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USING 7558 AND 7551

VHF BEAM POWER VALVES
IN RF AMPLIFIER, FREQUENCY-MULTIPLIER
AND AF MODULATOR SERVICE

This article discusses the application of the 7558 and 7551 beam power valves
in class C rf-amplifier and frequency-multiplier service at frequencies up to 175
megacycles and in af modulator and power-amplifier service. Circuits illustrating the
use of these valves in a “straight-through” amplifier and in various types of frequency
multipliers are described.

The 7558 and 7551 are beam power valves of the nine-pin miniature type.
Although primarily designed for vhf service, both valves also provide excellent
performance in audio-frequency modulator and power-amplifier applications. In typical
operation at 175 megacycles, both valves can deliver useful power output of 8.5 watts
under CCS conditions and 10 watts under ICAS conditions. In af modulator service,
two valves in push-pull can provide 20.5 watts of audio power with less than 5 per cent

total harmonic distortion.

Valve Design Features

The 7558 and 7551 have identical electrical
characteristics except for heater-voltage require-
ments. The 7558 has a 6.3-volt heater and is de-
signed primarily for continuous service in fixed-
station communications equipment in which the
normal heater-voltage variation does not exceed
=10 per cent. The 7551 has a 12-to-15-volt
heater and provides reliable service in mobile
communications equipment operating from a 6-
cell storage battery system.

Although the heater of the 7551 is designed to
operate over a voltage range from 12 to 15 volts,
it will withstand momentary excursions from |1
to 17 volts. During manufacture the 7551 is sub-
jected to rigid controls and tests for heater-
cathode leakage, interelectrode leakage, low-
frequency-vibration performance, and inter-
mittent shorts, as well as a 500-hour intermittent
life test at a heater voltage of 15 volts and a
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heater-cycling lile test at a heater voltage of 17
volts. As a result, the rugged heater design and
the careful testing ensure dependable perform-
ance in mobile equipment under operating con-
ditions cncountered during battery charging and
discharging.

Features which contribute to the efficient per-
formance of both these tubes at [75 mcgacycles
are low lead inductances, low interelectrode capa-
citances, and low rt losses. Low lead inductances
for both cathode and grid No. 2 (screen grid) are
achieved by the use of two pin connections for
cach of these electrodes. If the two pin connec-
tions for the cathode are arranged so that the rt
input current flows through one and the rf out-
put current through the other, degeneration in
the cathode circuit is reduced. The two base-pin
conncctions for the grid No. 2 facilitate rf by-
passing and aid in cooling. The low rf losses and
high input resistance permit the use of relatively
high values of grid-No. I-circuit resistance
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(100,000 ohms) to minimize loading of the dri-
ver stage. In addition, high grid-No. l-circuit
resistance makes it possible to obtain the high
value of grid bias required for good frequency-
multiplier plate-circuit efficiency with low values
of dc grid current.

The maximum permissible temperature of the
bulb is 225 degrees centigrade. Within reasonable
ambient temperatures, no artificial means of
cooling are required for most applications. How-
ever, a heat-dissipating shield may be wused
as an aid in reducing bulb temperature when
necessary.

RF-Power-Amplifier Service

Fig. 1 shows a circuit in which the 7551 or
7558 is used as a “‘straight-through” amplifier at
175 megacycles. In this single-ended amplifier,
C, and Cg effectively simulate the input and out-
put capacitances, respectively, of the other section
of a push-pull circuit. Thus, the valve input and
output capacitances are in series with C, and Cs.
This arrangement optimizes performance at
higher frequencies because it provides a higher
L/C ratio in the resonant circuits than would be
possible with a conventional parailel-tuned tank
circuit.

At vhf, the rf grounding of the heater circuit
is important because of its effect on the stability
of the amplifier. The most satisfactory method of
grounding the heater circuit is achieved when one
of the heater pins is connected directly to the
chassis at the socket and the other is bypassed tc
the chassis through a low-inductance capacitor.
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As mentioned previously, degeneration in the
cathode circuit is minimized when the two pin
connections, 1 and 9, are used to separate the
input and output rf currents. These pins should
be grounded by the shortest possible connections
to the chassis to reduce the external cathode-lead
inductance.

il a socket shield is required to prevent rf
feedback from the plate circuit to the grid-No. 1
circuit (usually at frequencies above 100 mega-
cycles), the shield should be placed across the
socket in the plane of pins 4 and 9 so that the
heater (pin 4) and cathode (pin 9) can utilize
the shield as a low-inductance ground connection.

The circuit shown in Fig. 1 was found to be
very stable when tested for oscillation at reduced
plate and screen-grid voltages without fixed bias.
With the plate circuit unloaded and no grid drive,
the amplifier did not oscillate with any combina-
tion of settings of the plate and grid-No. 1-tank
capacitors.

When more rf power is required than a single
7558 or 7551 can deliver, two valves may be
used. At frequencies below 60 megacycles, the
valves may be connected in parallel; at higher
frequencies (up to 175 megacycles), a push-pull
circuit is recommended to reduce the effective
input and output capacitances.

Grid-Driving Power
The grid-No. 1-driving power given in the

published data for the valve is the power which
must be delivered by the previous stage. This

La

Eg Eg Eca Ep

Fig. 1—Basic circuit for 175 Mc amplifier, 87.5/175-Mc doubler, and 58.5/175-Mc tripler. C;, Cy:
7-45 pf, ceramic disc. (C; for doubler: 4-30 pf ceramic disc). €., C;, C;, C;: 1000 pf, feed-through,
silver button mica. C3;, Ci: 1000 pf, bypass, silver button mica. Cy: 3.6-15 pf, midget, double spaced.
L;: 2 turns of No. 18 Enam. wound on %” diameter form. L.: No. 18 Enam. wound on 1” diameter
form: 5 turns centre tapped for amplifier; 7 turns centre tapped for doubler; 8 turns centre tapped for
tripier. L;: 4 turns centre tapped No. 18 Enam. wound on }” diameter form. L;: 3 turns No. 18 Enam.
wound on 1" diameter form. R;: 22,000 ohms, 0.5 watt for amplifier; 47,000 ohms, 0.5 watt for
doubler, 68,000 ohms, 0.5 wait for tripler. RFC,, RFC.: 1.8 rh., 1000 ma., 80-200 Mc. (RFC, for
doubler and tripler: 7.0 yh.,, 1000 ma., 35-110 Mc.)
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value is the actual total power input required by
the grid-No. [ circuit, and includes the power
delivered to the grid No. 1, the power dissipated
in the grid-bias resistor, the losses in the valve
caused by transit-time loading, and the rf losses
in the valve, tank circuit, socket, and wiring. The
driver stage should be designed to provide re-
serve power to allow for variations in line voltage,
components, and valve characteristics.

If the valve is to be operated under conditions
differing from the suggested typical operating
conditions, the performance can be checked as
follows: First, load the amplifier to the desired
value of plate current. Then vary the grid-
driving power slowly (tank-circuit tuning remains
unchanged) and note the change in output. If
the change in output is approximately proportion-
al to the change in grid-No. 1 drive, the stage is
underdriven. The drive should be increased until
very little increase in power output results from
a large increase in drive. However, the maximum
rated value of dc grid-No. | current should not
be exceeded.

It the stage is underdriven, low power output
and low cfficiency will result. In plate-modulated
service, underdriving causes severe distortion at
high levels of modulation. This condition is read-
ily recognizable as downward modulation; it is
evidenced by a decrease in the average plate cur-
rent as the modulation Ievel is increased.

Because overdriving the 7558 or 7551 may
cause the grid-No. 2 input rating to be exceeded
before the maximum control-grid rating is
reached, it is recommended that the grid-No. 2
current be metered to determine whether the
power input is within ratings.

The grid-No. | bias voltage may be obtained
from a grid-No. | resistor or from a combina-
tion of grid-No. 1 resistor with either a cathode
resistor or fixed supply. The use of a bias supply
or a cathode resistor will provide protective bias
in the event of loss of excitation.

Plate-Modulated RF Power-Amplifier
Service

For high-level modulation in plate-modulated
telephony service, both the plate and grid No. 2
must be modulated. The rf impedance between
grid No. 2 and cathode must be kept low by
means of a suitable bypass capacitor. The value
of bypass capacitor used should be kept as small
as possible to avoid excessive af bypassing. If
the capacitance value is too small, however, feed-
back may occur between the plate and grid No.
1, with subsequent instability. If the grid-No. 2
bypass capacitor is replaced by a series-resonant
circuit tuned to resonate at the operating fre-
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Fig. 2—Power output and harmonic distortion
as a function of internal power-supply resistance.

quency, the rf impedance between grid No. 2 and
ground is low at this frequency and high at audio
frequencies.

For linear modulation characteristics, the use
of a combination of grid resistor and fixed supply
in the grid-No. 1 circuit has the advantage of pro-
viding the desired variations in bias voltage as
the modulating voltage varies.

Frequency-Multiplier Service

Doubler Operation: With the input modifica-
tions given in the parts list, the circuit shown in
Fig. | may be used for frequency-doubler service
to provide a power output of three watts CCS
and 4.5 watts ICAS at an output frequency of
175 megacycles. A pair of valves in “push-push”
may be used to obtain greater power output in
doubler service. In this case, the plates are con-
nzcted in parallei and the inputs in push-pull.
With this arrangement, the even-order harmonics
are accentuated and the odd-order harmonics
suppressed.

Tripler Operation: The input of the basic cir-
cuit shown in Fig. | can also be modified as
shown in the parts list to permit frequency-
tripler operation. This circuit provides a power
output of 1.4 watts CCS and 2.3 watts ICAS at
an output frequency of 175 megacycles. For high-
order multiplication, a single valve used as a
frequency tripler can provide more than adequate
driving power for the push-push frequency
doubler or straight-through amplifier. For addi-
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tional power output, a pair of valves may be
used in a push-pull arrangement. This circuit
accentuates the odd-order harmonics and sup-
presses even-order harmonics, making it suitable
as a frequency tripler. No socket shield is
necessary for either doubler or tripler operation.

AF Power Amplifier and Modulator—
Class AB Service

Two 7558 or 7551 valves connected as a class
AB, amplifier with 300 volts applied to the plates
and 250 volts to grid No. 2 can furnish a power
output of approximately 20 watts with 5 per cent
distortion. The power output and distortion also
depend on the characteristics of the driver valve,
the input transformer, and the regulation of the
power-supply units.

Because the source of plate and grid-No. 2
supply voltage of a class AB amplifier has in-
ternal resistance, the dc voltages applied to the
plates and screen grids decrease as power output
increases. However, when plate and grid-No. 2
voltages are reduced, power output is also re-
duced, and a change in load resistance may be
necessary to maintain a reasonably low level of
distortion.

Fig. 2 shows power output as a function of the
internal power-supply resistance over a range of
0 to 700 ohms in series with the plate supply
and O to 3500 ohms in series with the grid-No. 2
supply. Fig. 2 also includes a typical curve
(dashed line) of total harmonic distortion as a
function of internal power-supply resistances.
The curves indicate that with zero plate and
grid-No. 2 supply resistance, the typical power
output is 20.5 watts with a total distortion of 2.5
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per cent. With the poorest power-supply regula-
tion measured (i.e., 700 ohms of series plate-
circuit resistance and 3500 ohms of series grid-
No. 2 resistance), the power output drops to 10.5
watts and total distortion increases to 9.3 per
cent. Consequently, good voltage-supply regula-
tion is essential for efficient operation.

Transformers having poor audio-frequency
response characteristics will degrade the over-all
performance of the circuit. The transformer char-
acteristics which are important in modulator
applications include the primary and secondary
leakage inductance, the capacitances between
windings and from each winding to ground, core
loss, and winding resistance. Excessive values of
any of these factors can cause loss of frequency
response, phase distortion, generation of non-
linear distortion products, and reduced power
output.
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THE
IMPORTANCE

Don’t underestimate the importance of re-
placing valve and circuit shields in the tuner unit,
picture intermediate frequency and sound sections
of a television receiver. Carelessness in replacing
or securing shields properly can lead to receiver
performance problems such as interference beats
in the picture, if oscillations, degraded pictures,
distorted sound, and critical fine tuning.

Radiotronics

Shields have an appreciable effect on the align-
ment of a receiver and are important to receiver
performance. Always check the circuit and valve
shielding after servicing a television receiver. Make
sure all shields are properly installed and
properly grounded.

OF

SHIELDING
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SILICON

POWER TRANSISTORS

AN APPLICATION GUIDE

(CONCLUSION)

APPLICATIONS

This section gives typical schematic diagrams and
design procedures for a variety of circuits using
silicon power transistors. The design procedures
include both analytic and empirical equations.
They also include approximations which apply
specifically to RCA silicon power transistors.

200-Watt DC-to-DC Converter Circuit

Specifications:

Input Voltage (Vin).................. 42 volts
Output Voltage (Vout).-.oovevvvnenenn. 200 volts
Efficiency............ ... i 77%
Frequency ............ ... oo 3 Kc
Input Current (Itn). ...t 6.0 amp
Maximum Output Current

[Tout(max) ] ... 0.97 amp
Maximum Transistor-Case

Operating Temperature.................. 100°C

Design Procedure:

A. Equations for determining number of turns
on transformer windings, Np, Ngs, and Ns.

. Vm x 108

- 4f Bsa,tA

where Bgat is the saturation flux density of
the core material in gausses, A is the cross-
sectional area of the core in square centi-
metres, f is the frequency of oscillation.

Nep = (Np) (l_ﬂ\lﬁiimﬂ))

where Vpg(max) is the maximum value of
base-to-emitter voltage at Iin.

Np
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C: |1 opf
CR}, CRy, CR3, CRy: RCA-1N1763 silicon

rectifiers

Q1. Qi RCA-2N1490 high-power silicon

transistors

Rl: 8 ohms

T: Core: ferrite toroid, Allen-Bradley Part
No.T3750-107B, type RO3 material, or
equivalent; primary: 44 turns No.l4
wire, bifilar wound (N, = 22 turns):
secondary (Ng) = 105 tufns No.24 wire;
feedback winding = 16 turns No.20 wire,
bifilar wound (Nfg = 8 turns)

Fig. 7—DC-to-DC Converter Circuit.
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B. Values of starting current Iy are determined
from the requirement for starting bias Vgg.
For RCA silicon power transistors, Vpg
should be approximately 0-6 volt to insure
easy starting. This starting bias can be pro-
vided by means of a resistance-voltage-divider
network.

C. Notes :

(1) To minimize the number of turns on the
transformer windings the frequency of oscil-
lation should be as high as possible, without
introducing large core losses or high switching-
transient power losses in the transistors.

(2) The value of Vpg(max) at a collector current
Iin for the transistor type used can be mea-
sured, or its limit value found by extrapola-
tion of the published limit at specified current
from a typical curve of Vgg vs. I¢. Such a
curve can be obtained from published typical
curves of hpg vs. I¢, and Vgg vs. Ig.

(3) This circuit can be operated as an inverter
by omitting the components connected across
the secondary winding. The peak-to-peak
square-wave output, under these conditions,
is approximately 2 X Voui dc.

v
cc
T O 412 vouTs

R4

O OUTPUT

TRIGGER Va8
PULSE -6 VOLTS

pa
92CS$-10707
Cy: 0.005 uf Ry ,By: 60 ohms
Co: 0.01 uf Ro: 820 ohms
C3: 0.05 uf R3: 5000 ohms

Q1,Q9: RCA-2N1481 medium-power Rg: 1000 ohms

silicon transistors
Fig. 8—Monostable Multivibrator Circuit.

Monostable-Multivibrator Circuit for
Pulse Generation

Specifications:

Output Pulse :
Amplitude.......... 12 volts across 60 ohms
Width ... ... ... .. .. 5 usec
Risetime (t¢).......covvvei ... 0-8 usec
Fall time (tf)............. ... ... 0-6 usec

Radiotronics

Trigger Pulse :

Amplitude ........... .. ... . ... 5 volts

Width ........ ... ... ... .. 1 psec

DC Supply Voltage.............. 12 volts

Current Drain .................... 200 ma
oVvee

QUTPUT

92CS-10714

Fig. 9—Astable Multivibrator Circuit.

Design:

Values of R; and R, are determined by pulse
requirements, supply voltage, l¢;, and Ic,.
(Ie;&~Vee/Ry).

B. Choose Ry such that

R Ve 1
3 5 * lcpoy (Max)

C. The range for R, is given by :

VeEsats )
. < R, <
s (VBB — Icpo (ron” 4 Ry) 2
Vee — VaE )
R. ( — R,, where
3 \Vps + Ve, + IR, L
Viisatp 1 the saturation voltage of Q, at
I
Ve, is the base-to-emitter voltage of Q,
at ¢,
135 is the base current of Q, at I¢,

Vs is the bias supply with a range such
that : 2 volts < Vpp << Vo

Ty is the extrinsic base resistance (see
Table 11).

R;-.Rhyg,(min) |usually selected such that
R, - 0-8 Rihygg,(min) ] where : hpg,(min) is
the minimum value of dc current transfer
ratio of Q; at Ig,.
The value of C, (*“ Speed-up ™ capacitor)
is determined by trigger-sensitivity require-
ments and switch-off time constant R,C;.
The quasistable period is given by the
approximate expression :

T ~ 069 C, R;
assuming Vegsat = Ve, and leoR;< <E,

Astable Multivibrator:

Similar methods of analysis may be used to
determine quasistable periods and values for C,,
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A
v
0, 70°VoLTS
Ry
<7 §
o &
C RL
INPUT ’ s PUT
Q [ Q-——-
oF \
R2 Ry
92cM-10718
Ci: 0.5 uf Ry: 620 ohms
C2: 25 uf, 100 v Ry: 1000 ohms
CR1: IN1363-R silicen R3: 750 ohms
reference diode Ry: 4000 ohms
Q1, Qg: RCA-2N1489 high-power Rg: 100 ohms

silicon transistors

Q3: RCA-2N1485 intermediate-power
silicon transistor

Q4, Q5: RCA-2N1482 medium-power
silicon transistors

Rs, and R, for the astable multivibrator circuit
shown in Fig. 9.

Series-Type Voltage-Regulator Circuit

Specifications:
Regulated Output Voltage.............. 70 volts
Load Current.................... 0-4 amperes
Input Voltage .................. 86 volts 4 159,
Regulation (no load

tofullload) .......................... 2:5%
Ripple Rejection ........................ 40 db
Maximum Transistor-

Case Temperature .................... 75°C
Design:

A. Select a voltage value (Vp,) for reference
diode CR; such that

0'1 \lout < \/Dl < 0'9 \lout
B. Find Ig(max) for transistor Q,:

Ir(max)
lhreq; (min)] [hreq, (min)]

C. Determine Icqs, Ry, R, and Ry :
ICQ4 = 4 max Ian

IBgs(max) =

Vout VD1
R, — ~out DL
i 2lcqq
_ Vout Vp,
Ri = oica,
h1.~EQ4(min)

Radiotronics

Rg: 2500 ohms

R7: Potentiometer, 1000 ohms
Rg: 3500 ohms

Rg: 20000 ohms

Rlo.Rlli 0.5 ohm

R, == R, approximately
D. Find values for bleeder network R, R., Rg:

Vou
Rg + R; + R, -= ﬁ
4

hrgqgs(min)
where legs = lcgq

Select values for Rg, R, and Ry such that the
voltage at the base of Q; is approximately equal
to Vout—VDp, when potentiometer R, is set
at the centre of its range.

E. The component values for network C;, R;, and
C, are arbitrarily selected to reduce the differ-
ential amplifier gain at higher frequencies and
prevent oscillations. For the phase shifts
encountered in the RCA silicon-transistor
types shown the over-all loop gain should be
reduced to unity at 50 Kc.

F. Values for resistors R,y and R,; are chosen
to provide proper current sharing by Q, and
Q,. Ry provides the lco path for Q, and Q,.

6-Watt Servo-Amplifier Circuit

Specifications:

Power Output ........................ 6 watts
Signal Frequency ...................... 400 cps
Over-all Power Gain .................... 60 db
Over-all Efficiency ...................... 509,

April, 1961



65

Class B Power Amplifier and Driver Design: B. Q, and Q; must be selected with a minimum
Output Stage value of Vee/2 under Vero(sus) conditions and

a value of V¢c under Veex conditions. They
A. Because no output transformer is used for this must also be able to handle (1) peak and remain

type of amplifier design, the supply voltage and
peak collector-current requirements are deter-
mined directly from the load characteristics.
For a given power output (P;) and load
resistance (Ryp) the minimum supply voltage
[Vee(min) ] and peak collector current (I¢ peak)
are given by :

(Vee) min =~ 4/8 PoRy

o
R1

(Ie) peak =

]
|
!LoAD
!
1
|
=Ll
vee
56 VOLTS
92CM-10716

C1: 10 uf, 15 v,
Co: 47 uf, 15 v.
C3: 20 pf, 50 v.
C4: 500 uf, 50 v.

Q1: RCA-2N1481 medium-power
silicon transistor

Q2, Q3: RCA-2N1485 intermediate-power
silicon transistors

Ry: 68000 ohms

Rg: 5600 ohms

R3: 56 ohms

R4: 560 ohms

R5: 3300 ohms

Rg, Rg: 400 ohms
R7, Rg: 18000 ohms
Rip, Ryp: ¢ ohms

T: Driver transformer: Core material =
0.014-inch "Crystalligned" (Magnetic
Metals Co., Camden, N.J.) or equiva-

lent; primary = 1500 turns; secondary
= 450 turns, bifilar wound (each
section = 225 turns)

Lzad: Control phase 6-watt control] motor,
Kearfott Type R110-5C, or equivalent

Fig. 11—5-Watt Servo-Amplifier Circuit.

Radiotronics

within dissipation ratings.

C. Select values of R;, Rs, Ry, Ry, and Ry to
provide the necessary idling forward bias for the
output stages [(Ic)o, (VBEol-

As a guide :

_ () peak
() ~ =75

(VBE)o &~ 0-5 to 0-7 volt
also Ry (Ic)o = Ry, (Ic)o = 01 to 0-8 volt.

D. Determine the equivalent input resistance
(Rin") of the output stage at full load.
For Q, or Q, during conduction this resistance
is approximately :

0-026
Rin" = [l‘in + (hye + 1) (Rm + —IE——) }
where :
Ie = (I.) peak
rin = hie measured at I¢ = (I¢)peak

E. Determine the required driver power (Pi)

) (bre®)RL
P, = P, where P, ~ R,

Driver Stage and Driver Transformer:

A. Assuming the driver transformer is 909, effi-
cient determine the driver output power (Pg),
from :

and select a driver supply voltage (Vce).

B. The primary-to-secondary turns ratio for the
driver transformer is

Iﬂg I{Lac

N Rin’
where Ryac is the large-signal ac load resistance

for the driver stage and has the value :

Ve
RLac = Eﬁg

Rin’ is the input resistance of the output stage,
as previously determined.

C. The dc operating point for the driver transistor
is :
7
Ry

D. Choose an appropriate driver transformer
having separate secondary windings. If none

Vee ~ Veo' and 1o &~ A/
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is available then the transformer can be de-
signed using basic transformer design data
and knowing the following quantities :

(D) % where Rout == hoe measured
aC
2P,
at lc == '?]i

(2) Maximum permissible phase shift at the
lowest useful frequency. These quantities
determine the required primary mutual in-
ductance and the number of primary turns.

20-Watt Series-Type Audio-Amplifier
Circuit

Specifications:
Power Output ...................... 20 watts
Distortion at 20 watts

output (f = 1000 cps) ................ 1-7%
Bandwidth .................... 20 cps to 25 Kce
Over-all Efficiency ...................... 58%,
Over-all Power Gain.................... 36 db

Design Procedure:

A. The minimum value of supply voltage
[Vee(min) ] and peak collector current (I peak)

in Q,, Qs, Q and Q; are given by :
Veo(min) == 4/8 PoRy,

where : Py is the maximum output power
Ry, is the load resistance
The peak collector current for the output

stage 1s :
T
(Io)peakout = Tf,
The peak collector current for the driver stage
is :
_ 1 2P
(I.)peak DR = Ten Ry

hrpe measured at I¢ — (I¢)peak.

B. Q,, Q,, Q4 and Qg must have Vcro(sus) rating
greater than Vec/2 and Vegx ratings greater
than Vee. They must also be capable of
handling (l¢) peak without exceeding their
dissipation ratings.

C. Select values for Ry, and Ry; such that :

Select idling currents for the output and
driver stages such that :

(Iouy = (Ic)o DR = {1PEKDR

Radiotronics

Qa
R
Ri2
oz
& 7
5 '
%__ %RL
[ o|
AF
INPUT
Ri3
| _III+
L vee
T 45 VOLTS
92CM-10713
C1,Cq: 100 pf, 6 v,
Cor 500 uf, 12 v,
(:_3: 500 Ll.f, 25 v,
C5: 1000 ul, 25 v.

Q): NCA-2N1485 1ntermediate-
power silicon transistor

(09,03 RCA-2N1481 medium-

power silicon

transistors
Q4,051 BCA-2NT189 high-power

silicon transistors
R, Bg: 3600 ohms
BR7,Rg: 200 ohms
Ryg,Ryp:s 120 ohms
Ryo,Ry3: 0.5 ohm

Ry: 20000 ohms
Ry: 2700 ohms
H3,H4: 39 ohms
R5: 110 ohms

Fig. 12—20-Watt Series-Type AF amplifier.

Select idling base-to-emitter voltages for the
output and driver stages such that :

(VBE)(out) R (VBE)QDR = 05 to 0-7 volt
Select values for R,y and R;; such that :

. (VBE)otouty
R105 Rll ~ (IC)ODR

. Design of Phase-Inverter Stage Bias point for

phase-inverter stage :
Vi > (Vse)peak Q; ~ (Ver) peak Qs

where Vg is the dc emitter-to-ground voltage

of Q,.

(Vee)peak Q; can be found from the trans-
conductance characteristics for Q; at I =
(lc)peakout.

For best performance use (V) =~ 2(Vpg)peak
Qs = Vry = Vrq and let (Veg)o Q; &~ Vee/2,
where (Vc¢g)o is the idling collector-to-emitter
voltage.

R; should have a value of 20 x Ry because
VR5 = (VCE)O Ql — VR3 — VR4. The bias
current for Q, is:

Vr-
(l(')o Q1 ~ TR—O

2

~ (Ver)o 1 — 2VRy
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VRs
R;, Ry = °—
P (Ie)oQ,
Select Ry, R, to provide the proper operating
point for Q,. Select transistor (Q,) having
adequate dissipation, and current ratings.

E. Determination of Bias Network for the Driver
Stages

The bleeder current through Rg, R,, and R,
R, should be approximately equal to the idling
current of Q, and Q; which is approximately
equal to (I¢)o DR-

Select values for R,, Ry such that: R; and R,
are greater than R; and R, and less than the
input resistances of Q, and Q,, also Vg, and
Vry =~ 2(VBE)o out.

Select values for Ry and Ry such that :

Ve 3 (Var)o
Rea RS - (IC)O

F. Selection of Coupling Capacitors

C,, C,, C,, C,, and C; should be large enough
to present a coupling impedance no greater than
one-tenth of the effective resistance into which
these capacitors couple at the lowest frequency
of operation. In addition, the ratio C,/C,
should be approximately 5 because of the differ-
ent source impedances seen by Q, and Q,.

Vee —O---

18 VOLTS
=Lt
1|1k

AN
Ry

92C5-10705
C: 1000 uf, 3 v,

Q: RCA-2N1485 intermediate-power
silicon transistor

Ri: 110 ohms, 5 watts
Rg: 8.2 ohms
R3: 1 ohm

Ty: Driver transformer for matching input
impedance of Q (12 ohms) to output
impedance of driver stage.

To: Qutput autotransformer, Columbus
Process Co., Columbus, Indiana, Type
X-5383, or equivalent,

F.g. 13—Class A AF-Power-Amplifier Circuit.
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Class A Audio-Frequency Power-
Amplifier Circuit

Specifications:

Power Output.............. 3 watts into 8 ohms
Bandwidth ................. ... 200 cps to 6 Kc
Distortion .......... less than 5%, at rated power

output at 1000 cps

Maximum Transistor-Case
Operating Temperature .............. 100° C
Supply Voltage (Vee) - ovvoeeenn..t. 18 volts

Design Procedure:

A. Calculate I¢:
21c?2 (R3 + Rsat) — Vee Ie + 2P, = 0

where : Rgat is the saturation resistance of
transistor Q,, P, is the desired power output
divided by the output-transformer efficiency :
1.e., power into the transformer. Use the
srnaller of the two values of I¢ found by solving
the equation,

B. Calculate the impedance to be reflected by
output transformer.

Ry — [Vcc — 2I¢(Ry + Rm)r
-

2P,

C. Sclect or design the output transformer on the
basis of the reflected impedance, load imped-
ance, direct current in winding, power level,
efficiency, and frequency response desired. If
an autotransformer is used the dc resistance
of the portion of the winding shunted across
the load should be very low to minimize direct
current in the load.

D. Design Bias Network

It is desirable to use a low value of resistance,
such as 1 ohm, for the emitter resistor (R,).
The values of the other two resistors in the bias
network (R; and R,) should be chosen to
provide the desired I¢ and the desired stability
factor(S). Considerationsinvolved in choosing
a stability factor are discussed elsewhere in this
article.

When the values of the emitter resistor (R,)
and the stability factor (S) have been selected,
the bias network may be calculated as
follows :

Ryl + hgg) S — 1) o
1 +hrg — S

where : Ry is the equivalent parallel combina-
tion of R; and R,, S is the stability factor, and
rp is the internal base resistance of the tran-
sistor, which is approximately equal to the
reciprocal of the maximum slope of the
typical-input-characteristics curve.

Rp = rb
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R, is given by :
R _ VCCRp
Y7 Ve 4+ In(Rp + Ry + 1) + IcRy

where Vpg is the base-to-emitter voltage re-
quired for the desired Ip.

The value of R, is given by :

_ _RiRyp
TR R
E. Calculate the required driving power (Pp)
from :

_ P, _ Po rm

Pgain (hFE)2 RL
where 1yn is the input impedance of the tran-
sistor (found by measuring the slope of a line

tangent to the typical-input-characteristics
curve at the operating point).

Pp

F. Calculate the value for the bias-network bypass
capacitor (C).

The response of the bias network will be less
than 3 db down at the frequency where the
capacitive reactance equals rj, ; l.e., when

1

C - 27Tfrin

Class C Power-Oscillator Circuit

Specifications:

Power Output. ................ ... ..., 10 watts
Frequency .......... ..., 100 KC
Efficiency .................. Greater than 509,

Supply Voltage (Vec) -vvvvvinviin 28 volts

Design Procedure:

A. Choose a value for the resonant load resistance
Rp, which will absorb the desired output power
Po :

Vee?
2P0

B. Choose loaded Q of tuned circuit. A value of
10 or greater is desirable if a good output
waveform is required. If the waveform is
not an important consideration a value less
than 10 may be used with consequent higher
efficiency (efficiency improves as the ratio of
unloaded Q to loaded Q is increased).

C. Choose values of C, and L for the tuned
circuit :

Ry =

__Q
C_27TfR

where R is the parallel combination of Ry,
the equivalent parallel resistance of the output
impedance of the transistor, and the impedance
reflected from the feedback winding.

Radiotronics
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L = 2 c

. Determine the number of turns on the feedback

(base) winding by experiment. As a start the
feedback winding may have 1/4 as many turns
as the output winding.

. Determine the values for the bias network by

experiment. Fourier analysis shows that at
the angle of collector-current flow normally
used in class C operation the average collector
current differs very little from the rms collector
current. Because the bias is developed partly
by the signal (i.e., by the resulting charge
stored on the capacitor), the average collector-
to-base voltage is greater than Vec. As a
starting point a value for the bias resistor may
be determined from :

10Veey/PoRy.

R]_ = Po

provided it may be assumed that
hgg = 10

1(RMS) = Ic(AV.)
Veg = Ve

The bias capacitor should not have too large
a value or the oscillator will operate inter-
mittently, due to the inability of the capacitor
to discharge sufficiently during the cycle. A
good starting point is to make

5

G =

vce
+28 VOLTS
92CS5-10704
C1: See Design Procedure
Cg: 0.33 uf
Q: RCA-2N1490 high-power silicon
transistor
Ry: 510 ohms
T: Air-core rf transformer: collector
winding = 19 turns No.l0 wire; base
winding = 5 turns No.22 wire; inside

diameter of windings = 0.88 inch. (A
ferrite-rod-core transformer may also

be used.)

Fig. 14—Power-Oscillator Circuit.
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T2

I FEEDBACK

| WINDING

1 o

| E

| 2

} )

| DEMOI;L?LATOR

]

I 5

’ E DEMoDTL?LAToR

I 6

|

l CONSTANT-CURRENT

1 GENERATOR-15=2.3 MA

T FEEDBACK WINDING

CHOPPER I AMPLIFIER I DEMODULATOR 92CM-10740

Cl: 5 uf
Co: 10 pf [(MSES['??'SR)'-—’—-‘AMPL%ER > DEMODULATOR"'OU?PCUT
C3: 10 uf L T
Ca: 10 uf |
Q1-Q1g, inclusive: RCA-2N1481 medium-power sggﬁgg;}%&c

silicon transistors (INVERTER)
R1: 510 ohms (FREQUENCY=4 Kc)
Rg, R3, Rg: 1000 ohms 92¢5-10708
R4, R7: 2000 ohms Tl: Demodulator trapsformer, primary, 400 turns No.30
Rs: 91 ohms wire; secondary, 1200 turns center-tapped (bifilar
5 wound); core, Allen Bradley Ferrite Pot Core
Rg: 20000 ohms No.C1300-215A (Type RO-3 material) or equivalent.
Rg: 5000 ohms T2: Inverter transformer, primary, 70 turns No. 26 wire;
R10: 120 oh center-tapped (bifilar wound); chopper winding,
10: onms 15 turns 50.30 wire; demodulator windings, each
R11: 50 ohms 30 turns No.30 wire; feedback winding, 30 turns
R R R Rye: S00 ohms No.30 wire, center-tapped (bifilar wound); core,
A1g0 Ryze Byg, fyge 900 ohms Allen Bradley Ferrite Toroid No.T-1312-103A,
Rjg: 510 ohms (Type RO-3 material) or equivalent.

Fig. 15 — Low-Level DC-Amplifier Circuit

F. When the oscillator has been constructed, the I. The procedure for the design of trans-
values of C;, R, and the number of turns on the former T, is the same as that outlined in
feedback winding should be adjusted until the the design procedure for the DC-to-DC
desired power output is obtained with minimum Converter.
average (dc) collector current. An efficiency . . . . )
of 60Y9, was obtained with the circuit shown. 2. Select Rys which will provide a bias point
Efficiency is calculated as follows : which will assure self-starting of the in-

verter.
P . .
T Veel(AV)) 3. Select an operating frequency suitablc lor
. . the transients the amplifier must handle

Low-Level DC-Amplifier Circuit (a frequency between 1 and 5 Kc is usually

Specifications: satisfactory).

Input-Voltage Range ............ |15 to --50 B. Modulator—Series Pair Chopper

millivolts

Output Voltage Range ............ -1 to 4-10 I. To insure good low-level opcration tran-

volts sistors Q, and Q, should be matched for

Load Impedance .......... ... ... .. 500 ohms null voltages and currents in the inverted

Voltage Gain ....... ..., 200 operating mode ; l.e., emitter and collector

Design Procedure: terminals interchanged.

A. Saturable-Core Square-Wave Oscillator—In- 2. R, should havp a valqe smaller than R;,
verter of the ac amplifier section and greater than
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the desired input resistance of the entire
amplifier.

3. Choose a peak voltage for the chopper
secondary winding greater than the maxi-
mum dc input voltage.

4. Choose values for R, and Ry approximately
twice the value of R,.

C. AC Amplifier

1. The design procedure for the ac amplifier
is the same as that given for class A
amplifiers. The procedure for the design
of T, is also the same as that for the
design of the class A amplifier output
transformer. T, must be designed to
transmit the square-wave carrier with negli-
gible change in its rise-time and fall-time
characteristics.

2. The turns ratio of T, is given by :
- 4Vouy DC
" Vout Ampl.
where : Veou DC is the required maximum
dc output voltage. Vo,1 Ampl. is the peak-

to-peak square-wave voltage developed
across the output of the amplifier stage.

NS/ND

3. Although the input impedance of the ac
amplifier should be reasonably high, the
overall stability factor S must be low to
insure a high degree of temperature stability.
Therefore, a compromise must be made
in selecting base bias resistor values R, and

R.
4. The load resistance for the amplifier is
given by :

N 2
R Ampl. x 4—N—:§ Ry DC
where : Ry DC is the load resistance seen
by the dc output of the amplifier.

D. Demodulator—Chopper

1. The demodulator transistors Q,;, Qs Qi
and Qg should be selected in matched pairs
so that their inverted offset voltages cancel.

2. Base resistors Ry, Ry3, Ryy, and Ry, should
be approximately equal to Ry, DC.

3. The two demodulator windings of the in-
verter transformer (T,) must be bifilar
wound, and the peak-to-peak voltages
developed across these windings must be
greater than twice the maximum dc output
voltage. The number of turns for each
of these windings is given by :

2V0ut DC
vin
where : Vin is the dc input voltage of the

inverter. N, is the number of turns on
the primary winding of T,.

Ny Demod. = Nyp

Radiotronics

92CS-10700

CR: 1N1823 voltage-regulator diode
Q: RCA-2N1485 intermediate-power silicon transistor
Ryp: 28 ohms

Ro: 50 ohms
Fig. 16—28-Volt Shunt-Type Regulator Circuit.
28-Volt Shunt-Regulator Circuit

Specifications:

Regulated Output Voltage ............ 28 volts
Load Current Range ............ 0 to 0-5 ampere
Input Voltage Range ............ 42 to 56 volts
Regulation ............................ 1:5%

Output Resistance
Design Procedure:

A. Select a transistor type capable of satisfying
the requirements of the regulator for I¢(max),
Pp(max) and Veg(max).
where :

Ie(max) ~ Ii(max)
Ver(max) =~ Vout
Pp(max) ~ l¢(max) V¢g(max)
B. Select R, such that the bleeder current through

the voltage-reference diode CR is sufficient to
break down the diode where :

Iry &~ amp

R,

C. The maximum permissible value of the refer-
ence-diode resistance (Rp) can be found from
the required output resistance (Ro) for the regu-
lator.

hieRz
hie + Rz

2

Rp +
Ro &~

where : hie is the input resistance and hpg is
the dc current transfer ratio of Q, at l¢ =
I1(max)/2.

D. Select diode CR to provide a reference voltage
Vr = Vout — VBE, Where Vg is the dc base-
to-emitter voltage of Q; for I¢ = Ic¢(max)
(obtained from published data for Q,).

CR must handle a maximum current :

I¢(max)
hrg

IR2 +
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have a resistance = Rp, and have a dissipation
rating =

ltmax)

VR (IRZ - hFE

E. The value of R, depends upon the variation of
the input voltage (Vin). The maximum and
minimum values of Vi, given in terms of R,
are :

Vin(max) = Vout + RyfIg(max) + I¢(max) ]
Vig(min) = Vout + R;le¢(max)
For the usual case I¢(max) = Ir(max).

(With acknowledgements to RCA)

EEV VIDIGONS
AT WORK

Underwater television equipment has been
used very successfully in the past for search and
recovery duties and at the recent Second Indus-
trial Photographic and Television Exhibition (in
England) a new underwater television system
using EEV 1" Vidicon pick-up tubes was demon-
strated.

The compiete Marconi-Siebe, Gorman camera
is only 3ft. by 2ft. 6ins. including the lamps and
casing, which means that the camera can be used
in quite confined spaces. The buoyancy of the
camera can be balanced when under water so
that it becomes virtually weightless and as it is
principally a hand held equipment, the camera
thereby provides maximum operating facility to
the diver.

The Vidicon pick-up tubes supplied by EEV
are approximately 1 inch diameter by 6 inches
long and these small dimensions contribute signi-
ficantly to the compactness and portability of the
camera. The lighting equipment comprises 2 x
150-watt lamps which will provide an acceptable
illumination level for the sensitive vidicon pick-up
tube even in water containing a high percentage
of suspended solids.

Another novel application of closed circuit
television using English Electric vidicon pick-up
tubes is the public televiewing platform on the
site of the new Midland Bank Overseas Branch
at the Junction of Gracechurch Street and Fen-
church Street, London. A 21” monitor has been
installed by Taylor Woodrow Construction Ltd.,
with controls for remotely panning and tilting a
Marconi industrial television camera. In this case
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the EEV l-inch vidicon pick-up tube presents
pictures of work in progress which would other-
wise be hidden from view. The public can move
the camera ir bearing and elevation and with this
aid the “Sidewalk Superintendents” will be able
to watch developments very much more compre-
hensively than ever before.

VAPOUR-COOLED
VALVES FOR
INDUSTRIAL HEATERS

English Electric forced air-cooled triodes have
proved reliability in valve oscillator service, but
the polluted atmospheres encountered in foun-
dries and forge shops etc. involve prohibitive cost
in air filtration for this type of cooling. This prob-
lem is overcome by using vapour cooled valves
in completely enclosed units.

With ihe type of vapour cooling used with
EEV valves, the anode of the valve sits in a tank
of water and the heat, generated by the valve,
boiis the water at atmospheric pressure. The
steam then given off has the heat extracted by a
condenser; a compact cooling arrangement is
provided by incorporating the boiler and con-
denser in one tank. This system is particularly
suitable for industrial heaters where the small
quantity of water required to cool the work coils
can also be utilised to extract the heat from the
condenser. Distilled water is used in the boiler
to prevent the formation of scale on the valve
anode,

Induction heaters operating in the frequency
range of 1 Kc to 10 Kc have traditionally been
powered by motor alternators. Recent improve-
ments in valve design have, however, led to an
increase in valve efficiency which now makes the
valve oscillator a serious competitor. Moreover,
valve oscillators have other advantages in that
output power can be varied to close limits and are
self compensating with load power factor changes.

A variation of the cooling system described
above is used in transmitter and similar applica-
tions. In transmitter applications there is a reser-
voir, a boiler in which the valve is mounted and a
condenser which is often cooled by natural con-
vection—the water in some cases being circulated
by thermosiphon action—thus eliminating all
moving parts. Very little water is lost. Using
additional equipment, the waste heat extracted
from the condenser can be used for building heat-
ing, which may amount to a significant saving.
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20-AMPERE
STUD-MOUNTED
RECTIFIERS

FOR INDUSTRIAL
AND MILITARY
APPLICATIONS

STUD
CATHODE et

1N248-C 10-H
1N249-C A
1N250-C )-F

Fourteen new types of silicon power rectifier,
designed to meect stringent military, mechanical
and environmental specifications, these rectifiers
are manufactured by the diftused-junction pro-
cess, which, with the hermetic sealing and welded
construction, provides exceptional uniformity of
characteristics. These rectifiers, using the JEDEC
DO 5 outline, feature low thermal resistance, low
leakage current, and low forward voltage drop.
The high output current available provides out-
put currents of up to 84 amperes, using 6 recti-
fiers in a three-phase full wave bridge circuit,
and up to 60 amperes using four rectifiers in a
single-phase full wave bridge circuit.

These rectifiers are intended for use in power
supplies of mobile equipment, dc-to-dc con-
verters, battery charges, dynamic braking systems,
aircraft and missile power supplies, high-power
transmitter and rf-generator power supplies,
machine-tool controls, dc motor power supplies,
and in other heavy industrial and military equip-
ment.

HALF-WAVE
RECTIFIER SERVICE

Maximum Ratings

Absolute-Maximum Values for Supply Fre-
quency of 50-60 cps, Single-Phase Operation,
with Resistive or Inductive Load.

Peak Inverse Volts:

IN248-C 55 INT196-A 400
1IN249-C 110 IN1197-A 500
IN250-C 220 INI1198-A 600

IN1195-A 300

Radiotronics

RMS Supply Volts:

IN248-C 39 IN1196-A 284
IN249-C 77 IN1197-A 355
IN250-C 154 INT198-A 424

IN1195-A 212

DC Blocking Volts:

IN248-C 50 INI1196-A 400
IN249-C 100 INT1197-A 500
IN250-C 200 INI1198-A 600

INT195-A 300

Forward Average DC Amperes at T, =
150°C 20

Peak Recurrent Amperes 90

Peak Surge Amperes,* One half cycle, sine
wave 350

Case Temperature, Operating and Stor-
age —65 to 175°C

Characteristics, at Tc — 150°C

Max. Forward Voltage Dropi (volts) 0.6
Max. Reverse Currentt (ma):
IN248-C 3.8 IN1196-A 2.5
IN249-C 3.6 INI1197-A 2.2
IN250-C 34 INIT198-A 1.5
IN1195-A 3.2

* Superimposed on device operating within the maxi-
mum specified voltage, current, and temperature rat-
ings and may be repeated after sufficient time has
elapsed for the device to return to the presurge thermal
equilibrium conditions.

T At maximum peak inverse voltage, average forward
amperes = 20, and averaged over one complete cycle.
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iii CASE TEMPERATURE: MEASURED WITH A :
THERMOCOUPLE AT
CENTER OF FLAT

- -
jTYPE OF OPERATION:
A -DIRECT CURRENT

FORCED-AIR COOLING:AIR VELOCITY=|000 FEET PER|

-

HEAT SINI
HEAT SINK: |/|6"—THICK COPPER WITH A MAT

BLACK SURFACE AND THERMAL EMISSIVITY
0.9.

B - SINGLE PHASE OF HEX FLANGE MINUTE PARALLEL TO PLANE OF HEAT SINK.
{ € ~THREE PHASE LOAD: RESISTIVE OR ] SINGLE~PHASE OPERATION.
0 -SIX PHASE - INDUCTIVE ; RECTIFIER TYPE S STUD-MOUNTED DIRECTLY ON

OF 09.

INCOMING-AIR TEMPERATURE: MEASURED AT A POINT
IN SPACE !4” AWAY FROM THE CASE AND
l4” BELOW THE HEAT SINK.
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SUPPLY FREQUENCY=60 CPS SINE WAVE

CASE TEMPERATURE =150°C

RESISTIVE OR INDUCTIVE LOAD

RMS SUPPLY VOLTAGE =MAXIMUM RATED VALUE
DC OUTPUT CURRENT=MAXIMUM RATED VALUE

MAXIMUM-PEAK-SURGE
AMPERES PER CYCLE
n
o
o

400 : T r

w
[
o

o
S
T
|

-

2 a L] 8 10 2 4 L 8 100
SURGE-CURRENT DURATION—CYCLES
92CS5-10909

Fig. 4—Rating Chart IV for Types 1N248-C,
1IN249-C, 1N250-C, 1N1195-A, 1N1196-A,
1IN1197-A, 1N1198-A, and corresponding re-
verse-polarity versions,

OPERATING CONSIDERATIONS

Because these rectifiers may operate at voltages
which are dangerous, care should be taken in
the design of equipment to prevent the operator
from coming in contact with the rectifier.

The recommended installation torque is 26 to
36 inch-pounds applied to a 4-24 UNF-2A hex
nut assembled on thread.

The applied torque during installation should
not exceed 75 inch-pounds.

FOR DC OPERATION USE MULTIPLYING FACTOR=0.8:

S aTh N USE MULTIPLYIN FACTO

B
.

CURRENT MULTIPLYING FACTOR

“ioo T T 120 140 160 180

60 80
CONDUCTION ANGLE —DEGREES
92CS-10910
Fig. 5—Chart V for Types 1N248-C. 1N249-C,
1N250-C, 1NT1195-A, 1N1196-A, 1N1197-A,

1IN1198-A, and corresponding reverse-polarity
versions.
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Use of Rating Charts

Chart V is used in conjunction with Rating
Charts II and III to determine maximum average
forward amperes per rectifier unit for polyphase
operation and dc operation. The procedure for
the use of Chart V is as follows:

Step 1: From Chart V determine the current-
multiplying factor for the applicable conduction
angle. (For dc operation use current multiplying
factor of 0.8.)

Step 2: Divide the required load current in am-
peres by the number of rectifier circuit branches
—as shown in the accompanying table—to deter-
mine average forward amperes per rectifier ele-
ment.

TYPE OF NUMBER OF
OPERATION CIRCUIT
BRANCHES

Single-phase, Full-wave:

Centre Tapped 2

Bridge 2
Three-phase:

Wye 3

Double-wye 6

Bridge 6
Six-phase, Star 6

Step 3: Multiply average forward amperes est-
ablished in Step 2 by the current multiplying
factor established in Step 1 to determine adjusted
average forward amperes per rectifier element,
for use with Rating Chart Il or Rating Chart 111.

Step 4: Using the product obtained in Step 3,
determine from Rating Chart 1I or Rating Chart
III either (a) the maximum allowable incoming-
air temperature or ambient temperature for a
given heat-sink size, or (b) the minimum heat-
sink size for a given incoming-air temperature
or ambient temperature.

EXAMPLFE

Conditions:

(a) Three-phase, half-wave operation: conduc-
tion angle = 120°.

(b) Desired output current = 45 amperes.

(¢) Forced-air cooling; incoming-air temperature
= 90°C.

Problem:

Determine minimum heat-sink size.

Procedure:

Step 1: From Chart V, the current multiplying
factor for a conduction angle of 120° is 1.18.
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Fig. 6—Typical Forward Characteristics for Types
1N248-C, 1N249-C, 1N250-C, IN1195-A,
IN1196-A, IN1197-A, 1N1198-A, and corres-
ponding reverse-polarity versions.

Step 2: For three-phase half-wave operation the
number of rectifier circuit branches is three. The
average forward current through each rectifier
clement is, therefore, 45/3, or 15 amperes.

Step 3: Multiplying average forward amperes
(15) obtained in Step 2 by the current multiply-
ing factor (1.18) obtained in Step 1 yields 17.7
adjusted average forward amperes.

Step 4: From Rating Chart IlI, for forced-air
ccoling, the minimum heat-sink size for the con-
ditions shown in Step 3 is 3” x 3”.

INSTANTANEOUS REVERSE MILLIAMPERES

[« J - T<T I ~400 -600
INSTANTANEQUS INVERSE VOLTS

92CS~10767

Fig. 7—Typical Reverse Characteristics for Types
1N248-C, 1N249-C, 1N250-C, 1N1195-A,
IN1196-A, IN1197-A, 1N1198-A, and corres-
pending reverse-polarity versions.

Radiotronics

Fig. 8—Suggested Mounting Arrangement.

DIMENSIONAL OUTLINE

SEE NOTE 2
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NOTE 1: Must withstand torque of 30 inch-
pounds applied to 1/4-28 UNF-2A nut
assembled on thread.

NOTE 2: Angular orientation of this terminal
undefined.

NOTE 3: Dcvice can be used in any position.

POLARITY: Triangle shows polarity symbol for
stud cathode types; polarity symbol for re-
versed polarity types indicated by asterisk.
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NEW RELEASES

2054

Five megawatts of useful peak power output
is the capability of the new 2054 when used as a
plate-pulsed rf power amplifier in a cathode-drive
circuit at a frequency of 440 Mc, at a pulse dura-
tion of 2000 microseconds, and at a duty factor
of 0.06. This water-cooled super-power triode
is intended for applications such as long-range
search radar, pulsed transmission in communica-
tions service, and particle accelerator service.

4017, 4019, 4020

These are three new travelling-wave tubes
with periodic permanent-magnet focusing. They
are intermediate noise factor amplifier tubes
intended respectively for S-band (2000-4000
Mc), L-band (1000-2000 Mc), and C-band
(4000-7000 Mc) microwave systems. These
tubes feature a minimum CW power output of
10 milliwatts, with typical small-signal gains of
35 db (4017) and 32 db (4019, 4020). Typical
noise factors are 15 db for the 4017, 16 db for
the 4019, and 17 db for the 4020.

4604

In push-to-talk mobile and emergency com-
munications equipment where standby power
comes at a premium, the new quick-heating beam
power type 4604 provides instant power. In-
tended for CW and FM telephony service the
4604 can be operated at full input up to 60 Mc
and with reduced input to 175 Mc. At 175 Mc
it can deliver a power output of about 30 watts
with a gain of 6.5. The quick-heating filament in
the 4604 takes less than a second to reach oper-
ating temperature. Designed to operate at 6.3
volts, the coated filament draws only 0.65 am-
pere. Because the filament is operated only dur-
ing transmission periods, and not during stand-

bys, battery power is conserved. Additional
features of the 4604 include: sturdy structure,
small size, and a maximum plate dissipation of
25 watts.

6939

The 6939 is a twin power pentode of the 9-
pin miniature type. This valve, which has built-in
neutralizing capacitors, is intended especially for
use as a push-pull rf-power-amplifier or as a
frequency-multiplier in communications equip-
ment operating at frequencies up to 500 Mc.
Features which contribute to the excellent per-
formance of this valve in communications equip-
ment include 14 watts CW input (ICAS) up to
500 Mc, and 6 watts (ICAS) useful power output
as an rf power amplifier up to 500 Mc.

7842, 7843, 7844

The 7842. 7843, and 7844 are three new, very
small, conduction-cooled uhf beam power valves
for missiles, satellites, or mobile equipment
where the use of air cooling may not be practical.
They may be used as an rf power amplifier,
oscillator, frequency multiplier, af power ampli-
fier, or modulator. With a maximum CW plate
input of 180 watts, they are designed for opera-
tion with full ratings at frequencies up through
the Aeronautical Radio-Navigation Band of 960
to 1215 Mc, and are useful up through 2000 Mc
and above. The 7844 has a 6.3-volt/2.l-ampere
heater, with oxide-coated-type cathode; the 7843
is similar but has 26.5-volt/0.52-ampere heater.
The 7842 is similar to the 7844, but has 6.3-
volt/3-ampere heater, with matrix-type cathode.
The 7842 is designed especially for applications
where dependable performance under severe
shock and vibration is essential. The 7842 with-
stands vibrational accelerations of 10g and shock
impact as great as 500g.

CORRECTION

Most readers will already have realised that the diagrams for Figs. 3 and 4 of “Photoconductivity” in
the February issue, pages 25 and 26, were transposed.
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