01 Ferris ad

Today I will be giving an insight into the development of car radio. It’s a niche area of radio technology overlooked in the modern world of collection and restoration. But, there were some very significant developments in radio technology which owe their existence to car radio, and we’ll get to those in due course.

02 1924 car 

The concept of using a radio in a car goes back to before the start of broadcasting. Initially it was a purely experimental hobby among amateurs, because there were a lot of problems which had to be overcome to make it practical. The photo here from 1924 is one example of an early experimental set up.
03 1923 portable

This set from 1923 is typical of the era, and as you can see it’s really just a portable set with self contained batteries and a loop aerial. 
03a 1925 Radiola & Willys Knight

By 1925, the definition of a car radio had progressed to just a domestic coffin set sitting on the running board when the car was parked somewhere. People would literally take the domestic set off its table at home, stick on the back seat of the car and drive somewhere, and set it up again. It wasn’t until around 1927 that attempts were made to build sets into the dashboard as a permanent fixture.

Now as to the circuits, since they were domestic sets, the usual TRF and regenerative circuits were used. A wire thrown to a nearby tree sufficed as an aerial when parked, or aerials were attached to the car like this:

04a Model T

Or this:

04b closed car

 Sometimes a frame  aerial was used, in in this case with a 9 valve superhet.

04c 1927 9 valve superhet

In most of these instances, the radio was not intended to be used with the car in motion. Several reasons for this; 1) the receivers had multiple controls which would be distracting to the driver, 2) low audio output couldn’t compete with road noise, 3) interference from the ignition system
06 Heinafone

The earliest commercially made purpose built car radio I can find is this 1927 Heinafone. It has two dial tuning and required the whole car dashboard be replaced.

1929-30 started to see serious attempts at car specific receivers, built into the car, and used while driving. TRF circuits with ganged tuning made operating the set practical while driving, and using mains type valves increased the audio output.

Typical of these early sets are this 1930 Auto Pilot:
07 1930 Auto Pilot

The radio is built into a trunk mounted on the running board

07a 1930 Auto Pilot

08 1930 cct for Auto Pilot

08b 1930 rules for car radio

When car radios first appeared en masse, thoughts were given to whether they would be too much of a distraction and should be banned from use while driving.

09 American Bosch

This American Bosch is typical of the 1931-1932 era. Note the four B batteries and battery box. We’ll get to what that’s all about shortly.

What about the valves? While experimental sets used battery valves these were not practical for car use. Their fragile filaments could not stand up to the vibration encountered. The vibration was also a problem with valves being microphonic. It was also impractical to run battery valves from the car battery because their fragile filaments were not up to the voltage variation of a car electrical system; which might get up to 8 or 9 V for a 6V system. Something to keep in mind is that also at the time, not many cars had a voltage regulator. Another problem is the directly heated filaments meant that any interference on the car electrical system would be fed into each stage of the set.
Purpose built car sets initially used the 2.5V indirectly heated mains valves like 24 and 35, which had been developed for AC use. The filaments were physically rugged enough for car use, and electrically rugged enough to run from the car battery. The catch was the 2.5V heater voltage, and that car batteries were 6V. Two methods were used; wire three valves in series and hope that emission was still good enough at 2V, or wire two in series with a resistor.
Either way, efficiency was not as good as it could be.

10a  new 6.3v valves

By 1931 a new set of valves had been designed for car radios. And here we see one of the most significant developments of electronics attributed to car radio. That is, the introduction of the 6.3V indirectly heated valve – something which became a worldwide standard up until the end of the valve era.
6.3V was chosen because it is the voltage of a fully charged three cell car battery at rest. The first of the 6.3V valves were the 37, 38, and 39.
Since these valves were indirectly heated, they were naturally also suitable for A.C. 

Further to that, because of their lower heater current; now only 300mA, instead of 1.75A for the 2.5V valves, they were also practical for series use on AC or DC mains. Thus, the AC/DC radio now became practical.

11 HT for the car set

Having dealt with the heater supply, what about the high tension? This was being supplied by B batteries; typically four 45V batteries supplying 180V. The batteries were mounted in a box under the car floor. It was less than desirable situation because the floor had to have a hole cut into it for the box, the batteries were expensive and typically needed replacing every 6 months, and the vibration, heat, and water ingress only shortened their life. 
(Show B battery)

Particularly frustrating to the motorist was that there was an endless supply of electricity from the car electrical system, but the radio still needed separate and expensive batteries. The challenge of course was to convert the car’s 6V DC to 180V or more.

11a Levensons eliminator

The early 1930’s was the boom time for the development of the so called “B eliminator”. The provision of HT from the car battery was the last thing holding back car radio, and if a suitable eliminator could be developed, then radio could be as commonplace in the car as at home.
Two methods were popular; the vibrator power supply and the motor-generator.
(Show battery then vibrator)
You could have four of these which had to be replaced every 6 months, or one of these which cost no extra to run and took up less space – the choice was obvious.
For those who are not familiar, the vibrator is an electromechanical oscillator to convert DC to AC so it can be stepped up by a transformer.

11b Mallory ad 1935 15 million vibrators

Mallory developed the first commercially made vibrator power supply in 1932, and went on to be the largest vibrator manufacturer in the world. For those of you not familiar with this company, it was one of the largest component manufacturers in the U.S. They were first with the dry electrolytic condenser, and also the alkaline battery, which they marketed under the well known Duracell name.
12 genemotor

Motor generators were being used by American Bosch among others; labelled as a “Magmotor”, and the Pioneer company had their “Genemotor”.

Competition between those using vibrators and those using motor generators was fierce.

(Show Genemotor)
12a 1933 Ford 
In this photo we can see the installation of the genemotor next to the radio in this 1933 Ford. Both the radio and genemotor are mounted in boxes installed in cutouts in the floor.

12b Wells Gardner with elkonode

This picture shows a vibrator B eliminator mounted under the front seat. At this stage, because of the separate HT battery design, the eliminators were also mounted externally to the set. HT Batteries were gone from car radio by 1933, and Motorola was the first to incorporate the B eliminator or vibrator as part of the set, rather than a separate unit, in their Model 66 from 1933.

12c Ferrocart ad

The battle of the eliminators went on to about 1934, and was ultimately won by the vibrator. There were some problems with vibrators in the early days, and genemotor proponents used this to their advantage, but intensive development by the vibrator manufacturers overcame these problems, as the science became better understood.

Ultimately, the genemotor could not compete with the lighter, more efficient, compact, and quieter vibrator.
The development of the vibrator for the car radio also led to the domestic vibrator set for use in areas with no electric supply. 
12d radiart war ad

And of course, vibrator power supplies had been perfected in time for WW2, where they were extensively used by the military.
Another significant facet of car radio technology that left its legacy to the end of the valve era, was the indirectly heated rectifier.
Rectifier valves for AC sets such as the 80 and 5Y3 had always been directly heated since it was simple and convenient. Having the cathode at full B+ was no problem with a separate filament winding on the power transformer. 
In a car set, such a rectifier is not practical because there is no separate isolated heater supply. 
One option was to use cold cathode gas rectifiers like the Raytheon BR, 
12e BR rectifier in the first commercially made vibrator power supply

Alternatively, a second set of contacts could be fitted to the vibrator for rectification; in other words, use a synchronous vibrator.
Gas rectifiers did remain in use until the end of valve car radios with the type 0Z4. This valve was not made in Australia so was seldom used in locally produced sets. 
Synchronous vibrators, while very efficient, were not popular for car radios because they are input polarity conscious, and there were just as many negative earth cars as positive earth at the time.
What was wanted was an indirectly heated rectifier. And so in 1932, the 84 was born, with sufficient heater to cathode insulation to withstand the full B+. 
13 84 valve

When the RMA numbering system came into being, it became type 6Z4. It then evolved into the octal 6X5, and finally the 7 pin miniature 6X4. So you can see, all those 6X5’s, 6X4’s, 6V4’s, etc you take for granted in your mains operated radios and other electronic devices, came about because of the car radio vibrator.

13a pics of 6X5, 6X4 
 Of course, AC set manufacturers liked these valves too, because it eliminated the 5V winding on the power transformer, and they were also more efficient than the 5Y3/80.
14 30’s radio installation

By 1935, car radio design had settled down into a predictable formula with good reliability and performance. Superhets were now standard, in view of the high gain needed due to the limited aerials, and had an internal power supply and speaker. Car radios were also quicker to adopt AVC circuits than domestic sets, because of the extreme signal fluctuation while driving around.
14a Holden radio

(Show Airplayer) This is a 1935 Airplayer.
As you can see, the speaker followed domestic practice. It’s electrodynamic, except the field coil is for 6V.

The receiver was mounted on the firewall and connected to a remote control on the steering column or in the dashboard with Bowden cables. 

15 aerial roof mesh

The most popular aerial up until the late 30’s was the mesh inside the roof. Car manufacturing hadn’t got to the point of stamping out the solid steel roof as we know it, until the late 30’s. So despite steel bodies, cars still had wooden framed roofs, covered in fabric. The wire mesh used to support the roof between the wooden slats made a very effective aerial.

Once bodies were all steel, other types of aerial had to be used. A common one was the running board aerial which was a rod mounted on insulators beneath the running board.
16 running board aerial

Another aerial was a wire type strung beneath the car. Neither of these aerials were particularly efficient, being so low to the ground, and corrosion of the connections was a problem.

17 Wire aerial to axle

17a topper aerial

17b dipole aerial

The 1940’s saw the guard mounted aerials as we are familiar with today.

18 1949 Ford radio

By the late 40’s sets were compact enough to be made as a single unit mounted in the dash, which eliminated remote controls. This ad shows a 1949 Ford radio.
19 Ferris 74

A very popular type of post war set in Australia was the mains/car portable. The Ferris 74 from 1947 is probably the best known of these. The one set could be used in the car from the 6 or 12V battery, or at home on the 240V mains.

20 AWA wheels test

By the early 50’s, sets took advantage of miniature valves, and in the U.S. car radios were now a standard fitment to cars. The car radio industry boomed there. In Australia, car radios remained an expensive optional extra into the 1970’s, when competition from Japanese manufacturers forced the Australian manufacturers to include them as standard.
This AWA is from 1953 and is typical of early to mid 50’s sets using miniature valves.
Vibrator powered valve car radios reached their peak by the late 50’s. One set which should be mentioned is the AWA Cruiser series which appeared around 1958.
20a Cruiser

If anyone asks me what was the best overall valve car radio, this is it. The AWA engineers who designed this set really got it right. The reliability of these sets is such that some were still operating into the 1980’s with all original parts. They are a very easy set to restore, and perform extremely well. It’s a basic no nonsense kind of design, but without compromising the performance.

(Show Cruiser)

The Cruiser sets were introduced at 39 guineas which is about $1500 in today’s money. They were a very popular model which was still being manufactured up to 1966. As far as I know, this was the last vibrator set produced in the world. Elsewhere, vibrator sets were obsolete by about 1961.

20b inside Cruiser

20c circuit of 946AZ – typical of last generation vibrator sets with miniature valves

And here’s something to ponder while we’re in the 1950’s.
21 Radiart vibrator ad with cars

This was the era of suburbia and commuting to work by car. Advertisers loved the idea of car radio, because they had a captive audience stuck in peak hour traffic that couldn’t escape them. It also changed radio programming. The so called drive time programming and traffic reports came about because of car radio.
23 Motorola hybrid

1955 saw the next major development in car radio design. The U.S. auto industry had started to switch to 12V electrical systems in 1953. Transistors were starting to appear.

The change from 6V to 12V was significant, because ordinary valves will begin to work with reasonable gain at 12V. It could be seen that if sufficient power output could be obtained at 12V, the vibrator power supply could be eliminated. Since only milliwatts could be obtained with 12V HT, the answer was to use a transistor audio stage. The hybrid car radio was born. This Motorola was the first of the hybrid sets, released in 1956. 

23a hybrid valves 

The reason why the whole radio wasn’t transistorised at this stage was largely economics. Transistors were still much more expensive than valves.

RCA did experiments in 1955 for a 12V HT radio, but it was found the spread of valve characteristics at 12V was too great for a mass produced radio. Valves would have to be selected on test. So, a new series of valves was developed by Tung-Sol specifically for 12V; the so called ‘hybrid valves’. These are the same as their 250V counterparts, but the operating curve is made consistent for low voltage. The exception to this is the space charge valve used in some sets to directly drive the output transistor. 12K5 is the most well known of these.
The hybrid sets were very short lived and were obsolete by the early 1960’s. By then, transistors were coming down in price, and their performance was good enough to make the whole set transistorised.
23b hybrid circuit

This circuit is typical of the hybrid sets. As you can see it looks like any other valve radio, except that the output stage uses two transistors instead of an output valve, and the whole thing works off 12V.

24 Falcon set

This set introduced in 1962 for Ford, and made by AWA, was among the first fully transistorised sets.

24a Falcon set for real

24b Falcon set inside

25 picnic portable

One of the spin offs of transistor technology was the so called Picnic Portable. This is essentially a portable transistor radio that slides into a cradle in the dash. The cradle connects the set to the car aerial, electrical system, and speaker,  so it functions like a normal car radio. When you arrive at the picnic spot, the radio is pulled out of the car and runs off its own batteries, aerial, and speaker.
Apart from the changeover from germanium to silicon transistors in the 1970’s, the design changed little over the next decade, except for the cosmetics.
25a lockdown aerial

By the 1970’s the lockdown aerial was pretty much standard. It was like the earlier telescopic aerials from the 1940’s, except it could be fully retracted to protect from vandalism. A spring loaded release mechanism actuated by a simple key would release it

26 DSE ad

This catalog section from Dick Smith is a good overview of the car radio situation in 1977. That $59 radio looks cheap, but it’s $393 in today’s money. Seems like a lot for just an AM radio today.
Cassette playing facilities integral to the radio had also appeared in the mid 70’s, along with FM reception as well.

27 Eurovox

By the 1980’s, mechanical tuning gave way to varicap diodes controlled by a microprocessor IC in anything but the most basic sets. This Eurovox is typical of the peak of 1980’s technology. Varicap diode tuning controlled by a microprocessor was more compact, and had the advantage of much more than the 5 or 6 presets of a mechanical push button radio. It also made signal seeking circuits very easy.
And then of course, cassette players gave way to CD players.

And so that’s a summary of the situation. 
(From this (Airplayer) to this (Modern) set 50 years later).
I’ll leave it at that point, since from the mid 2000’s car radio as we once knew it, went off on a tangent to become the internet and mobile phone interface that you see in all the modern cars.

Any comments or questions?

