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INTRODUCTION

In this booklet, we present 40 germanium diode
applications, tried and proven, which did not ap-
pear in the several crystal booklets published pre-
viously by our Company. We believe the engineer,
service technician, transmitting radio amateur,
and hobbyist all will find items of interest in this
new collection of circuits and data. It is believed
further that the items contained in this booklet will
provoke further thought and experimentation on
the part of readers—activity which will lead to
development of even more applications of the
already prolific germanium diode.

In recent years, the crystal voltmeter and mis-
cellaneous crystal meters have attained an identity
of their own. For this reason, a separate chapter
has been devoted to meters. Increasing acceptance
of the germanium diode in TV reception likewise
has occurred, and a description of successful cir-
cuits in this category appear in Chapter 3.

This booklet is offered with the earnest wish
that it will bring practical ideas to radio-television
technicians everywhere.

SYLVANIA ELECTRIC PRODUCTS, INC.
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Inall Sylvaniacircuitdiagrams show-
ing germanium crystols, the bar of
the crystal symbol represents the
cathode. On each Sylvania ger-
manium diade the cathode side
is indicated by a green band
and the labe! “CATH.”

vl

Figure

Figure
Figure
Figure

Figure

Figure
Figure
Figure
Figure
Figure

Number

1.1.
1.2.
1.3.

1.4.

1.5.
1-6.
1.7
1.8.

1.9.

Figure 1-10.
Figure 1-11.
Figure 1-12.
Figure 1-13.
Figure 1-14.

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Iigure
Figure
Figure
Figure
Figure
Figure
Iigure
Iigure
Figare
Iigure
Figure

.
e
i

2-1.

2-2.
2.3.
2-4.
2-5.

2-6.

2-7.
2-8.
3-1.
3-2.
3-3.
3-4.

3-5.

3-6.
3-7.

3-8.

3.9.
4.1,
4.2.
4.3.
4-4.
4.5.
1-6.
A7,

1-9.

Fignee 110,

LIST OF ILLUSTRATIONS

Title

Series-type Linear Voltmeter for Built-in Instrumentation
Shunt-type Linear Voltmeter for Built-in Instrumentation
I'ull-bridge Tube-driven Voltmeter for Sensitive A.F.

Measurements

Half-bridge Tube-driven Volimeter for Sensitive A.F.

Measurements

High-resistance Crystal Voltmeter

Square-Law D.C., Volimeter

Ballistic Meter for Single Transients

Series-type A.C, Millivoltmeter

Transformer-coupled A.F. Millivoltmeter

Audio-frequency Microvolter

D.C. Meter Compressor

Peak-to-peak Television Voltmeter Probe
Full-wave Current Meter Circuits
Series-diode Arrangement for High-voltage A.C. Voltmeters
Improved Low-level Frequency Multiplier
Harmonic Accentuator for Exciters

Simple Cueing Receiver

Amplifier Protective Relay

Transmitter (Carrier) Operated Receiver Muting System
Voice (Modulation) Controlled Relay
Monitoring Receiver for Broadcast Transmitter Location

Impulse Noise Limiter
T.V. Antenna Orientation Meter

Demodulator Probe for Oscilloscope

Tuned Signal Tracer

High-efficiency Video Delector

F.M.-T-V. Discriminator

F.M. Dynamic Limiler

T.V. Cascade Sync Clipper

A.G.C. Peak Detector and Amplifier for T.V, .,
T.V. Vertical Pulse Separator with Limiter-inverter
Germanium Diode Amplitude Modulator
Bridged-T Germanium Phase Modulator

Spike Generator

Pulse Generator
Sawtoolh Generator

Germanium Triode Power Supply

Miniature Light-intensily Meter

Indicating Audio Frequeney Meler
Calibration Data for the Audio Frequency Meter
Voltage selective Cirenit e o,

OO0 =1~ Ut ks Ww w

—
— O

12
13
14
14
15

16
17
18
19
20
21
22
23
23
24
24
25
26
27
28
28
29
29
30
31

31

32



CHAPTER 1
CRYSTAL METERS AND METER ACCESSORIES

1.1 LINEAR VOLTMETER FOR
BUILT-IN INSTRUMENTATION

IN34
:l
¥cATH
—_—— +
00V  A-C
SIGNAL 0-1 D-C MILLIAMMETER
RMS INPUT ~
—_——
CALIBRATION
CONTROL 20,0001
WIREWOUND

POTENTIOMETER

Figure 1-1. Series-type Linear
Voltmeter for Built-in Instrumentation.

A small, wide-[requency voltmeter is
useful on the panel of another instru-
ment, such as a radio-frequency or
audio-frequency oscillator, for continu-
ous monitoring of signal output. A
built-in meter of this type eliminates
necessity for an external voltmeter,

The simple series-diode crystal volt-
meter circuit of Figure 1-1 is suitable
for such built-in instrumentation. The
0-1 d. c. milliammeter indicates 0-10
volts r. m. s. directly. This voltage
range is satisfactory for most audio os-
cillator applications, If the output cir-
cuit of the oscillator is reasonably low
impedance, response of the voltmeter
circuit will be perfectly linear down to
0.1 volt (1/100 of full-scale deflection
of the milliammeter).

The voltmeter input leads may be
connecled directly across the oscillator
output lerminals when the output volt-
age will nol exceed a maximum of 10
volts r. m. s. FFor higher output values,
the resistance of the calibration con-
trol polentiomeler may be inereased as
required. At lower [ull-seale vollages

than 10, the meter will not be linear,
therefore the builder must not aim for
low full-scale deflections unless he is
willing to draw a special scale for the
meter. In r. f. signal generators and in
audio oscillators, the voltmeter also
may be connected to the input termin-
als of the output attenuator in the in-
strument. This will permit standardiza-
tion of the signal to a prescribed value
at the attenuator input.

The d. c. return necessary for proper
operation of the crystal diode must be
completed by the output circuit of the
instrument to which the voltmeter is at-
tached. Ordinarily this return will be
obtained through the secondary wind-
ing ol the output transformer. No d. c.
component must be present in the in-
slrumenl oulput, otherwise the meter



ALIBRATION
°~02,5/“"’ CRTRAL
1€ 20000.1. WIREWOUND
POTENTIOMETER

]
o-lov  AC

SIGNAL IN34 X, 0-1 D-C MILLIAMMETER
RMS INPUT CATH Y
—_—

Figure 1-2. Shunt-type Linear Voltmeter for Built-in Instrumentation.

will be deflecled erroneously and the
diode and meter may be damaged.

If d. c. is present in the instrument
output, or il no d. c. return path for
the diode is provided by the instrument
output circuit, the shunt voltmeter cir-
cuit shown in Figure 1-2 must be used.
While this circuit is somewhat less de-
sirable, [rom a 'loading standpoint,
than the one given in Figure 1.1, its
calibration is the same as the former
circuit.

1.2 TUBE-DRIVEN LINEAR
CRYSTAL VOLTMETERS

Sensitive a. c. voltmeters combine a
high-gain, wide-band signal amplifier
with a rectifier-type meler indicator
circuit. Such meters are widely used in
laboratories for the measurement of
audio signal levels down to millivolt
ranges. The experimenler may con-
struct a simple, sensitive a. f. voltmeler
of this type by connecting a high-gain
audio amplifier ahead of a suilable
linear crystal voltmeter. Linearily
within the amplifier may be improved
by means of suilable negative feedback.
The sensitivily of this arrangement is a
function of the overall gain of the am-
plifier. The crystal voltmeter circuit is
operated at a voltage high enough to
insure good linearity. This lalter [ea-
ture allows use of a common meter,
such as a 0-1 d. ¢. milliammeter, with-
out a special scale.

Figures 1-3 and 14 show tested eir-

A single-point calibration of the volt-
meler will sulfice, since response is
linear. The full-scale point is the most
desirable. Apply a known 10-volt
r. m, s. signal to the input leads of the
meter circuit (the power-line frequency
will be satisfactory) and adjust the
calibralion control potentiomeler to
bring the pointer exactly to the 1-milli-
ampere poinl on the meter scale.

cuits for amplifier-rectifier lype meters.
In each case, the full-wave crystal voll-
meter circuit is capacitance-coupled to
the amplifier ountpul stage. A [ull
bridge (4 diodes) is employed in Fig-
ure 1.3, and a half-bridge (2 diodes)
in Figure 1-4. The full bridge meler
has approximately Lwice the sensilivity
of the half-bridge; however it requires
four diodes which {(for best rcsulls)
should have matched characteristics. A
Type 1N35 dual diode may be used in
the half bridge (Figure 1-4) with two
matched 100-ohm resistors.,

The output stage may be the power
tube normally employed in the ampli-
fier. In most amplifiers built especially
for audio volimeler use, however, the
output tube usuallv is a triode-con-
necled 0AKS or 6AQS in . c-operaled
units, or a triode-conneeted 351 in bhal-
lerv-operated models.

| B+

B+

0-1D-C MILLIAMETER

{
0
CATH
- bIN34
OUTPUT T -
AMPLIFIER IN34 CATH
(SEE TEXT)
—e
CATH 50ufd 25V ELEGTROLYTIC
VOLTAGE vIN34
AMPLIFIER -%ATH Tinzs (SEE TEXT)

1

Figure 1-3. Full-bridge Tube-driven Voltmeter for Sensitive A.F. Measurements.

B+

OUTPUT
AMPLIFIER
(SEE TEXT)
VOLTAGE
AMPLIFIER

Figure 1-4. Half-bridge Tube-driven Volt-
meter for Sensitive A. F. Measurements.

In each circuit (Iligures 1-3 and
1-4), the electrolytic condenser shown
in parallel with the meter may be used
or omitted. If it is used, deflection of
the voltmeter will be proportional to
the peak value of the applied signal
voltage. If it is omitted, the deflection
of the voltmeler will be proportional to
the average value of the signal vollage.

Tao calibrale a tube-driven cryslal
voltmeter. apply an accurately-known
a. e valtage to the amplifier input and
set the amplifier gain control for des
sired meter deflection. For example, a
[O-millivoll sienal mav he applied to
the amplilier, and the eain et for full

0-1D-C +
. MILLIAMETER \
~ 50ufd 25V

ELECTROLYTIC
(SEE TEXT)

3

scale deflection of the 0-1 milliam-
meter. The meter then will read 0-10
millivolts. The procedure then is re-
peated Tor cach desired range of the
meler. To switch ranges at will, range
resislors  are nstalled  which  corre
spond in value Lo the vesistanee wetting
ol the sain control thus determined



1.3 HIGH-RESISTANCE CRYSTAL

VOLTMETER

A common objection to the ordinary
crystal-type a. c. voltmeter is its rela-
tively low input resistance. This char-
acteristic limits the instrument to meas-
urements in low-impedance circuits if
calibration accuracy is to be main.
tained.

IN54  INS4
»] g |

- MULTIPLIERCATH " CATH

. RESISTOR

<

" (SEE 500G
4 TEXT) MICROAMMETER
(MARION

A-GC Oupfd  OORN)
INPUT

(A)

(8

Figure 1-5. High-resistance Crystal Volimeter.

The instrument resistance can be in-
creased advantageously by use of a
low-range current meter. The most sen-
sitive microammeter obtainable in the
conventional panel-type case has a
range of 0-10 microamperes (Marion
53RN). This meter permits a voltmeter
sensitivity of approximately 100,000
ohms per volt. Figure 1-5(A) shows
the circuit of a crystal voltmeter with
such a desirable high input-resistance
characteristic. Two high-back-resistance
diodes (Type 1IN54) are connected in
series to provide the high order of re-
verse resistance required when high-re-
sistance multiplier resistors are to be
used in a voltmeter circuit. The basic
circuit, as shown in the sketch, gives
full-scale deflection of the microam-
meter with 1/ volt r. m. s. input. Be-
cause of the unusually low current den-
sity, response of the circuit is not
linear and a special meter scale or cal-
ibration chart must be prepared.

The multiplier resistors required for
various voltage ranges must he worked

out experimentally by the builder,
since their exact values will depend
upon the individual germanium diodes
used. The multiplier for the I-volt
range will be close to 88,000 ohms;
988,000 ohms for 10 volts; 4.9 meg-
ohms for 50 volts; 9.9 megohms for
100 volts; 24.9 megohms for 250 volts;
and 49.9 megohms for 500 volts. Be-
cause of the extremely high values of
multiplier resistors required beyond
500 volts, it is not advisable to extend
the instrument range beyond that full-
scale voltage. In a multi-range instru-
ment, the multipliers may be switched
in the conventional manner successive-
ly into the circuit, as shown in Figure
1-5(B).

The high-resistance voltmeter may
be used at radio frequencies, as well as
at audio and power-line [requencies.
The voltage source under test must sup-
ply a d. c. return for the voltmeter cir-
cuit to allow the How of . ¢
throuch the meter,

current

14 SQUARE-LAW
D. C. VOLTMETER

Square-law a. c. voltmelers have been
available for sometime. Similar instru-
ments for experimental d. c. operation
are not readily obtainable. A square-
law d. c. voltmeter, in which meter de-
flection varies approximately as the
square of the applied voltage, is useful
for checking accurately small voltage
changes on a single meter scale. Volt-
age changes, of important interest in
certain types of experimental work,
thus become more readable than on the
common linear d. c. voltmeter scale.
The non-linear response of a ger-
manium diode at low current densities
may be utilized in the development of
a square-law d. c. voltmeter by employ-
ing the diode as a series resistor in a
simple meter circuit, The diode is con-
nected to pass current in the forward
direction. Type 1N34 gives approxi-
mately square-law response in the for-
ward voltage range 0.1 to 0.2 volt. It is
necessary, therefore, to bias the diode
positively to 0.1 v. and then to apply
the unknown d. c. voltage in series
with this bias, The response curve may
be corrected to square law by means of
a low value of linear series resistance.
Figure 1-6 is the circuit of a com-
plete square-law d. c. voltmeter. The
IN34 is biased to 0.1 volt positive, the
point at which square-law operation
starts, by means of the voltage divider
R:-Rj. Close adjustment of this voltage
is obtained by means of the BIAS
CONTROL rheostat, R,. In order to

N

keep lhe circuit resistance low, so as
not Lo reduce the steepness of the diode
response curve, the 0.1-volt bias is de-
veloped across a l-ohm resistor, Ri.
Also in order to keep the circuit resist-
ance low, a low-resistance indicating
microammeter is necessary (100 ohms
or less internal resistance). Since the
IN34 curve is somewhat steeper than
square law in the 0-100 microampere
operating range, a small amount of
series corrective resistance is provided
in the circuit by the CURVE CON-
TROL rheostat, R;.

The circuit is adjusted in the follow-
ing manner: (1) Short-circuit tempor-
arily the D. C. INPUT terminals. (2)
Set rheostat R; to zero ohms. (3) Con-
nect a low-range d. c. vacuum-tube volt-
meter or a 20.000 ohms-per-volt d. c.
voltmeter across resistor R;. (4) Set
rheostat R, for a 0.1-volt deflection of
the test voltmeter. (5) The microam-
meter will indicate approximately 20
microamperes at this point. This is the
“false zero” of the crystal voltmeter
(6) Remove the short circuit and apply
an accurately-known 0.1-volt d. c. po-
tential to the D. C. INPUT terminals.
Observe the correct polarity, (7) Note
the meter deflection. If this reading is
not 80 microamperes (four times the
[alse-zero reading) ; increase the resist-
ance setting of rheostat R,, short-cir-
cuit the D. C. INPUT terminals, and
reset rheostat R, for 0.1 volt deflection
of the test voltmeter. Note new false-

IN34 CURVE CONTROL
+ 950~ WIREWOUND RHEOSTAT
CATH +

Ry

D-C INPUT

BIAS CONTROL
10 WIREWOUND RHEOSTAT

ON-OFF

SWITCH 2

R
+ - -
%IW;,V (NO G DRY GLLL)

Figure 1T 6

i
)

Q LOW-RESISTANCE
0-100 D-C MICROAMMETER
(GENERAL ELECTRIC TYPE DP-9)

BOTH RHEOSTATS ARE RADIO
VOLUMF GONTROL TYPF

Square Law D.C Voltmetor



zero reading. (8) Again. remove the
short circuit and apply the O.1-voll sig-
nal lo the INPUT 1erminals, noling
new microammeler reading. (9) When
CURVE CONTROL rheostat R, is set
properly, and BIAS CONTROL rheo-
stat R, adjusted for 0-1.volt hias, the
application of a 0.1-volt input poten-
tial (represenling a 2-lo-1 increase in
diode voltage) will produce a 4-to-1
increase in microammeter deflection.
The test voltmeter then may be discon-
nected from across R;. Il the operator
prefers that meter deflection start from

tmelter zevo vather than Trom o Talse
zervo lesell hie mayv haek ot the Talse
zero current by means of a dry cell
and rheoslat.

Voltages in excess of 0.1 may be
checked readily by means of a voltage
divider with 0.I1-volt oulput taps.
Whenever the instrument is not in use,
open the ON-OFF switch, since the
bias current drain through resistors R,
and R, is 100 milliamperes. A No. 6
dry cell is necessary to supply this
amount of current reliably and eco-
nomically.

1.5 BALLISTIC METER FOR SINGLE TRANSIENTS

[ S

N

D-C VT VOLTMETER
(SYLVANIA POLYMETER)

—

IN56
:I
¥CATH
IN56
VI
i HCATH
SHORT- /) —* 2000ufd
INPUT CIRCUITING T
T SWITCH ? 25vDe

Figure 1-7. Ballistic Meter for Single Transients.

Figure 1-7 shows the circuit of a sim-
ple rectifier-storage capacitor “front
end” for use ahead of a d. ¢. vacuum-
tube voltmeter, such as the Sylvania
Polymeter, to “catch” rapid, one-shot
transients. The arrangement shown will
indicate approximately the peak value
ol positive, non-repelitive pulses. Nega-
tive pulses can be checked by reversing
the polarilies of both lhe germanium
diode and the electrolytic capacitor.
A fast, non-repetilive pulse charges
the 2000-microfarad capacitor approxi-

mately to the pulse peak voltage. The
large capacitor holds the charge due to
this voltage for an interval long enough
to enable the operator to read the
meter. Alter Lhe reading is taken, the
short-circuiting switch is closed mo-
menlarily to discharge the capacilor
and return the meter to zero. The in-
strument may be calibrated for [asl
transients initially by means of an os-
cilloscope having a voltage-calibrated
screen.

1.6 SIMPLE A. C. MILLIVOLTMETER

A simple a. ¢, millivoltmeter circuit
for a. f. and r. [. measurements is
shown in Figure 1-8, The basic range
of this circuit is 0-10 millivolts r. m. s.
and a special [eature of the circuit is
its linearity. This sensitive range may
be extended by means of suitable mulli-
plicv resistors connected in series with
the negalive terminal of the microam-
meter.  Mulliplier resislance values
must be worked out experimentally,

since lheir exact values will depena
upon individual germanium diodes.
Approximately twice the specified
sensitivity of 10 mv. may be obtained
by employing a 4-diode bridge recti-
fier instead of the single diode shown
in Figure 1-8. 1L is important that the
microammeler have low inlernal resist-
ance; lhat is, 100 ohms or less. The
laboratory-type General Eleetrie meter
specified affords o sensitivity of 100

IN34

([‘*‘A"mHﬁ

A-C INPUT

{

LOW-RESISTANCE 0-100D-C
MICROAMMETER (GENERAL
ELECTRIC TYPE DP-9,
MODEL 8DPOAKKI)

Figure 1-8. Series-type A.C. Millivoltmeter.

microvolls per scale division.

This is a relalively low-impedance
circuit. The output circuit of the volt-
age source under test must supply a
d. c. return for the millivoltmeter cir-
cuit, otherwise the flow ol d. ¢. from
the diode and through thie microam-
meter will be blocked. No d. ¢. may bhe

1.7 TRANSFORMER COUPLED
A. F. MILLIVOLTMETER

present in the signal under measure-
ment, otherwise erroneous deflection of
the meter will occur and the meter and
diode may he damaged.

When a high-impedance input is re-
quired, the millivoltmeter circuit may
be preceded by a simple cathode fol-
lower stage.

PUSHPULL
GRID WINDING NSt
50 N CATH ' 3 ;
PRIMARY |

A-F 1 » M .

NPOT Unusep T O#fd S N
CENTER 0-50
AN Tap ) D-C MICROAMMETER

LINE TO PUSH-
PULL GRID

z

TRANSFORMER

Figure 1-9. Transformer-coupled A.F. Millivoltmeter.

Audio-frequency millivolts may be
measured in low-impedance circuils
with the milliveltmeter circuit shown
in IYigure 1-9. This arrangement em-
ploys the high turns ratio of a line-to-
pushpull grid translormer to step the
low voltages up to values high enough
to actuate the diode and microammeter.
A slandard, panel-mounting 0-50 d. c.
microammeler is used. The Type 1N56
germaninm diode provides maximum
reclified current for a given signal
input voltage.,

Iull-scale deflection of the meler is
obtained with an input signal of 10 1o
I5 millivolts r. m. <. An individnal cal-
ibration must be made. The response
ix not lincar althouel i is verv nearly
~o. The transformer mu<t he a hich

qualily audio component having wide
[requency response il the instrument
calibration is lo hold throughout the
audio spectrum.

The basic range of the instrument
(10 to 15 mv. full-scale) may be ex-
tended by means of appropriate multi-
pliers connected in series with the neg-
ative terminal of the meter. The resist-
ance values of these multipliers must
be worked out experimentally for the
particular diode and meter used.

Use of the transformer-coupled milli-
voltmeler shown here will he restricted
to low-impedance vollage sources (50
ohms or less). When high-impedanee
inpul is required. the millivolimeler
circuit mav he preceded with a simple
cathode Tollower.



1.8 AUDIO-FREQUENCY MICROVOLTER

( °
2 pfd

4-1N34's
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CONTROL
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FINE
CONTROL
2500 0N
® WIREWOUND
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+
CALIBRATION f—@_
CONTROL 0-1 D-C MILLIAMMETER  _

Figure 1-10. Audio-frequency Microvolter,
Simplified Circuit.

This instrument is used to obtain
known output voltages from an audio
oscillator and is useful for checking
gain and other characteristics of ampli-
fiers and associated equipment. A
COARSE CONTROL rotary switch se-
lects either of four output ranges: 0-1
millivolt, 0-10 mv., 0-100 mv., or 0-1
volt. A FINE CONTROL potentiom-
eter allows smooth, continuous varia-
tion of the output in any of the selected
ranges. The microvolter calibration is
standardized by feeding a 1-volt signal
into the A. . INPUT terminals. This
1-volt reference level is indicated by a
bridge-type crystal voltmeter.

The crystal voltmeter consists of a
0-1 d. c. milliammeter, four matched
1N34 diodes (or two IN35 dual di-
odes), and a screw-driver-adjusted
meter calibration rheostat. To adjust
the microvolter initially: (1) Feed a
1000-cycle signal into the A. I'. INPUT
terminals. (2) Set the FINE CON-
TROL potentiometer to ils top (high-
resistance) position. (3) Connect a
high-resistance a. c¢. vacuum-tube volt-
meter between circuit points X and Y.
(4) Adjust the output of the 1000-
cycle source for a 1l-volt deflection of
the v. t. voltmeter. (5) Adjust the
VOLTMETER CALIBRATION CON.-

TROI. rheostat for exact center-scale

deflection of the milliammeter. (6)
Mark the FINE CONTROL dial 1 at
this point. (7) Reduce the setting of
the IFINE CONTROL until the v. t.
volimeter reads 0.9 volt. (8) Mark this
point 0.9 on the 'INE CONTROL dial.
(9) Repeat the procedure at each lower
1/10 volt step down to 0.1 volt deflec-
tion of the v. t. voltmeter, and mark
each dial point accordingly. (10) Re-
move the v. L. voltmeter from the
circuit.

To use the microvolter, feed the test
signal into the A, . INPUT terminals
and adjust the output of the signal
source [or center-scale deflection of the
milliammeter in the microvolter. A de-
sired output signal level then may be
obtained by proper settings of the
COARSE and FINE controls. I'or ex-
ample, 5 millivolts output is obtained
by setting the I'INIZ CONTROL. 10 0.5
and the COARSE control 10 X 0.01.
(This corresponds 1o 0.5 of 0.01 of |

voll. or 0.005 v.. which is 5 mv.).

1.9 D. C. METER COMPRESSOR.

5000
4 [
o
wao
]
+ =k
o IN34 2 <3505
D-CINPUT 33
-0 CATHF 22
0-1 ==
D-C o
MILLIAMMETER &
0

1 2
D-C MILLIAMPERES INPUT

Figure 1-11. D.C. Meter Compressor.

The simple compression circuit shown
in Figure 1-11 alters the normally
linear response curve of a d. c. milli-
ammeter in such a way that a small
applied current produces a relatively
large change in meter deflection, while
larger current changes produce pro-
gressively smaller differences in deflec-
tion. One application of a compressed
meter of this type is as the null detec-
tor in a d. c. resistance bridge. In this
application, the meter sensitivity to
changes in current level increases as
the null point is approached—a desir-
able feature in bridge balancing, The
“slowing down” of the meter response
curve at high current levels also pro-

1.10 PEAK-TO-PEAK TELEVISION
VOLTMETER PROBE

0.5ufd .
400V MINIATURE /
\

tects the meter against slamming when
the bridge is unbalanced.

The response curve in Figure 1-11
illustrates circuit behavior with a typi-
cal 1N34 diode and 0-1 d. c. milliam-
meter. Response of more sensitive cur-
rent meters, such as d. c. microam-
meters, may be compressed in the same
manner. However, the meter series re-
sistor (shown as 500 ohms for the 0-1
milliammeter in Figure 1-11) must be
determined experimentally for the par-
ticular microammeter used. The value
of this resistor must be such that exact
full-scale deflection of the meter is ob-
tained at the maximum current input
which will be encountered.

L .

10 MEG — -
bw TO D-C VT VOLTMETER
— +
IOMEG —pCATH g CATH
W
DIODES CONNECTED IN SERIES
TO INCREASE VOLTAGE

COMPLEX INSBJV
A-C INPUT P ATH
INSBJP
CATH
0.5ufd l( ®

400V MINIATURE |

HANDLING ABILITY

Figure 1-12. Peak-to-peak Television Voltmeter Probe.

The amplitude of the complex wave-
forms [ound in television receivers
may be checked successfully with a
voltmeter only when the meler re-
sponds to and indicates peak-to-peak
voltapes.

Figure 1-12 shows a tvpical crystal
probe which can be connected ahead of
a d. e. vacuum-luhe voltmeter, such as
the Sylvania  Polymeter. Wil this
probe, peak-to-peak values are indi-
cated by the d. ¢, scales of the meter.



All values above 5 volis peak-to-peak
may be read directly from the meter.
Below 5 volts p-p, however, a special
calibration must be made, since low-
voltage non-linearity of the crystal di-
odes in this circuit causes the indica-
tions to be somewhat lower than true
peak-to-peak values.

The probe circuit consists of two
shunt-type peak rectifiers with their
inputs in parallel. One rectifier re-
sponds to the positive half-cycle of
applied voltage; the other to the nega-
tive half-cycle. The d. c. output of each
is equal to the peak value of the cor-
responding half-cycle. The d. c. output
circuits of the Lwo rectifiers are in ser-
ies and thus are additive, Type 1N58

diodes, as shown in Figure 1-12, permit
measurement of a maximum inpot volt-
age ol 200 volls peak-to-peak (70 volls
r. m. s., for a sine wave voltage). This
maximum may be doubled by employ-
ing two series-connected IN5&8s in
place of each single diode shown. The
msert in Figure 1-12 shows proper
polarity of connections for series
diodes.

The peak-to-peak probe may be built
into a small test prod with shielded
container and shielded output cable.
The terminal marked “x,” should be
connected to the tip of the probe. All
waveforms, including sinusoidal, may
be measured with the probe and a high
resistance d. c. vacuum-tube voltmeter.

111 FULL-WAVE CURRENT METERS

Crystal-lype a. c. milliammeters and
microammelers, like crystal voltmeters,
have the advantage of wide frequency
response. ['ull wave current meters give
the greatest sensitivity, since they uli-
lize both cycles of the measured current
wave. Several circuit arrangements are
available for basic [ull-wave current
meters. Iigure 1-13 shows the four
most satisfactory circuits; full bridge,
34 bridge, 14 bridge, and 14 bridge.
Response of each of these circuits is
non-linear, requiring a special meter
scale or calibration chart. A briel de-
scription of each circuit follows.

Full Bridge. This circuit appears in
Figure 1-13(A). At {ull-scale deflec-
tion of the meter, the a. c. input cur-
rent is approximately 1.11 times the
current value indicated by the d. c.
meter, For best results, the four diodes
must have matched characteristics,
such as a IN71.

3/ Bridge. See Figure 1-13(B). At {ull-
scale deflection of the meter, the a. c.
input current is approximately 1.19
times the current value indicated by
the meter. For best results, the three
diodes must have malched character-
istics. In the absence of perfect match-
ing of diodes, however, resistance R
may be adjusted for cqual-amplitude

;?4fr 0 N C
2 C U ¢
’ C G
1]

e v 2
"

%
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<2 7%

Pt :/ /
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pulses, as viewed on the screen of an
oscilloscope connected across the d. c.
meter terminals.

L5 Bridge. See Figure 1-13(C). At [ull
scale deflection of the meter, the a. c.
input current is approximalecly 1.39
times the current value indicated hy
the meter. For best resulls, the twao
diOdCS mirsl l]él\'(f ”]le(',]l('(l (',Il(llin"l('l('l‘i.\"
lics; although, in the absence of per-
fect diode matehine, one of the resis

D CMILTIAMMI TR
OR MICROAMMETER

CATH
.

- ‘L
-
| n CATH
A-C INPUT c»——{g;>dL—4»
T CATH
J'. -
CATH

]
L CATH
A-C INPUT 3
Q

(C) HALF BRIDGE

D C MILLIAMME T R
OR MICROAMMETER

CATH
T 84
CATH
A-C INPUT i»———{g :}i——m
CATH
R T

(B) 3/4 BRIDGE

(D) QUARTER BRIDGE

Figure 1-13. Full-wave Current Meter Circuits.

tors may be adjusted [or equal-ampli-
tude pulses, as viewed on the screen
of an oscilloscope connected across
the d. c. meter terminals.,

1 Bridge. See Iigure 1-13(D). This
circuit is unique in that it provides
full-wave rectification with a single
diode. However, it has the lowest ef-
ficiency of any of the circuits given.
In spite of its low output; economy
simplicity, and compactness often will
dictate its use. At full-scale deflection
of the meter, the a. c. input current is
approximately 2.78 times the current
value indicated by the meter. One of
the input resistors must be adjusted
for equal-amplitude pulses, as viewed
on the screen of an oscilloscope con-
necled across the d. c. meter terminals.
Resistors. The resistors shown at (B),
(C), and (D) in Figure 1-13 replace
diodes in the d-arm bridee cireuits,
In () and (D),

caual e vadue, exeept where one re-

these resistors are

sistor is adjusted as described in the
three preceding paragraphs. The fol-
lowing Table shows the maximum
value which each resistor can have.

MAXIMUM

D. C. METER R RESISTANCE

0-1 ma. 5,000 olims
0-500 ua. 10,000 ~
0-200 ” 25,000 *
0-100 ”» 50,000 ”
050 ” 100,000
0-20 ”~ 250,000 ”

Multiplied Ranges. Higher ranges may
be provided for the crystal-type cur-
rent meters by connecting an appropri-
ate shunt resistor for each desired
range across the A, C. INPUT term-
inals. The resistance of the shunt must
be such that the current flowing
through it will be the difference be-
tween the total current to be measured
and the o eo ewreent normally flowing
into the ervstal-meter cirenit,



1.12 SERIES-CONNECTED DIODES FOR
HIGH-VOLTAGE A. C. METERS

N

IN54
CATH

+

D-C MILLIAMETER
OR MICROAMMETER

IN54
HIGH-RESISTANGE | CATH

MULTIPLIER :
i
(L |
S
<
>

AC INPUT <, 1MEG
P )
i
1
'S

Figure 1-14. Series-diode Arrangement for High-voltage A.C. Yoltmeters.

In simple, half-wave a. c. voltmeters
for all voltages higher than 50 v.
r. m. s., it is advisable to connect two
germanium diodes in series for recti-
fication (See Figure 1.14). There are
two reasons for this. First; high-vol-
tage mullipliers have high resistance
values, and when this resistance is
comparable to the back resistance of
a single diode in a voltmeter circuit,
rectification efficiency is reduced. Sec-
ond, the two diodes in series are bet-
ter able to withstand the high peak
inverse voltages encountered. In a ser-
ies-diode circuit, such as Figure 1-14,
the increased forward resistance due
to the second diode is negligible com-
pared to the high resistance of the

multiplier, and does not detract from
the advantage ol increased back re-
sistance. The 1 megohm resistor
(shown in dotted lines) may be used
to provide a better return path for the
meter circuit when the multiplier re-
sistor is an extremely high value for
measuring high a. c. voltages.

Type 1N54 is a special high-back-
resistance diode. This type has a re-
sistance of at least 1 megohm at -10
v. and is especially suitable for the
circuit of Figure 1-14, Each diode in
the Type IN35 dual unit likewise has
at least 1 megohm resistance at -10 v.
and this type provides both diodes for
the series connection.

GERMANIUM DIODE INSTALLATION HINTS

1. Use the type of diode specified in the
circuit diagrams. These types have been
selected carefully to withstand circuit vol-
tages and other operating conditions.

2. When soldering the diode into the
circuit, hold the pigtail leads with a pair
of long-nosed pliers. This will prevent heat
from the soldering iron from entering and
possibly damaging the crystal unit.

3. In all installations, use as much of
the pigtail lead length as possible.

4 While the Germanium Diode is a rug-
ged component, the user is cautioned against

deliberately dropping the diode to the floor,
tapping on it. or otherwise handling it in
& rough manner so as to expose it unneces-
sarily to mechanical shock.

5. Mount the crvstal diode so that it is

reasonably free from severe mechanical
vibration.
6. Keep the crystal diode as far as

possible from heated objects.

7. Observe the diode polarity shown in
the diagrams. The cathode terminal is plain-
ly marked with the abbreviation “CATH”
and with a wide band.
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CHAPTER 1l
COMMUNICATION APPLICATIONS

2.1 IMPROVED LOW-LEVEL FREQUENCY

MULTIPLIER

b IN34 L2
. i
QUENCY
Ci== CATH Cz OUTPUT
CATH,

YIN34

Low 4

FREQUENCY

INPUT G)

1 METER JACK

Figure 2-1. Improved Llow-level Fre-
quency Multiplier.

Several germanium diode radio-fre-
quency multiplier circuits have been
published in previous literature. Fig-
ure 2-1 shows an improved arrange-
ment for multiplication at low power
levels. In this circuit, two germanium
diodes are connected in parallel with
reversed polarity to pass current on
both halves of an unmodulated r. f.
cycle, and are tapped down the input
and output tank coils for improved
impedance matching. This circuit util-
izes to the [ullest advantage the non-
linear (distorting) characteristic of the
diode response curve Lo produce har-
monics of the input frequency.

The input tank, L,C,, is tuned to the
frequency of the input signal. The out-
put tank. L.C,, is tuned to the desired
harmonic. The diodes are tapped from
1/2to 1/3 the way up from the ground-
ed end of each tank coil. A radio-fre-
quency milliammeter mav be inserted
at the meler jack to check current
throngh the diodes. This current must
nol excced twice the average anode
carrent recommended Tor 1the tvpe of

diode used. This current value, for
example, would be 100 ma. for two
Type 1N34’s, 120 ma. for IN56%, etc.
Maximum frequency multiplying effi-
ciency will be obtained at low current
levels (meter readings of 14 milliam-
pere and under), the region in which
diode non-linearity is greatest. The two
diodes need not be malched; in fact
multiplying action is enhanced some-
what by mismaltch.

While the germanium diode fre-
quency multiplier is a low-power de-
vice, it nevertheless will find applica-
tion in high-sensitivity transmitter
exciters and in other experimental
cquipment where Trequency multipli-
cation can be earried oul at low power
levels ahead of high-eain pentode or
beam power amplifiers.



2.2 HARMONIC ACCENTUATOR

FOR EXCITERS

IN34
). Y
CATH®
Y IN34 FREQUENCY MULTIPLIER
el -|
PREVIOUS §
|
STAGE l ] <

B+ =

Figure 2-2. Harmonic

Figure 2-2 shows how a pair of ger-
manium diodes may be connected in
the grid circuit of a [requency multi-
plier stage in a transmitler lo raise
harmonic output. By distorting the
grid current {luctuations and thus em-
phasizing harmonics in the r, f. exci-
tation voltage, the effectiveness of the

2.3 SIMPLE CUEING RECEIVER

“DIPOLE"
DIPOLE" ANTENNA RE G
L
IN5S4 o
CATH.
<
R.F C.

Figure 2-3. Simple Cueing Receiver.

Where the surrounding noise level is
nol excessive, a slage manager or pro-
gram director on the sidelines with a
portable u. h. {. radiotelephone trans-
mitter can “cue” aclors or annonuncers
through simple personal receivers of
the type shown in Figure 2-3. The
receiver may be carried in a pocket
or hidden in some convenient part of

B+

Accentuator for Exciters.

multiplier stage is increased. This ar-
rangement is particularly favorable to
odd harmonics (3rd, 5th, ete.). Grid
resistor bias is shown in Figure 2.2,
but the scheme may be employed also
in multiplier stages which employ bias-
voltage supplies or cathode resistor
bias.

HEARING-AID EAR-PIECE

The information in this book is furnished without assuming any obligations.
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a costimme. need nol be any Larger than
a hook ol safety matehes, and the two
short lengths of Hexible insulated wire
which comprise the “dipole” anlenna
may be streiched by stitching conven-
iently into the costume. The antenna
length is not particularly critical, a
useful amount of energy being picked
up by brute force from the nearby
transmitter. A foot or so of length in
each section usually will suflice. The
number of turns in the r. [. chokes will

depend upon the trans=mitter [requen-
cv. A rule of the thumb is to measure
oll (for each choke) 1/ wavelength of
No. 30 colton covered wire and wind
two closewound coils on insulated rods
or sticks about the same diameler as
the germanium dioce.

At noisy locations, output of Lhe
crystal cueing receiver may be fed into
a conventional hearing aid as a boost-
er audio amplifier.

2.4 AMPLIFIER PROTECTIVE RELAY

DRIVER

AMPLIFIER

I
I\

r
T

Bj
2 OR3 TURNS OF

INSULATED HOOKUP
WIRE (SAME DIAMETER
AS DRIVER TANK COIL)
MOUNTED RIGIDLY NEAR
TANK GOIL.

10,000 N
WIREWOUND
POTENTIOMETER

2 MA.
D C 15 v
RELAY A G RELAY

s

Laas

0.002 utd B+
MICA =

RY-1

RY-2 0.0 ufd

5000 V
é'MICA

I_ﬂnswx c’i_

Figure 2-4. Amplifier Protective Relay.

The scheme shown in Figure 2-4 pro-
tects a grid resistor-biased heam power
amplifier in a transmitter against dam-
age due Lo loss of bias when excitation
fails or drops to a low level. Since the
proleclive circuil is operated by r. [.
energy from the exciler, il is con-
trolled directly by excitation level.
This arrangement allows the advan-
tages of resistor bias to he utilized
with complete protection.

A small amount of r. [. energy is
picked np by the coupling coil mount-
ed vigidly near the driver plate tank
coil. This enerev iz reetified by the
INS diode and the vesudant e,
1o holdiin the ~ensitive . o

n=edd
|>"l.'|".

RY-1. The setting of the 10.000-ohm
potentiometer and the coupling coil
spacing both are adjusted by trial so
that the relay RY-1 opens when the
amplifier grid bias drops to the mini-
mum permissible voltage level. Relay
RY-1 in turn controls a 115-volt a. c.
relay, RY-2, which removes plate and
screen voltage [rom the amplifier
whenever excitation [alls to the level
corresponding Lo minimum permissible
arid bias. Both of the relays are nor-
mally open. Although a single-ended
amplifier capacitanee-conpled 10 the
driver is shown in Fieare 2-10 the pro-
teetive relay scheme mav he applied
as owell to prshpull amplifiers and 1o
other methiods ol nterstaee conpling



2.5 CARRIER-OPERATED RECEIVER

MUTING SYSTEM

! PICKUP ANTENNA 2 TO 5 MA.
| IN34 D C RELAY
1 ° »§ D.PD.T.
l CATH. NORMALLY OPEN
q
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Figure 2-5. Transmitter (Carrier) Operated Receiver Muting System.

In Figure 2.5, the transmitter carrier
is rectified by a IN34 diode and the
resultant d. c. applied to a sensitive
relay. When the relay closes as a re-
sult of the carrier coming on, one pair
of its contacts sliort-circuits the anten-
na input terminals of the receiver,
while the other pair short-circuits the
loudspeaker voice coil. This scheme
eliminates the wusually heavy-duty
transmil-receive switch or relay sys-
tem, and is particularly applicable
to a receiver which must be located
at some distance from the transmitter.
Since this arrangement permits the

receiver to operate continuously at its
normal voltages. standby drift is elim-
inated. When the transmitted carrier
is interrupted, the receiver automati-
cally is recommissioned. Modulation
does not affect the relay.

Coil L and capacitor C are chosen
to resonate at the carrier frequency.
In the neighborhood of a transmitter
of reasonable power, sufficient energy
may be picked up without an antenna.
Farther away, a small pickup antenna
will be required. This may be a ran-
dom length of insulated wire or a short
vertical rod.

2.6 VOICE (MODULATION) CONTROLLED RELAY

2:1 INTERSTAGE AUDIO

PICKUP
Rickue TRANSFORMER
t
|l N3 2', ph
i J_ vy R.E CHOKE
L q
c
T =
0.005ufd |
MICA ¢
5000 0
WIREWOUND
o

IN56

CATH. 1000 ufd. 50 V.

ELECTROLYTIC

9 1-2 MA.D.C. RELAY
m‘/

TO CONTROLL-

ED DEVICE

Figure 2-6. (Voice Modulation) Controlled Relay.
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Vorce-controlled systems depend upon
colrol action obtained with the modu-
lation component of energy picked up
from a modulated transmitter. Such
syslems operale only while modulation
is present and release in the absence
of modulation. Presence ol the carrier
component has no effect. Typical ap-
plications are voice-controlled receiv-
ers, instruments, switching devices, etc.
associaled with thie transmitting station.

Figure 2-6 shows a simple voice
control receiver which is small enough
to be built into an inconspicuous box.
The coil-capacitor combination, L-C,
is tuned lo the transmitter carrier fre-
quency. The 1IN34 acts as a detector
or demodulator. The modulation com-
ponent obtained by means of the 1N34
is passed by the coupling transformer

to the INGO which acts as a modulation
rectihier. D, Coooutput of the 1NS6 is
applied to a 1- or 2-milliampere d. c.
relay which accordingly is picked up
as a result of presence of modulation.

The length of time the relay is held-
in after modulation ceases may be
controlled by the 5000-chm potenti-
ometer and 1000-microfarad electroly-
tic capacitator shunting the relay coil.
The less resistance cut into the circuit
by the potentiometer, the faster will
be the relay dropout, and vice versa.
Thus, the potentiometer may be set at
one extreme to drop the relay out alter
each ordinary spoken word, or at the
other extreme so that the relay holds-in
for several seconds after speech modu-
lation ceases.

2.7 MONITOR RECEIVER FOR BROADCAST

TRANSMITTER LOCATION

»— SHORT PICKUP ANTENNA

IN34

50 ufd MICA~

OR CERAMIC

I MILLIHENRY
R F CHOKE _~*
(NATIONAL

0.l pfd

AUDIO AMPLIFIER

° —Q LOUDSPE AKER

TYPE R-300)

0.001 ufd
MICA OR
- CERAMIC

Figure 2-7. Monitoring Receiver for
Broadcast Transmitter Location.

For continuous aural monitoring (via
loudspeaker) of a broadcast station
straight from the air, a simple crystal
“front end” may be coupled to a small
audio amplifier. Details of this ar-
rangement are shown in Figure 2.7,
A short pickup anlenna. consisting
of a vertical rod or a random length
of insulaled wire, is all that is required
with the recciver lo deliver a husky
audio signal 1o the amplifier input
terminals. The L-C timing combination
specthied in Figore 227 i< designed 1o

cover the 500-1600 kc. range. Tuning
capacitator C can be a miniature air
trimmer pre-set to the transmitter fre-
quency. If [requencies higher than
1600 kc. must be reached, a few turns
may be removed from the 1-millihenry.
r. [. choke, I.. to oblain resonance.
The audio amplifier need not be bulky
nor complicated, sinee the a. [ output



of the diode detector will he hieh in
the neighiborhood ol the transmitter.
One vollage amplifier slage and a sin-
gle power oulput slage usually will
suffice. The amplifier can be of the
AC-DC type if economy dictales.
Audio fidelity of the diode detector

ix good, Sensitivity of the receiver is
low; but this is an advanlage, since
reduced sensilivily prevents pickup of
interference from other stations on the
same frequency and also from nearby
“static” sources.

2.8 A. M. RECEIVER NOISE LIMITER

B+ 250V.

0.1ufd

——————|F——— T0 AuUDIO OUTPUT STAGE

6AQ6 ﬁ'(
| 0.1 ufd
I.E —— 0.5 MEG.
INPUT — GAIN CONTROL
270,000 0 330000 N 3000 0.
e AV AV A
o.! f T
. _ GATH. GATH. - __|
L L +
IN34 INS54 251
50V, =

Figure 2-8. Impulse Noise Limiter.

A combination series-shunt automatic
impulse noise limiter for A. M. re-
ceivers is shown in Figure 2-8. This
circuit is arranged around the com-
bined 2nd detector-1st audio stage of
the receiver, requires few parts, and
is quite compact. The series clipper

component is a 1N54 diode. This type
has high back resistance which adapts
it to this position in the circuit., The
shunt clipper component is a standard
1N34. diode. The circuit is self-adjust-
ing to the average level of the inter-
mediate-frequency signal.

CHAPTER 1lI
T. V. AND RADIO SERVICE DEVICES

3.1 T. V. ANTENNA ORIENTATION
METER

SENSITIVITY
280 id CONTROL SHORTING |
MICA IN54 {2 MEG) SWITCH
\F O—
TO PICTURE | ‘& |
TUBE GRID FLEXIBLE SMALL
COAXIAL | » |METAL
CABLE BOX
50,0000 (TO ROOF TOP) | |
TO RECEIVER 0.002;Jf¢ﬂ\ @ lo-s0 b-¢
CHASSIS : MICA > | MICROAMMETER
| l
| J
= EARTH GROUND L e —— —

Figure 3-1. T.V. Antenna Orientation Meter.

lube calhode must be used if the video
signal is applied to the cathode in the
receiver used). D. C. oulput from the
diode is [ed through a flexible coaxial
cable to the roof top where the antenna
installalion is being made. The receiv-
er is switched-on and tuned carefully

A meter giving peak deflection when
a television receiving antenna is lined
up properly with the transmitting sta-
tion is invaluable in antenna installa-
tion work. Iigure 3-1 shows the circuit
diagram of an antenna orientation
meter of this type.

y
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The IN54 diode and the two capa-
cilors and onc resislor associaled with
it may be enclosed ina small probe.
Conneetions from  the diode pickup
cirenit are made 1o the reeeiver chas-
sis and pictnee-tabe evid CThe pietore.
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to a desired channel {requency.

As the anlenna is rotated, the meter
reading will increase as the antenna
becomes aliened with the station. and
will be maximum when the anlenna

poinls diveetly toward  the signal



source. Ghosts show  up as donble
peaks as the antenna is rotated. The
2-megohm SENSITIVITY CONTROL
rheostat allows the signal voltage to be
cut down at will to prevent slamming

3.2 SELF-CONTAINED FIELD
STRENGTH METER

The antenna orientation meter de-
seribed in Section 3.1 requires connec-
tion to a working television receiver.
It also necessilales running a cable
from inside the building to the roof.
For the same purpose of antenna ad-
Justment, self-contained field strength
meters are available, but these instru-
ments are 115-volt operated and have
the disadvantage that a power line
for their operation must be pulled to
the roof.

A self-contained field strength meter
operaled free from the power line and
requiring not even balteries may be
made with a germanium diode detec-

3.3 DEMODULATOR PROBE FOR T. V.

0SCILLOSCOPE

250upufd
MICA

TEST PROD
:s_‘%-q

TO RECEIVER 'N34l

CHASSIS

= O

ol the meter. When the reecived signal
iz loo weak for full-scale deflection.
the rheostat may be cut out of the cir-
cuit by closing the short-circuiting
switch,

tor. Such an instrument consists sim-
ply of a tuned circuit (tuneable to the
desired t. v. channel frequency) con-
nected to the crystal millivoltmeter
described in Section 1.6, Chapter 1.
The antenna is coupled into the coil
of the tuned circuit by means of a
small coil connected across the con-
ductors of the feeder line. The feeders
also may be connected across a few
turns of the coil.

The tuning capacitor may be a 100-
uufd. air variable Coils for the vari-
ous channels may be wound from data
on coil specifications found in the vari-
ous radio handbooks.

TO OSCILLOSCOPE
VERTICAL
AMPLIFIER INPUT

TO OSCILLOSCOPE
GROUND

Figure 3-2. Demodulator Probe for Oscilloscope.

Visual alignment methods are required
in television servicing, When an oscil-
loscope is used in the alignment and
lesting of television r. I., i. f., and
sometimes video slages, the high-fre-
quency signals must be demodulated
before presentation to the vertical am-
plifier of the oscilloscope. A german.-
ium diode probe circuit is employed
for demodulation.

Figure 3-2 shows the circuit of a
demodulator probe employing a Type
IN34 diode. All of the components
may be enclosed in a shielded-handle
test prod. The cable may be made up
to 4 feet in length before shunting
capacitance becomes objectionable,
however, this cable should be kept
as short as practicable.

N
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3.4 TUNED CRYSTAL-TYPE SIGNAL TRACER
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000Iufd
MICA

OUTPUT
© INDICATOR

COIL (L) VALUES

400-1200 KGC

90 TURNS NO 32 ENAMELLED WIRE CLOSEWOUND ON 14" DIAMETER

FORM. TAP 18 TURNS FROM BOTTOM END.

t100-3200KC

56 TURNS NO 30 ENAMELLED WIRE CLOSEWOUND ON Sg" DIAMETER

FORM. TAP {2 TURNS FROM BOTTOM END.

3-10 MG

20 TURNS NO 30 ENAMELLED WIRE ON 5/g8"'-DIAMETER FORM. SPACE TO

WINDING LENGTH OF 13g". TAP 4TH TURN FROM BOTTOM END.

8-30 MC

6 TURNS NO 24 ENAMELLED WIRE ON 5/g8"-DIAMETER FORM. SPAGE TO

WINDING LENGTH OF 54" TAP 2ND TURN FROM BOTTOM END.

Figure 3-3. Tuned Signal Tracer.

Signal tracers are justifiably populgr
for tracking down trouble in radio
receivers. An amplitude-modulated
test signal is used in the signal tracing
operation. Most simple signal lracers
consist of a crystal-type demodulator
probe connected to the input circuit
of a high-gain audio voltage amplifier.
An output indicator, such as an a. c.
voltmeter, headphones, or magic eye
tube, shows relative signal strength
(or absence of signal) at various test
points. Worthwhile improvement is
obtained when the signal tracer can
be tuned to the carrier frequency of
the test signal, but conventional tuned
signal tracers (channel analyzers) con-
tain many lubes and are both compli-
('Lll(‘,d (]”(] CX])CI]SiVC.

Iigure 3-3 shows a simplified, tune-
able signal tracer. The inpul stage
embodies

IN3L

a single toned  civeuit and

detector, This is, in ellecl, a
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crystal receiver. The exploring test
prod is connected to the tuned circuit
through a 2-uufd. capacitor which
serves to isolate the instrument from
the circuit under test and from the
operator’s fingers, thereby preventing
detuning of tested circuit. Qutput of
the diode detector is fed into a high-
gain audio amplifier terminated by an
outpul meter. ['or a. c. operation, the
amplifier may consist of a resistance-
coupled 6AU6-6AQ5 combination, For
fully-portable battery operation, a
1U4-354  resistance-coupled lineup
mayv be used.

Tuning of the signal tracer is accom-
plished by means of a dual 365-uufd.
midget variable capacitor with its two
sections connected in parallel. The
complele tuning range is 400 ke. to 30
Me. in four ranges: 400-1200 ke., 1100-
3200 ke.. 3-10 Me.. and 8-30 Mc. This

vanee inclodes all w0 e 1 and oseil-



lator Trequencies  ovdinarily encoun
tered in the servicing of radio veceivers,
The coils may he wound from inslruc-
lions given in Ligure 3-3 or may be
commercially available all-band coils.
They may be made plug-in for range
changing, or a rotary selector switch
may be used with self-contained coils
for band switching. The dial attached
to the tuning capacitor may he calib-

3.5 TELEVISION VIDEO DETECTOR

LAST VIDEO
I-F AMPLIFIER
100 pufd
PN I-FOUTPUT
RSN (DETECTOR
INPUT) COIL

The lower dynamic impedance and in-
creased efliciency of the germanium di-
ode recommend use of this component
in a number of circuits in place of the
usual diode Iubes. Other advantages
obtained al the same time are com-
pactness, healless operation, low shunt
capacitance, simple wiring, and elimin.
ation of filaments. A typical applica-
lion is the germanium diode video de-
leclor for television receivers.

20,000 N

Suufd
CERAMIC

N

rated by feeding-in moduolated signals
from a signal cenerator, and can be
cradnaled divectly in kiloeycles and
megacycles.

In addition 1o its inlended use as a
tuneable signal tracer, this instrument
may be used also to check r. f. tesl
oscillators and signal generators, trans-
mitters, and carrier control equipment.

VIDEO OUTPUT
(SYNC. NEGATIVE)

120uh

47000, TO VIDEO AMPLIFIER

BANDWIDTH 4 MEGACYCLES

Figure 3-4. High-efficiency Video Detector.

In Figure 3-4, a video detector cir-
cuit is designed around the Type 1NG0
which is a special video detector diode.
Circuit constants are given for 4-mega-
cycle bandwidth.

Improved receiver performance has
been reported by service technicians
and by experimenters who have incor-
porated this video detector into t. v.
receivers.

TO OBTAIN ALL TYPES OF SYLVANIA GERMANIUM DIODES SEE THE SYLVANIA
RADIO TUBE DISTRIBUTOR NEAREST YOU. YOU WILL FIND HIM LISTED IN THE
YELLOW PAGES OF YOUR TELEPHONE DIRECTORY UNDER “RADIO SUPPLIES

AND PARTS.”

3.6 F. M. — T. V. DISCRIMINATOR

21 uptd
E 100 uufd
&- i -
_I_ IN35
- _'; 100,000 TO AUDIO
5 [ X a AMPLIFIER
FROM | s "CATH.l
I-F _l_ | ’F —
AMPLIFIER o 1 [
P
| CATHI 100,000
L __J el
STANDARD
DISCRIMINATOR
TRANSFORMER

Figure 3-5. F.M.-T.V. Discriminator.

The improved [orward and reverse
characteristics of the two matched di-
odes in the Type IN35 dual diode unit
are exploited fully in the simplified
discriminator circuit shown in Figure
3-5. The increased reverse resistance
of the IN35 allows the use of the high
{100,000-0hm) load resistors for best

circuit elliciency and without any im-

3.7 F. M. DYNAMIC LIMITER

LAST F
AMPLIFIER

Oufd. + ‘0
50 V. [;——4L
ELEGTRO-
WTIC

[
B+

i

provising.

This discriminator may be employed
in regular F. M. receivers, as well as
in sound channels in television receiv-
ers. If a pair of matched 100,000-0hm
resistors is used, no adjustments will
be required bevond the usual align-
ment of the input transformer.

7 STANDARD RATIO DETECTOR

( lﬁ TRANSFORMER
I TO RATIO DETECTOR

Figure 3-6. F.M. Dynamic Limiter.

Figure 3-6 shows a germanium-type
dynamic limiter which has none of the
complexity of tube-type stages of the
same type. This circuit may be applied
in I, M. receivers and t. v, sound chan-
nels. The threshold level is variable
and reaches low signal levels. Inter-
channel background noise, as well as
audio buzz in intercarrier-lype lele-
vision receivers, are quicted by this
limiter cireuil.

Chief Teature of dhe fimbter s the
el biaeed Tvpe INGOG hieh conduretion

23

diode which is connected in parallel
with the primary of the detector input
transformer (ratio detector or discrim-
inator). Diode bias is developed across
the 10,000-ohm diode series resistor.
The shunting capacitor is a 10-micro-
larad electrolytic. The time constant of
this R-C combination is satisfactory for
rejection ol amplitude-modulated
multipath interference components, 60-
eyele blanking  pulses. and <imitar

plicnomena,



3.8 T.V. CASCADE SYNC CLIPPER

LAST VIDEO
AMPLIFIER

TO PICTURE

Figure 3-7. T.V. Coscade Sync Clipper.

A high-level sync clipper is shown in
Figure 3-7. The two cascaded 1N34’s
in this circuit are supplied with fixed
bias partially derived from the plate
load resistor of the last video ampli-
fier. The biasing network for each di-
ode has a long time constant. The high-
frequency compensation of the video
output stage is unaffected by shunting

3.9 A G. C. PEAK DETECTOR

LAST VIDEO

220,000 O
B+ 100,000

—» TUBE CATHODE

POSITIVE
SNYC. OUTPUT

the clipper circuit across this output,
because of the low diode capacitance.

Stripping action of the two diodes is
cumulative, since the clipping level of
the second diode is determined by the
partially separated sync pulse output
of the first diode. Separation is sharp,
and sync pulse output of the clipper is
completely free of video information.

AMPLIFIER

330,000n

————— TO SYNC CLIPPER
100,000 0

IN34 47,0000 180,0000

dj

()
B+

51000

—» TO PICTURE TUBE
(GRID OR CATHODE DEPENDING
UPON PHASE OF LAST VIDEO
AMPLIFIER)

470,0000

AGGC
OUTPUT
AMPLFIER f
(172 7N7, Olufd
pfd |0dufd |15 au7,ETC) I
+ e
CONTRAST 100,000 0
10ufd | CONTROL '
ELEGTROLYTIG| ‘g2 o

+250V. +375V. -55Vv

Figure 3-8. A.G.C. Peak Detector and Amplifier for T.V.
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In the circuit of Figure 3-8, a 1N34,
dircet-coupled 1o the plate output of
the last video amplifier, is used as an
A. G. C. detector. This diode conducts
only during the sync interval because
of the lengthened discharge time con-
stant of its load circuit. The positive
d. c. voltage output of the diode detec-
tor is R-C filtered and presented to the

control vrid ol the A. G, C,
tube,

The control rate of the circuit takes
care of all but very fast fading; how-
ever the receiver gain does not alter
appreciably during vertical blanking
periods, so vertical sync pulses are not
“pushed down.”

ampliher

3.10 T.V. VERTICAL PULSE SEPARATOR

0.00Iufd  0.001ufd

FROM MICA MICA
[N
SYNC “"—l {
AMPLIFIER

172 12AU7

0.0l ufd
IN54 MIC A To
e—0 ¢—|(— verTicaL

OSCILLATOR

27,0000 30,0000 %5240,0000<s | MEG ;6800 a

B+

[e]
B+ B+

Figure 3-9. T.V. Vertical Pulse Separator with Limiter-Inverter.

A biased 1N54 diode in the circuit
shown in Figure 3-9 follows a 2-stage
differentiating network, and clips hori-
zontal components from the applied
sync signal. The negative vertical
pulses in the diode output then are ap-
plied to the grid of a triode which am-
plifies, squares, and inverts them. The

output pulses are steep-fronted, of high
amplitude, and positive in polarity.
This circuit affords stable vertical sync
minus interlace jitter and line pairing.
The low interelectrode capacitance of
the IN54 improves pulse discrimina-
tion.

GERMANIUM DIODE INSTALLATION HINTS

1. Use the type of diode specified in the
circuit diagrams. These types have been
sclected carefully to withstand circuit vol-
tages and other operating conditions.

2. When soldering the diode into the
circuit, hold the pigtail leads with a pair
of long-nosed plicrs, This will prevent heat
lvomn the soldering iron from entering and
possibly damaging the erystal unit.

3o all installations, use as mueh of
the pigtail lead lenpth as possible.

1. While the Germanium Dinde is a rup-
red camponenl, the uuer ju cnationed apuainat
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deliberately dropping the diode to the floor,
tapping on it, or otherwise handling it in
a rough manner so as to expose it unneces-
sarily to mechanical shock.

5. Mount the crystal diode so that it is
reasonably free from severe mechanical
vibration.

6. Keep the crystal diode as far as
possible Irom heated objects.

7. Observe the diode polarity shown in
the diagrams. The cathode terminal is plain-
ly marked with the abbreviation “CATII
JIlI(I \\'llll Nl \\'iil(~ I”l”ll.



CHAPTER IV
EXPERIMENTAL APPLICATIONS

4.1 AMPLITUDE MODULATOR

0.002ufd
MICA

UNMODULATED
R-FINPUT o

0002ufd
MICA
1
<L AMPLITUDE —
10,000 0 MODULATED
R-F QUTPUT

AUDIO INPUT

Figure 4-1. Germanium Diode Ampli-
tude Modulator.

A simple amplitude modulator with a
host of applications in test instruments
and electronic control gear is shown in
Figure 4-1. With a minimum of com-
ponents, this circuit utilizes the abilily
of a non-linear component such as the
IN34 germanium diode lo accomplish
modulation.

[n a lypical application, unmodu-
lated v. [. from an oscillator or signal
generator is fed into one pair of input
terminals, and an audio modulaling
signal into the second pair of input
terminals. Amplilude-modulated r. f.
then is available at the output termin-
als, The wide [requency range afforded
by the germanium diode also permits
the modulation of one r. f. signal by
another r. [. signal, or modulation of
one audio signal by another audio
signal.

The diode modulalor may be em-
ployed for externally modulating a
signal generator, for producing ampli-
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tude modulation at low power levels in
radio and carrier-current transmitters,
tone-modulating received signals (by
inserting the modulator in the i. f. am-
plifier of a receiver), and for produc-
ing a modulated (“two-tone”) audio
test signal for special amplifier check-
ing. Since no coupling transformer is
present in the modulation input circuit,
high modulating frequencies extending
far into the r. f. spectrum may be used
with ease. The diode modulator can be
operaled at ultra-high [requencies. if
desired.

One application ol the diode modu-
Lator of interest 1o television recciver
technicians i= its use as a har generator
for L v. linearity alignment patlerns,
or 1his applicalion (1) connect an
nnmodulated r. [. test oscillator or sig-
nal generator tuned lo a desired t. v.
channel 1o the modulator r. [. input ter-
minals. (2) Connect the anlenna input
of the receiver Lo the modulator output
terminals. (3) Connect a modulating
signal generator to the audio input ter-
minals of the modulator. When the fre-
quency of the modulating generator is
in the audio range (up to about 20,000

cyeles). hovizontal parvallel bars will
appear on the picture 1ube screen.
When the modulating frequency is in
the r. f. spectrum (100 ke. and higher),
vertical parallel bars will appear on
the screen. In each case. the number of
bars increases as the modulating fre-
quency is increased.

When the wavelorm of the modulat-
ing voltage is non-sinusoidal, such as
square waves or pulses, the values of
capacitor Ca and resistor Ra may have
to be changed to prevent distortion of
the modulation waveform,

4.2 BRIDGED-T PHASE MODULATOR

0.311uh
25uufd ;L T~ 25upfd
CATH
500 \ 500
IN34
COAXIAL "éi#;‘ TN é) COAXIAL
INPUT N OUTPUT
5600 T0.0I}de

L ]

CONTROL VOLTAGE

CONSTANTS ARE FOR
7250 KGC OPERATION

Figure 4-2. Bridged-T Germanium Phase Modulator.

Iigure 4-2 shows an ingenious bridged-
T circuit in which a pair of germanium
diodes replaces the usual resistance
arm ol the conventional bridged-T net-
work. The resistance of the diodes, and
therefore lhe network transmission
characteristic, is varied by means of a
control voltage applied to the diodes.
This circuit was developed by Dr. M.
G. Pawley ol the National Bureau of
Standards.

An important properly ol this cir-
enilis its ability 1o give an appreciable
phase <hift between input and output
voltages with weglicible amplitude at-

tenuation. 90-degree phase shifts have
been obtained. Another important
properly is ability of the circuit to
function as a simple phase modulator.
Ior this application, the modulator
may be inserled in the coaxial line be-
lween Lwo low-level slages of a phase-
modulated transmitter,

Circuil constants in Figure 4-2 are
those given by Dr. Pawley [or 7250-ke.
operation with 50-ohm input and out-
put impedances. Constants for opera-
tion at other [requencies, audio and
radio, may be oblained by means of
slandard bridged T caleulations.

Lhe information in this book is furnished without assuming any obligations.

2/



4.3 SPIKE GENERATOR

() (8)
VAVAVAVAVANC))

Il OR 2:1
TRANSFORMER

SINE-WAVE
INPUT
(f)

1000 1000

YYYYzh

)

YV (20
—T

PULSE OQUTPUT
(TO HIGH-IMPEDANGE LOAD)

IN34
v

-
CATH

(D)OUTPUT WITH CAPAGITOR G

o ¢ (N GIRCUIT.

1 R

1

ELEGTROLYTIC =% PULSE VN
16ufd G WIDTH (EYQUTPUT WITH C OUT OF
* CONTROL CIRGUIT.
20,0000
WIRE WOUND

Figure 4-3. Spike Generator.

Sharp spike-type pulses for marking,
timing, and blanking in oscilloscope
measurements and for special modula-
tion are produced by the circuit shown
in Figure 4-3.

A sine-wave input voltage is applied
through the input transformer to a
IN35 full-wave rectifier. Output of this
rectifier consists of continuous, joined
positive pulses only, as shown in Pat-
tern B. A 1N34 diode clipper removes
the upper rounded portions of these
pulses (See Pattern C), leaving only
the lower pointed portions. The clip-

4.4 PULSE GENERATOR

IN34 IN34
f\/\/\/ ] CATH CATH
(f)
SINE WAVE ¢
INPUT 0.lpfd O.lufd

o

ping level, and thus the spike width
and amplitude, is governed by the set-
ting of rheostat R. The pulses are nar-
row and spiked when capacitor C is in-
cluded in the circuit (See Pattern D)
and are approximately triangular (See
Pattern E) when C is omitted.

Because of full-wave rectification at
the inpul, the spike repetition rate is
twice the frequency of the input sine
wave. The circuit as shown produces
negative pulses. Positive pulses may be
obtained by reversing the polarity of
each of the three diodes.

0.00Iufd

S

(f)

PULSE OUTPUT
2MEG o

Figure 4-4. Pulse Generator.

A somewhat simpler sharp-pulse gener-
ator is shown in Figure -1 This cir-
cuit resembles a low-pass R-C filter in
which  germaniumn  diodes take the
place of the usual resistors. Unlike the
arrangement described in Section 4.3,
this circuit gives a pulse repetition rate
cqual to the frequency of the applied
sine wave. The circuit may be used
throughout the audio spectrum with

4.5 SAWTOOTH GENERATOR

IN34 IN34

the capacitor values shown. At radio
frequencies, smaller  capacilors and
shielding between components will be
required.,

The 2-megohm rheostat is adjusted
to give the best pulse shape, as viewed
with a wide-band oscilloscope. Nega-
tive pulses may be obtained by revers-
ing the polarity of each of the diodes.

[ P be
CATH® CATH®
[AVAVAVAVIRRPN

SINE WAVE
INPUT Q
(f)

l A

Ollufd O.lufd SAWTOOTH OUTPUT
T T T (TO HIGH-IMPEDANGE LOAD)

(f) 7;4/
i

Figure 4-5. Sawtooth Generator.

The circuit of Figure 4-5 converts a
sine-wave input signal into a sawtooth
wave. At 10 volts r. m. s, input, this
sawtooth waveform was found to be
linear enough for use as an oscilloscope
sweep up to 50 ke.

With the diode polarity shown in
Figure 4-5, positive-going sawteeth are
obtained. Reverse the polarity of each
diode to obtain negalive-going saw-
teeth.

4.6 GERMANIUM TRIODE POWER SUPPLY

GERMANIUM TRIODE

=

COLLECTOR

100 N, 5000 N
WIREWOUND  WIRE WOUND l’*

A-F
OUTPUT

MINIATURE
8 ITSOO'?;“” TRANSFORMER
{10 TO20M A FOR
(OELECTROLYTIC |58 GERMANIUM TRIODE

TOUS V
A-CLINE

Figure 4 6. Gormanium Triode Power Supply.
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Germanium erystal triodes (transistors)
are small-sized components, Often, the
power supply components for Turnish-
ing d. c. operaling vollages lo german-
ium triode amplifiers and oscillators
are many times the size of the german.
ium triodes themselves. Even sclenium
rectifiers, nsed for this purpose, are
enormous in comparison with ger-
manium triodes,

The ideal miniaturization afforded
by the germanium (riode can be pur-
sued by using a high back-voltage ger-
manium diode as the rectifier in the
low-current germanium lriode d. c.
power supply. ligure 4-6 shows a
power supply ol this type, in conjunc-
tion with a single-stage germanium
triode amplifier. With a 50-volt-output
miniature (10 to 20 ma.) power trans-
former and 1N58 diode: polenliomeler
R, allows a positive vollage of approx-

imately 0.2 v. to be selected closely for
the emitter (“grid”) electrode of the
germanium triode, while potentiometer
R. allows close selection of a negative
voltage of approximately 30 v. for the
collector (*plate”) electrode. Note the
apparent backward connection of the
diode and of the miniature electrolytic
filter capacitors. These polarities are
very important since, unlike vacuum
tubes, the germanium triode “grid
bias” must be positive and its “plate
voltage” negative.

4.7 MINIATURE LIGHT-INTENSITY METER

/2y

500,0000

GREEN LEAD

{CATHODE)

0-100
DG MICGROAMMETER

IN77
GERMANIUM
PHOTODIODE
WHITE LEAD
(ANODE)

15 v
A-C LINE

Figure 4-7. Miniature Light-intensity Meter.

In the circuit shown in Figure 4-7, a
IN77 subminiature germanium photo-
diode is emploved as the light-sensitive
pickup device and a IN58 diode as the
power supply rectifier. This instrument
may be used to examine the brightness
of small illuminated areas, such as sec-
tions of photographic negatives, illum-
inated dials, etc. The 1N77 photodiode

is tiny enongh to be mounted in the

tip of a thin pencil-type exploring
probe. The 1N77 is especially sensitive
to red and infra-red illumination.

This light-intensity meter has good
sensitivity and may be calibrated with
the aid of a [ool-candle meter or other
brightness standard. To prepare the
circuit for use, simply darken the 1IN77
and adjust the ZERO-SET rheostat for

zero reading of the microammeter.

Ny
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4.8 INDICATING AUDIO FREQUENCY METER

_|{LOVW o o

I\ o
RANGE
Ot swiTch
HIGH
AF INPUT (
(CONSTANT 0.01fd
10 V RMS)

CALIBRATION
CONTROL
/\/\{\/ 20,000 0L WIREWOUND
IN 34

) CATH
CATH +

T o)
IN34 DC MILLIAMMETER

Figure 4-8. Indicating Audio Frequency Meter.

When conditions do nolL warrant or
permit use of a more complicated elec-
tronic audio frequency meler, satisfac-
tory Irequency indications may be ob-
tained with a simple circuit making use
of the varying reactance of a capacitor.
This scheme has been employed in the
design of the instrument circuit shown
in Figure 4-8. This arrangement is no
more complicated than a rectifier-type
A c. voltmeter circuit.

The instrument has two overlapping
frequency ranges: 20 to 500 cycles,
and 100 to 5000 cycles. Sample calib-
ration charts are given in Figure 4-9.
I['rom the charts, it will be seen that the
[vequency curves are neither linear nor
nniform, This requires the preparation
of a calibration chart or the drawing of
a special meter scale. The input signal
vollage must be maintained constant at
10 volts r. m. s., but in most instances,
this requirement will impose little
hardship. The 0.1- and 0.01-microfarad

A. Low-Frequency Range

METER READING
(milliamperes)

FREQUENCY
(cycles)

50 0.38

s
seopoo
Nt B s
e R NN Y

SO0 0.81
0o .92
100 an7
L0 1 0o

capacitors must have exact specified
values and should be of good quality.

The frequency meter may be cali-
brated with an audio oscillator. Set the
oscillator to 500 cycles, and the fre-
quency meter to its low-frequency
range. Adjust the signal input voltage
to 10 volts r. m. s, and set the 20,000-
ohm CALIBRATION CONTROL rheo-
stat to bring the meter pointer exactly
to full scale. If the two capacitors have
exact values, no further adjustment of
the control will be necessary. The
meter then may be calibrated at as
many frequency points as desired, be-
ing careful each time the [requency is
changed to keep the input voltage at
10 v.

Signal voltages higher than 10 wv.
can be accommodated by stepping them
down to 10 either through a transform-
er or with a resistance-type voltage
divider.

B. High-Frequency Range

FREQUENCY METER READING

(cycles) (milliamperes)
100 0.14
200 0.23
500 0.41
1000 0.61
2000 0.84
3000 0.92
4000 0.98
5000 1.00

Fiqure 4 9 Calibration Data for the Audio Frequency Meter.

1



4.9 VOLTAGE-SELECTIVE CIRCUIT

10000 WIREWOUND
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Figure 4-10. Voltage-selective Circuit.

It is convenient in a number of electri-
cal control operations to have a control
voltage rise to some peak value as an
applied voltage increases in value, and
then [all back to zero as the applied
voltage continnes to increase. Few cir-
cuits have been available for this pur-
pose.

Figure 4-10 shows a simple german-
ium diode circuit in which d. ¢. output
voltage rises from zero to approximale-
ly 79 millivolts as the input vollage
rises from zero to approximately 14
volt, and then decreases as the input
voltage increases further, eventually
again reaching zero when the applied
voltage has risen to 114 volts. Action
of this circuit, which is a 4-arm bridge,
is based upon the fact that one bridge
arm (the germanium diode) is a non-
linear element. The bridge therefore
can be balanced at only one input volt-
age value, and unbalances in one direc-
tion or the other depending upon the

level of applied voltage.

While the nose of the output voltage
curve is relatively blunt, there is suffi-
cient “selectivity” to pick up a sensi-
tive meter-type d. c. relay at 0.5 volt
input and to drop the relay out at
points slightly higher and lower than
0.5 v. Where higher output voltage is
required, the outpul may be fed into a
d. c. amplifier.

The 1000-ohm potentiometer is set
at about half-range (500 ohms each
side), but its exact setting will depend
upon forward current characteristics of
the individual diode used. When this
coutrol is set correctly, the output volt-
age (as read with a 100- or 200-milli-
volt 200-ohm or higher meter, the 100-
microampere d. c. range of a Simpson
Model 260 volt-ohm-milliammeter will
suflice}, the output voltage will fall to
zero but will never go negative as the
input voltage is varied.

4.10 GERMANIUM DIODES AS CURVE

STRAIGHTENERS

In a circuit in which direct current
fow is non-linear with respect to volt-
age variation, a germanium diode often
may be employed to straighten-out or
linearize the current curve. The diode
simply is connected in the current-car-
rying arm of the circuit with its anode
connected to positive. Best success is
obtained when the curve to he cor-

3?

rected is somewhat less than linearity.
The circuit current must not exceed
the average continuous forward cur-
rent rating of the diode used.

[n some instances. a variable resist-
ance must be connected either in ser-
ies or parallel with the diode 1o obtain
the desired amount of curve corrvection.,

RATINGS AND CHARACTERISTICS
OF SYLVANIA GERMANIUM CRYSTAL DIODES

yLvania’s line of germanium crystal components include [four-

teen diode types, a duo-diode and four varistor networks. All are
lightweight, ecompact, rugged eircuit elements having low shunt capacity,
no contact potential and require no heater supply or mounting hard-
ware. They have exceptional electrical stability and are strongly resist-
ant to thermal shock.

Among the 14 germanium diodes are types designed to withstand
working voltages up to 50, 60, 100, 150 or 200 volts in the reverse
direction, to exhibit exceptionally high back resistance or to possess
a high forward conduction characteristic.

Six types are now available in cither the ceramic or glass construe-
tion type. The glass types are made moisture proof by the unique
hermetically sealed glass cartridge. They are smaller and lighter than
the ceramic types and have lLeen designed with terminals smaller in
diameter than the glass body to eliminate risk of accidental contact
in side-by-side mounting.

The duo-diode Type IN35 is a mounted pair of IN34 diodes carefully
matched for use in balanced circuits, for full-wave rectification, modu-
lation or demodulation.

Sylvania Varistor Types 1N40, 1N41, IN42 and IN71 are networks
of four carefully selected and matched diodes especially designed for
use as ring modulators in carrier suppression or carrier transmission
circuits. In the plug-in units, Types 1N40, IN42 and 1N71, the crystals
are mounted in a compact metal radio tube shell. In Type 1N41, the
crystals are assembled in a rectangular metal can equipped with eight
soldering lugs and adapted for top or sub-panel mounting.

All Sylvania Germanium Diodes have a nominal shunt capacitance
of 1 /.. tolerate an ambient temperature range of —50° to +75° C
and have an average life of more than 10,000 hours.

The principal clectrical ratings for each diode and the duo-diode and
varistor lypes are shown on the accompanying table.
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Germanium Diodes

SYLVANIA

RATING

(volts Max.) ;v;;-";s'-;;i'-:s

1N34 General Purpose Diode Ceramic 60 75
1N34A General Purpose Diode Glass 60 75
1N35* Matched Duo-Diode Ceramic Duo-Diode 50 75
1N38 100-Volt Diode Ceramic 100 120
IN38A 100-Volt Diode Glass 100 120 ]
1N39 200-Volt Diode Ceramic 200 225 —‘]
1N40O* * Varistor Plug-In 25 75 i
INg1*~ Varistor Lug-Type 25 75
TN42+* 100-Volt Varistor Plug-In 50 120
IN54 | High Back Resistance Diode Ceramic 35 75
1N54A | High Back Resistance Diode Glass 50 75
IN55 150-Volt Diode Ceramic 150 170
IN55A 150-Volt Diode Glass 150 170
1N56 High Conduction Diode Ceramic 40 50
TN56A High Conduction Diode Glass 40 50
IN58 100-Volt Diode Ceramic 100 120
TN58A 100-Volt Diode Glass 100 120
1N60 Video-Detector Diode Ceramic 25 30
IN71***  Low Impedance Varistor Plug-In 40 50

‘Units are matched in the forward direction at |-

1 volt

so that the current flawing through the lower resistance
unit is within 109% of that in the higher resistance unit.
Ratings shown are for each diode.

*Consists of four specially selected and matched germanium
diodes whose resistances are balanced within - 2.5% in the
forward direction at 1.5 volits. Far additional balance, the

forward resistance of each pair of varistor crystals are

matched within three ohms.
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Ratings shown are for

cach diode

AND

CHARACTERISTICS

AVERAGE

RECURRENT

lated output across a 4700 ohm resistor shunted by a 5
fLfrfd capacitor is a minimum of 1.4 volts peak fo peak.

e o[ e e o ot
w1 volt (ma. Min.) (;g“i:::, (:“:"';::I) {ma. Max., 1 sec.) {4t Max.)
5.0 50 150 500 50@-—10v, 800 @ —50v
5.0 50 150 500 30@-10v, 500@ —50v
7.5 22.5 60 100 10@—-10v
3.0 50 150 500 6@—3v,625@—100v
4.0 50 150 500 5@—3v,500@—100v
1.5 50 150 500 200@—100v, 800 @ —200v
375w 1.5 volts) 22.5 60 100 40@—10v
)2 1.5 volts) 22.5 60 100 40@—10v
P20 ((w 1.5 volts) 22.5 60 100 6@—3v,625@—-100v
5.0 50 150 500 10@—-10v
5.0'7 50 150 500 7@—10v, 100 @ —50v
3.0 50 150 500 300@—100v, 800@—150v
4.0 50 150 5007 ) WSE@—! SPV o
15.0 - 60 200 1000 | , 300 @j:{ov“h“
15.0 e 60 200 1000 3?0 @ —30‘.,
4.0 - 50 150 500 4800@—100v
4.0 50 150 500 600@ —100v
T 50 150 500 t
1.0 60 200 1000 300@—30v
e B e e o
vl Fatmyy shown are for each diode.




TO OBTAIN ALL TYPES OF SYLVANIA
GERMANIUM DIODES SEE THE SYLVANIA
RADIO TUBE DISTRIBUTOR NEAREST YOU.
YOU WILL FIND HIM LISTED IN THE YELLOW
PAGES OF YOUR TELEPHONE DIRECTORY
UNDER “‘RADIO SUPPLIES AND PARTS.”
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\N34A, 1N38A, TN54A
1N55A, 1H56A, TMSEA
132

1N34, 1N36,
INS4, 155,
157, IN58,

D‘istrbutor

SYLVANIA RADIO TUBES
TV PICTURE TUBES
AND TEST EQUIPWIENT
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