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EDITORIAL 
 

Well here we have it – the story behind the 
winning entry from Gerry Billman in last 
years AGM “Restoration Project” 
competition.  See the featured item within 
(page 14 on) for his methods, tips and skill.   
Also in this issue we also have some ideas on 
how to restore rubber drives and Robert 
Lozier tells us of his way for cleaning radios. 
There was some feedback about Murray Dicks 
item on transformers in the last bulletin and 
this is featured from two experts in the field, 
Peter Lankshear and John Dodgshun  
 

The NZVRS AGM is in Auckland the 
Saturday 9 July and enclosed is a nomination 
form for any interested parties in becoming 
involved or assisting the VRS in future 
endeavours. New ideas are always welcome. 
The AGM is also the judging time for the 
single valve radio. The project should not be 
too difficult for most constructors and a little 
lateral thinking probably helps. Details were 
included in the Nov 2010 bulletin and at 
www.nzvrs.pl.net/aaa/rulesagm2011.pdf. 
Alternatively a quick note to the NZVRS, PO 
Box 13873, AK1643 should see these in 
return mail. One entry has already been 
received from out of town and is in safe 
keeping - so get cracking to get your entry in 
on time and join the challenge. 
 

Interesting feedback recently received from an 
offshore enquirer (non member) who 
expressed his dissatisfaction with the speed of 
our service. Generally our own members are 
far more appreciative of what little we do 
provide, but to have a non member chide us 
for our sloth in providing the requested 
information was a little over the top I thought. 
We may review our policy on this. 
 

On a sadder note our Southern Soundings 
scribe Pete (Peter Morgan) Ingram passed 
away in March at a youthful 79. We hope to 
cover a bit of Pete’s wider background in the 
next bulletin and would welcome any stories 
or tributes that people may have.   
 

Cheers, David Crozier 
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Auckland 1643 
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The Cover Picture: 
 

Gerry Billman’s winning entry in 

last years restoration project 

competition. For further details of 

the STC SG console restoration 

process see the item in this bulletin 

on page 14. 
 

This is a condensed version of his 25 

page booklet that comprised of this 

entry. The finished set was revealed 

after all the judging was completed 

and provided an excellent tea-break 

discussion piece - well lots of ooohs 
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John Stokes Japanese Radio – a TradeMe resurrection? 

It was interesting to note the appearance of a Japanese brass 4 valve radio with light (identical 
to that owned by our founder John Stokes) that reached almost $1,500 on TradeMe recently as 
item # 369653801.  
The item was listed as “Japanese Brass 4 valve radio with light. Yoshida Shiki Stand Radio 
Nippon Denpa. Very old and very rare! A collectors item to have, all in working condition. A 
real gem.” 
The distinctive ding in the John Stokes model (framed pictured below right) as listed in MGAR 
page 196 seems to correspond very nicely with this TradeMe item’s right-hand top (pictured 
below). All other pictures are from the TradeMe item. 
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Des Davey beat them to it! The first QSL card from 1ZD  
 

In early April, Des Davey sent a letter indicating that he had the first QSL Card from 1ZD – 

even before the station was officially on air, but saying that he was having trouble locating the 

card. Never one to give up easily, Des searched further and on finding it, sent it in for 

reproduction in the bulletin. It is as the following pictures show dated 22/1/61. This is actually 

a couple of days before the station “officially” started broadcasting on 25/1/61 - during their 

pre broadcasting ‘transmission test period’. 

I note that the QSL card (printed by government printer in September 1959 with a run of 3000) 

already had the NZBC station 1ZD listed on their service list – well prepared for the opening 

event! 
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A Great Way to Clean Radio Cabinets  
 

From NZVRS member Robert Lozier (Monroe, NC, USA) – kd4hsh@carolina.rr.com 

See more items on Robert’s website at http://kd4hsh.homestead.com 
 

“Here is my method for cleaning up old radio cabinets.  I’ve never seen the technique harm 

anything with a lacquer or shellac finish.  It’s not a lot of work and the results can be amazing.  

Just be patient and give plenty of time for the cabinet to dry between steps.  Only then will you 

be able to accurately judge the changes in finish, colour and lustre. 
 

1. Get plain old waterless hand cleaner such as GOOP or GO-JO (Not with pumice or 

other added materials!)  Apply it to all wood on the cabinet with clean - old terry cloth.  

Use a hog bristle brush to work the cleaner into crevices.  Wipe all the cleaner off with 

more terrycloth and apply new coats of the waterless cleaner and wipe off as necessary.  

Eventually the cleaner will cease to darken your terrycloth.  You have removed as much 

soil and old wax as you can expect with this method. 
 

2. Put on your magnifier visor and go after the little dots of latex paint that invariably land 

on radio cabinets worth cleaning & preserving.  I use a sharp Xacto knife to just pop 

them off.  (The magnifying visor is an essential addition to your preservation work!  I 

use an Opti-Visor brand unit with a #5 lens board – i.e. 2.5 power.  I also use the add-on 

2x monocular lens for the visor.)  
 

3. Let the cabinet dry for several days. 
 

4. Under good light inspect the finish for defects.  Scratches and fading can be touched up 

with wood dyes applied with a very fine artist brush.  Use that visor even if you have 

20/20 vision!  OLD ENGLISH scratch cover oil can sometimes be used to darken 

scratches but be careful because such an oil can ‘bleed-out’ around the scratch and 

show through the finish. 
 

5. Again, make sure the cabinet has dried out completely.  Saturate a wad of terry cloth in 

boiled linseed oil and quickly cover the entire cabinet.  Let it stay on the finish for about 

a half hour.  Use clean terry to wipe as much of the excess linseed oil off as possible.  

Use that bristle brush again to work the corners.  (This operation fills microscopic 

cracks in the finish and helps to even the colour.) 
 

6. Wait another week to make sure the linseed oil hardens and then paste wax the cabinet.  

It should be good for the next five years. 
 

7. As I said at the beginning, the results can be amazing!  But what if it still does not look 

like new?  Keep in mind that a finish showing some of ‘the insults of age’ can still 

provide a more accurate historical record of how things were done at the time of 

manufacture than any but the most skilled of refinish jobs.  Many of the authentic 

colouring agents and coatings used over 50 years ago are now difficult if not impossible 

to obtain.  The newer materials engineered to be less toxic, polluting or more durable 

simply do not produce the same qualities of hue, sheen, lustre or transparency. 
 

8. If all I said in Step 7 still makes you think the item is not presentable, the cleaning 

method I have described will not do permanent damage.  Just wait a week or so before 

using your solvents to strip the cabinet.” 
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Repair to Rubber drives and idler wheels 
 

 

A very common problem when fixing old radios, tape recorders, record players and the like, is 

that the rubber drive wheels either have become soft and gungy or have set like rock over time. 

Here is a good way of rebuilding them - it is a bit time consuming, but if a spare is impossible 

to find, then this is often a good way to get over the problem.  
 

 

First get the best 

dimensions of the old drive 

rubber as possible. Next 

remove the old rubber from 

its original frame, holder, 

former or shaft.  

See on right; a drive wheel 

with its old black rubber 

removed and you can see 

the now cleaned metal of 

the drive wheel.  

 

 

Lay a section of cling film on a clean flat surface. Onto this spread a pool of special material 

called Sikaflex 291 Polyurethane Marine Adhesive Sealant. This you can get at most yacht 

chandlers in white or black. It can be squeezed from a normal mastic gun and shaped readily 

by gloved hand or disposable tools. It takes a day to go off and then you can apply another 

coat. Keep repeating this until you have built up the required thickness and diameter.  

 

However do use disposable 

gloves as it is the most 

filthy stuff to get off your 

hands. After it has set the 

cling film can be peeled off. 

 

 

In between coats it is a 

good idea to reinforce the 

new rubber with a couple of 

layers of fibreglass as this 

will help keep the wheel 

rigid.  

 

 

Put the part aside for 4 days 

or so to allow it to cure.  

 

During the curing stage the new material changes to a hard rubber like substance with excellent 

grip and wearing properties - perfect for drive components. 
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Once the new wheel has been built up to the required thickness and has fully cured, it can now 

be turned in a lath or drill chuck. Use course sandpaper to carefully cut or grind the rubber 

down to the required dimensions. 

 

 

Below the finished article installed in a tape recorder. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From: http://freespace.virgin.net/vintagewireless.radio/siteindex.htm 
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Figure 1.  Front panel of the Inductometer 
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Figure  2 

A RARE FIND 
By Reg Motion 

 

There I was on holiday in Blenheim and idly looking through an antique shop when my wife 

drew my attention to a beautifully made though slightly battered box tucked away in a corner 

of the shop.  Removal of the lid of the box disclosed a very old but well preserved piece of test 

equipment labelled as a  “CAMPBELL STANDARD MUTUAL INDUCTOMETER”. 
 

My mind went back to a book I had read many years ago and referred to many times since – 

Scroggie’s “Radio Laboratory Handbook”.  M. G Scroggie, B.Sc., AMIEE was a Consulting 

Radio Engineer in the U.K from the 1930s until a few years ago. He published a number of 

books and articles over the years and his lucid style of writing appealed to me – I became a fan 

of his.  His “Radio Laboratory Handbook” stretched out to nine editions over the years until 

1971 and in two or three of the early editions he described his own laboratory in which he had 

a permanent setup of bridge type measuring equipment including a Campbell Inductometer 

which he praised for it’s accuracy in measuring any inductance over the range from 1 

microHenry to many Henrys.  He also mentioned that it was quite expensive, thus putting it 

outside the means of many radio amateurs. 
 

Although I have had a wide acquaintance with the radio laboratory equipment employed by 

Government and industry within NZ, I had never seen an inductometer of this type and after 

some negotiation with the owner of the antique shop I left carrying the device.  
 

Figure 1 is a photo of the front panel, 260mm wide and 360mm long, and made of an 

insulating material, about 12mm thick engraved with a diagram of the interconnections. All 

components are mounted on this panel which is screwed into a high quality wooden box 160 

mm deep.  There are three variable 

controls having dials of white 

plastic engraved with scales, the 

small round one to read out small 

changes in the resistance setting 

and the larger square one to read 

out changes in the mutual 

inductance as well as one to assist 

in zero setting the mutual 

inductance scale.  
 

Figure 2 shows the rear of the 

panel from the top end. A tightly 

coupled transformer is within the 

two vertical pieces of insulation 

which separate the panel and a 

subpanel at the top end as shown. 

Between these two separators is 

the primary and secondary 

windings of the transformer wound 

as pies about 100mm in diameter 

and very closely coupled with half 

of the secondary winding wound in 

reverse to the other half. 
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Figure 4 

Figure 3 

 

A third separator is at the bottom end of the subpanel which carries the rear bearings of the 

variable controls. 

On top of the topmost separator are some of the adjustments set by the manufacturer during 

calibration. On the main panel are range switches etc 

Figure 3  is a photo of the rear of the 

front panel taken from the bottom end. 

 

A small coil is shown pivoted on an 

arm so that it enters the field of the 

transfomer and being connected in 

series with the transformer secondary 

modifies the field in the transformer.  

This coil is rotated through about 200
0  

by the mutual inductance control on 

the front panel which is calibrated in 

terms of the mutual inductance change 

it produces.  In use the inductometer 

forms part of the lower arms of a 

bridge.  

 

 

Figure 4  is a simplified schematic of 

the whole bridge in which the 

inductometer comprises the four coils 

and the variable resistor (S) at the 

bottom. The two coils with the variable 

resistor between them form the primary 

of a transformer while the other two 

coils form the secondary; The two 

primary coils are connected in series 

aiding while the secondary two coils are 

connected in series opposing thus the 

mutual inductance of the transformer is 

zero. A further small coil, not shown on 

the simplified schematic, is connected in 

series with the secondary and made 

mechanically adjustable to add to, or 

oppose, the flux of the inductometer 

transformer. This coil’s mechanical 

adjustment is calibrated by the 

manufacturer in terms of the change in 

mutual inductance which it causes. In 

my instrument the change is from –5 through zero to +105 microHenrys. 
 

P and Q are the ratio arms of the whole bridge. L and RL is the component under test and R is 

an external resistance box inserted to extend the range of resistance measurement to cope with 

resistances of the component under test higher than about 0.5 ohms.  The total bridge is 

powered with an external signal generator within the range 50 to 5000 cps.  The bridge nulls 

when the mutual inductance between the inductometer primary and secondary connections is 
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reduced to zero at which point the voltages across the whole primary and the whole secondary 

are reduced to zero and the inductometer becomes effectively a short circuit as far as the rest of 

the bridge is concerned. Null detection is carried out with either a headset or an external 

amplifier-detector.  
 

In use the bridge is first balanced with the component under test shorted out then, when the 

short is removed, a rebalance is made. The resistance and mutual inductance changes give the 

resistance and self inductance (twice the change in mutual inductance) of the component under 

test. 
 

The instrument I have was manufactured by the Cambridge Instrument Company in England 

and in spite of its age is still accurately calibrated as far as I can judge from comparison of 

measurements on three air cored coils with those taken with my Marconi Q meter at low radio 

frequency. The difference was less than one percent.  
 

I am curious as to the origin of the instrument I have and would appreciate receiving any 

information on this point from readers.  My email address is regmotion@kinect.co.nz and my 

telephone number is 07-576 8733. 
 

References 

1. Radio Laboratory Handbook – M.G. Scroggie.  Any early edition. 

2. Alternating Current Bridge Methods – B. Hague. 5
th
 edition. 1946. 

 

This article has also been offered to BREAKIN for publication if desired. 
 

Additional Editorial Notes:  
 

In 1909 Albert Campbell presented 

a paper that was published in the 

Proceedings of the Physical Society 

(UK) entitled: “On the Use of 

Mutual Inductometers”.  
 

Then in 1926 Albert had another 

paper published in the Proceedings 

of the Physical Society (UK). This 

was entitled: “A capacitance bridge 

of wide range and a new 

inductometer”.  

Unfortunately a copy of these 

papers costs £20 each from the 

Society! 

 

Similarly the Science Museum 

(London) has a “1908 A. Campbell 

Mutual Inductometer” in its 

collection - pictured here on right 

with the collection watermark.  

I find the basic likeness to Reg’s 

instrument pictured at the start of 

this item is still very striking.  (Ed.) 
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A Vintage STC Console Radio Restoration by Gerry Billman 
 

This STC console entry by Gerry came top in the 2010 agm restoration project competition. It 

is the cover picture story condensed from his 25 page booklet submitted to the competition 

judges. 
 

Some time ago I was given this STC model SG 

console radio. I had been on the lookout for a 

suitable set to repair and this radio was the ideal set 

for a ground up restoration.  

A thorough examination of the cabinet and chassis 

was undertaken before any restoration was 

commenced. The previous owner had already done 

some repairs to the dismantled cabinet and had 

partially stripped the old varnish. Completing the 

repairs and stripping, together with staining and 

refinishing would be needed to restore this radio to 

its former good looks. 

 

Cabinet restoration. 

With the varnish stripping completed and before 

the basic sanding was done the speaker grill was 

carefully masked so that flat black paint could be 

applied to the edges of the grill opening. Removing 

the old finish from the turned cabinet legs was 

difficult and messy. Applying a liberal coating of a 

good quality paint stripper to soften the varnish 

made the job easier. The legs were held under the  

 

warm water tap and coarse wire wool was 

used to clean off the mess.  When the four 

legs were clean and all traces of the original 

varnish had been removed they were left to 

dry slowly in a cool dry area out of the sun. 

When the legs were dry I gave them a light 

sanding and reattached them to the cabinet.  
 

The moulding under the cabinet lid was 

sanded smooth. There was no need to 

remove all the old finish here as this 

moulding will be repainted black to 

correctly match the original finish. I applied 

a shellac finishing coat over the flat 

blackboard paint to achieve that old antique 

look. 

I next compared the cabinet to a picture of a 

set that was original so that I could 

determine which veneer or parts of the 
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frame would need staining to closely match the 

original.  The corner mouldings were bleached 

out so I applied some light walnut stain to these 

sections to get them to closely match the original 

colour scheme. (see right) 
 

I now had the cabinet ready to finish this part of 

the restoration. A final light sanding to make sure 

I hadn’t missed anything then a sealer coat of 

shellac was applied and when that was dry 

another light sanding to remove any nibs or 

rough spots. 

A grain filler was rubbed on over the whole 

cabinet and sanded smooth when it was dry. This 

is a messy job but when done properly it 

guarantees a smooth surface when the final coats 

of shellac are applied.  When the final coat of 

shellac is thoroughly cured every surface is 

buffed smooth with 0000 wire wool. 
 

The escutcheons were tarnished black. I tried 

every cleaning agent I owned and nothing 

worked. I finally resorted to using a very fine 

wire wool and Jiff to remove the crud and then 

used a brass stain to restore some colour. 

For the grill cloth I chose a sample with a neutral pattern in a contrasting colour which I then 

glued to the front of the speaker board. The speaker board was then replaced in the cabinet 

using the original screws. 
 

Finally the entire cabinet was waxed with a good antique furniture wax and buffed with a soft 

cloth to achieve that soft glowing finish that is usual on well cared for old antique furniture. 
 

Chassis restoration. 

My first inspection of the chassis revealed a solidly made unit with some rust and lots of the 

paint finish missing. All of the vital parts were present and the power transformer tested good 

so I decided that it was practical to proceed with a full restoration. 
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The chassis was covered in rust spots and corrosion so I removed the gang shield, tuning gang, 

power transformer cover and transformer together with all the valves and valve shields. I now 

had an almost bare chassis ready for sand blasting, rust proofing and painting.  

 

 
 

 

The dial scale was badly damaged so I drilled 

out the rivets that attached it to the dial drum. 

Now I could lay it out flat to take the 

measurements I would need to create a new 

dial.  
 

After some trials and a few errors I was able to 

Photoshop a new dial that that was almost an 

exact replica of the original. I printed the new 

dial on photo paper to the correct size and 

sandwiched it between two strips of yellow 

tinted plastic to give it a more authentic look 

then reattached it to the dial drum. 

Cleaning the gang and fitting a new dial cord 

completed the tuning gang restoration. 
 

The chassis, transformer cover and valve 

covers were bead blasted to remove the rust 

and old paint. A rust proofing undercoat was 

sprayed on then three coats of automotive 

lacquer tinted to the correct colour were 

applied.  The paint finish was left to cure 

several days ready for the final assembly. 
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The power transformer and gang were refitted to the chassis together with two can electros that 

had been gutted and had modern caps fitted inside them. 

All of the under-chassis components were checked to make sure that they were within spec.  
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There are a dozen or so bypass capacitors in this set. During the eighty years since this radio 

was first assembled the caps had taken up moisture and gone leaky.  

 

 
 

I removed the old caps from the bulging cans by heating them with a hot air gun.  
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Unfortunately the heat destroyed the labels so a new old looking set were designed and printed.  
 

 
 

The cans were then cleaned and painted, new caps installed and the new labels attached before 

they were fitted back in the chassis. All connections were put back as near original as possible. 

 

A couple of 

resistors were 

replaced and 

the open 

choke in the 

plate circuit 

of the 

detector was 

dismantled. It 

was cleaned 

and three 

thousand 

turns of 41g 

wire wound 

on to the 

reassembled 

bobbin.  

 

Then the rest 

of the wiring 

was checked 

and replaced where necessary. 
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When the chassis assembly was complete the valves were fitted, the speaker plugged in and the 

rebuilt radio was test run to check that everything was working correctly. 

 

 
 

Because the competition judges would not be viewing the finished radio restorations in this 

competition I concluded that they would be making their decision based on the photos and the 

written explanation about each entry.  My twenty five page epistle with lots of colour pictures 

was a bit over the top but nevertheless was fun to put together.  
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When I had the opportunity to inspect the other entries and saw the meticulous work that went 

in to those member’s restorations I realized that there should have been several that tied for 

best restoration. 

In conclusion I would like to thank the judges for choosing my restoration project as the 

winner for 2010. 
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Transformer Rewinding Notes. 
 

From Peter Lankshear 

 

The February Bulletin has an excellent article on transformer winding, by Murray Dick, which 

is timely and is obviously written from considerable practical experience. 

 

Until recently, we had the splendid services provided by Bill Farmer, a legend in his own time, 

who was a master tradesman, and who for a modest fee, would rewind a transformer to a finish 

that was often better than the original.  Alas, although he had a long and fruitful life, Bill was 

mortal, and his consummate skills will be sorely missed. 

 

It has always been a mystery to me why so many electronics workers are reluctant to tackle 

rewinding even simple output transformers. They will patiently and skilfully strip and restore a 

complex chassis and rebuild a cabinet to as new condition, and then they will go to great 

lengths to obtain a substitute transformer that may or may not be completely satisfactory.  

Often this entails drilling new holes in the chassis – not a desirable situation.  Much better to 

rewind the original. 

 

To many, transformers are a black art to be regarded with almost suspicion and fear. As 

Murray has shown, there is a D.I.Y. alternative to Bill’s services. A bit of common sense and 

patience are the real secrets of success. There is no magic involved, just a basic understanding 

how transformers are made and operate.  It is a good idea to pull a few old transformers apart 

and study the methods used in their fabrication. You don’t even have to do any calculating; just 

copy the original, although as Murray has indicated, it is often possible to improve on the 

original. Squeezing in an extra turn per volt can reduce transformer heating dramatically. 

 

An obstacle can be access to a winding machine. Whilst this is the ultimate and certainly 

speeds up layer winding, using one is not absolutely essential. And as Murray has indicated, 

with finer gauges, layer winding is not necessarily and heavy windings are best put on 

manually anyway.  I have wound many transformers using the time honoured method of a 

threaded shaft fitted with a handle at one end, and optionally, an old electricity meter counter 

at the other. Incidentally, with a bit of practice and a steady hand, it is possible to put on 

layered windings without a machine quite quickly. 

 

I have attached an article from the N.Z. Radio Listeners Guide for 1930 to show how our 

grandparents did it with limited means and equipment eighty years ago. (Note the 

advertisement from W. Marks who of course, within a short while, founded Radio Corporation 

of New Zealand to produce Courtenay and Columbus receivers.  Incidentally, as many readers 

will have found out, RCNZ transformers were notorious for not being impregnated with wax or 

varnish.) 

 

As Murray points out, dunking a winding in varnish is not a good idea.  I use varnish or shellac 

painted on each layer as it is finished which overcomes the pocketing of moisture, and assists 

in holding the next layer of paper in position. As molten wax can get hot enough to damage 

windings, it is best to use a heat controlled oven set at about 110 degrees. The kitchen stove is 

ideal, but before you start, you may have to send the cook out for the evening. 
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Peter’s hint of gung-ho enthusiasm reminds me of the following poem by E Guest; that rather 

prolific, optimistic and sentimental, Anglo American poet of the early last century: 
 

Equipment     by Edgar Albert Guest 1881-1959 
 

Figure it out for yourself, my lad, 

You've all that the greatest of men have had, 

Two arms, two hands, two legs, two eyes, 

And a brain to use if you would be wise. 

With this equipment they all began, 

So start for the top and say "I can." 
 

Look them over, the wise and great, 

They take their food from a common plate 

And similar knives and forks they use, 

With similar laces they tie their shoes, 

The world considers them brave and smart. 

But you've all they had when they made their start. 
 

You can triumph and come to skill, 

You can be great if only you will, 

You're well equipped for what fight you choose, 

You have legs and arms and a brain to use, 

And the man who has risen, great deeds to do 

Began his life with no more than you. 
 

You are the handicap you must face, 

You are the one who must choose your place, 

You must say where you want to go. 

How much you will study the truth to know, 

God has equipped you for life, but He 

Lets you decide what you want to be. 
 

Courage must come from the soul within, 

The man must furnish the will to win, 

So figure it out for yourself, my lad, 

You were born with all that the great have had, 

With your equipment they all began. 

So get hold of yourself, and say: "I can". 

Inserted here purely as a space filler you understand. 
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How to wind the perfect transformer – Part II  
 

From: John Dodgshun, Design Engineer, Transformer Winding Services Ltd. 
 

I am prompted to write this in response to several discussions arising from Murray Dick’s 

article in the February NZVRS Bulletin.  
 

Measurement of losses: 

Firstly to the Big Korean amplifier power transformer that wasted one third of its unloaded 

power. The losses of a transformer are divided into two distinct parts. All losses are In Phase 

i.e. where the current and voltage are in phase with each other. The first is the eddy current loss 

in the core and the second is the sum of the I
2
R copper losses in all of the windings.  

For an unloaded transformer the copper losses can safely be ignored so the only In Phase loss 

will be that due to the core eddy currents. In electrical steels used for ‘EI’ laminations these are 

typically 1.5 Watts per kg when the flux density in the core is 1.8 Tesla. Again this will be a 

very small quantity especially as most small power transformers run at about 1 to 1.3 Tesla. 

There is also an Out of Phase component of the measured current which is caused by the 

magnetising of the core. This current is at 90º to the voltage and therefore does not contribute 

to the losses. The measured no-load current is mainly this component.    

So, while the measured current may seem high, (the ammeter doesn’t care about in/out of 

phase) it is important to measure the In Phase component and calculate again to get the true 

loss. The 10 ohm resistor in series with the primary will not give an accurate answer. 
 

Winding Inductance:  

While in audio output transformers the primary inductance is very important, as it shunts the 

output and so reduces the output at lower frequencies, in power transformers as long as the 

core is not being driven into saturation, i.e. it is operating along the linear part of the BH curve, 

the primary inductance is of little importance. 
 

The Transformer Formula: 

All transformers rely on the transformer formula for their operation. 

 

           E x 10
6 

 N =      ------------------------- 

  4x kf x F x A x Β 

 

Where  N = Primary turns required 

 kf = Crest factor (1.11 for a sine wave) 

 F = Operating frequency 

 A = Core area in sq mm 

 E = Primary voltage 

 B = Flux density in Tesla (usually 1 to 1.3) 

 

For a given primary voltage (E), the primary turns required are inversely proportional to the 

core cross sectional area i.e. a bigger core area requires fewer turns. After determining the core 

area for the required power output, from the formula given in Murray’s article (don’t forget to 

convert it to sq mm), the primary turns can be calculated from the above formula. The 

turns/volt can now be calculated. This is an exact science and will produce the most material 

efficient transformer. 
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Windings: 

For a continuously rated transformer, the current density in the windings should not exceed 

2.5A/mm
2
. However for a power transformer that is only fully loaded for short periods, 

3.0A/mm
2
 is fine. Now, the required wire size for the primary can be calculated. This must 

take into account the core and winding losses.  

These days all wire is measured by diameter so you will have to convert the sq mm to mm 

diameter. This method of expression also makes it much easier to calculate turns per layer etc. 

Calculating the secondary wire size is by exactly the same method but there are no core or 

primary losses to take into account. 

When it comes to calculating the secondary turns, the required voltage multiplied by the 

turns/volt figure will give you the calculated figure. However, because of I
2
R losses in the 

secondary winding, this calculated figure will yield insufficient output voltage at full load. 

{There are tables, and I am happy to supply them to anyone wanting them, for calculating the 

winding resistances based on mean length per turn for the core being used.} 

To get the corrected secondary turns it is necessary to calculate the voltage drop caused by the 

I
2
R loss and add secondary turns accordingly. This difference between no load and full load 

voltage is the Regulation of the transformer. 

 

     (VNL – VFL) x 100% 

   Regulation =       -------------------------- 

      VNL 

 

Where VNL = Volts with no load,   VFL = Volts with full load. 
 

Insulation: 

On the question of insulation type for the winding wire, reusing old wire insulated with shellac 

or cotton is asking for trouble. The shellac becomes very brittle and is likely to crack and/or 

fall off on removal from the old coil, let alone when winding it onto the new coil. Cotton is 

easily damaged and falls off. The pink, Polysol or polyurethane coated wires are remarkably 

good. They have the added advantage of being self fluxing when soldered but this feature gives 

the soldering iron a very hard time. Their limitation is temperature and they shouldn’t be 

operated above about 100
O
C but as no normal transformer operates at that temperature there is 

no issue. As stated, the best insulation is the Polyesterimide, PEI for short. It is however 

necessary to manually remove the coating before soldering. Scraping with a sharp blade works 

well. 
 

Winding Technique: 

Winding technique is very important especially in a jumble wound coil. The winding must start 

at the edge of the bobbin and progress across it. If the start lead is taken across the bobbin it 

must be insulated in sleeving or by covering it with mylar etc before the winding covers it 

otherwise there is stress put on the insulation and it WILL fail.  
 

Sealing:  

While wax must be heated to use it, the transformer can be heated before it is varnished with 

the same result. Wax is no longer used at all. In extreme cases the varnish can be drawn into 

the transformer under vacuum which totally seals it. Also varnish doesn’t run out when the 

transformer gets warm! 
 

Laminations: 

Laminations come in various sizes but today are what is called the wasteless type. The 

dimensions are so arranged that one stamping produces two “E’s” and two “I’s” so no material 
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is wasted. As stated above, the normal grade of steel usually has a power loss of 1.5 Watts/kg 

but there are other grades available with the top ones being grain oriented which further 

reduces losses. Toroidal types have the major benefit of having extremely low leakage flux so 

these are preferred for high end equipment where hum induction is critical. These cores are 

also always made from grain oriented steel so they have the added advantage of lower power 

loss – usually 0.9 Watts/kg. Another advantage is that they can be operated at a higher flux 

density so reducing the amount of core material required. 
 

Stacking: 

Finally, the stacking of the laminations in power transformers is not important. For a power 

transformer there is no measurable difference in the losses between one that is singly stacked 

and one that is stacked with four laminations at a time. Audio transformers benefit from being 

singly stacked because of the wide frequency range they are required to operate over and it 

does reduce the leakage flux a little. 

 

 

Erratum to last issue, Vol 32, no.1, Feb 2011 
 

How to wind the perfect transformer  
Unfortunately a ‘minor’ corruption crept into Murray’s formula on page 24 
 

Power Transformers:    the formula should have read as follows: 
 

A (core area in square inches) = 
58.5

Watts
,  where Watts = Volts x Amps of the output. 

 

See the Radiotron Designer’s Handbook 4
th
 edition; Chapter 5, Section 5 pages 233~241. 

 

Thanks to the several readers who spotted this. 
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Circuit of the Patterson 185AW – details of a cabinet of this is being 

sought by Bill Marsh – see the last page of “Wanted” in this bulletin. 
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MARKETPLACE 
Advertisements for the next bulletin 
should reach the editor by the 15

th
 of the 

prior month. These must be neatly hand 
printed, typed or printed on a separate 
page, posted to the NZVRS (for details see 

page 2) or emailed to nzvrs@pl.net   
Please - no verbal or telephoned adverts, 
also don’t forget to include some contact 
details; eg postal, telephone & email if 
applicable. There is no charge for 
members’ adverts but please remember 
that the NZVRS is not responsible for any 
transactions between members. 
 

AVAILABLE 
 

Valve Cartons – plain white flat packs 
• Small & GT size $12 per 100 
• Medium size $15 per 100 
• Large size $25 per 100 

Plus post and package per order. 

Contact: Paul Burt, 44 Hastings St West, 
Christchurch 8023.  
Tel: 03 - 960 7158, Mob: 021 0245 0084  
Email: dawn.lloyd@clear.net.nz  
 

NZVRS CAPACITORS for sale to 

members only please order via Gerry 
Billman, 30A Rowan Rd. Epsom, 
Auckland 1023.  Email: 
billman@ihug.co.nz  
Tel: 09 - 625 6568  
Metal polyester film, axial leads, (µF): 
0.01 630 Volts 50 cents each 
0.022 630 Volts 50 cents each 
0.033 630 Volts 50 cents each 
0.05 630 Volts 50 cents each 
0.1 630 Volts 50 cents each 
0.22 630 Volts 50 cents each 
0.33 630 Volts 50 cents each 
1uF 400 Volts $1.00 each 
Electrolytic capacitors, polarized, axial 
10µF  450 Volts $1.50 each 
20µF 450 Volts $2.00 each 
40µF 450 Volts $3.00 each 
47uF 450 Volts $3.50 each 
100µF 450 Volts $5.00 each 
Lamps 6.3 volts 150 mA (low wattage)  

MES & Bayonet   50c each 
Please add $3.50 per order for post & 
package or contact Gerry direct for a 
postage quote.  
All cheques to be made out to the 
‘NZVRS’ and crossed "Not Transferable" 
please.  
 

AVAILABLE   cont. 
 

 

Riders: I have been able to successfully 
download all 23 volumes of the Rider's 

Perpetual Troubleshooters Manuals in 
PDF format from the internet along with 
the 3 index volumes. Given that I can't find 
what I want in volume 8, I suspect that a 
few pages here and there are missing. 
There is however a mine of information 
available which I can make available to 
others. 
Contact Bill Marsh: Tel: 03 579 5115 
Email: wmarsh@xtra.co.nz  
 

Parts: I have been dismantling a number of 
valve radio chassis which are only suitable 
for spares. I have retained dials, gangs, 
coils and IF's and other misc items peculiar 
to specific models which are available to 
other members. Models available so far 
are: Columbus 32 & 166N, Cromwell 52 
BC, Philco 515A, Regent by Akrad 5M7?, 
RCA NZ 94 & 202, Rolls Model ED, 
Ultimate BCU & BGU. 
Contact Bill Marsh (Blenheim):  
Tel: 03 579 5115, Email: 
wmarsh@xtra.co.nz 
 

New Transparent Dial Covers – Richard 
Boyd (HRSA member, Sydney) 
manufactures transparent dial covers (from 
moulded clear acrylic?) for over 80 models 
of radio. Prices range from $25 to 45 
depending on model. Australian Radios a 
speciality. 
For details contact Richard directly on 
email:  richardboyd@iinet.net.au 

 

SOLD: John Hutchinson reports his 

Courtney radio pair, advertised in the last 
bulletin, sold to the first caller. 
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WANTED 
 

I am in the early stages of restoring my 
father's first DX receiver. Chassis only at 
this stage. It is a Patterson model 185 

AW, 5 band, 8 valve receiver. I have been 
able to identify the model number and 
obtain a photo of the cabinet thanks to 
Mark Thomson, but would appreciate 
hearing from anyone that may have this 
model for the exchange of photographs and 
cabinet detail etc. Mark advises that the 
photo of this radio appears on page 163 of 
the book "More Golden Age of Radio in 
the Home" by John W Stokes. Obviously 
this radio must have been available 
somewhere in NZ for this photograph to 
have been taken. Someone out there may 
know of it's existence. Would be even 
better if someone had a cabinet or complete 
receiver for sale. Any help would be 
greatly appreciated. Thank you in 
anticipation. Contact: Bill Marsh,  Tel: 03 
579 5115.  Email:  wmarsh@xtra.co.nz   
 
 

 

 

WANTED Cont 
 

One only valve shield (3.5" tall) for an 
RCA Model 128 as pictured on right.   
Contact: Graeme Lea,  Tel: 06 758 5344  
Email: grarich@paradise.ne 
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