the input power, is constant. Thus a visual klystron 
would have an input power of 24kV x 8A = 192kW at all times. Any 
power which does not go to the antenna then must be dissipated by the 
heat exchanger. As the efficiency of an unpulsed klystron is just over 
30% at best, about 135kW per tube is lost as heat.  
 
Also, the modulation of the scrambling signal caused a slightly reduced 
efficiency, and thus greater lost power, than a standard television signal. 
For these two reasons, to be safe, the larger heat exchanger was used. 
 
On that short tower the installation of transmission line and antenna 
went quickly and smoothly. Next was the mandatory FCC Proof of 
Performance on the transmitter. Using the standard  Television signal 
we first performed all the required measurements such as power 
calibration, aural S/N, visual linearity, differential phase and gain, etc. 
After this, the Proof was repeated with the scrambled input signal. 
When all was satisfactory I was ready to sign off on my part of the 
project, though I remained there a couple days to be sure all was 
performing properly.  During the construction time Oak Broadcasting 
had been marketing the Subscription product and getting set top boxes 
out in the field. While there I went to a couple receive sites to inspect 
and view the unscrambled final picture. All looked well. The work done 
with the math in getting Type Approval and getting  the system set up 
and operating paid off. It was a satisfying feeling. 
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60” and 100” Telescopes 
 
Backing up a little in time, there was much to see and many things of 
interest on top of Mount Wilson. Occasionally a few snatches of free 
time would appear, such as when waiting for delivery of the antenna or 
erection equipment. As I mentioned earlier I am an amateur astronomer 
and very interested in telescopes, large and small. Early one evening I 
took a stroll in the direction of the 60” telescope which turned out to be 
an easy walk of about 3/4 mile. This instrument was finished in 1908 by  
George Ellery Hale and until completion of the 100” Hooker Telescope, 
also on Mount Wilson, was the worlds largest telescope. In 1918 
Harlow Shapley had used the 60 inch to show that our sun was not near 
the center of the Milky Way Galaxy as was then generally believed, but 
is in fact about 60% of the way to the edge. In 1897 Hale had completed 
the 40 inch refractor in Lake Geneva WI - the worlds largest refractor 
and a telescope I had visited earlier. In 1917 he completed the 100inch 
Hooker telescope on Mount Wilson which remained the worlds largest 
till the 200 inch on Mount Palomar saw first light in 1949. 
 
When I arrived at the 60inch I tried a couple doors - locked - then 
walked around the Observatory dome. No life, no one home. I was 
about to leave when a jeep drove up with driver and passenger. The 
driver hopped out and, seeing me, cordially asked about my presence. I 
told him I was an Engineer building a television transmitter, and an 
amateur astronomer. Could I see the telescope? “Sure he said, come on 
in.” Though a bit younger than I he told me he was the person in charge 
of the telescopes on Mount Wilson and he would be setting it up for 
some UCLA Grad Students to make infrared observations. He noted 
that, as this was in the infrared, they could start using the telescope 
before dark. Though I have seen some of the larger telescopes in the 
world since then, the 60 inch was the largest I had seen up until then. 
The 5 foot diameter mirror looked really big at that time. 
 
He proceeded to set up for the IR viewing session. With the telescope 
aimed straight up he climbed in just above the mirror. Taking an old 
looking foot long screwdriver with a wooden handle, he used it to 
change an instrument at the point of cassegrain focus just above the 
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mirror. I watched rather nervously as he made the change. When he had 
completed the task he climbed out and came over to where I was 
standing. I said, “What would you do if you dropped that screwdriver on 
the mirror?”  
 
He thought a moment, then looked off in the distance and said rather 
slowly,  
“ Ohhh,  I’d   probably  just   leave   ...” 
 
The Grad Students arrived and set up to begin their IR observing 
session. There were no eyepieces on this large telescope, simply 
instruments. Results would not be visible till the film was developed the 
next day. How different it is today! Highly sensitive CCD’s of 
megapixel sizes are the instruments, and the observer can view the 
astronomical object in real time in many cases. For long exposure 
imaging this is not the case but a sample view of the object can often be 
seen by the observer. Much observing is handled in a warm control 
room or over the internet by distant astronomers. Gone are the days of 
shivering in heavy coats, bundled in warm clothing at the mouth of the 
telescope while the exposure is progressing. 
 
“Would you like to see the 100 inch”, said he.  Wow! Would I ever! I 
hadn’t expected such an invitation and was most anxious to go! We 
hopped into his Jeep and drove the short distance over to the 100 inch. 
After unlocking the door we went in and up to the circular balcony 
running around the inside of the dome. Somewhat below, in front of us, 
set in concrete, was the large and impressive 100 inch Hooker 
Telescope.  It looked a bit like the 60 inch, which was now dwarfed by 
this instrument. As I gazed down on it he picked up a box with a rather 
large cable coming out of the end. It had two large round buttons on the 
top which truly looked like they were indeed, from 1917. Pressing one 
of the buttons, the telescope began to rotate in front of us. Reality 
check! The telescope is set in concrete - it can’t be rotating ... Indeed it 
wasn’t - the dome we were standing on was rotating around it. This 
product of the 2nd decade of the 20th century moved so smoothly I had 
been unaware we were the ones in motion! 
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                                100 inch Hooker Telescope 
 
The 100 inch is mounted on a Polar Axis. That is, the axis of rotation is 
aimed at the Celestrial North Pole, which is very near Polaris, the 
“North Star”. By rotating on this axis at the same speed which the earth 
is turning one can track any star or other distant celestrial object. 
Imaging exposures can be many hours long, so accurate tracking is 
necessary. For amateur telescopes tracking speed is controlled by crystal 
stabilized motors today. I asked how the 100 inch was set up for 
accurate tracking in 1917.  “Gravity”, he said. There is a deep pit 
beneath the telescope and a weight descends slowly to turn the 
clockwork. Clever, I thought, there is nothing more uniform than 
gravity. 
 
This is the telescope heavily used by Edwin Hubble in his determination 
of the scale and size of the universe. Some stars are called “variables” in 
that their light output changes periodically from dimmer to brighter to 
dimmer again. In 1908 Henrietta Leavitt was engaged in a study of 
these variable stars when she made what turned out to be a momentous 
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discovery. She found that one particular type of variable star, the 
Cepheid variable, had a bright-dim period which corresponded to its 
absolute brightness. A certain cyclic time period meant a corresponding 
brightness. Thus she had found a “Standard Candle”. If one observed a 
Cepheid Variable its absolute brightness was known, and, from the 
observed brightness the distance was also discernible from the amount 
of dimming which was measured. 
 
At that time many “Spiral Nebula” and other “nebula” were known. 
There was some debate, but these nebula were generally believed to be 
contained within our home galaxy, the Milky Way. It was common 
belief that the Universe ended at the edge of the Milky Way.  Some, 
including Hubble, were less sure of that. In 1924 Hubble had been 
studying Spiral Nebula when he discovered a Cepheid variable in the 
Andromeda Nebula. His now famous negative has the word “Var” with 
an arrow to the star, written where he found the Cepheid. He then 
determined that the nebula was actually the Andromeda Galaxy and that 
it was not within 50 or 100 thousand light years away, but nearly 2 
million light years distant. (A “light year” is the distance light, moving 
at 186,000 miles per second, travels in one year. It is a standard measure 
of astronomical distance.) And so the light from Andromeda left  
2 million years ago - about when the first Homo Sapiens appeared on 
our planet.  
 
Thus, the Andromeda was not within the Milky Way but was, in itself, a 
Galaxy like the Milky Way! 
 
Hubble also used the telescope to examine “red shift”. When a train 
goes by blowing its whistle, the pitch of sound decreases just as the 
engine goes by. This is due to “doppler shift”. When coming toward the 
observer the sound waves are compressed due to the motion of the 
approaching train. As it goes by the pitch suddenly drops as the sound 
waves are now stretched by the receding motion of the sound source. 
The  same thing happens with light. As an object is approaching the 
earth light waves are compressed - blue shift, as blue light is higher in 
frequency than white light. If a galaxy is significantly moving away 
from earth the light will be red shifted as the waves are stretched by the 
motion away from our viewing platform - the earth. Hubble noted that 
most objects, especially distant ones, displayed red shift. The more  
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distant the object the greater the red shift. The conclusion surfaced that 
every distant object is moving away from every other object - the 
universe is expanding! The rate of expansion became known as the 
“Hubble Constant”. 
 
Modern larger telescopes such as the 10 meter (33’ diameter) Keck 
telescopes and others, plus the orbiting “Hubble Telescope”, can look 
back in distance - and thus in time - to nearly the beginning of the 
universe - the “Big Bang” of about 13.4 billion light years distance. 
Edwin Hubble’s work with the 100 inch Hooker Telescope on Mount 
Wilson set the stage for these discoveries. I was privileged to be able to 
get to see it. 
 
                   “We stand on the shoulders of Giants” 
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The ID Logic - April 1974 Broadcast Engineering Article 
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In our operation with WKOW-TV being the program source and 
feeding programming to the other Wisconsin TV Network stations it 
was, of course, necessary to keep the proper material coming down the 
line. To avoid viewer confusion, it is particularly important to insure 
that a station ID from the originating station does not air on one of the 
other stations. The ID Logic was designed to provide this insurance. 
 
A typical station break may consist of national spots, a station 
identification (ID) and local spots. In our case the entire break 
(including the preceding and following programs) was fed from 
WKOW-TV via microwave. It was then necessary for the other 
Wisconsin TV Network stations to air the national spots, cut away from 
the microwave feed to originate their own station identifications and 
local spots, and rejoin the microwave feed for the following 
programing. 
 
The first problem to be solved was detecting the ID slide. Wanting to 
keep the system all electronic for maximum reliability a method of 
photocell detection was devised which appeared reliable and easy to 
integrate into our system. 
 
The 35mm slides normally used for television have an opaque outer 
perimeter around the useful picture area. Our “in-house” slides are the 
typical glass mount type. These consist of the two outer pieces of glass 
with the film and an opaque paper mask being sandwiched between. It 
seemed feasible to cut a notch in the paper at the edge of the ID slide, 
leaving a transparent area for light to pass through for photocell 
detection. See Figures 1 and 2 of the Article. The RCA TP7 Slide 
Projector had sufficient over spill of light to adequately illuminate the 
photocell and thus provide indication that the notched slide was a 
Station Identification slide. 
 
With the ID slide identified it is then necessary to determine if is being 
fed to one of the stations on the Network. In a small system it is possible 
to lay it out by looking at the switching combinations and draw a 
schematic of the gates to provide the desired result. However when all 
the possible combinations are considered it is much more practical to 
work with the Boolean equations and form a schematic from them. 
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For example, an ID will be sent to WAOW-TV if (A) the left slide 
is showing, AND (G) the left slide is an ID, AND (C) the TP-7 is 
fed to Fl, AND (M) Fl is fed to WAOW, OR if we have (A) AND 
(G), AND (D) the TP-7 is fed to F2, AND (N) F2 is fed to WAOW.  
 
The result is this set of logic equations for WAOW-TV:  
(AG + BH) [(CE + DF) L + (CI + DK) JL + CM + DN]   
 
and a similar set for WXOW-TV. 
 
 
The resulting Block Diagram appears as Figure 3 in the Article. 
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RTL Integrated Circuits were used to perform the logic. These were 
available only as NOR gates (OR function, inverted output), so it is then 
necessary to perform the AND function with negative logic. Some of 
the inputs were available as positive voltages, while in other cases only 
negative signals were available. Two types of logic cards were used in 
the ID Logic, a Multiplexer/Logic Output card (ID-1) and a Switcher 
Logic card (ID-2). This arrangement was used to reduce intercard data 
routing and minimize interfacing connection problems with the 
peripheral equipment. 
 

 

 
Above is a picture of the ID Logic Card Frame. The two cards on the 
right are the Video DA’s (Video Distribution Amplifiers) described 
earlier in this book. Next are the WAOW and WXOW ID-1 and ID-2 
Logic cards and the Slide/Multiplexer Logic Card. 
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 (If the following paragraph is too technical, just ignore it and go on) 
 
A few words concerning operation of the video gates may be desirable. 
Consider first the upper gate in the diagram, 3Q1. With 3Q2 turned on 
3Q1 acts as an emitter follower. Both diodes are forward biased and the 
120 ohm resistor acts as an emitter resistor for the emitter follower. 
Video is passed from the emitter of 3Q1 through both diodes to the 
Video Out terminal. Note that the potential on this terminal is the same 
as that on 3Q1 emitter. Looking now at the lower gate we find 3Q4 
turned off. The 22 K resistor pulls the junction of the two diodes to the -
4V supply. This back biases both diodes and the base-emitter junction 
of 3Q3 leaving an open circuit for the video on 3Q3 base. When an ID 
is Sensed the gate drivers, 3Q6 and 3Q7 reverse the states of 3Q2 and 
3Q4 allowing passage of video from 3Q3 base to the output, and 
inhibiting passage of the video on 3Q1 base. Thus black video is 
substituted for the ID. The 1N100’s prevent hard saturation of the 
switch transistors, greatly reducing storage time. 
 
 
The diagram which follows is that of the video switching 
implementation described in the preceding paragraph 
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                        ID Logic Video Switching Circuitry 
Circuit cards were then designed, fabricated and tested. The card frame 
contained these circuit cards as well as necessary power supplies. I 
might note that the ID Logic was in operation for about 5 years before 
the 1974 publication of the Article in Broadcast Engineering.  It 
performed well in maintaining the identities of the Network Stations and 
eliminating possible viewer confusion as to who they were watching.  
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In earlier days Jim Moore was Editor of the Broadcast Engineering 
magazine. He and I were “two of a mind” when it came to presenting 
technical information to educate and inform readers of the magazine. 
Jim was always receptive of material I proposed to publish, and had 
asked some years earlier if I would like to become a “contributing 
author” for Broadcast Engineering. I had thought this over very 
carefully before respectfully declining. Many of the things I designed 
related to circuits and equipment which were used in our stations and 
possibly provided some kind of competitive advantage. The ones 
published – the Chopper, System of Frequency Measurement and ID 
Logic for example - were, I believe, educational and informative, but 
without any competitive advantage being relinquished.  As a result I 
was reluctant to publish a number of my designs, and there were 
certainly more of these than the ones which were submitted for 
publication. 
 
Sometime before the ID Logic article was offered to Broadcast 
Engineering Ron Merrill had taken the Editors position which Jim 
Moore had vacated. I had met with Ron and he displayed a different 
thrust than Jim Moore. He seemed far more interested presenting the 
advantages and features of products manufactured by Broadcast 
Equipment Suppliers, than publishing technical articles which informed 
and educated Broadcast Engineers. Considering that the magazine was a 
free publication supported solely by revenues from Advertisers, this was 
not an unreasonable approach. However it removed essentially the only 
viable avenue for publication of articles by those of us who designed 
and constructed devices for use in Television Stations. For the most part 
only some very well thought out and written articles of a more general 
nature by author Walter Jung survived the cut. Other than Broadcast 
Engineering there were really no other publications presenting technical 
material to the Broadcast Engineering community and so the ID Logic 
was the last article which I submitted for publication. 
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Digital Logic for Broadcast Engineers 
 
Following the publication of the ID Logic article in Broadcast 
Engineering magazine  I received a number of comments to the effect 
that there was no good way for Broadcast Engineers to move forward on 
making a transition to the digital world. The subject  was discussed at 
our weekly Madison CE’s luncheon and on other occasions within our 
Television Stations. Before enrolling in the University of Wisconsin to 
pursue my Engineering Degree I had taken a correspondence calculus 
course from the school. This was a useful endeavor for me, and I 
wondered if a similar course might be valuable to assist Broadcast 
Engineers in gaining digital proficiency.  
 
Contacting Professor Al Scidmore, we discussed the matter of such a 
course either being available, or possibly being created. Prof. Scidmore 
had been one of my Electrical Engineering Profs and, of course, had a 
firm background and understanding of the subject matter. He and I had 
great rapport and it was logical for me to contact him.  In a few 
meetings we considered the content of such an offering and how it 
might be formulated and administered. He had worked with 
correspondence courses in the past and so was familiar with the issues 
involved. 
 
SBE, the Society of Broadcast Engineers, sponsored the course and 
helped in publicizing it. Our Madison Chapter supplied information on 
the content and structure to National SBE Headquarters in Phoenix and 
they let it be known that this was a great tool to move current Broadcast 
Engineers into the realm of future technology. Regarding details of the 
course, Prof. Scidmore took the ball and ran with it! He put together the 
curriculum, determined how it could be administered and gotten to the 
end users, and how it might be graded and processed. He set all this up 
and had it administered through the University of Wisconsin. Without 
Prof. Al Scidmore I am not sure this would have happened! I have no 
figures on how many persons took the correspondence course but do 
know it included a good many of our contemporaries.  
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Another Engineer of Note   
 
In the early 1960’s a young man appeared on the scene. He was a 
teenage boy interested in television and most anything else electronic or 
technical. He was age 16 and had his 1st Class Radiotelephone License. 
Highly unusual! Jeff Mattox was inquisitive, bright, outgoing and 
seemed to have wisdom and technical savvy well beyond his years. 
With Smitty’s permission he was allowed to “hang around” the station. 
Asking questions, observing, watching our local news and weather 
shows, he assimilated the operations, needs and style of the TV 
operation. For quite some time he appeared and unobtrusively absorbed. 
 
Jeff went on to graduate from Rensselaer Polytechnic Institute (RPI) in 
upstate New York, then became a US Air Force Officer.  However he 
reappeared in my life in 1967 when he applied for a position as a 
summer vacation relief Engineer at WKOW-TV, a position which he 
filled annually till 1970. Bringing him into the engineering staff was a 
“no brainer” for me. He was an innovative designer and a pleasure to 
have on board. In Jeff’s words: 
 
“I was fortunate to work for you and Bob Wickhem because both of you 
believed in building stuff.  The station was full of your designs and 
custom hardware.  Many stations would have balked at hooking up 
home-brew circuits to their expensive equipment, but WKOW 
welcomed it.” 
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                                Jeff Mattox with Jerry Emmerich 
 
While at RPI he had begun designing SEP, the “Switcher Event 
Programmer” which he completed while in Madison and installed at 
WKOW-TV in 1970. Here is Jeff’s description of the device: 
 
In the early 1970s, I designed and built an automation system for 
WKOW-TV in Madison, WI.  The system allowed the technical director 
to enter up to 16 timed events, and it would automatically execute the 
events by switching video and audio sources at the scheduled time.  
Film and video tapes were automatically pre-rolled (two seconds for 
film, five seconds for tape).  This system was built before personal 
computers were available, so it used discrete logic for all functions.  The 
memory is composed of 16, dual 16-bit shift registers (512 bits, total).  
The 16 circuit boards were all laid out, etched, and drilled by hand.  The 
character generator for the event display was built using a diode matrix.  
The main assembly contains 16 circuit boards on four hinged panels, 
and was rack mounted.  Connections were made with the station’s 
master switcher, media controls, and audio sources.  Data entry was via 
a dedicated switch panel and display. 
 



184 
 

                            

                                         SEP Circuit Boards 
SEP’s video display included the list of 16 events, plus a timer that the 
director could use to back-time other events such as commercial breaks 
or news stories.  The display was mirrored in the studio so the floor 
crew could see the various timers and events.  It became an integral part 
of the newscast production. 
 

 

                                         SEP Control and Display 
After leaving WKOW-TV Jeff and a partner formed Heurikon 
Corporation which became listed as one of America’s fastest growing 
private companies. Designed and manufactured were a host of computer 
related circuit boards, including the MLP-8080 which I then used as the 
Processor board of the Sequencer which is described later in this Book. 
When the Titanic was located on the floor of the Atlantic Ocean it was a 
Heurikon board which brought in those first pictures from the depths. 
Jeff, now retired, sold Heurikon Corporation some years ago.  He 
remains active in iPhone application development where he has written 
several popular Apps. Jeff and wife Helen remain among our close 
friends. 
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Ice Storm ‘76 
 
In March of 1976 we had an extended period of cool, damp and quiet 
weather. The temperature was in the low thirty’s for several days. Rime 
ice - the kind that builds up - formed on trees, power poles, and 
anything else protruding into the air. There was no wind and the ice just 
kept forming. It began to impact the Madison power system. You would 
hear a snarling Bzzzzarp! and looking outside, seeing in the 
distance the bright flash of another power transformer shorting and 
being consumed.  There had been a very significant buildup of ice on 
our 1100 foot tower. That night the weather changed and the wind came 
up. It blew at 50 miles per hour. I received a call about 11:30pm from 
engineer Craig Blushke. “The ice is coming down”, he said. 

Bawhaaammm! The noise of the ice hitting was so 

loud it jolted the telephone receiver from my ear. “There are no lights in 
the Office Area”, he said, “I think there has been damage there.” I said 
I’d be right out. 
 
Fortunately we had built the Transmitter and Control Room addition 
with a 16” thick reinforced concrete roof, while the studio had a 12” 
concrete roof. The offices and the rest of the building had expanded 
metal roofing. Heading out the door I said to Kay, “Don’t worry, I’ve 
got my Hard Hat on.” What an understatement! It would have been of 
little avail under the ice onslaught had I been hit! Arriving at the station 
I parked some distance away and went gingerly inside. Yes, the ice kept 
falling with resounding crashes. Moving carefully to the Office area, 
and standing in doorways for protection, a flashlight was used to get a 
sense of the damage. The ice had come through the roof in many places 
and made a shambles of much of the Office Area. Retreating to the 
safety of the Control Room, and continuing to hear the crashing of 
falling ice on the roof,  I knew there was nothing to be done that night 
except to alert manager Terry Shockley and Engineering VP Bob 
Wickhem of the situation. 
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        Ice Storm                                            Office Damage 
As could be seen the next morning ice covered everything outside, and 
inside there was severe damage to the Office Area of the building. 
However there was little we could do as our 1100 foot tower was coated 
with ice which kept on falling. Ice had hit a few cars flattening one roof 
down to the seats and crushing the trunk of a 2nd almost to the trunk 
floor. Another was a bit more lucky - ice simply took one door handle 
off. In this gravitational onslaught only one person was hurt. Ice came 
through the roof of his convertible and hit him on the upper leg. 
Fortunately it was not a large piece and it struck him in such a manner 
that he was not seriously injured.  
 
I remember observing the WHA Channel 21 tower perhaps a quarter 
mile to our north. Of course they also had ice issues the same as ours. 
Their studios were at the University of Wisconsin location 4 miles to the 
east. Microwave was used to send the signal to the transmitting tower. A 
round 10’ diameter passive reflector mounted part way up their tower 
reflected the beam down to a receiving dish near the ground. The wind 
was blowing and they also were sustaining hits from falling ice. Wind 
and ice had damaged the mounting of the passive reflector. One more 
hit and it came sailing down like an overgrown frisbee, hitting the 
ground and rolling on edge down hill till it came to rest against the 
fence at the edge of the property. 
 
With the ice coating the 82 foot high antenna at the top of the WKOW 
tower the reflected power - and thus the VSWR (Voltage Standing 
Wave Ratio) - was a rather high 1.25 to 1.3:1 but it didn’t seem to cause 
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any problems. Our TFU25G antenna did a great job and there were no 
significant ghosts visible at home, such as those seen from UHF 
antennas of some other stations. Paying attention to the wind direction 
and thus the location of falling ice, files and other important items were 
removed from the building and moved to hastily rented space in a 
shopping center a quarter mile away. It turned out the office portion of 
the TV operation was out of our building for three months before 
refurbishing was adequately complete for return to these premises. 
 
With our personnel being very careful of wind, and trajectory of falling 
ice, we continued on the air for the next couple days. Then the “other 
shoe dropped”. A lighting enhanced snow storm struck late one evening. 
Lightning during a snow storm was almost unheard of, and these were 
ferocious bolts with, of course, the accompanying thunder. Naturally a 
television tower takes many lightning hits as it is the “lightning rod” for 
the area. We had 6” wide copper ground strap buried several feet deep 
circling the tower base, and thus had an excellent grounding system. 
After a bit, I went home for the night. The next morning when I arose I 
turned on my television set to see how our station looked. The picture 
was snowy, not at all clear. As I lived two miles from our tower this 
was, of course, highly abnormal. I called the station, talking to one of 
the engineers on duty, to get a status report. The VSWR was now up to 
1.4:1 but other than that things appeared near normal. I next called one 
of one other engineers at home who lived about 4 miles from the station 
and had him see how we looked there. “Very snowy, hardly a visible 
picture”, he said. After a few further checks it was evident something 
was seriously wrong. With further checking I concluded the problem 
was such that we were putting a very low level signal on the air. I called 
the station and told them to turn off the transmitter. Some how, the 
power was going somewhere, but it was not to the antenna. 
 
A bit later, at the station, we examined things carefully and, other than 
the rather high VSWR, could discern nothing else amiss. At this point 
we were off the air and, due to the ice on the tower, could not go up to 
see what was wrong fearing for the safety of any climbers. We were 
dead in the water!! 
 
Next, while we still had power at the station, the rupturing power 
company transformers took their toll. A good deal of Madison, 
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including my home, was without power. Yes, it was rather warm for 
March -in the low 30’s - but too cold to stay in the house. Unlike Grass 
valley CA, almost no one had a wood burning stove to heat their home. 
My family had to leave home and stay with friends who still had power. 
Power company crews from adjacent midwest states arrived and worked 
through the nights to restore power. At one point when I went back to 
our house I found the folks across the street had power, so we ran an 
100’ extension cord across the street and were able to at least power our 
fuel oil furnace which allowed us to return home.  
 
As usual I was dressed in a sport coat and tie, and wearing my hard hat, 
and started back to the station, driving my 1974 Dodge ex-Police 
Cruiser with the CB antenna on the roof. As I came upon a power crew I 
asked when they expected to restore power to our side of the street and 
was told, “We’ll be doing that next”. Sure enough my wife soon called 
me at the station to tell me we now had power. It was only later, when I 
thought about it, that I surmised why it was taken care of so quickly. 
The power crew was likely from out of state. Here is a guy, in a coat & 
hard hat, in a rather official looking car asking them about getting 
power back to a specific street. Likely they thought I was a boss from 
the local power company giving them instructions as to what to do next 
... 

 

     Ice on Guy Wires                          Ice from Tower Leg 
 
There was still too much ice on the tower for anyone to go up, but 
engineer Dave Russell and I thought we would see if we could open up 
the bottom 90 degree elbow of the transmission line to see if perhaps 
there was any sign of soot inside which would indicate trouble higher up 
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in the line.  This transmission line is a 6 1/8 inch diameter copper pipe 
with a center conductor of about 1 inch diameter copper tubing spaced 
away from the outer with teflon insulators about 5 feet apart. As the 
base of the tower was lower than the transmitter building the bottom 
elbow was about 15 feet above ground. The triangular tower had 5 or 6 
foot faces so if we climbed up we would have to stand on either the 
horizontal braces or the round cross braces, or “hog rods”. 
 
We had reduced the pressure of dry nitrogen in the line from the normal 
2 lbs to a bit under 1/2 lb; just enough to help push the joint apart after 
loosening the marmon clamps which held it together. I had my right 
foot on the cross juncture of a pair of hog rods when we popped the 
clamp off the joint. Whooosh! the joint popped apart, there was a cloud 
of soot all over which enveloped us, and a portion of the the 6 1/8 inch 
line actually bent and came down on the hog rod junction, resting on my 
foot. Fortunately there was just enough space between the line and the 
hog rod that my foot was not seriously injured. Had my knee been under 
the transmission it would have crunched my lower leg. Ice fell from the 
shock, one piece hitting Dave slightly but not seriously, while I was 
ducked under the tower face and was not hit. Wiggling my foot as best I 
could, I was able to pull it out from under the now bent line. When the 
soot settled and all was still again, somewhat shaken I said, “let’s go get 
a cup of coffee ...” Climbing down, we did just that.  
 
What we had not known was that the teflon insulators on the lower 300 
feet of transmission line had burned and so created that cloud of soot. 
The charred insulators acted like a distributed dummy load. This was 
the reason the VSWR was reasonably low and the transmitter power 
was being absorbed by this “dummy load” with almost none of it 
reaching the antenna. When we split the line there was 300 feet of 
unsupported inner conductor pressing down on that lower elbow, which 
was enough weight to bend the horizontal run of 6 1/8 inch transmission 
line down to the hog rod cross point. The inner conductor came 
squirting out the open elbow joint, but fortunately just bent over about 
two feet out and stopped there. Had it not done that and continued 
coming out either or both of us could have been seriously injured. 
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Considering our options we conspired to see what we could do. Several 
of us went out to the tower guy wire anchors and surveyed the situation. 
We would climb up on the lower guy wire just above the anchor and, 
together, jump up and down on the guy wire. “Incoming rounds”, said a 
Vietnam veteran as the falling ice sizzled through the air on its way 
downward. As any falling ice would remain within the guy anchor circle 
it was a safe, though somewhat harrowing experience. Jim Crooks, a 
long time friend, operated a tower crew and we summoned him for 
tower climbing aid. After a couple days of shaking the tower with our 
guy wire jumping antics one of the climbers, Ed Mulfeldt,  started up 
early in the morning and very carefully, shaking as little ice loose as 
possible, and climbed to the top of the tower with a chipping hammer so 
as to knock the ice off as he came down. This took all day, but was 
successful and falling ice was no longer a problem. The next day Ed 
went to the top of the tower and on up the antenna. 
 

 

           Ed Mulfeldt on left                              Ed on the Antenna 
 
It seemed from the ground that the wind was much stronger up above. 
On the radio I asked Ed, “How is the wind up there?” He looked at his 
anemometer and replied, “Forty knots”. I told him to get off the antenna 
and come down now. He said, “ Just a minute, I think I see the 
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problem”. He finished up before returning to the ground. Then I learned 
a lightning bolt had not just hit the antenna, but had gone on through the 
slot cover where it impacted the inner conductor.  
 
Per RCA, this had not been known to ever have happened in their 
lengthy previous experience. 
 
Jim’s crew started dismantling the lower 20’ sections of transmission 
line. It appeared the 6 1/8” outer would be okay after clean up but it was 
necessary to replace all the inner and, of course, the teflon spacers. We 
called RCA and learned the spacers and some, but not all, of the inner 
was available. Those of us heading up Engineering at the Madison TV 
stations were good friends. Though we did not share competitive 
information there were many times when we loaned parts back and forth 
to keep another station operating. Elmer Weisensal, CE of Channel 15, 
had a few sections of spare transmission line and loaned us the inner 
conductors from it. With what RCA had available this was enough to 
cover our needs. 
 

 

              Removal of Bad T/L                       Bottom Elbow Inner        
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Homer Cleaning T/L         Bob Z (left) with Bob W Calling RCA 
 
Damage to the transmission line inner is readily visible in the upper 
pictures. At the lower left of the bottom left picture, where Homer 
Bellus is cleaning transmission line, can be seen a temporary dipole 
which I made and tuned for Channel 27. This is similar to my temporary 
antenna constructed  for Channel 19 when the WXOW-TV tower was 
cut down, and which kept us on the air in La Crosse WI for about 10 
days. Here at WKOW-TV, as the lower transmission line was damaged, 
there was no opportunity to use this antenna and so it was never 
deployed. 
           

 

      Climber Going Up                                  Replacing T/L 
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Jim Crook’s crew was excellent in working on a job of this size. They 
strived diligently, but it still took several days to reassemble the inners 
and spacers and get these assemblies back into the transmission line 
outers, yet having to hoist each section up and reassemble the line on 
the tower. When this was finally complete we pulsed the transmission 
line, looking for reflections indicating a discontinuity or bad joint. A 
testimonial to our high quality crew of Engineers and Tower Workers is 
that all was perfect - no significant reflections! 
 
Next we reconnected the line at the 6 1/8” patch panel and gingerly, 
with the delta-wye switch set to the low voltage position, applied power 
to the transmitter. As all seemed fine high voltage of 19,000 volts was 
applied. VSWR was 1.03:1 - very good. It was now time, after a long 
long week, to go back on the air. We switched to regular programming 
and up came the program - “Mister Ed”. Hmmmmm ...  It seemed a bit 
ironic, after all the effort, sweat and hard work, to go back on air with a 
Talking Horse ... 
 
In reflecting on the lightning strike, questions remained. With all the 
slot radiator pylon antennas in usage what had occurred that we were 
damaged when all previous lightning strikes were benign and other TV 
stations had been unaffected? Engineers and others who studied 
lightning acknowledged that R.H. (Rudolph) Golde was the world 
authority in the matter. With assistance from RCA we contacted Mr. 
Golde and, due to the strangeness of our problem, he agreed to travel to 
Madison WI from Florida to visit with us. From his book “Lightning 
Protection” I deduced why he may have been in Florida.  In general, the 
closer to the equator the greater the number of thunderstorms. Florida 
has the peak number for the United States and there is a good deal of 
lightning research done at the University of Florida. 
 
He arrived and looked into our situation. A couple days later, after 
interviewing several of us and examining what evidence there was, he 
gave a presentation. Nearly all lighting occurs when a negatively 
charged cloud gains enough voltage to initiate a lightning strike toward 
the positively charged ground below. Golde noted that the average 
lightning stroke is in the range of about 25,000 amps. The stroke is 
relatively short with peak current occurring  in the first 20uS 
(microseconds) and tailing down in 100 to 200uS. However there are 



194 
 

very occasional situations where the cloud becomes positive as 
compared to earth. These positive lightning bolts can reach a current 
intensity of up to 150,000 to 200,000 amps. Based on what was known 
of our situation Golde postulated that the lightning strike which caused 
our damage was a positive stroke of well over 100,000 amps. Such 
lightning is extremely rare and so we were one of the very few 
installations to see such intensity that damage was caused. 
 

Tubing the Apple River 
 
One weekend in the early 1970’s several of us from WKOW-TV 
thought it would be an interesting excursion to go north to Somerset WI, 
rent the large inner tubes and float down the Apple River. This was 
hardly a new or original idea,  there were organized excursions and 
inner tube  rental sources for this endeavor. A number of us partook in 
the adventure and drove up the 270 miles to our launch point.  
 
Starting a day ahead of time we brought tents, camping gear, a supply of 
refreshments and beer and made the jaunt northward in several cars. We 
had prearranged reservations at the campsite/tube rental office and got 
there late Friday evening. It was a holiday weekend, perhaps 4th of July, 
though I do not recall for certain if this was the particular holiday. 
Seems likely though, as the grounds were overrun with a loud, raucous 
crowd and there was little sleep to be had that night. Our tents were so 
tightly packed that the guy ropes overlapped with the tents next door. 
There was whooping , hollering and general ruckus most of the night. 
Ahhh, but we were young and resilient and not too bothered by it all. 
Getting up the next morning we learned that some of the more unruly 
crowd had set fire to the gatehouse and burned it down during the night. 
While we were not at all pleased with this turn of events, and there was 
nothing we could do about it, we carried on, got our inner tubes and 
other gear and were driven up river, likely to the Apple River crossing 
of Hwy64. There was quite a group of us and we had regained high 
spirits and we were ready to be set adrift for the float down the Apple 
River. I believe there were Bruce & Carolyn Lilgegren, Harold & Thaia 
Heidke, Kay & I and our two girls, John Wickhem, Curt Westbrook, as 
well as several others whose names now escape my mind. 
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We used a couple canoes to hold the younger children while the rest of 
us simply settled into the large tractor tire inner tubes for a leisurely 
drift down river. There were snacks and refreshments and beer as well. 
None of us were heavy users of the malt beverage, and it was simply a 
refreshing cool-off on a rather warm and sticky Wisconsin day. It was 
generally pleasant and there was good fun with a little water splashing, 
but  mostly just good fun and conversation. Just a relaxing float down 
river for about the first 2/3 of the trip. 
 

 

             Kay and Bob Z                                Apple River Camping 
At this point a cool breeze arose and clouds began to obscure the sun. 
As the wind came up and the air chilled we put ashore to see what was 
going to happen. Rain began to pelt us as we gathered under the two 
canoes. The rain soon turned to hail and it cooled even more. We waited 
out the hail but the rain continued unabated. It was about 2 miles back 
to camp and I said, “I’ll run back and get the car”. At this point in life I 
had been running a 5k course twice a week so a two mile run was easily 
within my capabilities. 
  

 

                     Tubing Down the Apple River 
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Choosing the most direct path I set out across the fields toward camp. 
About a third of the way back I felt the hair on my arms standing up. 
Electrostatic charge!! As I was out in the open in a grassy field I 
immediately went down to the ground, making myself as low and small 
as possible. Blammm! The hair on my arms went down to normal 
as the lightning bolt struck a small tree about 50 feet from me. 
 
 
With the danger now past I continued my run back to the car. While 
driving back to a pickup point the storm subsided, just as rapidly as it 
had begun. Now the sun was shining and it was again warm. Our group 
hopped back into their tubes and canoes and proceeded on back to 
camp. The float down the Apple River had come to a pleasant and 
anticlimactic conclusion. 
 
 

EBS Receiver Design and FCC Type Approval 
 
In 1975 from the FCC came information that a new Emergency 
Broadcast System (EBS) would soon be implemented. It would be far 
more stringent than the old system and, of course, would require new 
equipment to implement the required generation of signals to be 
transmitted and received. FCC Type Approval of the Encoder/Decoder 
would be required, which meant most all Television Stations would be 
purchasing new equipment in order to comply. The new system would 
use 853Hz and 960Hz tones and include a highly selective receiving 
arrangement so as to conform to these requirements. 
 
To me it appeared this just might be an opportunity. It could be possible 
to design, and have Type Approved, a system meeting these 
requirements! Not only would this save an expenditure of funds, but it 
would also be an interesting challenge. 
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    FCC EBS Specifications 
 
Always looking for new and useful circuit design ideas, I had come 
upon a clocked filter system which could be capable of using a crystal 
controlled oscillator to provide stability corresponding to that of the 
crystal clocking frequency. Looking over the circuitry and design 
equations it appeared this could be a good fit for my needs. 
Remembering now, that all this is in the analog domain, the 
requirements using conventional analog filter designs were daunting. I 
had previously done an extensive amount of work in designing and 
implementing analog Active Filters. These are generally OpAmp 
feedback designs which can be tuned to most any desired frequency in 
our range of interest for the EBS implementation.  
 
However the Active Filter has some serious limitations, the most critical 
one being drift. As the specification for the capture of the received tones 
was +/-5Hz this meant a maximum drift of about 0.5% over the 
specified temperature, voltage and humidity range, a far more stringent 
requirement than could be readily obtained. Capacitance shift with 
temperature of even the very best capacitors could not produce that 
degree of frequency stability. 
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With the frequency stability of a clocked filter dependent only on the 
oscillator, and .005% crystals being readily available, frequency drift of 
the filter passband is no longer an issue. Drift of the passive components 
affects only the Q and bandwidth of the passband and this has negligible 
affect on overall filter characteristics. Even a moderate change of this 
value produces little change in performance. As will be seen in the 
performance data below, the clocked filter provided performance well 
within FCC specified limits. It proved to be an excellent choice for this 
application. 

 

 
                                     EBS Decoder Performance 
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                          FCC Type Approval Application 
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                            EBS Type Approval Exhibits for FCC 

 

          EBS Decoder 
The EBS Encoder/Decoder worked flawlessly and I would have liked to 
have passed it on to others, but there appeared to no longer be a viable 
path to publish an article about it. Though FCC Type Approval had 
been obtained, the EBS System stayed within the confines of the 
Wisconsin Television Network. While I do not know how Broadcast 
equipment manufacturers handled the stringent filter requirements, I 
have never heard of a switched capacitor implementation being 
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employed. To the best of my knowledge this was not used by others to 
gain the stability and narrow bandwith performance of my approach. I 
wish there would have been a straight forward path to publication as this 
design, which already had FCC Type Approval, as it would likely have 
been employed by other Television Broadcasters to fill their EBS 
Encoder/Decoder needs. I consider it to be one of my best and most 
innovative designs. 
 

Remote Broadcasts 
 
“March Madness!” The first time I ever heard that was in regard to the 
State High School basketball Tournament. When I was in High School 
at Waterloo Wisconsin there would be first the local basketball 
tournament, then the Regional Tournament, which led to the Sectional 
Tournaments. All this was followed by the State Tournament played at 
the Field House in Madison WI where the University of Wisconsin 
Badgers played their basketball games. While brother Joe and I could 
only take one sport - we both chose football - neither of us played HS 
basketball. This was unfortunate in Joe’s case as he would have been 
very good. Joe was 6’ 4” tall and could pick up a basketball in one hand 
- which was unusual in those days. However we were only allowed to 
take one  sport in High School as we had to be home to help work in 
Dad’s shop nights and Saturdays. Out in the rural, this was simply a 
usual fact of life. One was expected to help at home with chores on the 
farm, family business, or whatever.  We grew up knowing how to work 
and I don’t recall ever being resentful about any of this. 
 
Though we didn’t play High School basketball every opportunity was 
taken at the gym to shoot (and often miss) baskets. Then there were the 
barn floor basketball games! Sometimes a bit rough and rowdy, these 
were frequent events. A basketball hoop was permanently affixed at 
each end of the floor and our informal games progressed. Often there 
were no nets on the baskets as the makeshift ones we fashioned from 
feed sacks were not very durable and didn’t last long. Hmmmm ... did it 
go through, or not? However we usually attended the local High School 
games and were always there when March Madness hit, attending the 
nearby tournaments and getting to the somewhat more distant ones 



202 
 

when possible. The Big One was the State Tournament finals in 
Madison. Whenever possible we were on the scene. The fans were 
highly exuberant and were always jammed at the doorway for perhaps 
half an hour before the doors opened. And I do mean “Jammed”. I 
remember an occasion when a fan in the middle of the crowd fainted. 
She didn’t fall down - the crowd was so compressed that was not 
possible. Seeing the problem, those of us nearby formed a pathway out 
so she could be freed from the crush. Shortly, she recuperated while the 
rest of the crowd simply stayed jammed at the entrance till the doors 
opened. 
 
Among the many things we televised during my years at WKOW-TV 
were these State High School Basketball tournaments in Madison as 
well as most of the away-from-home U of W basketball and hockey 
games. This was now the 1970’s and our TV Stations were WKOW in 
Madison, WAOW  Wausau WI, and WXOW La Crosse WI. The fourth 
station, WQOW-TV Eau Claire WI, had not yet been built. As a Group 
TV Station Operation we chose not to own a TV Remote Truck but 
rather to lease Remote Trucks when we needed them. To amortize a 
Truck one needed to have it in operation two to three times a week. We 
felt it less problematical to lease trucks when we needed them instead of 
managing the leasing out of a Remote Truck to others in order to keep it 
in operation often enough to have it pay for itself. In my position as 
Director of Engineering I was then in charge of Engineering for the 
Wisconsin TV Network Stations and it was my task to select and lease 
TV Remote Trucks so as to meet our needs. There were a number of TV 
Remote Trucks available, some with greater capabilities on board, some 
more expensive than others. We often used the WTMJ truck from 
Milwaukee for our Telethon broadcasts, High School Basketball 
Tournaments, as well as for some other shoots. In Iowa there was the 
Carnanaby Square truck, and I often selected Dick Shipiro’s truck from 
Chicago for our shoots. I first met Dick Shipiro when he worked for 
WBBM-TV in Chicago. When the TV Networks were doing a sports 
broadcast they frequently added a few “pickup engineers” from the local 
stations to augment their crew. In the 1960’s I had worked on the 
WBBM truck a couple times and so met the truck crew chief, who was 
then Dick Shipiro. Later he left WBBM and put together his own TV 
Remote Truck. 
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As we needed them set up for our broadcasts, Remote Trucks usually 
had three cameras, a Videotape machine or two, and of course, complete 
video and audio control with mics with Intercom system. In the earlier 
days a SloMo (Slow Motion playback), if available, cost extra. For a 
number of years the only SloMo was the Ampex HS-100. This was a 
hard disk machine costing about $100,000 to purchase. The hard disk 
was about a foot in diameter and would record up to 30 seconds of 
video. A SloMo Controller allowed playback at normal or reduced 
speeds. When televising a basketball game one would, for example, run 
the SloMo in Record mode with a feed from a closeup camera, mark the 
point where the shooter went to the basket, then rewind it if there was 
evidence of a foul or other interesting action. A lever on the left side 
controlled the speed and direction of the playback. If the Director called 
for a replay the SloMo was started, then slowed - or stopped in a freeze 
frame - at the point of interest. I enjoyed running the SloMo and so 
often did this on our Remote Broadcasts. 
 
A replacement hard disk cost several thousand dollars. On one remote 
the Truck Engineer set the head down too hard - “dropped it” - and 
damaged the disk. We had no SloMo for that shoot, as a new disk was 
then needed. A few years later “C Format” videotape had been invented. 
It was a Helical Scan system using 1” wide videotape. As the helical 
format allowed playback of a complete picture in a single pass of the 
head across the tape, the machine, an Ampex VPR-1, could then provide 
slow motion or stop motion. These machines soon replaced the hard 
disk devices for this usage. They were less expensive, had almost 
unlimited record duration, and were much more durable than the  
Ampex HS-100. 
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  Homer in Remote Truck Camera Control Position 
 
Some of the leased Remote Trucks were luxurious, others were less so.  
The truck in the preceding picture is one I would consider in the “less 
so” category. On the other end of the scale was the $1 million 
Transmedia truck. This was a high end Television Remote Truck, one 
which the Networks often used for their shoots. Unfortunately it came to 
an inglorious end. It was parked on an incline, with no one on board, 
when the brakes failed. It rolled down the grade and was smashed 
beyond repair. This was a pity - it was a beautiful truck with everything 
on board you would find at a fixed location studio. 
 

 

             Truck Director                                Switcher Dave Russell 
 
While we leased the Remote Trucks we chose to use our own operating 
crews for the Remotes. A single Engineer - the “Truck Engineer” came 
with the truck. This person knew the truck and its equipment and was 
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there to give us information as to how the equipment peculiar to that 
particular truck operated and was interconnected. Our own Engineers 
and Production crew were there to do the setup and tear down, and of 
course, to operate the equipment while doing the Broadcast. With 
Remote units we used often we knew the trucks, as well as the 
personnel, which then made for a quick and easy setup. We often used 
the WTMJ (NBC Milwaukee) Truck, a truck from KMSP in 
Minneapolis, Dick Shapiro’s truck from Chicago, and others. Another 
oft used truck was from Pittsburgh, but I cannot recall the name of the 
group who was the lessor. The WHA-TV (Madison Educational) truck 
was sometimes used for games at the U of W Field House and on some 
shoots we selected the Caranaby Square truck for usage. 
 
Another name I don’t recall is that of the person at KMSP whom I 
would call to make arrangements to have them supply their truck for us. 
When I was younger I had a very low bass voice. (Later, I had a tube 
down my throat for  surgery which did some throat damage and my 
vocal pitch went up from the low bass it had always been.) My 
counterpart at KMSP also had a very low bass voice, similar in pitch to 
mine. For a reason I don’t recall, another member of our staff had joined 
with us on what was then a 3 way phone call. When we were finished 
and had hung up he came up with a comment I won’t forget, “That 
sounded like two fog horns talking to each other!” 
 
Using so many different trucks we came to use, and got to know, many 
different pieces of broadcast gear. At our WKOW studio in Madison we 
had a pair of General Electric PE-350 color cameras. The KMSP truck 
had GE PE-400’s, the same as ours, just a slightly newer model. These 
were 4 plumbicon cameras. When each of these was new it was state-of-
the art. There were Red, Green and Blue plumbicons, as well as a 
plumbicon for the luminescence, or White channel. Dichroic beam 
splitters routed a goodly share of the light from the large camera pickup 
lens to the white plumb, and split the rest of the light to the three color 
pickup tubes. It is a known fact that the eye picks up most of the detail 
from luminescence signal and far less of the detail from the color 
channels. 
 
Unfortunately, shortly after these cameras were introduced the “state of 
the art” changed. Norelco discovered that essentially all of the detail 
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information was also present in the green signal. They introduced the 
Norelco Three Plumbicon camera with “contours out of green”. Detail 
information was derived from the green signal and so the fourth, or 
luminescence plumbicon was not needed. Yes, this saved money, but 
that was not the big advantage. The game changer was that all that light 
which had gone to the white channel could now be simply shared 
among the color channels. Thus the 3 tube camera was considerably 
more sensitive and thus performed better - having a better signal-to-
noise ratio than a 4 tube design. While our GE 4 plumbicon cameras 
were not obsolete, they were superseded by the 3 plumb layout. All 
future broadcast video cameras were of the 3 channel design. Also, 
Norelco with the PC-70, and the soon to follow RCA TK-44, 
concentrated on cutting down weight which made them smaller, easier 
to handle and, in particular, better suited for Remote Truck usage. The 
GE cameras were considerably more of a chore to handle on remotes, 
where the camera heads had to be carried, perhaps up many stairs, to 
upper levels of a stadium. 
 
While the Trucks we used had a variety of switchers and other 
equipment, a particular CDL Switcher (Central Dynamics Laboratory of 
Montreal Canada) was used on many Remote Trucks. It seems to me it 
was the Model 1260, though I’m not at all sure of that type number. It 
was a quite capable switcher and not difficult to use and so our 
engineers who switched video were accustomed to, and proficient with, 
this Switcher. Cameras on the truck were often PC-70’s though others 
were used on a number of trucks. Cameras also might be TK-44’s, CEI, 
Ampex, Bosch, Sony, etc. While white balance and other adjustments 
differed between camera brands, setup and operation procedures were 
similar enough that moving from one camera brand to another was not a 
problem. 
 
We usually leased aircraft at Truax Field in Madison and flew our crew 
to each Remote.  While Jerry Emmerich could be very jovial, and a bit 
wild and crazy at times, he was a highly competent instrument rated 
pilot with whom I always felt safe and comfortable. Jerry was our 
Production Manager and usually directed the program we were 
televising. For these flights Jerry generally arranged for two Cessna 210 
Airplanes which provided  enough space to transport a crew of 6 or 7 to 
the game site. He would fly one airplane and Ernie, another pilot we 
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could employ, flew the other. The Cessna 210 was powered by a fuel 
injected Franklin 190 HP engine and would true out at 190 knots (219 
mph) cruise. After climbing to altitude and leveling off it took a bit 
more  time to actually reach cruise velocity. At this point a little sizzling 
sound could be heard and you then knew you had reached Cruising 
Speed. I loved the 210 - it was a great aircraft! 
 
You may note, as you read my accounts of our Remote Broadcasts, that 
I will often not state who won the game or what the score was. That is 
because we did so many Remotes that most of the games tend to simply 
blend into single entity. The things which have stuck in my memory 
cells - and those I have recorded here -  are incidents which struck me as 
interesting, amusing, or simply out of the ordinary. 
 

 
Notre Dame Hockey 

 
University of Wisconsin hockey was an important event which we 
televised. The U of WI TV Station, WHA-TV, televised the home 
games while WKOW-TV and our group of stations, the Wisconsin 
Television Network, broadcast most of the away from home games. All 
of these Remotes were arranged from the headquarters station, WKOW-
TV in Madison. Wisconsin. Minnesota, North Dakota, and occasional 
others such as Michigan Tech, and Michigan were the hockey 
powerhouses in the Big 10 area. Wisconsin had won the NCAA 
Championship many times and WI hockey fans were legend in their 
exuberance.  
 
On this occasion Wisconsin was playing at Notre Dame in South Bend 
Indiana. Going to Notre Dame from Madison means flying essentially 
over Chicago and not far from O’Hare, one of the world’s busiest 
airports. Air traffic is heavy with many, many large airliners in the area. 
Jerry listened closely to the tower and was in occasional 
communication, as necessary,  with the Air Traffic Controllers at 
Chicago Center. Knowing they were very busy with all the aircraft, he 
kept communication short and terse. Those of us in the airplane 
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continued lookout for nearby air traffic. “Fish at 9 o’clock above”, 
might be the comment as an airliner passed to our left at a higher 
altitude. In the congested airspace the added eyes and vision could 
prove useful to the pilot in helping to inform  him of what traffic was 
around us. After about 20 minutes air traffic got lighter as we neared the 
South Bend airport. The landing was routine and we boarded our 
transportation to the Notre Dame campus. 
 
I believe we used Dick Shapiro’s Remote Truck for this shoot. Weather 
was good, considering it was winter in the upper midwest, and setup 
went without incident. Jerry directed, I believe Craig Bluschke was 
video switcher, and I ran the SloMo while others operated the cameras 
and audio console, etc. I don’t recall the score, but Wisconsin was in top 
form and scored an easy win over Notre Dame. It is a fairly long drive 
from Madison to South Bend but that did not deter the boisterous 
Wisconsin hockey fans. Many were in attendance and as usual, they 
whooped it up during the game. When it was over we tore down the 
remote, rolling up camera cables, carrying cameras and other equipment 
to the truck and stowing it for the road. After bidding Dick Shapiro 
goodbye we were ready to head back to the airport. At this point it was 
an hour or more after the end of the game, and the Wisconsin Hockey 
Fans were still out on the ice, continuing their raucous celebration. 
 
       There is nothing quite like a group of Wisconsin Hockey Fans. 
 
Upon arriving back at the South Bend Airport some time after midnight 
four of us boarded our Cessna 210 for the flight back to Madison. Of 
course we again would be flying back nearly over Chicago and quite 
near O’Hare Airport. Weather was still good as we took to the air and 
began our ascent. Getting nearer to Chicago Jerry again contacted 
Chicago Center Air Traffic Control identifying our airplane by its NC 
number and saying, “I won’t take much of your time as I know how 
busy you are”.  The slowly stated response was, “Busy? ... oh no, ... you 
and one other aircraft over Green Bay ... are the only people alive in the 
world tonight ...”. 
 
Seems that life moved much more slowly and easily after midnight than 
during mid day ... 
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Minneapolis Basketball 
 
Flying our Remote Crews around the upper midwest in winter could be 
an interesting experience. This geographical area is home to “rime ice”, 
the kind which can build up on stationary or moving outdoor surfaces. 
Among these outdoor surfaces are television towers, as noted in “Ice 
Storm ‘76”, and in the moving surfaces category, airplane wings. We 
were always extremely careful not to be flying during, or into, icing 
conditions. More than once I have seen a pilot shine a flashlight beam 
along the front edge of a wing to be sure there was no ice buildup. Had 
even a small amount of icing been observed we would have done a 180 
- that is a 180 degree turn, or U-Turn, and gotten out of there. In all of 
our winter flying this never happened, but we were extremely cautious 
about weather. On more than one occasion we used alternate 
transportation to eliminate the possibility of getting into a dangerous 
situation. My father, who piloted small aircraft all his adult life, often 
said, “there are no old, bold pilots ...” 
 
We were to televise a Basketball game in Minneapolis between 
Wisconsin and Minnesota. As we kept a wary eye on the weather that 
day it became evident that we wouldn’t be using our usual 
transportation to get there. Conditions were deteriorating and flying the 
Cessna 210’s was no longer a safe option. This meant booking 
commercial flights, if this were possible, canceling the broadcast, or 
finding altogether different means of transport. Not doing the broadcast 
as an option was a non-starter. We had to find a safe way of getting to 
the game. Jerry scrambled to check and found there was a Cessna 410, 
with pilot, at Truax Field available for booking. He quickly made 
arrangements and booked the flight. 
 
The Cessna 410 is an “all weather” aircraft which can handle icing 
conditions. It is equipped with ice boots on the leading edge of the flight 
surfaces. These ice boots are pneumatically flexed outward breaking off 
any ice which is forming. It seems to me it also had heated props so as 
to shed ice. It should be noted that, though ice buildup does add some 
weight to an airplane, this is not the main problem. Ice buildup on the 
flight surfaces, particularly on the front edge of the wings,  disrupts 
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laminar airflow and so impairs the ability of a wing to create lift. Loss 
of lift is the primary culprit which makes icing dangerous.  This type of 
icing caused the crash into an Iowa cornfield which claimed the lives of 
Ritchie Valens, the ”Big Bopper”, and Buddy Holley as well as others 
on board, on a winter night in 1959. 
 
Boarding the aircraft, it could be noted there was a large fiberglass 
“patch” on the fuselage roughly at the leading edge of the left wing, 
which had been installed at the time of manufacture of the Cessna 410. 
As I was seated on the left side near this patch, its purpose became 
apparent after we were in the air. The propellers threw off the ice and it 
struck the fuselage with a resounding Kwaaack! A bit 
disconcerting till one became accustomed to it. Apparently rotational 
direction of the motors only caused an inward ice fling as there was not 
a protective patch on the right hand side of the fuselage. The rest of the 
flight and shoot was anticlimactical, and I am remembering only the 
out-of-the ordinary events. Who won, and by how much? ... I don’t 
recall ... 

Iowa State Wrestling 
Another of the many Remotes was the Wisconsin Badger wrestling 
team vs the Iowa State Cyclones at Ames, IA. As usual this was in the 
winter and we were slated to fly over to the match. Once again the 
weather was not cooperating. While the roads were not in bad condition, 
icing conditions prevailed which prevented flying. 
 
As there was adequate prewarning it was decided we would drive to 
Iowa in three cars. This was about a 275 mile trip, southwest on Hwy 
151 to Dubuque IA, then Hwy 20 west followed by a jog southward to 
Ames. I was driving my 1974 Dodge ex-Police Cruiser on this rather 
dreary day. The Dodge was an interesting vehicle. It was powered by a 
440 cu. in. high output engine. When you stepped on the Loud Pedal 
(accelerator) something happened! It was a great car to drive but, as I 
often said, “it had a steering defect”. That is (facetiously) it would turn 
in at every gas station. When I bought it gasoline was 28 cents per 
gallon so the fuel mileage wasn’t all that serious. If you saw the Blues 
Brothers movie, this was the same car as in the picture - however mine 
was in much better looking condition. 
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One of our Engineers, Craig Blushke was in the back seat, mostly 
sleeping. Whenever we came to a railroad crossing he would awaken 
with all the pertinent information, saying - “This is the Chicago, 
Burlington and Quincy Railroad. It runs from Chicago to La Crosse, St. 
Paul and Grand Forks and has 2182 miles of track” – or some similar 
report. He would then drift back into snooze mode until we got to the 
next railroad crossing. Later on Craig acquired a surplus caboose and 
had it parked near his house not far from Madison. Very fitting! 
 
Terry Shockley, our Station Manager, had been a college wrestler and 
of course, most interested in the sport. However, this is the only 
wrestling match I can remember broadcasting. You may know college 
wrestling is a wholly legitimate sport, not at all resembling the mayhem 
of “Pro Wrestling”. After following hockey pucks at 90mph, or the 
action flow of Big 10 Basketball, action in the wrestling ring was at a 
far more leisurely pace. During the match I was running the SloMo and 
said over the intercom to our director, Jerry, ”Do you want the 
SloMo?”, He said,” SloMo? - My god, you can’t slow this down any 
more!!” 
 

 

       Marshall Shapiro Announcer          Ken Switching in Truck 
 
Getting back to the 1974 Dodge for a moment, I was on another trip 
across Iowa with Kay and our two young daughters in the car. Our 
vehicle had just the small inner wheel covers, spotlight mounted on the 
left side, a regular radio antenna, and a roof mounted antenna for the CB 
radio I used at that time. We were heading west on I80 to Des Moines, 
then south to Kansas City. On the CB Radio I heard the comment, 
“White over blue Smoky at mile 172”. Of course, that was us. I had 
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heard comments of this nature a few times before as others recognized 
us from our heritage, but didn’t know we were not legitimate. This time 
I couldn’t resist, so I picked up the mic and said, “What’s the matter, 
don’t you like our colors?” The immediate response was, “Oh Yessir, 
yessir, we like them just fine!”. 
 
On another occasion we were in the Texas panhandle going through a 
small town somewhere in the vicinity of Amarillo. I had come into town 
and was traveling at the posted speed limit of 25mph when I noted a 
Police Car pull out and drop in behind us. Continuing on through he 
followed right behind. Arriving at the far edge of town I accelerated to 
the new speed limit of 35mph. Shortly, he turned on the Red Light and 
pulled us over. Coming up to the car he asked for my Drivers License, 
looking over the two of us in front and our girls in the rear seat. He 
noted the Wisconsin License Plates and asked where we were going and 
I replied, “been visiting in Albuquerque, going back home to 
Wisconsin”. He then said, “Someone has been impersonating a Police 
Officer and I needed to check out the car - obviously it is not you. Have 
a nice trip.” And we were on our way. 
 

Michigan State Hockey 
 
Another interesting remote was our trip to Michigan State at Lansing 
Michigan to shoot two hockey games. As we would be flying across 
Lake Michigan we chose to take a twin engine aircraft for a little added 
margin of safety. The airplane was a Piper Geronimo. This is a Piper 
Apache with a factory approved modification adding two larger engines 
than in the original airplane. It was a rather cold winter day when we 
took off from Madison heading for East Lansing. The aircraft had 
recently been modified, upgrading from the Apache, and had been 
thoroughly tested as well as having all the proper flight papers and 
approvals. However on a cool day as it was, and flying at fairly high 
altitude there were some definite drafts and it was not terribly warm 
inside the airplane. It was satisfactory going over to East Lansing that 
afternoon but we certainly did notice the coolness of cabin and interior 
of the aircraft.  
 



213 
 

The flight over was uneventful and we landed and proceeded on over to 
Michigan State University to meet the remote truck we would be using 
for the broadcast. It was a truck we had never used before and, as I 
recall, I knew somebody who was connected with the truck and it 
seemed the unit would be satisfactory, so I had arranged to lease that 
particular truck for the shoot. The first game was on Friday night and 
the weather got ever colder, dropping to a few degrees below zero or 
perhaps a little lower. The truck itself was satisfactory, but a little less 
than the usual style of Remote Truck which we were generally used to. 
There were propane heaters in it for heating and it had some other 
auxiliary heaters -  it seems to me they were perhaps charcoal - though it 
doesn’t seem as though could’ve been charcoal as that would’ve given 
off carbon monoxide in the truck - but it was something that was small 
and could generate some limited heat. However there was no propane in 
the tanks for the regular heaters! As we were about to start the shoot 
before I discovered this I was unable to get  hold of the truck owner to 
get some propane in the tanks before we began. We did the entire shoot 
in that very cold weather without adequate heat. It was cold!  
 
I was not at all happy with the situation and as soon as I could get ahold 
of the truck owner let him know (in no uncertain terms) that we would 
have propane on board for the next night and he would be supplying it! 
The apologetic truck owner had us ready to go for the  
Saturday afternoon game, with propane in the tanks and the heat 
checked out. 
 
Michigan State at that time used the old arena for hockey - a very 
interesting place. It was a rather small building and probably held a 
couple thousand people but was strangely set up for televising hockey. 
We used three cameras, one at each end, and there was one right in the 
middle on a platform which, as I remember, stuck out a bit over the ice. 
Just think of trying to follow a puck moving perhaps 85 or 90 miles an 
hour with the camera, and having to make 180° turn to follow it is it 
went by. Not very easy! Jerry was directing as usual and really loudly 
was exclaiming, “keep the puck In the shot!” I don’t remember a lot 
about the game, as is often the case with remotes we did. We did so 
many of them that one sort of blurs into another, but we got through the 
broadcast without further incident.  
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By the time we had finished the 2nd game, now much more warm and 
toasty, and completed teardown it was evening and the temperature was 
again dropping. While the truck heat issue was now behind us, there 
was still the flight back to Madison. With the temperature now back 
below zero the drafty Geronimo was not holding heat well, especially 
down at the floor. I layed my briefcase down flat and put my feet on it. 
When we got back to Madison I had a little trouble getting moving 
again. The bottoms of my overshoes had lightly frozen to the briefcase. 
 
A Real Cool Trip. Perhaps needless to say, this was the only time we 
ever used that particular Remote Truck – or that Piper Geronimo.   
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Remotes in General 
 
To read my descriptions one might think all these Remotes were a 
hassle, laden with trials and difficulties. Not so at all! As I mentioned 
earlier. I tend to remember those things which were different, those 
things which stand out in my memory. Most of the flights and 
broadcasts went smoothly and without difficulty. We had a really top 
notch group of Engineers and Production people, as well as superb 
announcers, who knew exactly what to do, and who nearly always 
performed their jobs flawlessly. Thus, it is the odd situations, - the 
unusual happenings - which are the ones I have remembered and written 
about. 
 
On the announcing side it was often Marshall Shapiro or Gary Bender 
handling the play-by-play, the interviews, etc. I remember on one of the 
flights Marshall brought along a small brown paper bag. After we got 
under way to the remote he opened it and offered each of us a bagel. 
Hmmm ... I knew bagels were a traditional Jewish food, but had never 
eaten one previously. This was just at the beginning of the great burst of 
bagel popularity which followed and has endured ever since. The first 
bagel I ever had. 
 
Marshall was our Sports Director for many years. A former University 
of Wisconsin boxer, he had strong ties with the University community. 
He also had a kid’s show, Marshall the Marshal, which was very 
popular.  A good friend of mine was Gene Zastrow who was Chief 
Engineer of the educational TV Station, WHA-TV. On one occasion 
Gene’s son was on the Marshall the Marshal show. Marshall asked him, 
of course knowing the answer, “What does your father do?”. The 
answer was, “He’s an Engineer”. Then asked, what kind of an Engineer, 
there was a bit of an introspective pause, he looked upward and said, 
Whooo, Whooo!” That brought a big laugh as all present knew Gene 
was not a railroad engineer! Before he left WKOW-TV after many 
years, Marshall started the Nitty Gritty Restaurant near the U of W 
campus, eventually leaving the TV station to pursue that endeavor full 
time, and then added several more Nitty Gritty’s around Madison.  Gene 
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Zastrow went on to become Director of Engineering for KQED-TV the 
Educational Station in San Francisco. 
  
Gary Bender was another of our announcers. A really high quality 
individual, the floor crew often referred to him as “Big Star” whether he 
was present or not. This is because he was truly a Big Star, but he did 
not act like it. Totally professional, he was a pleasure to work with. 
Gary had played football for the Kansas Jayhawks, then later announced 
their games on TV. He told of the time when he messed up  saying the 
word he intended to say. The Kansas quarterback had completed a play 
and appeared to have injured his passing hand. Gary said, “Oh no, he 
has hurt his pissing hand”. Gary then said to me, “I never stopped, I just 
kept going about his passing hand and how it might affect the game. I 
didn’t get a single phone call, or comment from anyone who may have 
heard it.” After Gary Bender left WKOW he went to CBS and became 
Announcer/Color Man for CBS Football for many years. A fine 
individual whom I was fortunate to work with. 
 
 

Duluth Hockey 
 
For those who don’t know the midwest well, Duluth MN is on the west 
end of Lake Superior, the largest of the Great Lakes. Just south of 
Duluth is Superior WI, and Duluth is at the western extremity of the MI 
Upper Peninsula, which is just north of Wisconsin and borders Lake 
Superior on the lakes south side. Lake Superior is both cold and deep. 
To the best of my knowledge, it never totally freezes over in the winter. 
We had shot hockey here several previous times. It was never hot(!?) 
Being essentially on the water, with the wind having nearly a 400 mile 
sweep, it could be well below zero and bitingly cold. Of course it was 
always winter when we were there to shoot two hockey games, usually 
one Friday night and the other Saturday afternoon.  
 
On one occasion the weather was moderate - not real cold - that is. We 
televised the Friday night game then went to the motel for the night. 
Some of us liked to ski, so engineer Ed Proctor and I, having Saturday 
morning free, set out to do just that. We drove southwest, down along 
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the lake, then up highway 2 to Proctor MN where we stopped to look 
over the town. As I was with Ed Proctor, and this was Proctor MN, we 
thought it appropriate to stop for a visit. The ski hill was a bit farther 
and we spent a couple hours there. While the ski hills of the midwest do 
not approach the elevations of those in the west, some are rather steep 
and provide a great recreational experience.  
 
Duluth is rather like San Francisco in that it is not level. You come 
down a block, then flatten as you cross a street, then continue down to 
the next street. Now imagine these streets being snow and ice covered 
as you progress downward. This time our motel was up at the top. Our 
cab driver must have been a former Kamikaze pilot. Getting down to the 
Stadium was an experience not to be forgotten. Had there been cross 
traffic at an inopportune moment we would have T-boned it. 
 
On another occasion it was cold!  We were staying in a motel right on 
the edge of Lake Superior. Looking out toward the lake you could see 
slabs of ice the height of houses or more, tilted up at various angles in 
the lake. While the main body of water does not freeze, ice forms for a 
couple miles or more at the edges. Apparently an east wind coming the 
length of the lake had caught this ice, broken it up, and mashed it up 
against the shoreline. It is not an uncommon sight in a Lake Superior 
winter. The motel, being a somewhat older building was long and 
narrow with lengthwise hallways having rooms on either side. While I 
don’t remember being cold in the rooms, walking down the hall was 
almost like being outside. 
 
The good thing about the Duluth venue is that, unlike any other place I 
remember, the Remote Truck could be pulled inside the Stadium. So, 
despite the biting cold outside, we had comfortable conditions for setup, 
teardown, and truck operation. Who ever designed this Arena was 
thinking! I might also mention that Duluth was the first place I had ever 
seen where you could walk around most of the downtown without going 
outside. In this area of town there were covered sidewalks, on 2nd story 
level, as I remember. I believe it was later that Minneapolis instituted 
the same arrangement. 
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Indiana Basketball 
 
Again, it was the unusual, or different situations, which are easiest to 
remember. The Remote at Bloomington Indiana was one of those. The 
Stadium at the University of Indiana, with all their basketball prowess, 
was large and well lighted. Inside, up near the Announce Booth, it gave 
the illusion that you needed to hang on lest you fall all the way down to 
the basketball court. Well, it wasn’t really that bad, but, being rather 
steep with the upper seats at quite an angle, it could feel that way.  
 
Earlier in the day we left from Madison in two airplanes for the ride to 
Bloomington. Ernie was flying a Cessna 210 and the other aircraft was 
an Aero Commander. I had never been in one before and so this would 
be a new and interesting experience. This was a 6 or 8 place high wing 
aircraft and I was seated at a left hand window near the middle of the 
wing. Two radial engines hung down from the wings and there was 
fixed landing gear, the left one being straight out from my window. 
Though there had been a storm a day or so earlier, weather was now 
good as we proceeded the 300 miles southeast across southern 
Wisconsin, Illinois and on to the University of Indiana. As we 
approached Bloomington it was noted by the Tower that the storm had 
left a coating of ice down below. 
 
Ernie was leading in the Cessna 210 and so was first to land. We soon 
received a radio communication from him, “there is zero braking down 
here”. The 210 slowed okay on the runway and there was no problem. 
In the Aero Commander we were in our approach, and then touched 
down. Looking out my window I could see the tire on the landing gear 
stop - then rotate - then stop and again rotate. Ernie was correct - there 
was no braking! It was solid ice. Though the action of the wheel was a 
bit spooky, the runway was long and we came to a halt without incident. 
Departing from the airplane it was easy to see why the wheel was 
stopping upon application of our brakes. The ground and runway were a 
solid sheet of ice. I used my “ice fishing walk” to leave the aircraft and 
get to the buildings. 
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We got transportation to the Stadium and met the Remote Truck. 
Surveying the setup, the  situation appeared formidable. We had to run 
camera cables (“firehose”, in those days) up the outside the building to 
the roof, and then route them inside to the upper camera positions. With 
half an inch to an inch of ice under foot how was this possible?? Going 
up to the top and getting out on the roof, it was found there was a 
“saving grace”. There was a four foot high brick parapet all round the 
roof at the edge. Thus, there was now relatively little danger in case of a 
fall - one would remain atop the roof!  
 
I helped bring rope up to the roof and we dropped an end down so as to 
affix it to a cable and bring the upper cable end to the roof. One still had 
to be careful due to the precarious footing, but we got the cable ends 
successfully inside where they could be connected to the cameras. Then 
there was the usual routine of carrying cameras and tripods up to the 
allocated positions and then applying power. Success! As expected, we 
had pictures down at the truck. Also as usual, audio and intercom were 
more of a pain to get going than video.  As was the case on most of the 
trucks we used, multiconductor cables with many pairs were employed, 
which was far easier than having to run a multitude of individual 
balanced cables. Still there is often the situation of the unexpected 
occurring. Oops! Hum on that line. .. Do we have a mic level feed 
where a line level signal is needed ... etc, etc. I believe Gary Bender did 
the announcing, perhaps with Ken Syke doing color(?) I again handled 
SloMo while Craig Bluschke was TD (video switcher). In any case the 
rest of the broadcast went routinely, and once again, I have no idea who 
won the game. 
 
Now near midnight, we did the tear down. Temperature had dropped 
and it was zero or below. With our great crew the job was done, though 
it was cold, and we then got a taxi to take us back to the airport. Ernie 
had arranged for a preheat for the Cessna 210 - that is a heater ducting 
hot air into the motor of the aircraft. The airport only had one preheater 
available and so there was no preheat for the Aero Commander. Again - 
it was cold! Along with our pilot the members of our broadcast crew 
returning to Madison on this aircraft now boarded. I took the co-pilots 
seat just to the right of the pilot and he attempted to start the left engine 
- the one which had the generator.  
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Rrrrr, Rrrrr, Rrrrr - spit cough ...  Try again - same result ... one more try 
... no success ...  
  
It is now 1:30am and very cold. Hmmm ... how can we find a Motel at 
this time of morning ... and a Cab to get us there ...? 
 
After pondering our next moves, we contemplated what to do. As he 
could do us no good by staying, Ernie left in the Cessna 210 and headed 
for Madison. 
 
Our Pilot then said, “ I’ll give it just one more try”. 
 
Rrrrr, Rrrrr, Rrrrr  splut - cough ...  BRRRRRR!! The engine - on this 
Last Try - started!! 
 
With the generator supplying battery charge it was straight forward to 
start the other engine. Soon we had heat and were ready to go! Down 
the runway, and up in the air. We now had warmth, we were flying and 
heading home. 
 
The world had changed.  
 
 
From bitter cold and not knowing where and how we might spend the 
night, we were now comfortable and moving homeward. 
 
Our pilot was aware I had previous aviation experience and he soon 
said, “want to take it?” I took over the controls, kept the heading he was 
on while assuring we maintained a level attitude with the turn-and-bank-
indicator, and headed us toward home. The night was clear and cold - 
crystal clear - and a beautiful night to be flying. Perhaps an hour later I 
noted the lights of a city slightly ahead and to our right. “What town is 
that?”, I said. “ ... I don’t know ...”, he replied, then saying, “I’ll take it 
and we’ll see”. Moving toward the lights, and dropping altitude, we got 
low enough to see the airport. “That’s Rockford Illinois, I recognize the 
runway pattern”. Winds aloft had been greater than anticipated and, 
though I had maintained the original heading, we were blown a bit off 
course. It was now a simple matter for him to make a turn northward 
and we were soon on the ground in Madison. 
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Flight to NAB in Washington DC 
 
I believe it was 1974, and time to go to the National Association of 
Broadcasters (NAB) trade show. At that time it was held two years at 
McCormick Place in Chicago, then one year in Washington DC and this 
was the Washington year. I was originally slated to fly by commercial 
airline to DC, but really wanted to bring a couple others along to the 
show. At NAB each year there was always the latest in Television 
Equipment on display and it was a good thing for our Engineers and 
Production people to see. Also, there was the intermixing with people 
throughout the Broadcast Industry which meant it was helpful in getting 
to know people and interacting with some of the leaders in the 
Broadcast Field. We decided that enough money could be saved by 
taking a Cessna 210 and flying out to the Convention, to allow four of 
us to go. Thus, we decided to fly ourselves so the added people could 
attend. 
 
When we approached the departure date we found neither of the Cessna 
210’s was available for the trip, but a Cessna 172 could be leased 
instead. Somewhat reluctantly, we chose this option. The 172 was 
carburated rather than fuel injected and had a cruise speed a good deal 
lower than the 190 knots of the  Cessna 210. However, four of us could 
go, and so this choice was accepted. In addition to Jerry Emmerich and 
I, this allowed Craig Bluschke and Bob Wickhem Jr. to attend the NAB 
show this year. As usual Jerry, an instrument rated pilot,  would be at 
the controls with the rest of us as passengers. 
 
We left Madison with low clouds and very soon it was “ceiling zero” 
with only white seen out the windows. I was in the co-pilot’s seat. Jerry 
was busy setting our flight path and asked me to take the controls. This 
was not a problem for me as, unlike some others, I totally trusted the 
instruments. Thus I maintained a set course and rate of climb, and kept a 
level attitude as per what the instruments told me. A bit later, as we 
approached cruising altitude. Jerry took the controls. We had to fly over 
the southern edge of Lake Michigan and we were under control of 
Chicago Center Traffic Control. This is very heavily occupied airspace 
and Jerry was indeed busy, 
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We broke somewhat out of the clouds at times, but generally not for 
long. The other three of us kept a close eye out for other air traffic, 
saying, “fish at 2 o’clock” if an airplane was spotted in that position. 
Perhaps half way across the bottom edge of the lake there was suddenly 
complete silence!! No sound from the engine! Jerry instantly jammed 
the Carb Heat (carburetor heat) fully to the firewall. With this non-fuel 
injected engine we had icing inside the carburetor, and the engine, 
lacking a proper fuel mixture, could not produce power. The propeller 
was windmilling, and the engine restarted almost immediately after 
Carb Heat was applied. We had originality been cleared for 11,000 feet 
and were flying at that altitude. Jerry immediately contacted Chicago 
Center and said, “we have a problem, give us 9000 feet!”. The reply, “I 
can’t, there is an airliner in the way”.  We hung on at altitude till 
Chicago Center gave us clearance for 9000 feet then descended to that 
height. The engine limped along but did not really regain full power till 
we were somewhere over Indiana. 
 
No clouds now but the winds aloft picked up. A very strong east wind 
became evident. Looking down at traffic on a highway below it was 
obvious our ground speed was now significantly impacted by the 
headwind. Continuing eastward it was noted the wind also was eating 
into our fuel consumption and it became obvious we would need to stop 
for gas. Checking of the maps by Jerry led to the conclusion that 
Wheeling West VA was our most logical refueling point. None of us 
had ever before been into the Wheeling Airport. It is really a mountain 
which had the top leveled off to make an airport. You are flying along, 
well above terrain, when the ground comes up to meet you and the 
airplane is now on the runway. In addition to fuel another critical aspect 
of this stop had long been evident - getting to the bathroom! With the 
added length of flight it was a question of who could hop out of the 
airplane fastest and get there first!. 
 
Jerry had arranged for clearance to land at our destination, Washington 
National Airport. At a congested airport such as this one, pre-clearance 
is necessary or you can not land there. Having passed Dulles Airport, 
we were about half way to Washington National when Jerry called to 
confirm our clearance. After a short pause they came back, “we do not 
find a clearance for you to land here”. Astounding! We were instructed 
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to make a 180 (U-Turn) and go back to Dulles. Having no options, Jerry 
complied and headed back to the west. Shortly later they found our 
clearance! We made another 180 and again aimed ourselves toward 
National. By now it was beginning to get dim, as evening was setting in. 
In contact with the Tower, Jerry indicated to them we were having some 
difficulty in ascertaining the flight path to National. The Tower 
responded, “just follow that 727 in”. It was just ahead of us but, with 
our throttle to the firewall, the 727, at approach speed, was losing us. 
We maintained our heading and soon did sight the Airport. When we 
passed directly over the Pentagon - not all that far below us - I suspected 
we were on the proper flight path to land at Washington National. 
 
I’m sure there was new equipment and other important things to be seen 
but, as I’ve been to every NAB Show between 1958 and 2014, it is like 
the games we televised - I don’t remember exactly what was there at 
this NAB Show. As the Washington Show was held in the auditoriums 
of several hotels rather than in a single large Convention Hall and, as 
the weather was great, there was walking to provide a change of scene 
from the show itself while getting to a new venue.  Very pleasant. 
 
A few days later the NAB Show ended and we prepared to fly the 172 
back to Madison. However, the weather had changed. While it had been 
sunny and relativity calm for the period  of the Show, the wind was now 
blowing again. It had “done a 180” and was now coming from the west. 
Not desirable. Taking a cab to Washington National we returned to the 
airplane, loaded our gear on board and prepared to depart. Jerry had, of 
course, filed a Flight Plan for the return flight. In getting set to go he 
learned we could have a 60 knot headwind at 6000 feet, or a 90 knot 
headwind at 9000 feet. Bummer! We chose 6000 feet, took off and 
headed west. 
 
With the unsettled weather and the wind it was again a flight with rough 
and bumpy periods interspersed with somewhat smoother times. At one 
point I observed a Volkswagen beetle down below traveling west on 
I80. Watching for a bit of time I could see that it was traveling faster 
than us - we were falling behind.  
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As on the trip east, the headwind was again eating into our fuel. We had 
chosen to skirt Chicago to the south, then turn north to Madison. 
Rockford Illinois became the obvious refueling spot. As soon as we 
landed those in the airplane jumped out and grabbed the struts to help 
hold the plane down. We were joined by some airport personnel who 
held on with us till the refueling was completed.  
 
At Madison the wind was much less severe. It really felt good to be 
home! 
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Frequency Measurement System 
 Following next is the first page of Part 1 of my twelve page Article 
which was Published in Broadcast Engineering magazine in two 
consecutive months. The Block Diagram of the system, which follows 
the introductory paragraphs, illustrates the concepts employed to 
provide the necessary circuitry for the desired functionality. 
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At any Television Broadcast Station it was necessary to measure the 
exact frequency of the visual and aural carriers periodically so as to 
conform to FCC requirements. In my earlier days this was done for our 
stations by a service based out of St. Louis. (Unfortunately I do not 
remember the name of this company). They would come to the station 
every 6 months to make the necessary measurements using a heterodyne 
system wherein a very stable crystal oscillator was zeroed to be exactly 
on frequency with WWV, the National Bureau of Standards transmitting 
station. Once this was done a frequency multiplier chain provided 
harmonics which were on frequency with our carrier frequencies and 
any differences could be detected and resolved. Their equipment was a 
couple “black boxes” which generated the necessary signals to do the 
job. The concept was simple enough, implementation another matter.  
 
Edwin Armstrong had discovered and implemented the heterodyne 
process before World War I. Armstrong was one of the most brilliant 
engineers ever to be involved in radio concepts and designs. He 
invented the Regenerative radio detector, then followed with the Super-
Regenerative design. He later developed FM, or Frequency Modulation, 
the most widely used system in Broadcast Radio today. His two detector 
devices were used in nearly all radio receivers of the early 20th century. 
These receivers were all of the “Tuned Radio Frequency (TRF) design 
wherein ganged or separate circuits were tuned to the frequency to be 
received, and the signal then amplified and fed to one or the other of the 
detector designs.  
 
A ground breaking innovation by Armstrong was the Superhetrodyne 
receiver. This made use of regeneration forming an oscillator so as to 
develop a signal of tunable frequency. The oscillator frequency was 
then mixed with the signal which was to be received. Armstrong had 
noted that when two frequencies are mixed together the sum and the 
difference of the two frequencies is produced. Now, with only a single 
tuning circuit controlling the oscillator, a fixed output frequency signal 
can be produced by utilizing the sum or difference frequency. Thus a 
fixed frequency amplifier can be designed to amplify only the desired 
signal.  
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It is now possible to use multiple fixed tuned circuits in this 
Intermediate Frequency (IF) amplifier to provide the amplification and 
frequency selectivity necessary to separate stations from each other and 
provide a stable resultant signal to feed the detector. For all practical 
purposes it is safe to say that every receiver in use in the world today, be 
it in radio, television, radar or whatever the signal it may be, uses a 
superheterodyne to receive and demodulate the signal. 
 
The frequency measurement system previously mentioned above was of 
a vacuum tube design. To me, it seemed time to move on to a solid state 
System of Frequency Measurement. While I was not reinventing the 
wheel, I was devising a different way to make the wheel go round. 
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    Frequency Measurement Schematic p22 
 

 

               Frequency Design Equations p24 
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A Frequency Measurement System was published by Broadcast 
Engineering in the May 1967 and June 1967 issues. I had  a great 
relationship with Editor Jim Moore of Broadcast Engineering magazine. 
When the system had been completed and tested I started composing the 
article intending to submit it to him. As I progressed in the writing it 
began to appear it may perhaps be too esoteric and complex for the 
readers of the magazine digest. I had wanted to provide a very  thorough 
analysis of design parameters and concepts and had taken a rather 
concise mathematical approach in order to provide support for the 
design ideas provided. 
 
I gave Jim a call about the article and asked if I might send it to him for 
his thoughts about it. When sending it to him a note was included 
mentioning my concerns. Upon receipt he called and said, “This is ideal. 
We are trying to raise the technical level of the magazine”. So it was 
then published as I had written it. 
 
I have inserted a few pages of the two installment, 12 page article. The 
block diagram of Part 1, page 20 provides the system concept. 
Frequency multipliers are used to generate a crystal controlled 27 MHz 
signal to feed the Multiplier/Mixer. That device heterodynes the 
transmitter signal down to the Combining Network. Frequency dividers 
produce accurate markers for comparison with the down converted 
transmitter output for determining any frequency difference between the 
two signals. The page 22 diagram provides a schematic of the entire 
Oscillator/Multiplier/Divider unit for those interested in the circuitry. 
Part of the analysis of a multiplier is described on page 24. In writing 
the article I wanted to be complete and thorough enough to allow the 
readers to not only understand the concepts, but also to provide them the 
ability to perform calculations necessary for their own designs.  
 
Page 39 of Part 2 provides a diagram and completed view of the Mixer. 
For design of the mixer cavity I went back to the 432 MHz converters of 
my Ham Radio days. No amplifier, as used in the 432 MHz converter, is 
necessary for this design as signal levels were adequate without it. With 
this system we were able to perform frequency checks and calibration of 
our transmitter at any time it was convenient. While the transmitter 
oscillators were quite stable it was nice to be able to reassure ourselves 
of this whenever we wished to. Anytime you design and build 



230 
 

something you learn a lot. This design was no exception. It was a fun – 
and sometimes challenging – project. I learned a good deal in the 
various analyses of the multipliers, their conduction angles and 
efficiencies. As always, things learned here built a more solid 
foundation for things to come. 
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Videotape 
 

Since its invention by Ampex in the 1960’s the 2” Quad Video Tape 
Machine reigned supreme till almost 1980, and was heavily used till 
well after that. Both Ampex and RCA made versions of this machine. 
They traded patent rights so Ampex could use air bearings for the 
headwheel while RCA got rights to the video system patents in return. 
The system really was a mechanical marvel. The 2” wide video tape 
normally came on 1 hour reels which were about a foot in diameter. 
Later 90 minute reels became available and we had a few of those to 
record very long shows. “Spot Reels” for the commercials were about 
6” diameter. As I recall an hour reel cost about $200 at that time. The 
supply reel was at the top – or on the left – depending on the 
configuration of that particular model of machine. It took a good lift to 
boost a 90 minute reel up to the top position. A sophisticated servo 
system controlled the feed reel and takeup motors so as to keep the tape 
flowing at a constant 15” per second past the heads on the headwheel. 
 
The headwheel consisted of 4 video heads mounted on a thin wheel a 
little over an inch in diameter which spun at 14,400 RPM. A cupped 
vacuum guide moved in close to the headwheel when Play was initiated 
and held the tape against the headwheel. Each head played  16 lines of 
the video, then the video was taken from the next head for the next set 
of lines. Each machine had a small air compressor in its base which 
provided the vacuum and compressed air for the headwheel. Originally 
Ampex tried ball bearings to hold the headwheel, but the rotation was 
not smooth and they abandoned this approach when negotiation with 
RCA gave them rights to the air bearing technology. I understand 
Ampex gave RCA rights to their VTR patents in return. With the shaft 
floating on air the roughness was removed and the system became 
smooth so as to allow recording and reproduction of the analog video. 
Of course Recording was the inverse of playback, with the heads being 
driven by video power amplifiers so as to lay the video tracks down on 
the 2” magnetic tape. 
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The first video tape machine was the Ampex VR1000. RCA soon 
followed with the TRT-1. Both of these were vacuum tube monochrome 
machines – color came a little later. RCA was the “Big Gun” in 
Television Broadcast equipment, also owning the NBC Radio and 
Television Networks. General Electric was another big “does it all” 
player, though never as dominant as RCA. They made cameras, 
transmitters and most all kinds of studio gear, though they never moved 
into the video tape arena. Dumont made cameras and other equipment 
and also put forth the Dumont Television Network. Ampex and others 
were smaller players, though Ampex was certainly the major company 
providing Broadcast audio and video tape equipment.  
 
WKOW-TV was an RCA supplied plant. Virtually all major equipment 
came from RCA. This included the transmitter and antenna, studio 
cameras, video switching and camera monitoring and control, film 
camera, sync generator, etc. I suspect this was a package deal at the 
outset, though I was not present at that time. We had a close relationship 
with RCA and often, though not always, selected their equipment when 
making a purchase. As I mentioned earlier, being a UHF station, money 
was always tight. We  normally specified new gear but sometimes 
selected used equipment rather than purchasing it new. This was the 
case with our first Videotape Machine, an RCA TRT-1 which we 
bought from CBS New York in 1964 as they upgraded to new 
machines.  
 
This machine consisted of 4 full height racks, plus a Color Rack which 
we were able to have included in the deal. By this time the other TV 
stations had moved to video tape, Channels 3 and 21 with Ampex 
VR1000’s, and we were very soon to go to video tape as well. Bob 
Wickhem and I had conferred and concluded this was our best way of 
moving into the video tape world, and so we took this path. The  four 
racks were the power supply rack, servo rack, video rack and the tape 
transport itself. RCA always had first class Instruction Books and we 
followed these to reassemble the machine. Included in the deal was a 
visit from an RCA Service Engineer. After he arrived he looked over 
the machine and couldn’t figure out the banks of relays in the back of 
the color rack. The color rack did not perform as expected and thus we 
had only monochrome operation. Several phone calls later by the RCA 
Engineer it was concluded that these relays were something that CBS 
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had added – purpose unknown. It took the better part of a day to take 
out the relay banks and rewire this area of the machine. After these were 
all removed – Presto! - all worked as expected. This first incarnation of 
color in an RCA Tape Machine was with heterodyne color. That is, the 
color was carried at in lower frequency range, then heterodyned back up 
into the signal channel – a so called “color under” system. It did 
produce color which was satisfactory for its day, but not really the best. 
All later 2” Quad machines used full bandwidth color rather than the 
system used on the TRT-1.        

    

  TRT1 Arrival - Bob Wickhem, Bob Z       TRT1 VTR Installed      
 
After the TRT-1 we bought a new RCA TR-3. This was a playback only 
machine so as to allow us to do a videotape playback while recording a 
program or spot on the TRT-1. The TR-3 was one of the first solid state 
VTR’s. While early in the development of transistor video tape devices 
it performed quite well. However, it had a tendency to show up faults in 
the TRT-1 recording system. The TRT-1 was a heterodyne color 
machine, the earliest of the RCA VTR’s, and not terribly sophisticated 
in many ways. Sometimes, when a TRT-1 tape was played back on the 
TR-3 it would play back part way, then give terrific picture breakup and 
tearing, and complete the spot normally. Of course this meant a “make 
good” as the spot had to be run over again. 
 
I chased this problem and discovered there was an intermittent large 
transient on some horizontal sync pulses which would cause the TR-3 
problem. The transient came and went depending on the video content 
of the picture. The vacuum tube TRT-1 seemed tolerant of the glitch, 
however the Ampex VTR’s at some other stations at times did not like it 
all! The TR-3 simply could not handle it gracefully. The transient was 
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causing one particular TR-3 video stage, which tried to use the back 
porch to clamp upon, to go bonkers (technical term) and break up. I was 
able to find an appropriate signal in the TR-3 video path to form a pulse 
at the time of this transient and to add a transient clamp transistor which 
solved the problem of playback on this machine. 
 
The transient was actually a large pulse appearing in the middle of the 
sync pulses during the 9 line vertical sync block. Space on the circuit 
board was very limited so I used a Motorola MC-724P transistor array 
to differentiate pulse edges and drive a 4uS monostable multivibrator. A 
single 2N834 transistor used this pulse to clamp out the transient. No 
more breakup!  
 
With the quad head design, matching the 4 heads on a headwheel was 
not always simple. Any differences showed up as “head banding”.  That 
is, one could then see a difference in some aspect of picture quality for 
one 16 line segments compared to the one before or after it. If there was 
a marked difference it would be seen every 4th band of 16 lines. These 
machines were truly a marvel of mechanical and electronic design in 
that they could usually be made to produce very good video much of the 
time. RCA and Ampex kept addressing the issues in designing 
sophisticated compensations and corrections for the various 
deficiencies. 
 
CAC and VEC were brought into the fray as Color Amplitude 
Correction and Velocity Error Correction circuits to correct or mask 
some system errors. A skew on the bands of 16 lines would indicate the 
tape guide was not in the optimum position. If Record drive currents 
were not matched, hue or gain differences would be evident. There were 
sensors and feedback correction circuits for most of these things, and, 
when operating optimally a very good picture would be produced. A 
head rebuild cost $800 to $1000 and head life was around 1000 hours at 
most, and so it was desired to get maximum life out of each headwheel. 
As a headwheel aged problems could become more evident and head 
matching more difficult. Also, an hour of 2” tape was about $200 and 
long tape life was important. Head wear or old tape could cause a head 
to pick up oxide and produce banding. A squirt of Freon on the 
headwheel might cure it – or not. 
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Video tape commercials and announcements were recorded on the small 
“spot reels”.  Particularly if there was a show playing on one videotape 
machine and there were video tape spots needed in the break, it was not 
possible to put more than one video tape spot in that break when we had 
only two videotape machines. As each VTR (videotape machine) cost 
$100,000 or more a good many stations had no more than 2 machines. 
The two VTR manufacturers came up with a solution for the problem, 
Ampex with the ACR25 and RCA with the TCR100.  
 
These two machines were similar in results but somewhat different in 
physical approach. Each now put a small amount of 2” tape in a 
cartridge, or cassette, which was perhaps 4x3x2½ inches in size. The 
cartridge could play up to 3 minutes of material and each spot went on a 
single cassette. RCA used a mechanical conveyor to hold and move 
cassettes while Ampex did it pneumatically, I believe. As I had far less 
contact with the Ampex devices I am less sure about their design and 
operation. There were two playback headwheel panels and one would 
be in use while the other was being loaded. The RCA machine held all 
playback cartridges in the rather large circular conveyor system. While 
they could be accessed in any order, this was really a linear system, and 
there was a great whirring and shuffling as the conveyor moved about to 
select the next cartridge chosen and get it into position to be loaded. 
While I know less about the Ampex ACR25, it operated in a somewhat 
similar manner but with less mechanical activity occurring. From what I 
remember, both machines could play successive 20 second spots 
throughout a single break, but not 15 second spots. As I recall the RCA 
machine cost $200,000 and the Ampex $250,000. Our commercial 
competitors bought these machines: CBS Channel 3 the Ampex 
ACR25, and NBC Channel 15 the RCA TCR100. 
 
There was another VTR out there, the ¾” helical scan, or ”slant track” 
cassette machine. It was a “color under” machine which moved the 
color information down to 688kHz while the luminance was FM 
modulated at about 5MHz, then brought the color info back when in 
payback mode. The system produced a fairly reasonable color picture, 
but there was “color flutter” which made it unsuitable for serious on-
the-air usage. These machines were usually used for recording a news 
story, or some less critical purposes. 
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When a vendor brought in a new piece of equipment it was always 
worth looking it over even if there seemed no use for it, or it was too 
expensive to warrant consideration. I don’t recall which vendor brought 
it, but a Harris Frame Store Synchronizer arrived for evaluation. It 
would lock a non synced source, such as a helical scan VTR to house 
and make it synchronous, as well as providing jitter correction and noise 
reduction. The price was $10,000, a good deal more than, in my mind, 
such a unit would command. To test it a Sony U-Matic  ¾” VO2800 
helical scan machine was fed into the Harris device and the output 
picture examined. 
 
It was astounding!! The picture looked like a 2” quad that was working 
well! The noise and chroma flutter were gone and the picture was rock 
solid. And, of course, there was no head banding. Amazing! We didn’t 
buy the Harris, but I thought a lot about what I had seen. The idea 
formed in my head of using more than one of the U-Matic machines and 
switching them into the Frame Store Synchronizer. Or …  perhaps 
several machines…(?) Could we build our own video tape machine to 
play multiple spots? 
 
The Sequencer idea was born. 

 

The Sequencer 
 
 The U-Matic Helical Scan VCR had a couple advantages over the quad 
machine as well as a possible disadvantage. An advantage was that the 
helical scan system meant that the video head contacted the tape at a 
small angle almost parallel to the edge of the tape. With the headwheel 
axis offset a small amount from being parallel, the head made a single 
pass across the tape in just one field. The second of the two heads 
handled field #2. Any slight difference between the heads was, due to 
interlace, essentially invisible. As I recall each head cost less than $50, 
and head life was much longer than that of the quad. As a result, the 
head banding of the 2”quad machine was no longer an issue. Also a U-
Matic cost less than $2000, a fraction of the price of a single quad 
machine. 
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The disadvantage was that bandwidth, and thus resolution, was not as 
good as the quad. However side by side comparison once the signal had 
passed through a transmitter and a receiver – or even a broadcast 
demodulator -  was that the difference was hardly discernible. Thus it 
was concluded that the Sony U-Matic, with the Harris Frame Store 
Synchronizer, produced a wholly satisfactory Broadcast picture. With 
this knowledge in mind my brain kept churning the concept of the 
Sequencer. 

 

                                          Sony VO2800 VCR 
Let’s see … we would need several machines, 6 or 8 perhaps, to allow 
for several spots, some as short as 15 seconds or less, to be loaded for a 
break. There would be a method of selection for choosing the order in 
which the machines would play. Once the sequence was initiated it 
should continue, in preselected order and without human intervention, 
till the final tape had been played. The machines would play in the order 
chosen by the operator, a true random access arrangement. All this 
would require design and construction of control and switching 
equipment to allow the Sequencer to function. 
 
Control of this device would be a major task in both conceptual and 
implementation phases. I had worked with the punch card driven IBM 
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1620 and Fortran programming at the University of Wisconsin in the 
1960’s and so had considerable computer background. At the time of 
contemplating the Sequencer, machine language programming of 
microprocessors had become a hobby of mine. The rather new Intel 
8080 seemed like a possible choice for this project. By this time Jeff 
Mattox had left the WKOW engineering staff and founded Heurikon 
Corporation, then one of the fastest growing companies in the Fortune 
500. Jeff, a brilliant design engineer, was producing and selling the 
MLP-8080 circuit board. I discussed the project with him and selected  
this board as the foundation of the Sequencer control system. Jeff was, 
and still is, a longtime close friend and his help and insights were most 
useful and appreciated  in my pursuit of the Sequencer project. 
 
At WKOW-TV we were fortunate to have many talented engineers. 
Some of our staff either had EE degrees or had completed most of their 
college engineering studies though perhaps not all the liberal credits 
necessary for graduation. As with most all television stations these folks 
were fundamentally responsible for operation and maintenance of the 
TV station. They could be utilized on projects such as the Sequencer at 
times when they could be freed up from other duties. At this time I was 
Director of Engineering for our Group of Television Stations and so had 
somewhat more flexibility in being able to do project work. Thus, I 
wrote all the Sequencer software and did the overall design, but was 
able to get great help from some of these fine people. In particular Craig 
Bluschke handled a good deal of the hardware design and I believe Ken 
Guidinger did some of this as well. 
         

 

 WKOW Control Room                      Shop - Bob & Craig 
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This was still very early in the development of microprocessors and the 
programming was less simple than it later became. The 8080 was, in my 
opinion, one of the very first of the really capable micros. This was 
perhaps a year long project. While I could not come close to spending 
full time on it myself, I also put in a great many programming hours at 
home. As those of you who are programmers know, when you are in the 
midst of writing code it is very difficult to stop! All of my program was 
hand coded in octal (base 8), then my wife, Kay, used an ASR25 
Teletype to produce punched paper tape to read it into the EEPROM.  
 
In the concept phase there were questions to be answered: What is this 
device supposed to do, and how will it be controlled? How will the 
operators access it and receive status information? What internal and 
external signals and controls will need to be designed and implemented 
to make this happen? 
 
Following are a few Flow Charts and diagrams to illustrate how some of 
these answers were determined and implemented. 
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Sequencer Total Flow Chart
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The Sequencer Functional Control stations looked like this: 
 
Sequencer Loader/Operator 
1. Input Keyboard 
2. Record/Play selector 
3. Sequencer Audio/Video switcher Buttons 
4. Master Switcher Buttons for Xmtr, WAOW-TV & WXOW-TV 
    feeds 
5. Machine Roll Buttons 
6. Machine Stop Buttons 
7. Sequencer Status display 
 
Video Switching Engineer 
(Same as Sequencer Loader/Operator Control Station) 
 
Director 
1. Record portion of Sequencer Status display. 
 
We needed to design and fabricate the appropriate hardware to provide 
these functions. The code had to read the control inputs, provide display 
drivers and there were display devices which took status inputs from the 
machines. A clock based on the 60Hz frequency of the AC power line 
was used for accurate timing of the operations. As most of you likely 
know the 60Hz frequency is really quite accurate – not as much so as 
WWV, the National Bureau of Standards station, but generally to within 
less than a second. A Schmitt Trigger circuit was used to detect the 
60Hz transitions followed by divide by 10 and divide by 6 counters so 
as to generate one second pulses. 
 
We used 1kHz and 1.67kHz control tones on a 2nd audio track to 
designate: 
Cue   :03 prior to 1st video 
Front Take tone              start of video 
Roll Tone  :03 before end of spot (can be routed  
                                                      to start next machine) 
End Take Tone              end of video 
Rewind tone             :01 after end of spot 
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With these tones a fully automated playout was possible, with 
programmed random access of machines. There were also provisions to 
preroll quad VTRs and film projectors, and Take pulses to switch to 
these devices. Crosspoints were glitch free and vertical interval 
switching was employed for seamless transitions.  
 
I have included just a few of the voluminous set of code pages and 
schematics to provide an idea of the scope of this project. Note that 
these are hand drawings as we did not have CAD at that point in time.    
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      Reset/Start Flow Chart 
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                                        Octal Machine Code 
No computer code is perfect on the first pass of writing it. A few things 
will not be accurately coded and there are always changes and new 
features to be added or inserted. Earlier microprocessors like the 8080 
had absolute jumps, but not relative jumps such as were incorporated 
in the later Z80 and 6502 processors. What does this mean?  
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A conditional branch is when you want to test a variable and branch to 
one routine or another depending on the value of that variable. If it is 
larger or equal to a comparison number go to one routine, if it is smaller 
go to a different routine. If, for example, the preroll time has passed 3 
seconds, produce a “take” pulse, if not, just continue on. 
 
When you use a relative jump, such as after a conditional branch, the 
processor is told to jump ahead, or back, a specific number of bytes, or 
to a named mnemonic  which is at the desired address. If code is added 
ahead of this jump the jump will work correctly, as the new address is 
relative to the start address, and the number of bytes to jump stays the 
same. However if an absolute jump is all that is available, adding code 
will of course cause a jump to the wrong address. The 8080 had only 
absolute jumps available. This meant that the only practical way to 
handle code which had to be inserted was to put in a “patch”. It was 
necessary to find 3 bytes of code which could be removed and 
reinserted at the end of the jump just before the return instruction. The 3 
bytes were replaced with the instruction to jump, and the address where 
the new code which the programmer needed to add was located. 
Compared to the later relative jump, the absolute jump was a tedious 
and cumbersome necessity. However, in coding the Sequencer, it was 
the only approach I had available and so was used when necessary. 
 
When a code change was required it was necessary to put the new code 
into an EEPROM which held the program. This meant typing the new 
code with the ASR25 Teletypewriter and producing a complete new 
paper tape which was then used to put the new code into the EEPROM. 
There was no way to go into the code and simply change a few bytes in 
the EEPROM. 
 
These days we talk in terms of gigabytes and terabytes, with the size of 
programs being  tens to hundreds of megabytes, or perhaps more. In 
those days a program would be perhaps hundreds of kilobytes in size. 
Ahhh, but these were written in high level languages. The Sequencer 
was programmed, not in a high level language, not with an assembler, 
but programmed in octal, using the base 8 numbering system. Very 
compact and efficient! Also, rather tedious to code. The largest 
EEPROM available was 2K – 2048 bytes.  
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I was able, with some effort, to code the entire software for the 
Sequencer with the real time clocks, tone handling, display drivers and 
machine control, etc. in a single 2K PROM. 2048 bytes! Even today, 
this seems astounding. 
 

 

          Output Logic 
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The physical setup placed the U-Matic  machines in the telecine/tape 
room adjacent to the control room.  The previously mentioned panels 
were mounted and cabled in to provide control of the machines and 
status information for the operators and director. A commercially built 
rack was used with two stacks of three machines, one above another, on 
each end of the rack. Thus, the Tape Room Engineer could load and 
unload machines and system status was automatically displayed there 
and in the control room positions. In operation, the engineer in the video 
switching position had simply to preroll the first machine 3 seconds 
ahead of the break, and take it on the Video Switcher. The Sequencer 
then played the needed tapes in the break, automatically and cleanly 
switching between them. At the end of the break the Video Engineer 
simply switched back to Network, or whatever program source was to 
follow. 
 
As this was a random access system spots could be loaded on the 
machines in any order. The Tape Room Engineer simply punched the 
machine into the sequence as the VTR was being loaded. A break 
might, for example, consist of 4 spots played on machines 2,5,6 and 4 in 
that order. The order was of no consequence to the Director or Video 
Engineer. The Sequencer would simply be prerolled and taken by the 
Video Engineer and it automatically ran the spots in the preselected 
order. 
 
Shortly before we put the Sequencer on-air one of the Ad Agencies who 
knew about it said, “We will not run spots on a U-Matic machine! If 
you use that we will cancel all our commercials!”. Of course they were 
only familiar with the U-Matic without the correction provided by the 
Frame Store Synchronizer. There were no cancellations. All Agencies 
and sponsors were happy with the results. With the random access and 
plenty of machines, scheduling routine maintenance was simple. A 
machine could be unplugged and taken to the engineering shop without 
a hiccup in the operation. The machines proved to be very reliable and 
loss of a spot was almost unheard of.  
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                           Sequencer Control and Machines 
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          Tone Generator 
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Later on, after I left WKOW-TV and The Wisconsin TV Network in 
1981, David Wood, then Channel 27 CE, built two more Sequencers, 
one for each of our Wausau WI and Dallas TX TV stations. By then the 
Apple computer was readily available and he used this for the controller 
instead of the Heurikon 8080 board. While I don’t know about those 
two units, the original Sequencer at WKOW-TV was still in use a 
decade after its construction and installation. 
 
Looking back from this vantage point of over 35 years, this was a 
HUGE project, of the kind we might have taken on at Grass Valley 
Group, where we had a couple hundred employees in each division. 
With myself and a few other WKOW engineers, and none on the project 
full time, we made a tremendous accomplishment in successfully 
completing the project. These people, and likely others I have failed to 
mention, were extremely valuable in bringing it to conclusion. It also 
speaks well of Bob Wickhem, then VP Engineering, Terry Shockley 
Station Manager, and the others at the station, that there was the 
confidence to give support to the project. I don’t believe I ever had self-
doubt, or wondered if I could complete the task. The idea was there – it 
was doable – I knew we had the ability – it would be successfully 
completed.  
 
It was!  
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WQOW-TV Eau Claire WI and 
Intercity Microwave  
Layout and Construction 

 
To fill out the Central and Western portions of Wisconsin one more 
Wisconsin TV Network Station was proposed, this facility to provide 
coverage to the Eau Claire WI area. It was now 1980 and, much to my 
dismay, my friend and mentor Bob Wickhem had passed on, and I was 
now Engineering Vice President for the Wisconsin TV Network. In the 
preliminary stages of the Eau Claire build there were, of course, many 
questions to be answered and decisions to be made. Considering the 
technical issues, would it be a common studio/transmitter location, as in 
Madison and La Crosse, or separate facility locations, as in Wausau? 
How high a tower, how much power? How to get the signal there - most 
likely from La Crosse? What was terrain like in considering  Television 
coverage? Then there were the questions of studio and transmitter 
equipment needed for the build. And, an important concern, selecting 
and hiring a Chief Engineer for the new station.  
 
Regarding the Chief Engineer position, a name quickly came to mind. 
Dave White had been an engineer at WKOW-TV in Madison. He was 
well regarded by myself and others who knew and worked with him and 
was a graduate of University of Wisconsin Platteville, about 60 miles 
from Madison. After a few years at WKOW he decided to resign to 
pursue a goal of his. He had always wanted to live in Florida. He 
located a Broadcast Engineering position there and made the move 
southward. A bright and likeable young man he was, I felt, capable of 
handling the position of Chief Engineer of this new Television station.  
 
I had his telephone number and so gave him a call. He was not at home 
but I spoke with his wife, whose name I do not recall. Of course I knew 
her from Dave’s days on my staff, I explained the situation and said, 
“Do you think Dave would be interested in returning to Wisconsin to 
take this position?” Her reply, “Yes, he’ll come right up through the 
telephone wires!!”. 
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When I spoke with Dave he said, “One round of lawn mowing, 
Gatorade! Another round, another Gatorade!” He was so fed up with the 
heat and humidity he was more than anxious to return to his home state. 
It was a perfect match. As I had anticipated he handled the position 
superbly and, if I have the facts right, left WQOW-TV in Eau Claire 
only when he was ready to retire, which was quite some time after I had 
moved on to the Consulting Engineering business. 
 
How to get the signal to Eau Claire? It could be sent from either La 
Crosse or Wausau. WXOW in La Crosse was about 20 airline miles 
nearer, and too, Wausau station WAOW was the older station and had 
developed a more complete and mature local programming which might 
mean complex routing to provide a clean feed to WQOW in Eau Claire. 
Thus it was decided the feed would come from La Crosse. While we 
could lease Midwest Microwave facilities as was done for the Wausau 
and La Crosse feeds, there was also the possibility of building our own 
intercity microwave system for signal delivery. It appears that Don 
Tykson was intent in maximizing the Assets of Liberty 
Communications and, after considerable discussion it was decided we 
would build an intercity microwave system to move Television content 
from La Crosse to Eau Claire WI. While I considered expanding the ID 
Logic System described in my 1974 Broadcast Engineering article, time 
constraints of the Intercity Microwave, WQOW-TV and KTWS-TV 
builds required too much of my time to seriously consider such a 
project. As the WQOW-TV operation was simpler than that of WXOW-
TV it seemed to go okay without it, though I may have reconsidered 
after the KTWS-TV Dallas build had I remained much longer with the 
Wisconsin TV Network. 
 
In any case there was a lot to be done to get WQOW-TV Eau Claire 
equipped, constructed and on-air. It was decided the studio should be in 
the downtown area and a separate transmitter site would be located and 
acquired. Land was selected and purchased adjacent to the Chippewa 
River near the city center. A Studio Building was to be designed and 
constructed there. While Dave White concerned himself with studio 
construction and implementation I focused my immediate attention on 
the Intercity Microwave system.  
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To the north and west of Eau Claire we located an out of use self 
supporting FM tower near Colfax WI. Strangely enough, it was holding 
a pylon type FM antenna, the only one of that style I had ever seen. It 
looked like a Television pylon antenna, which implied the tower could 
support a TV pylon transmitting antenna.  The tower was available for 
purchase so we then seriously considered it. This could be our 
transmitting site with the separate studio located in Eau Claire as I noted 
earlier. Preliminary engineering studies were conducted by Warzyn 
Engineering of Madison, a structural consulting firm, indicating the 
tower to be suitable for our use. 
 
With the potential end points established it was now time to get serious 
about an actual Intercity microwave path. We decided the microwave 
would come from the La Crescent location of the WXOW-TV tower, 
make hops to the Colfax tower and thence to the studio. A back-haul to 
the transmitter would be employed to again get the signal to the 
transmitter, thus allowing local insertion and switching to take place at 
the studio. As the Colfax tower was at a greater height AMSL (Above 
Mean Sea Level) than the studio it was logical to use it as the path 
termination and feed the signal an another hop to the studio. 
 
A close working relationship with Microwave Associates had long been 
established and so they were chosen as the Manufacturer to supply 
microwave equipment for the job. In a short path situation with only one 
or two  hops a remodulating system is often employed. With this 
arrangement the signal is demodulated to baseband at each intermediate 
location, then remodulated and fed, as baseband, to the transmitter at 
that site. The advantage of this system is demodulation to baseband at 
each site provides ease of looking at the video for quality checking. In 
case of any problems it is quite simple to see how it is entering and 
leaving each site. Of course an engineer needs to go to the site to make 
such tests. 
 
The other system, used for long haul designs, is to simply bring the 
signal down to the 70MHz IF frequency and feed this IF signal back to 
the out going transmitter. The advantage is that there is no 
demod/remod degradation and thus loss of signal quality. Telco uses 
this method for long haul and cross country transmission. The 
disadvantage is that a 70MHz IF demodulator is needed as a piece of 
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test equipment in order to examine the state of the IF signal coming in 
and going out. Not quite as simple. However, I chose to do it this way in 
order to maintain best possible quality on what would be a multi-hop 
microwave implementation of nearly 100 miles including the 
Transmitter to Studio link. 
 
The next move was to gather topographical maps of the area and scan 
them for high spots where we might place repeater towers. Examining 
the maps divulged several locations of higher terrain. Now, determine 
some locations with about the right distance spread so as to keep path 
lengths reasonable. Also, be certain a path is not aligned with the 
WKBT-TV broadcast tower at  Galesville WI, which could of course, 
interfere with microwave transmission. In doing this I came up with a 
few potential sites we would need to examine to see if they might be 
useful. It was also necessary to insure access by motor vehicle to be 
feasible. Along each potential uW path it was necessary to check for 
high points along the path and, using 4/3 earth radius plus allowing a 
height of 50’ for the Wisconsin trees, calculate the necessary tower and 
dish elevations and fade margins. I had earlier written computer 
programs to perform most of the computations to provide these results 
and those were utilized in making path calculations. 
 
Field surveys of potential sites were of course required to see if a 
proposed location was usable. In one case of a prospective 1st repeater 
site the location appeared feasible. However a drive around the 
immediate area revealed a nearby mining operation where blasting was 
not infrequent. While it was not likely the blasting would cause any path 
alignment difficulties, it seemed prudent to investigate further. I located 
and spoke with the engineer in charge of the blasting. His name was 
Werner, and he spoke with a thick German accent. In checking with him 
I was curious if there was any need to be concerned with RF from our 
microwave transmitter possibly triggering any of their explosives. I 
asked Werner about this possibility. He knew of our potential site 
location and said, “yah,yah dis vill not be a problem. It eezs only an 
issue on shipboard vhere the RF source is very close to the ordnance.”  
Hmmm ... 
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I remembered a story told to me by a GE Field Engineer. He had just 
completed a high power transmitter installation, perhaps for the VOA, 
in the Dakotas if I remember correctly. He was not to apply power till 
he had received clearance to do so. It was fairly early in the morning - 
the sun was just rising. He thought about it, figured it would do no 
harm, and flipped the transmitter ON for a moment. A distant rumbling 
“Boom” was heard. Waiting a couple moments, he went outside. In the 
direction of the sound he saw dust rising. Shortly, a figure was observed 
walking in his direction. A man appeared in the distance and 
approached him. “What happened”, the Engineer asked. “I don’t know, 
I had connected the wires to the cap and was just going back to hook 
them up to the plunger when the charge exploded”. “Was anyone hurt”, 
He asked. “No, I was the only one there”, was the reply ...  
 
It took little further time for me to discard this location as a possible 
repeater site. Another site had shown on the topo map which was also 
suitable for our 80’ 1st Repeater tower and still about 30 miles from the 
WXOW-TV tower at La Crescent MN. Next it was a drive there to look 
it over. This one appeared suitable with no obvious issues. It was at the 
top of a knoll next to the road. Seems we had now found a good location 
for this Repeater tower.  
 
Now there was the matter of a spot for the next tower in the string. 
About 20 miles further north a site for our 200’ 2nd Repeater tower was 
located. This one was not quite as easy to get to, but it appeared that a 
dirt or gravel access road could be constructed. Following this on-site 
work I ran path calculations and handed them off to Microwave 
Associates who drew up formal path elevation and clearance drawings. 
Dave Pesheau, our WXOW-TV Station Manager, handled negotiations 
for these two sites and we were then clear to move forward with 
construction of the Intercity Microwave System from WXOW-TV in La 
Crosse WI to WQOW-TV, Eau Claire WI.  
 
The equipment chosen was the Microwave Associates MA-7HW 
Hetrodyne 7GHz System. It was a 4 watt output all Solid State 
implementation. Of course Transmitters and Receivers were needed in 
all but the final end points, where only one of the two would be utilized.  
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The dish antennas and elliptical waveguide were from Andrew, perhaps 
the largest manufacturer of that type of equipment. As there were no 
nearby sources of interference Type B antennas were adequate. 
 

 

     Intercity Microwave Path  
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     Path to 1st Repeater 
 
With a slight break in the microwave considerations there was yet the 
matter of the studio and transmitter needs. Physical construction of the 
studio building was getting under way and I had time to focus on the 
transmitter itself as well as the antenna. The WQOW build had perhaps 
the tightest budget constraints of any of the Liberty Communications 
projects in which I was involved. The transmitting tower site was 
affected by this issue as it was really not the ideal location, but was 
available for a modest outlay. It was farther north and west than one 
would prefer.  
 
As all our stations were affiliated with the ABC Television network this 
one would also have the same affiliation. Our transmitter location put 
our Grade B into potential conflict with ABC powerhouse KSTP-TV in 
Minneapolis. With our transmitting location a circular pattern would 
significantly overlap that of KSTP. As they were a long standing ABC 
Affiliate in a large market they had major clout with the ABC Network 
and were in position to ask the Network to deny us affiliation if we 
encroached much into their territory. Along with Terry Shockley, I went 
to ABC Headquarters in New York to discuss the matter. The result: we 
would have to use a Directional Antenna (DA) to reduce our signal to 
the west so as not to intrude far into KSTP’s Grade B with our radiation. 
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While this did not negatively impact the signal level we could put into 
Metropolitan Eau Claire it did mean a significant reduction of coverage 
of the Menomonie WI area, which was poorly served by KSTP-TV. 
However Menomonie was a sticking point with KSTP. Loss of it would 
cut into their ADI (Area of Dominant Influence) enough that they were 
concerned about the population loss, as this affected the listed 
viewership. In preparation for a meeting with ABC and KSTP I 
prepared  a coverage map of area ABC Affiliates showing Grade A and 
Grade B coverage and overlap. 
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   WQOW-TV  DA and NDA 
 
Using a Directional Antenna might well allow us to reduce our signal in 
the direction of Menomonie enough to mollify KSTP. An agreement 
was reached wherein the WQOW Grade B would be lowered enough 
that KSTP could still count Menomonie into their ADI. Achieving that 
level of reduction to our Grade B was not a trivial task. The Federal 
Communications Commission had rules regarding Television Broadcast 
Directional Antennas which allowed a maximum null depth of 15dB. It 
remained to be seen if we could satisfy the terms of our agreement with 
KSTP without exceeding this FCC requirement. 
 
After looking over the RCA Antenna Catalog I contacted Ron Yokes, 
our RCA Representative for the Wisconsin area. He put me in contact 
with Nick Nickolyak and Len Lashower of the RCA Antenna Division 
in Gibbsboro NJ. I had worked with both of these gentlemen in the past 
and we set about determining what type of Directional Antenna might 
meet our requirement. Measurements indicated it would take a 17dB 
null to fulfill our agreement with KSTP regarding the ABC Affiliation. 
This was greater than allowed by FCC rules. It was next necessary to 
petition the FCC to allow a waiver to be issued permitting the increased 
null depth necessary to satisfy our requirements. There was a good deal 
of correspondence and information exchange with the Commission 
which finally led to the granting of the waiver allowing us to move 
ahead. First it was necessary to provide the Commission with sufficient 
information to persuade them the waiver was in the best interests of 
viewers to be served.  My notes of the required submission information 
follows. (Of course these are just my notes, not the actual submission.) 
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      FCC Submission Facts 
 
Nickolyak set about design and test of an appropriate Directional 
Antenna for our station. It would be an RCA TFU-30JDAS with 0.75 
degree of beam tilt.  
 
Beam tilt(?)  
    Instead of having maximum power on the horizontal plane, this 
design tilts the signal downward, like an umbrella being slightly closed, 
so as to prevent the main lobe from simply passing above the viewers, 
but rather pushing it downward to put maximum power where the 
viewers are. I have used  a half degree of Beam Tilt on many of the 
antennas specified. Most of these UHF Broadcast Antennas were of the 
pylon type, generally 16” diameter 1/2” thick steel and hollow. 
Transmission line goes up the center feeding the resonant slot radiators 
which emit the RF (Radio Frequency).  
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These antennas are extremely strong and, being base mounted, are self 
supporting. At WKOW-TV and KTWS-TV the Channel 27 Antennas 
specified were 82’ high and each weighed 3.2 tons. 
 

                                 

Test Antennas at RCA Gibbsboro 
 
Directional pylon antennas without so severe a maximum to minimum 
ratio as this one are of the self supporting  type, such as the one we 
would use in the KTWS Dallas installation. However it was not possible 
for RCA to build an antenna with the null depth we needed which could 
be self supporting, and thus a side mount arrangement with a support 
pole was necessary. To meet the null depth specifications the antenna 
would have to be a smaller diameter, and 55’ high,  which precluded it 
being sturdy enough to be self supporting. So, RCA fabricated a tower 
model and single section antenna so as to be able to run pattern tests. 
RCA actually fabricated two different types of antenna for testing, one 
of which produced the optimal results for our needs.  
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    WQOW-TV FCC Mileage vs Direction 
 
As the antenna was not able to support itself an external support pole 
would be necessary. As usual I relied on Warzyn Engineering for design 
and fabrication of the support structure. The  support pole would be 
fabricated and shipped to the WQOW Transmitter site. Getting the RCA 
TV Broadcast Antenna shipped and to the Transmitter site was another 
matter. 
 
As they used to say in the old Cowboy Movies: “Meanwhile, back at the 
Ranch ...” 
 
So: “Meanwhile, back at the Microwave ...” 
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80’ towers were needed at the 1st Relay site and at the studio. For a 
tower of this height a self-supporting type was chosen. It would easily 
have the torsional rigidity needed  to avoid having the dishes twisted out 
of alignment by the wind. The 1st Relay Site was quite near a road at 
the top of a knoll, providing easy access. To erect this 80’ self-
supporting tower a gin pole, which can be seen in the pictures, was used 
to pull up each section so it could be bolted in place. As this was too 
small a job to bring Jim Tiner’s crew from Texas I used a tower crew 
from Milwaukee WI. Likely I would have chosen Jim Crook’s tower 
crew from Madison, but I don’t believe at that time he had the capability 
to raise the TV Broadcast Antenna, which would soon be necessary.  
 

 

         1st Relay Tower  -  80’ Self Supporting 
 
When setting up a microwave path there are two major items to be 
examined. The first is elevations and obstacles along the route. 
Topographical maps are the starting point in this portion of system 
design and layout. Choosing a maximum path length of approximately 
30 miles it is then appropriate to look for high points along a 
prospective overall path. Some of these high points are possible 
Repeater Sites while other of the higher elevations may prove to be 
obstacles impeding the microwave beam. A well known adage is, “Any 
point of interest will  be found at the juncture of 4 maps”. For example, 
a point near the top right corner of this map may fall off the edge and be 
actually located on the corner of one of the three adjacent maps ... OR 
NOT! In any case, it was always desirable to use a large table so as to 
have space enough to lay out adjacent maps. 
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With prospective end points selected the high points along this path are 
noted. Next is the question of beam clearance and earth curvature. In 
Wisconsin where most trees are deciduous a 50’ tree allowance will 
suffice, whereas in California in the area where I live a 100’ tree height 
is realistic. A 4/3 earth radius is usually used in path calculations as the 
atmosphere along the surface of the earth typically provides this much 
beam deflection. Instead of manually drawing and scaling this 
information to determine path clearance as I had done earlier, I wrote 
“Micpath”, a computer program which determined the appropriate 
outputs needed. Later, when in the Consulting Engineering business, I 
refined it further to provide a graphical printout of the path, while in this 
early version it simply provided numbers. In either case, the program 
was set up to take a tower height at one end as an input and provide the 
tower height at the other end as an output. All this was written in 
BASIC on my TRS80, and much of the functionality available in later 
programing  languages was not present at that time, so it was a bit more 
of a coding task to produce the desired results. With path clearances and 
distances defined there was still the question of signal levels and fade 
margins for the various links. The start point is the equation for Path 
Loss: 
 
Loss(dB) = 20log(d) + 20log(f) + 92.45             for d in kM, f in GHz 
For example: 45kM distance & 7GHz frequency = 20log(45) +  
     20log(7) + 92.45 
     = 33.064 + 16.9 + 92.45 = 142.4dB 
Tx pwr = +36dBm, 8’ dish gain 42.3dB * 2  (one dish on each end) 
Rcv pwr = 36dB + 84.6dB – 142.4dB  
      – 9.4dB waveguide loss = -31.2dBm 
Rcvr threshold  -76.0dB 
Fade margin = 76 - 31.2 = 44.8dB          Good. 40dB is target 
 
This calculation is performed for each leg giving the results below. With 
this information in hand dish size can be picked for adequate fade 
margin on each path. 
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         Intercity uW Path Performance 
 
Now that we know what to do, we need to do it. There are towers to 
erect and systems to be assembled and tested. The 2nd Repeater is 
handled with a 200’ guyed tower, again from Rohn. While this is not a 
1000’ tower it is still a far more significant construction project than the 
self supporting 80 footers. The site here has more difficult access and 
much more concrete is required for this tower. Not only do we have to 
get the tower steel here across more difficult roads and terrain, but large 
concrete trucks must make the passage as well. It might be noted that 
the concrete guy anchors must weigh enough to hold down the entire 
force each set of guy wires imposes upon the anchor. That is, there is no 
allowance for any earth above the anchor, or friction holding it into the 
earth. As concrete weighs 2 tons per cubic yard it can be seen that a 
good deal of concrete is necessary for any guy anchor. Fortunately the 
amount of concrete required was not a matter for me to calculate, but 
was an amount specified by the tower manufacturer.  
 
Again, elliptical waveguide is used and it is now a 225’ run from the 
concrete block equipment house to the 8’ microwave dishes atop the 
tower. I might note that this is a duplex run, in that the same waveguide 
is used for both the Rcv and the Tx signals. As there is a frequency 
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difference between them no interference or crosstalk is involved. For 
torsional stability anti-twist guying is used in some cases. This consists 
of a 3 pointed “star” with 2 guys at each apex strung off to the sides so 
as to provide rotational stabilization of the tower. After looking at beam 
widths and rotational stability of the selected tower it was decided this 
addition was not necessary here. 
 
On a Sunday morning I drove from my motel to this tower site to 
continue with some work there. Upon arrival I found that a tree had 
fallen overnight. To my dismay, it was leaning on one of the outer guy 
wires. While not a large tree, it was perhaps 4” or 5” in diameter and I 
was certainly concerned. I tried pushing and lifting the tree but it was 
too heavy and was not moveable. I didn’t have a saw to cut it apart and 
there was not a saw on the site. Hmmm ... What next? I hopped in my 
car and drove to the nearest town, Eleva WI. This is a small town and, 
on a Sunday morning, nothing was open. Walking down the main street 
I could see the saw I needed in the window of a Hardware Store. 
However there was no way to get in to purchase it and no one inside. I 
could find not a person on the streets, not a policeman, or anyone else. 
Considering my options, I drove back to the repeater site. 
 
Once there I retreated to “fall back Plan B”. Pulling my Swiss Army 
knife out of my pocket I noted that the very good, very sharp, wood saw 
blade was 2 1/2” in length, about half the diameter of the tree. At the 
guy wire I started sawing, working my way around the tree. Perhaps a 
half hour later I got through the tree and the large top of it fell to the 
ground with the guy wire now springing back into its normal position. 
The remaining tree bottom was now clear of the guy and I pulled it 
away.  
 
Paraphrasing the Mamas and Papas song: “Sunday, Sunday ... is good to 
me ..., but Sunday morning couldn’t guarantee ... that Sunday evening 
I’d be free ... of the tree ...” 
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      Microwave Repeater #2    200’ Tower 
 
At the Colfax Antenna Site there was much to be done.  Considering the 
microwave, there was an 8’ receiving dish to be mounted at the 195’ 
level on the self supporting tower and a 6’ dish at 60’ for 
communication to and from the studio. Elliptical waveguide was run to 
each dish for connection to the Microwave Associates equipment. In the 
tower house we set up the MA receiver from the #2 Repeater, as well as 
the uW Transmitter to the studio and the back haul receiver from there 
to feed the Channel 18 Television Transmitter. At each of the sites it 
was necessary to physically install the relay racks and microwave 
equipment. Waveguide was then attached to provide the 7 GHz RF path 
to and from the parabolic transmit/receive dishes on the towers. All this 
took far more time to accomplish than it now does to write about it. The 
7GHz elliptical waveguide is approximately 3” wide and 2” in the short 
dimension. While being classed as “flexible” it is not easy to handle or 
to bend and installation can be time consuming. All waveguide was 
pressurized with 2lb of dry nitrogen to keep out moisture. 
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     Elliptical Waveguide 
 
As I noted earlier the tower at Colfax was a rather old 450’ tower which 
had supported a pylon type FM antenna. The lighting was functional, 
but barely. It was necessary to completely replace the rigid conduit 
which enclosed the wires in order to insure integrity of the illumination  
system. This meant purchase and installation of over 1000’ of outdoor 
conduit, as there were places where all wiring could not be run inside a 
single vertical pipe. At the studio the building structure was now 
complete though there was still interior work to be done. As was the 
case with the 1st Repeater an 80’ self supporting tower was erected 
there. Again, this was a rather straight forward project and it proceeded 
smoothly. 
 

 

  WQOW-TV Studio Building and Lobby 
Once the studio tower was completed I wanted to see exactly where the 
Colfax tower lay in relation to the  studio end. One evening just after 



269 
 

dark I donned my climbing belt and clothes and went to the top, taking 
binoculars along. Looking at about 300 degrees I spotted the beacon 
atop the Colfax tower. This had just occurred when I heard a shout from 
below, “Come down from that tower!” It was a local Policeman. I 
identified myself and said, “I’ll be down when I’m done working up 
here”. I also dropped my Wisconsin TV Network Business Card down 
to him. He looked at it and again said to come down. I came down, but 
was not too pleasant when I got there . We had a short and slightly 
heated discussion. He left, and I went back up to finish my logging of 
the direction to the Colfax tower. Somewhat annoyed, I reported the 
incident to the Police office. They were pleasant and understanding, and 
the incident ended there. 
 

 

    80’ Tower at WQOW-TV Studio 
Aligning microwave dishes is an interesting task. All parabolic 
microwave dishes have spurious “minor lobes” which are caused by 
reflections from the feed horn which  protrudes from the dish. They can 
be a major pain when trying to align a microwave path. At each end the 
dish can be moved in azimuth and in elevation to achieve alignment. 
However it can be difficult to know if one end of the path or the other is 
on the main lobe or if one is on a minor lobe. Left, right - up, down ... 
which end is off - and in elevation, in azimuth?? A minor lobe can 
easily fool you. You hit a signal peak - but if the level seems low, is it 
the main lobe, or a minor lobe? And at which end is the problem? 
 
In my early days of microwave work many frustrating hours were spent 
achieving path alignment. At some point along the way I seriously took 
beam width of the signal into account. Mathematically examining a 
typical path I learned that the beam diameter was of such a size that the 
needed elevation was very nearly zero degrees for most all paths. Only 
if one was shooting up or down a mountain would it deviate from this. 
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Following this discovery the climber was given a Level and instructed 
as how to level the dish. With the vertical degree of freedom removed it 
was dramatically easier to align the path. Many hours of time were 
saved and this became my standard procedure for microwave path dish 
alignment. While this change of procedure was of great help it was still 
a time consuming task to get it all in alignment. At least one person had 
to drive to one end of a path, and another to the other end. Radio contact 
was maintained so only the dish at one end was moved while the other 
remained stationary. Find the best signal peak, then begin to align the 
dish at the other end. Of course this was necessary for each of the four 
paths in the system. 
 
Now that alignment was achieved it was necessary to perform end-to-
end testing of the overall system. A series of test signals were sent from 
WXOW-TV in La Crosse, and examined at the Colfax Tower site. 
Amplitude, frequency response, differential phase & gain and square 
wave response were included in the tests. The links to and from Colfax 
and Studio were energized and qualitative and quantitative evaluations 
of the test signal were again performed. When we were happy with all 
results the Intercity Microwave System was declared complete! 
 
                                                           Whew!! …… 
 
At the Colfax site there was still completion of the transmitter to be 
handled, as well as getting the Antenna Mount Pole and the Antenna on 
site. As the pole was fabricated in Madison it was first to arrive. There 
was painting to be done and that was the first order of business. 

 

      WQOW Antenna Support Pole  
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In the same time frame as preparing the support pole for installation, 
getting the RCA TTU30 Channel 18 Transmitter going was a necessary 
task. As usual RCA supplied a suggested layout for the pumps and 
water piping. As usual I did not use their layout, as it consumed too 
much valuable floor space. An alternate configuration was devised and 
implemented. I have presented details of other transmitter installations 
and this one followed in the same framework. It was time consuming as 
usual, but otherwise uneventful. As seen in the right hand photo below 
John Bredesen, KTWS-TV CE, was up from Dallas visiting, as our 
construction of that station was just getting under way.  
 

 

 WQOW-TV Water                Dave White & John Bredesen 
 
One night about 3am, while returning to my motel, I noted how bright 
the sky appeared. Stopping the car I got out. An aurora was present 
which stretched from horizon to horizon! Auroras are not uncommon in 
WI but I have never, in all that I have seen, observed one extending to 
this extent. The best aurora I have ever seen! As usual for an aurora it 
danced and shifted, in green and red, across the sky. After watching for 
about 20 minutes, I proceeded back to the motel. 
 
Next morning, I remembered my camera was sitting on the front seat on 
the passenger side ... 
 
The Directional Antenna was sent by truck from Gibbsboro by RCA on 
August 18, 1980. As I was going back and forth to Dallas I scheduled 
my return to Wisconsin for a couple days before the antenna was due to 
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arrive. There had been a good deal of rain and weight restrictions were 
put into effect for some of the rural roads leading to the area of the 
Colfax tower. As the 55’ long antenna was shipped by semi trailer I 
investigated the situation and selected a route the day before antenna 
arrival which avoided any restricted roads. On schedule the truck 
arrived in the morning and I prepared to lead the driver along the 
selected route. At the second turn I spotted a new sign. Overnight, a 
restriction had been added to this road. I knew the next road a mile 
further along had been okay, so I led the truck there. Restricted!! This 
road also had the restriction added overnight! Taking our chances, I led 
the truck over a total of three restricted roads to get to the tower site. No 
one came to challenge us and so we arrived at the tower site without 
incident.  Again, Whew! 
 
A crane was already on site to off-load the antenna. The donkey engine 
and erection equipment were also there and so we were prepared to 
commence unloading. An RCA Field Service Engineer arrived,  as RCA 
was set up to perform some tests to insure the antenna had withstood the 
trip without damage. This was standard RCA procedure for an antenna 
which cost approximately $200,000.  

 

   Unloading Antenna   
 
It was next necessary to raise the Antenna Support Pole and bolt it into 
place on the tower mounting plate. Wind was light and this proceeded 
without incident. As this was a self supporting tower it was, of course 
tapered and so it was necessary for the donkey operator to carefully 
control the tag line so as position the antenna directly above the tower 
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mounting plate. With the support pole secured in place the antenna itself 
was carefully lifted and affixed to the mounting pole which supported it.  
 

 

  WQOW-TV Colfax Tower with Antenna 
 
Looking closely at the preceding picture, one can see the Antenna 
Support Pole with the Antenna standing outward to the left. Here at the 
Colfax site we had previously tested the RCA TTU30 Channel 18 
Transmitter into the dummy load. As usual, it was necessary to run 
slotted line tests and pulse the transmission line to check for any 
discontinuities before applying RF from the transmitter. With these tests 
completed power could be applied to the antenna. The VSWR readings 
looked good, power was brought up to 100%, and we were on the air! 
 
Owing to the directional nature of the antenna we felt it important to use 
a field strength meter and take pattern readings out at the Grade B 
contour. This was done with a drive around the coverage area as near as 
possible to that contour. Starting in the north at Rice Lake, this meant a 
drive to Bruce, near Ladysmith, around to the south and east to a spot 
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about halfway between Stanley and Thorp, taking many readings along 
the way. Now south and west to Hay Creek, across Hwy 93 just north of 
Independence and around west to Ella. A most interesting part was the 
null. North to Elmwood, Knapp and Downing, as well as a stop at 
Menomine to ascertain signal level there. This drive was another 
beautiful trip through rural Wisconsin,  where  I again  thought,  “ ... and 
they’re paying me to do this!” I loved a jaunt through the scenic 
Wisconsin woods, fields and farmlands. It was a most pleasurable 
endeavor. Field Strength readings were near those anticipated, and so 
this phase of the project was now finished. 
 
Our first Video Production Switcher was a rather simple unit, allowing 
little more than Takes and Dissolves between sources. Before this 
switcher was replaced with a more sophisticated one the lack of Chroma 
Key capabilities was a disturbing handicap. While in the early days of 
WQOW-TV much programming was supplied by WKOW in Madison, 
it soon became very desirable to be able to Chroma Key a weather 
announcer over the map to provide local weather information. Our 
allocated funds had been expended and there were none available for a 
Chroma Keyer. Hmmm ...  
 
 I don’t remember just why, but I had designed, constructed and tested a 
complete Chroma Keyer a few years earlier. As Circuit Design was 
something of a hobby of mine it is likely I did  the project just to see if I 
could do it and make it work. At that time I had found an overall  design 
in the literature which could provide chroma selection but lacked what I 
felt to be a satisfactory Key Gate arrangement. I had then designed a 
Key Gate which I deemed suitable. In any case, this unit was available 
and we put it into service at WQOW to provide the functionality which 
had been missing. 
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                                       WQOW Chroma Key Gate 
 
 
The Intercity microwave with the Microwave Associates RF gear 
performed very well in getting an excellent quality picture up to 
WQOW-TV in Eau Claire WI. However, I got a call one day from a 
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WQOW Engineer that the video signal was fading out periodically. 
They had pinned it down to the output of the 2nd Repeater. It looked 
good following the 1st Repeater but showed the problem at the 2nd 
Repeater output. I flew up there and was present to examine the output 
coming from the dish atop the 200’ tower. Indeed it would fade out, 
then return. It seemed to relate to the wind in the area. There was a low 
point - a drip loop - in the waveguide just before it entered the tower 
house.  Reaching up and moving the waveguide caused the picture to 
come and go. It acted as though there might be water in the waveguide.  
We attached a 2nd tank of dry nitrogen which pressurized the 
waveguide and attempted to raise the pressure to 4 psi. It didn’t seem to 
want to go that high in pressure. Leaving it overnight we hoped the dry 
nitrogen would remove the moisture, and thus any water trapped inside. 
There were no positive results. The next day no improvement in the 
problem was observed.  
 
While WQOW was in local programming we removed the waveguide 
from the uW receiver  and pulled the end outside. Lowering it 
downward water ran out! There must be a problem which let water 
come into the waveguide. Calling on my old friend Jim Crooks and his 
tower climbing service, a climber went up the tower to examine the 
integrity of the waveguide. At the top he found the erecting tower crew 
had bent the flexible waveguide much too sharply and it had cracked 
open so rain could come in. A new section of waveguide was put in at 
the top, the waveguide was again sealed, and the problem was solved. 
 
Again, this demonstrated why I greatly preferred to utilize the services 
of tower crews with whom I was familiar and knew to be competent. 
 

 

KTWS-TV Dallas TX Construction 
 

Liberty Communications, owner of the Wisconsin Television Network, 
was a forward looking organization always moving toward adding new 
facilities and increasing value of their holdings. I believe it was with 
this in mind that Don Tykson, Manager of KEZI-TV Eugene Oregon 
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and head of Liberty Communications, with the help and support of 
Terry Shockley, conceived and built Television Stations in La Crosse 
and Eau Claire Wisconsin. These installations completed the WI portion 
of the four station Wisconsin Television Network with the added 
coverage now providing service to almost the entire western and central 
portions of the state of Wisconsin. Next, further opportunity was 
presented in Dallas Texas.  
 
As seen earlier, in the KBSC-TV Los Angeles section, Subscription 
Television was gaining popularity in the latter 1970’s. The system 
allowed a television station to encode some or all of its content, 
allowing only subscribers with authorized programmable Set Top Boxes 
to view the programming. The Boxes were addressable and could be 
energized for individual programs or a group of programs as desired by 
the Broadcaster. Thus a Sporting Event or other program could, for a 
fee, be authorized for any individual Set Top Box by the program 
originator providing Pay Per View distribution of the Event. In the days 
before widespread cable coverage this was the only method of providing 
an On Demand access to specific programs. 
 
In the case of KTWS-TV in Dallas it was not required to submit the 
Scrambling System to the FCC for Type Approval as was necessary for 
KBSC-TV in Los Angeles. By now, nearly a decade after the KBSC 
Type Approval submission, digital methods of scrambling were already 
approved and any of these configurations could be used. And, as they 
were digital, there was not a power calculation aspect to be of concern 
as was the case in the analog implementation. However other 
parameters of the Design and Build of this Television Station were 
unique and it was necessary to appropriately relate to them. 
 
Three new Subscription Television Stations went on air in Dallas at 
approximately the same time: Ch 21, Ch 27, and Ch 33. KTWS-TV had 
been assigned the Channel 27 frequency slot - coincidently the same 
channel assignment as the parent station of the Wisconsin TV Network, 
WKOW-TV, also on Channel 27. A 1500’ Stainless tower was proposed 
at Cedar Hill TX, on a site approximately 9 miles southwest of our 
studio in Dallas. Atop the tower was to be a Candelabra supporting the 3 
new television antennas. These stations would lease space on the tower 
from the constructor/owner, San Juan Racing (SJR). SJR was originally 
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a company involved in horse racing but had branched off into the tower 
own/lease business. 
 
As had been the case in the WQOW-TV build, one of my early tasks 
was identifying and selecting a Chief Engineer for the KTWS-TV 
construction and operation. My thoughts immediately turned to my 
good friend John Bredesen. Since his days at WKOW-TV John had 
amassed a wealth of Television experience: 
 
He worked in the position of Engineer at WHA-TV, the Educational 
station in Madison under the auspices of Chief Engineer Charlie Huber. 
As Charlie was also a Ham Radio operator working the 6 meter band, I 
had frequent over the air contact with him and we were good friends. 
Following WHA-TV John became Chief Engineer at University of 
Delaware where he set up a two studio TV facility and, using existing 
underground steam tunnels, installed a closed circuit TV system. Then 
to Ampex in Elk Grove Village (Chicago) doing engineering for 
industrial TV, this being corporate training facilities. Next he designed 
and installed studio facilities and a distribution system for the 
Milwaukee Catholic Archdiocese which included a 4 channel ITFS 
(Instructional Television Fixed Service) transmitter site and 2.4 Ghz 
receiving antennas and towers at over 100 parochial schools. Finally, he 
became head of the Broadcast Engineering facilities at University of 
Wisconsin Oshkosh WI. By this time John had also passed the exams 
and became a Registered Professional Engineer (PE).  
  
In John’s own words, “In 1980, I was reluctantly conned into moving to 
Dallas to build KTWS-TV. (I must add that this was probably the 
technical pinnacle of my career.)” 
 
Without all that much “conning” I asked John to accept the position of 
Chief Engineer of our yet-to-be-built station KTWS-TV in Dallas TX. 
Much to my delight, he accepted the offer!  I was still involved in 
wrapping up completion of our build of WQOW-TV in Eau Claire WI 
and relieved to have filled the KTWS position with a highly skilled and 
competent Engineer. Being able now to hand off many of the aspects of 
the KTWS-TV Design and Build to John greatly eased my concerns 
about heading up somewhat overlapping Builds of two television 
stations. 
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John Bredesen & Bob Z at KTWS      KTWS-TV Antenna Being Raised 
 
There was a long way to go in getting from the conceptual stages to the 
pictures above. During the construction phase of the Transmitter 
Building we coordinated with SJR on erection of the  1500’ Stainless 
tower. While the tower was not the direct concern of either John 
Bredesen or myself, related aspects such as transmission line 
interconnection from building to tower exit and entry elevation and 
angles - antenna mounting plates and hole patterns and such, were high 
on our list. Transmission Line was 8 3/16” diameter Dielectric Products 
line so as to safely handle RF from the RCA TTU110 Transmitter with 
its 110kW power output. Mounting of the T/L on the tower would be 
the responsibility of the tower erection crew. 
 
As opposed to other tower projects for which I have been responsible, 
the tower crew was selected and employed by tower constructor/owner 
SJR. They chose a Tower Erection Crew from Georgia for the tower 
build. Later, when it became time to hoist and install our 82’ high 3.2 
ton Television Antenna the selection was mine, and I once more chose 
Jim Tiner’s highly qualified and disciplined crew. 
As we got under way with KTWS-TV I flew to Dallas about once a 
week, normally staying two to four days. The flight was usually a 
Convair 440 Turbo Prop to Lambert Field in St. Louis where, looking 
up, one could see a full sized copy of Charles Lindberg’s “Spirit of St. 
Louis” Ryan Monoplane hanging overhead in the airport. As Lindberg 
was from St. Louis and was the first pilot to make a solo flight across 
the Atlantic (in May of 1927) a replica of his aircraft hung high above 
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the milling travelers below. From Lambert Field it was generally a DC9 
to DFW (Dallas-Ft. Worth). I haven’t been to DFW in many years but, 
at that time, you de-planed quite some distance from the main terminal, 
then took a small “train” to the central building. A little different than 
most other airports, I observed. The DC9 was a favorite of mine and 
was used for many of my travels. The pilot would take it  down the 
runway getting up speed, then “stand it on its tail” at an angle that felt 
like straight up, till we reached altitude. I really enjoyed that aircraft. 
 
On an early trip to KTWS-TV John and I looked over the potential build 
and reflected on what equipment and layout might be necessary and 
feasible for the studio. There would be a couple studio cameras, two or 
more videotape machines, production switcher, master control switcher, 
sync generators and changeovers, film projectors and film cameras, 
character generator, framestore synchronizers and proc amps, 
blue/green screen matte, satellite receivers, audio console, etc, etc. We 
kicked it all around verbally and considered how it might best be 
interconnected and interfaced. About 9pm I returned to my hotel room. 
Sitting down with a roll of brown butcher paper I started drawing out 
the studio flow. At 4am the task was complete and I had drawn the 
video flow chart on the butcher paper. Needless to say we had to 
reproduce it later in a more formal manner, but this started us along the 
equipment procurement and installation route with the butcher paper 
flow chart then being used as an initial template for the studio build. 
 
Like KBSC-TV in Los Angeles, this was a Subscription Television 
Station and so the management/personnel structure differed from that of 
the normal commercial broadcast structure. In the case of KBSC, Oak 
Broadcasting was overall owner of the facility, controlled the 
programming, distributed the set top boxes to subscribers and 
authorized the boxes to receive paid-for programming. In general there 
were some free programs interspersed with those generating revenue.  
 
At KTWS, Liberty Communications owned the studio and transmitter 
facilities, leased tower space from SJR, and leased the overall facility to 
the Subscription Programming supplier. That group determined the 
programming content, sold the service to subscribers, distributed and 
authorized set top boxes and did the billing. Our KTWS personnel did 
the switching, etc., and operated and maintained the equipment. Thus, 
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we needed no sales staff but did employ a Traffic department to provide 
the scheduling and organization of on-air material. It was our 
operational task to keep things flowing smoothly by airing the program 
content provided in the specified order and timing. We had a functional 
studio for local origination, but there was not a great deal of this. Thus 
Master Control was the hub of the operation, with Studio Control 
playing a significantly lesser role. With this difference in structure - and 
after he got to know John Bredesen - Terry Shockley felt that John 
could handle the twin roles of Chief Engineer and Station Manager. 
John Bredesen did this and did it well! 
 
As I recall, we used Ampex Studio Cameras and an ISI Master switcher. 
This switcher performed well for us in Dallas. I had earlier specified 
and purchased an ISI Studio Switcher for use at WQOW-TV in Eau 
Claire WI. It was only after we had this switcher in use for a period of 
time that we became aware of its shortcomings. The M/E’s 
(Mix/Effects, where transitions such as fades, dissolves and wipes are 
made) were subject to significant drift. After a couple weeks of use 
crosstalk from the second video bank would appear on-air. This could 
be tweaked out, but it was a continuous battle to keep the output video 
pristine. I worked extensively with ISI in our attempts to resolve these 
problems. Fortunately the ISI Master Switcher here at KTWS had no 
M/E’s and so the problem was not there - this Master Control Switcher  
served us satisfactorily and without problems. 
 
Layout of the studio and offices proceeded as scheduled. Then there was 
the usual routing, running and labeling of Belden 8281 video cable and 
of shielded pairs of 8451 audio cable in the control room build. And of 
course the installation of 19” relay racks, rack rails and also cooling 
ducts to remove heat generated by the video and audio gear. The 
mundane task of providing the multitude of 110V AC  outlets for the 
rack equipment, monitors, etc., was time consuming, but very 
necessary. Adjacent to the Control Rooms and Studio, layout of the 
Office Area progressed and I received an office to use for the eight or 
nine months of my on-site involvement. 
 
While I have earlier described construction of other transmitters, each 
one is different. At KTWS-TV there was even more emphasis than 
usual in reducing down time to an absolute minimum. In case of loss of 
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primary power a 500kW generator was employed producing the 440 
volt 3 phase AC necessary to restore RF output. This was enough to 
operate just one of the two VA953A visual klystrons allowing the 
transmitter to function at half power of 55kW output and dropping our 
ERP from 5MW to 2.5 megawatts. The generator was configured to 
start automatically upon the sensing loss of input AC power. John 
Bredesen set up the Generator system and it worked well.  
Motorized transmission line coaxial switches made the proper changes 
to the T/L configuration to feed the output of the single klystron to the 
antenna, while the 24kV voltage supply was removed from the other 
visual klystron. 
 

    

   Bob with T/L Switch Parts              KTWS Coaxial Switch Plumbing 
 
Of course, working in conjunction with RCA, we had to set up the T/L 
coax switches and control circuitry to make the desired changeover of 
RF feeds, etc. This was no small task. The transmission line switches 
were 6 1/8” size and it was necessary to make a detailed layout 
including all transmission line lengths and angles. When length of each 
piece of line had been thoroughly checked cutting and flanging of the 
transmission line could proceed. Our usual procedure was to use a table 
saw with a blade specified for non-ferrous metal employed to make the 
cuts. These line pieces needed to be precise in their lengths. Whenever 
possible we used a piece of T/L with a factory flange on one end so only 
one soldered-on flange was needed. While the best possible solder joints 
were made in each case, this portion of the transmission line was in the 
non-pressurized area and so a gas tight flange was not absolutely 
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necessary. Following this the inner conductor was cut, also with the 
same precision.  
 
In the meantime studio construction proceeded. Telecine, Videotape and 
Master Control were put together. All of this sounds simpler than it 
actually was. Each of these rooms commanded a considerable amount 
of our attention. Telecine always requires significant time in layout and 
getting sources and cameras precisely aligned. It is always a challenge 
setting up a film/slide multiplexer so each source is accurately aligned, 
focused and sized. In on sense videotape is simpler in that these 
alignments are not involved, but timing is now the issue in obtaining a 
smooth, clean operation. 
 

 

     John Bredesen In MC        John B and Don Stenz, WAOW CE  
 
Shown above are KTWS-TV Master Control Room followed by 
Telecine and Videotape Rooms. On various occasions personnel from 
our other Wisconsin TV Network stations would visit to assist and 
observe the KTWS construction. As seen above, Don Stenz WAOW-
TV CE, was on hand when the Telecine and Videotape photos were 
taken.   
 
We installed two “C-Format” Ampex VTR’s in the Tape Room. Using 
1” wide videotape these are full bandwidth helical scan machines 
which, in the Broadcast industry, then supplanted the long dominant 2” 
Quad devices. Here the tape makes almost a full circle around the 
scanning drum, and a single head is able to record and playback the 
entire video signal, as opposed to the Quad machine which used a 
headwheel with 4 heads rotating at 14,400 rpm. So instead of having the 
picture segmented in 16 line chunks, the C-format implementation 
records both fields, an entire frame, in one pass across the head. 
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Mechanical jitter is greatly reduced, there is no head banding as with the 
quad, and the entire transport and electronics are much simplified. The 
VHS Helical machines described in the “Sequencer” section of this 
book are similar in a number of respects and share many of the 
advantages of the C-format arrangement, and they certainly proved their 
utility and longevity in the Sequencer implementation. 
 
The C-format device, often referred to simply as the “one inch 
machine”, has a slightly better video bandwidth and quality than the 
quad and required much less care and maintenance than its predecessor. 
The one inch machine, a reel-to-reel device, could be stop-framed or 
used in a slow motion mode which was very popular for sporting 
events. With these machines soon appearing on Remote Trucks it was 
no longer necessary to lease the expensive Ampex HS100 to provide 
slow motion for our basketball and hockey coverage. The same control 
panel as used on the HS100 was also supplied for this implementation 
and made operational transition to this Slo Mo machine rather simple. 
 

 

  Xmtr Bldg Ice Shield                    Tower Crew Going Up 
 
John Bredesen had worked with a Mechanical Engineering Consulting 
Company in the design and fabrication of an Ice Shield for the 
Transmitter Building. As seen earlier in this book in the “Ice Storm 76” 
section, falling ice can present a serious issue to buildings, cars and 
people below a tower. While the ice shield designed and installed at 
KTWS-TV would not prevent ice from hitting the building it would 
break up the ice into much smaller pieces and thus effectively prevent 
damage to the building and its contents. With antennas and the top of 
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the tower 1500’  above, an Ice Shield was a desirable and necessary 
feature. The Transmitter Building roof below the shield was reinforced 
concrete of 16” thickness, as I recall. Installing the shield was a non-
trivial task requiring heavy equipment and construction personnel for 
the job, and taking considerable time. 
 
 
The tower construction crew hired by SJR went to work in getting the 
tower painted, erected and the transmission lines and support hardware 
installed. Also there were FM Broadcast and Communication operations 
leasing space on the tower. All of these had to be installed with the 
attendant transmission lines, etc. positioned and connected. I believe 
there were something like 28 antennas for these ancillary services on 
this 1500’ tall tower. Later, when all was installed and operational it 
was noted this was now the highest power tower in the world. I don’t 
recall the power numbers but it was said we had surpassed the previous 
highest power tower, which was located in Germany. 
 
While not the tallest, this was the heaviest tower that had been built by 
the Stainless Tower Company. Considering the candelabra with three 
Television Antennas at top, and the myriad of other services on the 
tower, this is not surprising. The bottom 20’ section weighed 18 tons. 
The 3 tower legs were each 9 inches in diameter and made of solid 
chrome molybdenum steel rather then being hollow. The usual hollow 
style legs were used for all tower sections above. A very sturdy gin pole 
was used with the donkey engine providing motive force to reel in cable 
and lift the loads. 
 
Meantime, we had a bit of fun while keeping warm! I still have the Tee 
Shirt I got in Dallas  which says, “100 Days over 100 Degrees!” Yes it 
was a hot summer! Fortunately for us much of the work in that period 
was inside, setting in monitors, connecting cables, bringing up cameras 
and VTR’s, etc., so I don’t remember suffering drastically.  
 
I recall there was a time when some of the out of town people with the 
SJR group were in Dallas to check on progress. We were going to take 
them to dinner and they would follow us. John was driving and, of 
course, he knew the area really well. As we headed west he casually 



286 
 

slipped off the main street and onto a dirt and gravel roadway, the 
Trinity Trail Levee Road, which snaked along the Trinity River. 

 

         Trinity River  
Of course they had to follow us and likely wondered, “where the hell 
are we going?” I suspect we may have gotten on the Levee Road at 
Sylvan Avenue and continued on under Hampton Road, then exited 
back to normalcy perhaps at Westmorland Road. It was a somewhat 
dusty and somewhat bumpy, winding ride along this undeveloped swath 
of land, and  John was chuckling all the way. With amusement, we did 
hear about it when we got to the restaurant. All had fun! I had never 
been on that roadway before, and I’m sure the others had not been there 
either. A new adventure and all, even the followers, had a good time! 
 
And, another unexpected detail. The Office Area of the station was a 
rather wide gap, or hallway, between a row of offices on each side. I 
was officed on one side rather near one end. Across from me were 
offices on the other side. There was one office, sort of diagonally across 
the space, from which I could hear every word spoken! At first I ignored 
it, but then felt it was strange, and really not appropriate. The other 
office was that of a lady in the Production Department. She would be in 
there talking with her husband, and I soon became uncomfortable with 
having their conversation being projected to me. After hours one night I 
checked it out with the help of an employee friend. We didn’t find 
another set of offices displaying this phenomena but confirmed it 
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existed here. The solution: I had the Production Person moved to a 
vacant office and we converted her office to a Storage Room. Problem 
solved! One of the strangest acoustical situations I have ever 
encountered ... 
 
Continuing with the studio assembly we finished and checked it out. Of 
course there were the usual small glitches and oversights, but it was 
basically just fine. There were the timing adjustments and some cable 
cutting, but we did reach a finish point and declared it complete. As 
tower construction moved on toward completion we still did not have 
our TV Broadcast Antenna. I don’t recall if it was running late or if we 
were simply wanting it before its due date. I talked with RCA and 
conferred with Terry Shockley as to what we should do. For tax reasons 
it was greatly desired to get KTWS-TV on-air before December 31, 
1980. It was decided I should go to RCA in Gibbsboro NJ - the antenna 
design and fabrication facility - to see if I could expedite delivery of the 
antenna. 
 
When I arrived there I met with the RCA leaders of our project. Don 
Hymas was the guru of antenna matching and SWR considerations. It 
was said Don had a pot of witches brew boiling at all times, as he was 
highly revered in putting systems together and making them perform 
like no one else could. However, there was still much to be done in 
tuning, matching and testing before our antenna would be ready to ship. 
A couple days later, after more telephone conversations and my 
interactions with the RCA Gibbsboro people it was decided shipment 
before the first of the year could not be accomplished. I returned home. 
The antenna arrived in Dallas in the 2nd week of January 1981 and Jim 
Tiner’s crew was ready for it. 

 

   Slotted Line Test     John Checking Top Beacon 
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On-ground slotted line testing was done to insure the antenna matched 
expected specifications. After painting and further preparation the line 
from the top of the gin pole was securely attached to the antenna 
harnessing. The Donkey Engine operator then, watching his tag line, 
began to raise it to the tower top. If the load moved too far from, or too 
close to the tower, he would reel in the tag or give it more tag as needed. 
It should be noted that the Donkey Operator is perhaps the most 
important person on the tower crew. Upon his judgement rests much of 
the responsibility for the success of the operation and the safety of the 
crew. You don’t talk to him when he is working. Donkey Operator Don 
Doty was the best in the business. 
 

 

      Bob - Antenna            Donkey Engine 
 
The operation went smoothly in raising the antenna 1500’ up to our 
place on the Candelabra base. There is always wind at that height above 
ground and care is necessary in getting the 3.2 ton antenna into position 
so the first bolts can be inserted. The 8  3/16” diameter transmission line 
is not positioned directly below the antenna but rather is offset to allow 
for the elbow complex. This is a four elbow configuration which turns 
the T/L back downward, then up again for connection to the antenna. In 
case of a problem with transmission line or antenna it provides a way to 
split the line. Two of the elbows can be removed by tower climbers to 
provide access to either the bottom of the antenna or the top of the 
transmission line. Without the elbow complex it would not be 
reasonably possible to separate the line from the antenna. At Gibbsboro,  
matching guru Don Hymas had optimized the elbow complex to 
minimize any impedance bump at our 550MHz frequency. 
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With the antenna mounted in place we could now move forward with 
checkout and application of power to the system. Jim Tiner’s tower 
equipment stayed in place on site till we could complete testing and 
know all was well. 
 
    

 

 Antenna Going Up                         1500’ Dallas Candelabra 
 
The antenna was now atop the 1500’ tower and it was time to run tests 
on the transmission system and apply power to it. First we pulsed the 
transmission line to look for reflections indicating a problem in the line. 
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  Pulsing Note from Ice Storm of 1976 
 
 
Pulsing the transmission line will produce a reflected spike of energy if 
an impedance mismatch occurs, such as a bad joint in either the outer or 
inner conductor of the line. The antenna produces a large reflection 
because it is not matched to absorb and radiate the pulse as the pulse is 
not at the antenna resonant frequency, here 550MHz. By checking the 
timing of any reflected energy and comparing it with the time of 
reflection from the antenna, location of a problem joint can be 
determined. In our pulse test of the KTWS-TV system no significant 
reflections appeared. 
 
While we had already tested the 110kW transmitter into the dummy 
load this was only with a single VA953A visual klystron. The water 
cooled dummy load could handle only 60kW visual RF and the 
combined transmitter consisting of two 55kW visual stages plus the 
aural transmitter was yet untested. As usual with a new installation we 
first tried it at low voltage of about 14,000 volts. All looked well so we 
moved the “Delta Wye Switch” to full voltage of 24kV and fired the 
transmitter up with low drive, and thus low power output. Moving the 
drive up to give 100% output demonstrated it was just fine. We were 
now operating at full power and at Five Megawatts ERP! 
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                             John and Bob  - KTWS-TV On-Air 
As always, it was a great feeling to see the fruits of the labors of all 
involved producing the desired result! Further testing with standard 
video and test signals confirmed that all was well. Next was the required 
Proof of Performance to satisfy FCC rules and confirm to the 
Commission that the transmitting system was operating within 
government specifications. I don’t remember anything special about this 
Proof. So far as I recall all went smoothly. 
 
It was perhaps a week after sign-on. We had run a few revenue 
producing scrambled programs and a big one was coming up, a 
Championship Boxing Match. While we of KTWS were the ones who 
pushed the buttons to get these programs on-air, responsibility for the 
scrambling, set top box assignments and box access programming in 
which viewers got “unscramble signals” and thus viewing of the 
program content, was the province of the Subscription organization. I 
was at the studio with the Chief Engineer of the Subscription group as 
the Boxing Match was about to begin.  
 
As it started we watched on a TV set fed from an authorized set top box. 
Scrambled picture!! He quickly tried another authorized box. Same 
thing - scrambled picture. The scrambling equipment, which was 
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located in the transmitter building at Cedar Hill, had not authorized the 
boxes of paid subscribers. Major Faux Pas! 
 
While it was not my problem, I dashed to my car and headed for Cedar 
Hill. He was in his car right behind me. At this time I was using a 
company car. It was not a Hot Rod, or a Sports Car, but simply a 
mundane 6 cylinder Ford sedan.  This was at a time when the 
government had mandated that no speedometers could display speeds 
higher than 80 mph. Hence anything faster than 80 mph simply pinned 
the speedometer needle. It was about 12 miles by road to the transmitter. 
For most of the trip the speedometer was pinned at 80+ mph, dropping 
back only for curves, etc. I didn’t lose him, but did get there a slight bit 
sooner and had the door unlocked when he arrived. He quickly set the 
scramble controller to unscramble all set top boxes. While this did allow 
even non-paying viewers to see the program, it salvaged the rest of the 
Boxing Match for the paid viewers. Fortunately there was not a first 
round knockout! I expect the Subscription people did some work to 
insure this would not happen in the future... 
 

WQOW & KTWS Side Notes  
 
A few months after the initial KTWS-TV sign-on John noted some 
abnormalities in the SWR as shown on the meters. I must say I had not 
been particularly fond of the work of SJR tower crew from Georgia. 
They were a rather wild and reckless bunch, though not atypical of 
many tower crews. Not bad people at all, but perhaps a bit too 
roughshod and casual about their work. Our transmission line up to the 
antenna was, as usual, pressurized with about 2 lbs of dry nitrogen so as 
to keep moisture out. It seems two of the clamps which were holding the 
transmission line together where the 20’ sections joined had not been 
tightened properly. As wind shook the tower these joints loosened. 
There was leakage of the nitrogen, the SWR went up,  and, as I recall, it 
was necessary to split the line and make repairs. 
 
Another footnote, and a very sad one, is this tower crew later erecting a 
2000’ tower in Houston TX. As the antenna was being lifted to the top, 
incredibly, the antenna slipped out of its harness and fell. It hit one of 
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the guy wires taking the tower down and killing everyone on the tower. 
As we had gotten to know some of them while on the Dallas erection 
job, I found this news particularly disturbing. 
 
For large projects, whenever possible, I chose to use the Jim Tiner tower 
crew.  
 
As I mentioned earlier, funding was tight on the WQOW project, 
perhaps because it was in a small Market and a good deal of money had 
been spent on the Intercity Microwave system in addition to the Station 
Build. Dallas, being a Top 10 Market, had fewer constraints. At KTWS 
we installed Ampex 1” VTR’s and had need for a 2” Quad VTR to fill 
the need of being able to handle incoming tapes of that format. For Eau 
Claire there was initially no VTR specified, but it was known one was 
needed. At this point ABC New York was upgrading their VTR’s to 1” 
and disposing of some of the Ampex VR2000 Quads which had been in 
service. I went to New York along with Terry Shockley and we 
purchased two of the “used-but-working-well” Quads. One was shipped 
to KTWS in Dallas TX and the other to WQOW, Eau Claire WI. John 
Bredesen received the Dallas Quad and got it going. After learning the 
setup procedures it was relatively trouble free.  
 
However my experience with this machine dispelled a long held illusion 
of mine. 
 
Though most all of my personal experience with Quad VTR’s was with 
the RCA machines, I had long had the impression the Ampex machines 
were really a bit better than the RCA’s. While both brands had good 
signal systems, it became more evident as I worked with the Ampex 
machines that RCA had a better servo system. (Others may disagree 
with this). I learned why tapes which were interchanged between the 
two brands were more troublesome on the Ampex machines. The RCA 
servos were simply able to handle tapes with greater instabilities than 
the Ampex machines. They would play their own tapes, or the Ampex 
tapes generally without difficulty. However the Ampex’s had far more 
trouble with tape interchange. Later, I verified this with the WQOW 
VR2000. My illusion of the Ampex being superior vanished when I had 
both brands. I always said I could set up, or repair, an RCA VTR in my 
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sleep and I also became proficient with the VR2000, but it was 
definitely more touchy to set up and maintain. 
 
The builds of both Television Stations were demanding, but satisfying - 
and highly successful. Thanks to all the wonderful people who made 
this possible!! 

 
Moving On 

 
What a ride it was!!  27 years at the Wisconsin TV Network and 
Channel 27 in Madison! 
 
But there is a time for everything, and this was it. Two factors strongly 
influenced my decision to leave and move into the 
Design/Build/Consulting Engineering business. First, the WI  TV 
Network was up for sale. This could be good, or it could be bad. As 
Liberty Broadcasting had been a really good owner it seemed doubtful 
that a new group in control might be better. With Liberty and its 
predecessors vast opportunities had opened for me. Where else might I 
have been able to conceive, design and build circuits and platforms 
which would be welcomed and utilized by the owners and leaders of our 
operation? Where else might I have had the freedom  to manage the 
design, layout and construction of a number of new Television Stations? 
 
Concerns about my future at the Wisconsin Television Network turned 
out to be well founded. After the sale the new owner moved 
immediately to separate the several stations into individual entities. 
Anyone who had responsibility for more than an individual station was 
released from the staff. In my position as VP Engineering for the 
Network I would have most certainly been among the first to go. 
Released was the National Sales Manager as well as others having 
responsibilities to multiple stations. Some years later, if I am not 
mistaken, this new owner filed for bankruptcy and the Stations were 
again sold. Leaving when I did was definitely fortuitous for me. 
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The other factor in my choosing to leave was an opportunity which had 
appeared at that time. With a partner a new company was formed – 
Communications Technology Incorporated. This moved me on into the 
realm of Consulting Engineering with a decided Design/Build emphasis. 
There is much more to be said about this, and the move to Grass Valley 
CA which was to follow some years later. 

 
 

Yet to be covered: 
 
(Communication Technologies Inc. 
              Consulting Engineering & Design/Build Company) 
 
(Major Projects: 
NBC New York - Examination of Facilities move from 30 Rock 
Holiday Inns - Microwave and Earth Station Communications 
Bell South - “Telephone of the Future” Prototype 
Cable Television Systems - Design & Build) 
 
(Grass Valley Group) 
 
(Model 110 Video Switcher 
Model 250 Video Switcher 
Model 3000 Video Switcher) 
 
(Ensemble Designs) 
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