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• GENERAL RADIO UNIT INSTRU· 
MENTS arc laboratory-gmdc instruments 
designed to sell at. moderate prices. Their 
design is based all two fundamental COIl

cepts. The first. of these is that functions 
common to sc\'cral instruments. such as 
power supply, or modulator, should not be 
~mbodied in each assembly but should 
be isolated and packaged separately in 

individual units. The second is that each unit should be simple, eit.'C
trically and mechanically. These units plug into olle another, connect 
to one another, or are used with one another to form assemblies and 
systems for specific purposes. 

Simplification of design has been a constant objcctive ill thc dc\-elop-. 
mcnl, and standardizcd design has been adapled wherever it has seemed 
to olTer possibilities of 
economy_ At the same 
time, no concessions have 
bccn made in elcctrical 
characteristics, llnd the 
instruments olTer high
grade pcrformtmce as 
well as si mple, compact, 
and rugged construction, 

fig" •• 1. p"n.' ..... w "I the Type 
1203.A Unit '<>w., Supply. 
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Two unit osci llators, the THE 1208-A 
(50-500 Me) and the TYPE 1209·A 
(250-920 Me), were described in an 
earlier issue' of the Ezperimelller. This 
article describes two flew power supplies 
and a simple two--frequency audio asci i· 
lutor that can be used to modulate tbe 
u·h-f and v-b-f oscillators. H is planned 
to supplement these unit instruments 
with several others, which will be made 
available ill the near future. 

TYPE 1203·A UNIT 
POWER SUPPLY 

The basic Unit Power Supply is the 
TYI'E 1203-A, which supersedes the 
TYPE 1205-A. The new unit, which is 
designed to supply plate and cathode 
heater power to the unit oscillators and 
other unit instruments, is improved 
ooth electrically and mechanically over 
the older model. Supplying 50 milli
amperes at 300 volts and 3 amperes at 
6.3 volts, this unit is a lso useful u.s a 
general-purpose laboratory supply for 
low-power equipment. Unit instruments 
'tAiuard K:lrpl .... ·· V_II_F .nd V_H_P Uni~ Oarilla
t.<mI:. GDOna' R..dif> K.rpcriJ1lmltr. \In). XXIV. No. 12. 
M.y. 1900. pp. 7-11. 

, 
plug into the multipoint connector on 
one side of the assembly, and a mating 
plug is furnished for making counec
tions to other equipment. 

The mechanical design features of 
this power supply, which arc also 
common to the oiher two instruments, 
have been developed to reduce the cost 
of construction. 

The cabinet, shown in Fib"Ure 1, con
sists of two V-shaped aluminum pieces, 
one forming the front panelaod the two 
ends, and the other the top, bottom, 
and back. The first piece is grooved al. 
top and bottom to accommodate the 
second piece, which slides in the grooves. 
It is held in place by pinching the two 
sides of the first piece together with 
two screws and a tie--bar. Two sizes, 
the one housing the powel' supply 
illustrated, which is approxima tely a 
five-inch cube, and the other having a 
panel twice U.!I wide, have been found 
sufficient to house the unit instruments 
so far developed. 

Fib"Ure 2 shows the general internal 
construction. The clamps for the tran&
for mer have been bent up out of sh(,'Ct 
aluminum, and the lower clamp ex
tended to form the shelf on which are 
mounted the filter condensers and 
rectifier. T he transformer tenninal 
board cUI'fies the transformer termi
nals and the line luses. The sand
wich formed by the transformer as .... 
sembly is complete in itself, com
prising all electrical components but 
the pilot light, line switch, and Jones 
plug. J t moun ts on the panel with 
four screws. 

It wi ll be noLiced from F igure 1 t.hat 
a photo-etched nameplate carries all the 
instrument information. Since no serial 
number is included, there is no need fOI" 

Figu, .. 2. Top inle ."" view of the Type 1203·A 
Unit Power Supply. 
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, 
additional engraving, and substlmtiaJ 
snving is effected at. the same time that. 
a maximum amount of information is 
presented. The nameplates used nrc 
made with square corners, 80 that they 
caD be sheared out ill various rcctungulur 
shapes without special punches, and the 
number of holes in them and t he number 

JUL Y, 1951 

of hole sizes arc reduced to 11 minimum. 
This power !!Iupply is small, COIl

venient, and inexpensive. The con
struction is woU adapted to get rid of 
heat by conduction to the panel, and 
the unit can supply 20 watts of heater 
power and 15 watta of plate power 
despite its small size. 

SPECIFICATIONS 
O .. Ipu' Vo'hllI": 6.3 volts lie, nominal; 3 amperes 
maximum; 300 V01Ul de, 50 millinmper08 mu:i
mum. No-load voltage is about 410 volta. 
Hum Le ..... About 250 millivolts at 300 volta 
and 50 milliamperes d-c output. 
' ''pllf: 116 voltll, 50 to 60 eyclesj 50 watts full 
load. A line-oonncctor oord ill permllnently 
nttft(lhcd to the instrument. 
hetl"'.: One 6X4-type supplied. 
Output h.mlnol .. A standard multipoillt con
neewr is mounted on the side of the unit. 

T, .. 

Acn uoriu Suppll. d: A mnting multipoint con
nector for connecting the JlOIO'er supply to 
other equipmentj II 1Q..32 IICI'(lW witb wing nut 
for permanently IItt.aehing the power ~UI)ply 
to otber unit instrumente. AllIo spare fwses. 

MaunU,,!! , Black-crackle-finillh panel and sides. 
Aluminum cover finished in dent lacquer. 

Dlm . ... lonl: (Width) [; x (height) [;M x (depth) 
O~ inches, ovcr/lll, not ineiuding power cord. 

Nil W. lg hl, 5 pounds. 
Cod8 iVord Pria 

n . ... I U"i! Po ..... Sup p ly ......... ................... / $41 . .50 

TYPE 1204- B UNIT VA RIABLE POWER SUPPLY 

This power supply is intended prima.-
rily for general-purpose usc, where it is 
desirable 10 have a means of varying 
tho output voltage, 

As shown in Figure 3, the same general 
construction is used as in the T vPtJ 

1203-A, hut a meter has boon added, the 
power output has been increased, and 
the high-voltage d-c output has been 
made continuously adjustable. 

figur. 3. Po .... 1 "lew of 
the Type 1204,. U .. i! 
Voriabl. Power Sup ply. 

Since tltis power supply will be used 
e.xtensively for e.xperimental work in 
which {'oll\'enience of attaching wires 
is important, binding posts on the front 
pane.l have bt.>en added in parallel with 
the Jones plug conncclions. T hese arc 
grouped at the Icft of the panel with alt 
controls requiring idclil ific!lt ion, T he 
output control knob at the right needs 
no legend, since its set.ling controls the 
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figure .01. Circllil dIa
gram 01 Ill,. Type 
1204.8 Unil Vo,iobl . 

l-L_L--l-ll-_t-J W'·'" "1<>.,, 0-100 "'-" 

Power Supply, 

i. i 

meter reading, and its funct ion is there
fore obvious. The meter can be switched 
with the toggle switch to read either 
current or voltage. 

A feature of the design of this power 
supply is the Varinc®, which controls 
the a.-c voltage to be rectified. It is used 
because it provides a continuous control 
to zero volts and because, being an auto
transformer. it maintains a low source 
impedance at all settings. Since there is 
but one transformer in the instrument, 
and the Variac'" used is a standard, 115-
volt stock model , a novel circuit ar
rangement is used to provide a constant 
voltage of 6.3 volts ne nnd a continu-

,-.... ~ ... --...... 

ously variable voltage of zero to 300 
volts dc. This circuit is shown in Fig
ure 4. 

The power transformer isolates the 
output voltages from the line, furnishes 
the 6.3-volt heater supply, and pro
vides a voltage for the Variac® aug
mented to ahout 17% above line volt
age. The particular Variac® used will 
withstand this voltage, plus or minus 
10%. at 60 cycles v.i t hout excessive 
magnetization current, and will pro
duce an output vol~age adjustable be
tween zero and 158 volts. A voltage
doubler rectifier circuit is used to pro
duce the desired d-c output voltage. 

SP ECIF IC ATI ONS 
Oulpull/ollog." 6.3 vo l\.;! ac, llominslj3 amperes 
maximum. The d-e output voltage ia adjustable 
from zero to 300 volts with a mlUtimum load of 
100 milliamper6!l. No-load maximum, 400 voll.!!. 
M.le" A pllflel meUlr indicates ~he d-c output 
\·ottage and ClUrent. 
Hum hv • • : About 250 millivoltil at 300 voll.!!, 
100 milliamperes d-c load; about 150 mi1!ivolts 
Il.t 350 \'olta, 50 milliamperes d-c load. 
Input: 115 volts Ilt 60 cycles; 75 watts at full 
output kll'Id. A line-connector cord is per
rn!mently nttached to the instrument. 

T yp" , 
I Un;1 Vo, lobl. POW''' Su pply. 

tl. S Psunt No. Z.ooo.0!3 . 

hcllfl." Two l!elenium rectifien tilled in a 
voltllge doubling circuit. 
Oulpul T ....... lnol .: I rlIIulated binding poet8 on 
panel and a st~lId:ud multipoint oonnector on 
the side of the irllltrumen t . 
Acuuorl .. Suppll. d : Spare fuses; a mating multi
point connector. 
Mounting, Black-era.ekle-finish panel and sidell. 
Aluminum cover finished in clear lacquer. 
Dim.nllo ... : (Width) 9Ji x (height) 5~ x 
(depth) 6~ iuchea, not including power cord. 
N.I Weill hi: 9'~ pounds. 

COOt. Word Priu 

. . . . . . . . . . . . . . . I AGAT!;: $85.00 

TYPE 1214-A UNI T OSCILLATOR 

This si mple two-frequency oscillator 
(400 and ]000 cycles), shown in Figure 
5, is useful as a modulating source for 
high-frequency oscillators such as the 
'hPE 120S-A and the TYPE 1209-A and 

as a general-purpose laboratory source 
for bridge measurements. 

It wiiJ furnish approxi mately 0.2 watt ~ 
to a balanced or unbalanced SOOO-ohm 
load at less than 2% distortion. 
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, 
Its most striking feature is that it 

violates the fundamental concept of the 
unit line by incorporating its own 
power supply. This was justified as an 
economy because un iron-coil inductor 
is used as the tuning inductance of a 
Hartley circuit, and an output coupling 
coil, wound on the same core, can be 
used to isolate the output terminals 
from any direct connection to lhe 
oscillator. A Type lI7N7-GT Diode
Pentode tube, used as a voltage
doubler, can then be worked directly off 
the line without danger of cross-up of 
grounds Oil load and a-c line. 

A small thyrite piece is used from grid 
to ground to limit the OI:!ci llator ampli
tude. The third-harmonic limiting re
sulting from the symmetrical current-
voltage characteristic contributes sub-
stantially to the low distortion of the 
oscillator and helps to maintain stabi li ty 
of output as the line voltage is varied. 

JULY, 19.51 

Unll OKiI1oior. 

SPECIFICATIONS 

f'~II_n • ." 400and 1000 eyclCII, accurate 1.0 ±2%. 
0111,..., The maximum output power is over 
200 milliwatt6; the output imped!.Ulce ill about 
8000 ohms with the (10 kn) output control at 
mru:imum. Open-circuit voltage about 80 \'olta. 
Oillortlon, Less tbfUl 3% inl.o matching load. 
O .. lplll Clrclllt: The output eM he isolated from 
ground for UlIing the Qll(!iI1ntor i\l! a modulator 
in the plate circuit of a hip:h-frequency cacill!\-
tor, Bueh 11.9 the TYn I20S-A or the T YI'E 
I209-A. The outpu~ control ill adequate for 
extemal d-(l currenU 1\8 great i\l! 36 rna ill lhe 
output circuit. T,,,, 

Controls, A toggle ~\\,jtch to select frequenoy, 
an output control, ,&TId a power ~witch. 
1,,",lnol., J ack-top binding poelll with standard 
~{-inch ~pacing; II. ground terminal ill provided. 
'ow .. S .. ppl." 115 vOllB, 40-60 cyc1ee, 16 Wl'ltte. 
Acuuariu s .. ppU.d, Spare flJ.l!e'l. 
T ..... , One 117N7-0T supplied. 
Mounting, Black-(lTl1ckle-filliah panel and sidllll. 
Aluminum cover fin iahed in clear lacquer. 
Olm_nllonl: (H eight) li~ x (width) .5 x (depth) 
6~ incheft, overall, not including power oord . 
N.t W_lght: 4 }.i pounds. 

Cord Word 

1214-4 Unll OlelllolOl' (including power Bupply) ..... , I .... LAy $60.00 

General Radio Unit Instruments arc 
ine.'<pensive high-quality instruments for 
use in laboratories operating on limited 
budgets. Theinstruments described here, 
in conjunction with the previously de-
scribed U-H-F and V-H-F Unit Oscilla.
torsi and the appropriate TYPE 874 
Coaxial Elements, mllke it possible to 

assemble many specialized setups by the 
building-block method. Thus, signal 
generators, test oscillators, heterodyne
detection systems, voltage calibrators, 
etc., can be made available by 8imply 
plugging together elements already 
avn.ilable in the laboratory. 
t~ Foo~nole I 

• 
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~ GENERA.l RADIO EXPfR IMENTER • 
HARMONIC GENERATiON IN THE U-H-F REGION 

BY MEANS OF GERMANIUM CRYSTAL DIODES .-.., 

III the course of the development. of 
u-u-f monit.oring equipment., it has beeu 
necessary to provide frequency multi
pliers to generate select.ed harmonics of 
the reference crystal oscillator. For fre
quencies below 300 Me, conventional 
miniature receiving-type vacuum tubes 
work well as amplifiers or harmonic 
generators, and there is little temptation 
to explore unco~ventional methods of 
frequency multiplicat.ion. At frequencies 
above 300 Me, 1I0\\'c"er, djfficulties 
arise and hecome increasingly impor
tant as the frequency is raised. For 
monitoring applicat.ions, output powers 
of the order of 10 to 20 milliwatts are 
satisfactory for use in mixer stages to 
convert the u-b-f signal to the desired 
intermediate frequency. It is somewhat 
surprising to find that powers far ex
ceeding this level can be obtained from 

AglOr. 1. Circllil. lI.ed for " armonic generalion 

with germunllOm diode •. 

~-

•• 

0110\0 •• "";>O."""' ... --=:>, 

• 

o .... . c 

• 

RgII.e 2. View of Ille hormonic generulor In· 
corporating the circvitl af Figure I. 

german ium crystal d iodes operated as 
harmonic generntors, as much as 60 
milliwat.ts being available from a doubler 
stage at 500 Mc. 

The general considerations in the use 
of diodes as harmonic generators are 
similar for all frequencies. Power is fed 
in at tbe fundamental frequency and 
taken out at the desired harmonic. 
When germanium crystals are used, it 
has been found essential that a d-c bias 
be selected to produce the greatest out
put at. the desired harmonic. The cir
cuits should provide the proper im
pedances at the input and out.put fre
quencies and a means for providing 
bias. Either fixed d-e bias or self-bias 
can be used. 

A form of this harmonic generating 
circuit. is shown in the circui t diagram of 
Figure I and the photograph of Figure 
2. Small butterAy-type condensers· are 
used, tun ing a lumped-inductance cir
cuit fo r the input. and a capacitance
tuned parallel-wire line for t.he out.put 
circuit. The circuit shown covers 200-
270 Me at the input and 460--790 Mc ~ 
a.t the output. It is connected as a. push-
.) I &d~ by 'Ii:. F, Joh"""n Co .• W"eea. Min ... 
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push doubler for 400-540 i\lc and as a. 
push-pull tripler for 000-790 Me. 

The self-biasing arrangement. used is 
shown in the photograph, Lbe d-e re
sistance load being a compromise be
tween the values which give the most. 
output. in the doubler and tripler con
nections. This value of bias resistor is 
also high enough to give some protection 
from burning out due to overheating 
caused by too high current. The avail
able input voltage is not sufficient to 
cause crystal burnout. from voltage 
alone, partly as a result of the dissip~ 
tion in the crystal diool..'8 which cula 
down on circuit Q. 

Various kinds of germanium crystal 
diodes were tried in order to select. 
c rystals that would be most. effective for 
this type of application. Tbe best 
crystals found were the I N34A and 
IN34 , these types producing at least 
20% more r~f power output. than the 
other types tried. Crystals produced by 
diffcrent manufacturers show apprcci~ 

able difTerences in power output.. Types 
I N21 and IN2 J 13 silicon crystals were 
tried, but. the maximulD power out.put 
available from these is only approxi-

JUL Y, 19 ' 1 

flg",. 3 . Cir<uil .... d ill OOIOinin" III. dol" for 
TClbl. It 

mately 30% of that. produced by the 
germ.:t.nium diodes in the 400-1000 :Mc 
flinge. 

10 Table I, below, is shown the ma.xi
mum output. power measured from va
rious circuit. arrangements with an in
puL power of approximately 500 mw. 

TABLE I 
Cirellil [npul. li'rtqwnlC/j Owlr.uI. Ou/pul Pou~r 

(Me) (Jl c) (mw) 
Figure A 267 '" 03.0 
Figure B 259 777 28.5 
Figure C 259 518 50.5 
fo' igure C 25. 777 31.0 

TABLE II 
Single 1 N34A Freque ncy Multiplie r Driv en from 1209-A Oleillo'or 

Crullal 
Input Frtq. OuJput Frtq. Out/iut P OII)D' Cllrr"" D-C LoOt! 

(Me ) l1armonic (Me) (J iUilllO/Lt) (Ma ) Ruinanu 

'00 2nd 800 37 O.i5 25 kilohms 
<00 3,d 1200 16.5 0.3 100 kllohms 
<00 4th 1000 ••• 0.3 100 kilohm~ 
400 ,<h 2000 2.2 0.5 ·10 kilol1m~ 

000 2nd 1000 33 0.7 20 kilohmll 
000 3rd 1000 lOA 0.2 100 kilohm>! 
600 4th 2000 2.2 O . ~ 100 kilohmto 

000 2nd 1200 22 0.45 20 kilohln~ 
IlOO 3,d 1800 H 0.3 40 kilobms 

;00 2nd 1<00 17.6 0.4 20 kilohmll 
700 3,d 2100 2.2 0.16 100 kilohmB 

800 2,Ki 1600 G .• 0.5 12 kilohm!! 

000 2nd 1800 2A 0.3 12 kilohm" 
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Figur. 4. Moalmum hotmonk power .... tp ut o~oilable 
from lN3"-A germanium diode, at ~ario<n frequende •• 

Furt.her investigat.ion of the power 
out.put capabilities of one type of ger
manium crystal as a fu nction of fre
quency produced the data given in 
Table II. Input power was obtained 
from a General Radio TYPE 1209-A 

• 
Unit Oscillator. The circuit, shown in 
Figure 3, used :l coaxial-line resonator 
to select the output signal frequency, 
and the doc load resistance was adjusted 
for ma.ximum r-f output power. The 
maximum output power available at 
various output frequencies from IN3'lA 
gennanium diodes is summarized on the 
graph of Figure 4. The available input 
power was not accurately measured, but 
was probably a maximum of 500 mw at 
400 to 500 Mc, falling off to near 100 
mw at 900 Me. Since germanium crystals 
are not very efficient rectifiers at f re
quencies ahove 100 Mc, the doc crystal 
current is not IUl accurat.e indication of 
the input power. 

The generally desirable features of 
the germanium-diode harmonic-gener
ator circuit include (1) such items as 
lack of any tendency to oscillate, (2) 
small capacitances and inductances COll

tributing less loading to the necessary 
tuned circuits, and (3) a power-handling 
capacity of the proper magnitude to t a.ke 
ca.re of the local·oscillator signal level 
for a large varieLy of applications. 

- FRAN K D. L E WIS 
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