BROADWAY

18, N.Y.




Instructions 23341

Type TMV-128-A Frequency Modulator

INTRODUCTION

The Type TMV-128-A Frequency Modulator is a
device for use with a test oscillator (such as the
TMV-97-C or similar) to “sweep” the oscillator fre-
quency and at the same time provide a voltage for
synchronizing the timing axis of a cathode-ray oscil-
lograph (such as the TMV.122-B) with the position
of the sweep condenser. It consists of a driving motor
coupled to a sweep condenser and an impulse sen-
erator. Two ranges of sweep capacity are provi ed,
as listed below, and a cable ttes with plugs at each
end is furnished for connection to the test oscillator.
The unit operates entirely from a 110/120 volt, 50/60
cycle a-c supply.

INSTALLATION

Figure 1 shows the interconnections of the Fre-
quency Modulator with the TMV-97-C Test Oscillator
and Cathode-Ray Oscillograph, Type TMV-122.B.
This arrangement is commonly used for making r-f
and i-f alignment of a radio receiver. For other ap-
plications, this set up may be modified according to
the requirements of the particular case.

OPERATION

When the units are properly interconnected, select
the “Hi” or “Lo” position of the range switch accord-
ing to the percentage sweep desired (see the curve on
the back of this sheet), and turn the motor “On.”
When through operating, turn the motor switch to
the “Off”” position.

MAINTENANCE AND SERVICE

Specifications

Power Supply Voltage and Freq.. .110/120 Volts, 50/60 Cycles
Power Consumption. ........................... 25 Watts
Drive Motor. . .......... Shaded Pole-Induction; 1/200 HP.
Drive Motor Speed............ 55 o 0 .2.5155‘(7)01}\{.123.
o 1 ange—20 to mid.

Sweep Condenser Capacitance { Lo% : Range— 15 to 37 Mmfd.
Connection Cable Capacitance................... 40 Mmfd.
Impulse Generator Output....................... 1.5 Volts
Height, 814 Inches

Over All Dimensions.................. {Widtb, 934 Inches
Depth, 415 Inches

Weight). ... ............... N ... ESGSe 514 Pounds

Bearing Lubrication

The small induction drive motor has oil holes at
each of its waste-packed bearings. Light engine oil
should be used at these points. A ball-bearing sup-
port is used at the impulse generator. It is gacked
with “vaseline,” which should be replenished after
every 100 hours of operation.

Sweep Condenser

This element of the assembly consists of two con-
ventional type rotary condensers, each having a
single rotor plate attached to a revolving shaft. The
stators are wired so that one remains connected at
all times and a switch is used to parallel the two in
order to increase the range of sweep.

The rotor plates should be exactly centered between
the stator plates when the mechanism is operating at
its normal speed (1550 r.p.m.). If the plates change
their relation, they should be re-centere(f by adjusting
the drive shaft in the coupling, or shifting the rotor
plates on the shaft. The line-up of the rotor plates
in respect to the armature of the impulse generator is
important in that it governs the synchronization of
the system. The proper adjustment is obtained when
the two rotor plates are either at maximum or mini-
mum capacitance, and the armature sets horizontal
(air gap minimum). A slight shift may be necessary
to center the resonance curve on the screen of the
TMV.-122-B.

Impulse Generator

A small induction generator is used to furnish
means of controlling the frequency of the “Saw Tooth
Oscillator™ of the Oscillograph. It is necessary to
maintain a definite polarity on the output connec-
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tions of this generator. The horse-shoe magnet should
therefore be replaced as originally installed. if it has
been removed for repair or service. It is also impor-
tant to retain the original relation of the coils. Correct

olarity exists when a positive swing is obtained on a

00 microampere d-c meter with its plus terminal con-
nected to “high.” and the mechanism rotated by hand
in such a direction as to cause a decrease in air gap.

Mechanical Alignment

The drive motor, sweep condenser and impulse
generator must be in correct physical relations to
each other, inasmuch as they aﬁ rotate on the same
shaft. The motor mounting screws are arranged Lo
permit small lateral adjustments of the motor posi-
tion. Both the stator and rotor plates of the sweep
condenser may be adjusted to obtain the correct
centering alignment. End-play of the shaft should be
kept at a minimum without affecting the freedom of
rotation.

Brush Connection

The point of contact between the revolving shaft
and the brush of the sweep condenser circuit should
be kept clean at all times. No oil or dirt should be
allowed to accumulate. Poor contact is evidenced
by ragged wave form on the oscillographic image.



REPLACEMENT PARTS

Insist on genuine factory tested parts, which are readily identified and may be purchased from authorized dealers

ek DESCRIPTION UL T DESCRIPTION ol
FREQUENCY MODULATOR 7899 | Coupling—Motor coupling........ ... ... .. $0.25
(TMV-128-A) 7901 Escutcheon- Off-On switch escutcheon. . . . . . .28

: 7902 | Escutcheon—High-Low switch esentcheon . . . .28
7905 | Brush— Grounding brush-—Package of 5. .. .. £0.85 1"?3 JNaCk IDERASEEREE. A A .45
7907 | Cable—Connector cable with two plugs. . ... 1.50 .‘{g(m P}zl?r (‘-'!l\l‘l);)etorh::omplete MD. ... 12.23
7909 | Case —Case complete—Less binding posts, 7906 | Post  Hinding pest engraved “High “Low | 45

s J‘ack, switches ‘:md chassis. . ... ........... 6.70 7900 | Switch -Toggle switeh (S1, S$2) —Off-On,

904 | Coil Impulsecoil (L1, L2)................ 1.25 High-Low Less escutcheon . .. ... ... ... . .75

SWEEP CHARACTERISTIC
TYPE TMVY-128-A
HFREQUENCY MODULATOR
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Figure 2—Sweep Characteristics of TVV-128-4 with TMV-97-C
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Cathode-Ray Oscillograph

Stock No. 160-B
TECHNICAL SUMMARY

PowEgr SuppLY:
Rating ............ 105-125 volts, 50-60 cycles
{Specifications hased on 117 volts, 60 cycles)
Power Consumption ............... 55 watts
Fuse Protection .................. 1 ampere

OrERATING Dara (Gain Max.) :
Deflection Sensitivity at Vertical Ampli-

fier Input ...... 0.02 volts (rms) per inch*
Deflection Sensitivity at Cathode-Ray In-
put -RMS ..... 17.5 volts (rms) per inch*
DC ........ 50 volts (d-c) per inch®
Frequency Response of Amplifiers:
Flat within ........... 1 db. to 12 ke.*
Flat within .......... -3 db. to 35 ke.*
'seful range ......... 3 cycles to 100 ke.

Input Characteristics:

At amplifier inputs
0.5 megohms, 70 mmfd.

At deflector plates
0.47 megohms, 50 mmfd.

* Guaranteed values.

Timing Frequency Range .. 4 cycles to 18 ke.*
TuBe COMPLEMENT:

RCA-6C6 ...... Horizontal Amplifier
RCA-6C6 ...... Ist Stage Vertical Amplifier
RCA-6C6 ...... 2nd Stage Vertical Amplifier
RCA-884 ....... Timing Circuit Oscillator
RCA-5BP1/

1802-P1 ... ... Cathode-Ray Tube (5 inch)
RCA-80 ........ Low-Voltage Rectifier
RCA-879 ....... High-Voltage Rectifier

RCA-VR-105-30 . Voltage Regulator
RCA-VR-150-30 . Voltage Regulator

OVERALL DIMENSIONS:
Height (including carrying

handle) .................... 1434 inches
Width ........................ 8 inches
Depth ........................ 1914 inches
Weight (net) .................. 30 pounds

Factory standards exceed these values.

DESCRIPTION

The Stock No. 160-B Cathode-Ray Oscillograph
is a reliable instrument for the ohservation of elec-
trical circuit phenomena. Although practically un-
limited in application, some of its more common
uses include the study of wave shapes and transi-
ents, measurement of modulation, adjustment of
radio receivers and transmitters, determination of
peak voliages, and tracing of vacuum-tube char-
acteristics. Its major but not only advantage over
older types of visual devices is its freedom from
inertia, allowing the observation of very rapid
changes of current or voltage without appreciable
distortion. The instrument is entirely portable, as
shown by the eover illustration, and operates
from an a-c source of 105 to 125 volts, 50 to 60
cycles. An integral power-supply unit furnishes all
voltages required for operation.

Figure 1 shows the essential units of the instru-
ment in block diagram form.

The primary purpose of these instructions is to
give the fundamentals of operation. As the use of
cathode-ray apparatus becomes more widespread,
many new applications will be found and a thor-
ough understanding of these fundamentals will

enable the operator to readily adapt the equipment
to his particular use.

For a comprehensive discussion of the funda-
mentals of cathode-ray tubes and an analysis of the
figures which appear on the screen, see “A Gen-
eral Discussion of the Cathode-Ray Tube,” RCA
IB-26453.
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Figure 1—Block Diagram

WARNING—A POTENTIAL OF 1500 VOLTS IS PRESENT AT THE CATHODE-RAY TUBE

SOCKET AND AT OTHER POINTS ON THE CHASSIS.

ALWAYS DISCONNECT THE POWER

CORD BEFORE REMOVING THE CHASSIS FROM THE CABINET.




INSTALLATION

Remove the screws at the rear of the case.
Withdraw the chassis from the case, feeding the
power cable through the hole in the back. Make
certain that all tubes are firmly in their sockets
and that all grid-cap connections are in place.
Unpack the cathode ray tube and install it in its
proper mounting and connect the socket, rotating
the tube if necessary so that the socket key is
located at the top. Replace the chassis in the case
and replace the screws at the rear. With the
“Intensity” control in the extreme counterclock-
wise (“Off”’) position, plug the power-supply cable
into an electrical outlet supplying 105-125 volts

at 50-60 cycles. The instrument is then ready for
operation.

NOTE: AN INTERLOCK SWITCH, LO-
CATED AT THE REAR OF THE CHASSIS,
OPENS THE POWER CIRCUIT WHEN THE
CHASSIS IS REMOVED FROM THE CASE. DO
NOT ATTEMPT TO OPERATE THE EQUIP-
MENT WHILE WITHDRAWN FROM THE CASE
AS THE HIGH POTENTIALS USED ARE
DANGEROUS.

OPERATION

Controls

Refer to the schematic and wiring diagrams for
the location of circuit units designated by symbols.

1. “Intensity” control (R-38) consists of a po-
tentiometer located in the high side of the high-
voltage bleeder and controls the bias on the grid
of the cathode-ray tube, which in turn determines
the quantity of electrons emanating from the
“gun,” thus controlling the spot size. The power
switch (S2) is attached to this potentiometer.

Initial clockwise rotation of this control closes the
switch and additional rotation increases the spot

size.

2. “Focus” control (R-41) is a potentiometer
located in the high-voltage bleeder. Its position
controls the No. 1 anode voltage, which, with con-
stant voltage on anode No. 2, determines the dis-
tance at which the electron beam focuses. In gen-
eral, for a given “Intensity” setting, the “Focus”
control should be set for maximum distinctness of
spot or image.

3. “Vertical Amplifier” switch S-5 connects the
“Vertical” pin jacks to the gain control through an
amplifier to the vertical deflecting plates. A con-
denser is in the input circuit connected to the
“Cap” jack and is omitted from the input circuit
connected to the “Grid” jack.

4. “Horizontal Amplifier” switch (S-3) has five
positions: The amplifier “On” and “Off” and three
“Timing” positions. On all “Timing” positions
the “saw-tooth” or timing-axis oscillator feeds
through an amplifier to the horizontal deflecting
plates of the cathode-ray tube. At “On,” the
“Horizontal” pin jacks are connected through an
amplifier to these deflecting plates while at “of.”
the pin jacks are connected straight through to the
deflecting plates. In both of the latter two cases,
there is a series condenser in the input circuit.

5. “Vertical Gain” control (R-19) is a poten-
tiometer on the input circuit of the vertical ampli-
fier. With “Vertical Amplifier” switch at “High”
or “Lo” this potentiometer controls the vertical de-
flection. With the “Vertical Amplifier” switch on
“Lo.” the sensitivity iz cut approximately 75
times.

6. “Horizontal Gain” control (R-1) consists of
a potentiometer located in the input circuit of the
horizontal amplifier. With the “Horizontal Am-
plifier” switch set at “Timing” or “On,” this po-
tentiometer controls the horizontal deflection. Due
to the capacity load on this input potentiometer,
when operating on “Timing” at the higher audio
frequencies, linear sweep will not he obtained at
all settings of this control. For hest results, the
control should he set for maximum linearity.

7. “Range” switch (S-4) selects one of eight
timing capacitor values. It thus changes the
liming-axis oscillator frequency in steps, giving
eight ranges approximately as shown on the front
panel.

8. “Freq.” control (R-10) is a rheostat con-
nected in series with the timing condenser. It
changes the timing-axis oscillator frequency gradu-
ally as it is rotated, and in conjunction with the
“Range” switch, gives a continuous range between
the extremes of frequency.

9. “Sync.” control (R-5) is a potentiometer
used to control the amount of synchronizing volt-
age fed to the grid of the RCA-884 tube. In gen-
eral, it should he set as far counterclockwise as is
consistent with a locked image, since over-synchro-
nization results in a poor wave-form produced by
the timing-axis oscillator.

10. “Horizontal Amplifier” switch (S-3) has
three timing positions, “Int,” “60,” and “Ext.” for
synchronization. At “Int.” the voltage drop across



i
.25MFD

Pl |
GRID WwFD 5 § ——
J- EXT\TIMING / 3730 MuF ¥ 390 e — iy
- - L) {
f\{;\ SYNC. ' ﬂ-:o " — Yoo gcﬁ_c. |zoo F350 wwr 1 \ /
[ - -
/iyt - oa;m{xsc: 00 884 > T 32 Toowwr ‘[ 3;500 W ;
J-2 a va m o-——-l}ﬂ—< RCA- /
® ON} b3 |2 o.s wn 1802~ P -1
o . orrlilx :3* s o-‘ vS5 /
L4 \ /
& Na SYNC GND R-6 T ® /
d I
: -6 -7 10000 1 §
| /
- H /
I - wooni —o e T3k E /
! 45 : £ T | - 5
| [[$35% 553 @ o2 BoaiS |
, 4 g ! ¢ §3NE3°is - 3 o 4 i 48
@
'| | T-1 i T_ﬁ ] I'm 3-9
b ——— - ———-% NE bR IS TG
caAP we ) 0 T
5] ' [ g i T |
- o —— e +
c-15 FREQ - ~S 25 o 3 3
1w —s— 70| (8e Sa
Ja R-26 s 5
LO RCA- RCA-
GRID < s vRilos-30 I C-gen VR-150-30 _— |
V9 5 !
vErT | om |33 38 i}
_jﬂw;_s e3g o3 .25MFD
’/l"ﬁ b v3 R-29 <
j [+ 100000 N :;;,;(»
of 83 0 )i =g5c e
ks -3 w L0 <
-5 o3 nn
GND =R L
g § ot 100.0 o
C-16 < 4 x20.| T 2700 MMF s '3
e o 22p000 ¢ o c-25 L3
1500 V39 ' -— 0}
v | @3R .5|mFD
l R-39 c-22
|¢.| a7 i _=.5MFD
"L
11
' Bomn
. RCA-879
ik 1"‘ v oS
b - : | R-33 R-34 INTAINS TY §R-38] R-40
POW 5 - R-al R-42 R-4.
W tavp S8 1200000 | 10goon | a7 (2200005555800 4760060 4700000
& =C-28 ajmFp c-36 f
= c== I
51 c-35 IMFD |
SAFETY 170 Tr37 B BaSS)
Sw MFD2 500N - ca7 500000 Nt S00p00 N
+] IOMFD RIZ YERT
36 j62600n ) R CENIER GElEEES
R-35 l |
212000

Figure 2 Schematic Circuit Diagram, Stock No. 160B
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resistor R.4 in the plate circuit of the vertical am-
plifier is fed through the “Sync.” control and input
transformer to the grid of the RCA-884 tube. Thus,
the timing-axis oscillator can be synchronized with
the signal on the vertical axis at the fundamental
frequency or at any sub-multiple, such as 15,
1/3. . . . Synchronization is not effective if it is
attempted to operate the timing-axis oscillator at
a higher frequency than that of the synchronizing
voltage. When set to “60” a portion of the 60
cycle filament voltage is used for synchronization.
On “Ext.” the “Sync.” pin jack is connected to the
“Sync.” control. This allows the use of an external
source for synchronizing.

11. A vertical-deflection reversing switch (S6)
is connected to the vertical deflecting plate so that
the deflecting trace may be inverted. This is use-
ful when observing resonance curves where deflect-
ing impulses may reverse polarity. This is located
at the left-hand side of the cathode-ray tube
mounting bracket and can be reversed through the
opening at the side.

12. The two *“centering” controls regulate the
amount of d-¢ potential between the two deflecting
plates of each pair, and thereby allows adjustment
of the position of the spot or image. There is
sufficient voltage across these controls to move the
spot approximately two inches on the screen. Start
with both of these eontrols adjusted at about mid-
position.

13. There are seven pin jacks on the unit. Volt-
age impressed across the “Cap” and “Gnd.” pin
jacks is applied to the vertical (or horizontal) am-
plifier through a series capacitor. Voltage im-
pressed across the “Grid” and “Gnd.” pin jacks is
applied directly to the grid of the vertical (or hori-
zontal) amplifier. The “Sync.” pin jack may be
used with an a-c source (not exceeding 15 volts)
when it is desired to synchronize the timing-axis
externally. (See 9 above.) The pin jacks marked
“Gnd.” are common ground and the ones otherwise
marked are insulated froni ground.

Applications

The following procedures are included in order
to familiarize the operator with the operations and
connections involved in particular applications.
All applications of the equipment are not de-
scribed. but analysis of any other problem will
show wherein it is similar to or differs from those
given, enabling the operator to work out his own
sequence of operations.

As has heen pointed out previously, most appli-
cations of this instrument are performed with the
output of the unit under test connected to the ver-
tical plates of the cathode-ray tube, and the wave
shape studied by application of known constants
on the horizontal plates of the tube. Before any
measurements are attemnpted, the operator is urged
to go through the following procedure in order to
familiarize himself with the controls and their
location and to get the “feel” of their operation:

1. Connect the power plug to an a-c source of
105/125 volts, 50/60 cycles. Turn the “‘Intensity”
control clockwise, causing a spot to appear on the
screen, increasing in size as the “Intensity” control
is advanced further clockwise. The “Focus” con-
trol should then be adjusted until maximum dis-
tinctness of the spot or image occurs. The center-
ing controls should be set about mid-position.

CAUTION. DO NOT ALLOW A SMALL SPOT
OF HIGH BRILLIANCY TO REMAIN STATION.-
ARY ON THE SCREEN FOR ANY LENGTH OF
TIME, AS DISCOLORATION OR BURNING OF
THE SCREEN WILL RESULT.

With the spot on the screen and with the “Inten-
sity” control retarded so that the spot is not too
brilliant, adjust the position of the spot to the
center of the screen by rotation of the two center-
ing controls. After initial adjustment, these con-
trols will rarely require re-adjustment, unless the
cathode-ray tube is replaced.

To turn the equipment off, turn the “Intensity”
control to its extreme counterclockwise position,
until a distinet “snap” is heard.

2. Apply a source of 60-cycle current to the
“Vertical” pin jacks. To adjust the length of the
resultant line appearing on the screen, turn the
“Vertical Amplifier” switch to “Hi” or “Lo” and
adjust the “Vertical Gain” control until the length
is as desired. Application of the same 60-cycle
source to the “Horizontal” pin jacks with the
“Horizontal Amplifier” switch “On” or “Off" will
similarly show a horizontal line on the screen, the
length of which may be varied (with the “Hori-
sontal Amplifier” switch “On”) by manipulation
of “Horizontal Gain” control.

3. To expand (2) further, have 60 cycles avail-
able at both “Horizontal” and ‘“Vertical” ter-
minals.

CAUTION. Since all ground or “Gnd” pin
jacks on the oscillograph are common, it is ad-
visable to use an isolating transformer for one sup-
ply, so that there is no common connection be-
tween the two.

Apply the horizontal 60-cycle supply to the de-
flecting plates, preferably througli the amplifier
and its gain control, then apply the 60-cycle ver-
tical supply through the other amplifier and its
gain control. The result will he a diagonal line.
{See “A General Discussion of the Cathode-Ray
Tube,” RCA 1B-26453. Figure 5, and explanation.)

AC VoLTMETER WITHOUT AMPLIFIER ~For this
application make connections to the plates directly
through the openings in the side of the cabinet,
remove the grounded pin tip, and connect to the
pin jack and ground. The approximate character-
istics of the unit are as follows: Input resistance—
470,000 ohmis; input capacity—50 mmfs: voltage
range—85 volts {higher with external attenuator) :
calibration—approximately 25 peak volts (or 50
peak-topeak) per inch or 17.5 rms volts per inch.

Procedure—Make connections to the Oscillo-
graph and turn controls to the proper positions.



Measure or estimate the length of line appearing
on the screen in inches (depending on accuracy
desired) and multiply by 50. This gives the ap-
proximate peak-to-peak value of the unknown volt-
age. For approximate effective value, if voltage
heing measured is sinusoidal, divide peak-to-peak
value by 2.8.

AC VOLTMETER WiTH AMPLIFIER—For this ap-
plication, the characteristics of the unit are as
follows: Input resistance—500,000 ohms, input
70 mmfs; frequency

calibration—approxi-

capacity—-—approximately
range-—20-35.000  cveles:

matehy 0.02 rms volts per inch.

Procedure—Make connections and adjust con-
trols. With the “Vertical Gain” control in the ex-
treme clockwise position, “Vertical Amplifier”
switch on “High,” a line one inch long is obtained
on the screen for about 0.03 peak volts input.
Intermediate positions of the gain control give
different calibrations, of course, and if considerable
use is made of this feature, it may be advisable to
plot a curve of the inputs required to give a one-
inch deflection at various intermediate positions of
the gain control. If working at a frequency above
10,000 cycles, it must be remembered that retard-
ing the gain control from maximum impairs the
linearity of the amplifier.

A particular application of operation as an a-c
voltmeter is in making hum measurements in a

power supply unit. In this case, the “Gnd.” pin
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RI3

J9

RIS

€25

RCA-879

Ri6

Ria

ca27

RCA 1802 PI

jack (“Vertical’) is connected to the common lead
of the filter circuit of the unit under test and the
“Cap” pin jack is used to check the a-c ripple
present at the various circuit component terminals.

Aupio QuarLiTy MEASUREMENTS—Use of the
“saw-tooth oscillator” feature of the oscillograph
provides a check which cannot be made with an
ordinary voltmeter. This is extremely helpful in
determining the audio quality of a receiver or
similar instrument and also in locating causes of
audio distortion.

Procedure—Apply the output from a constant
frequency record or audio oscillator to the “Fer-
tical” pin jacks. Turn the “Range” switch to that
tap giving a range including the frequency of the
input signal and adjust the “Preq.” control until
the saw-tooth oscillator frequency is near that of
the input signal. If the two frequencies are iden-
tical, one cycle of the input signal will be ohserved
on the screen; if the saw-tooth oscillator fre-
quency is one-half that of the input signal, two
cycles of the latter will appear; if one-third, three
cycles; etc. Next, connect this constant frequency
record or audio oscillator output to the audio input
of the unit under test and connect the output of
the unit under test to the “Vertical” pin jacks of
the oscillograph. If the resultant wave does not
correspond to that obtained when the input was
direct to the oscillograph, audio distortion is
present.

If it is desired to measure the overall audio
fidelity of a receiver, for instance, the procedure is
similar to that above except that the voltage modu-
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Figure 4 —Top View of Chassis
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lating an r-f oscillator is fed into the oscillograph,
adjusted as above. Then the modulated oscillator
is connected to the r-f input terminals of the re-
ceiver and the loudspeaker voice coil connected
to the oscillograph. Comparison of the two re-
sultant waves will indicate how much distortion
occurs in the receiver under test. Observing the
quality of the input to the receiver from the test
oscillator will also show how much distortion is
being fed into the receiver from the test oscilla-
tor. This is desirable since it may show that all
the distortion present in the receiver output may
not be due to the receiver characteristics, but to
those of the test oscillator (assuming no distortion
from modulation).

MobuLaTiON INDICATOR—(1) One method of
measuring the modulation of a transmitter is to
place the modulated r-f output of the transmitter
into the vertical plates of the cathode-ray tube and
the audio input signal to the transmitter on the
“Syne.” pin jack.

Procedure—Connect a constant-frequency in-
put to the transmitter and connect a small pickup
coil, located near the transmitter tank coil, to the
“Vertical” pin jacks for direct deflection which are
on the side of the cabinet. The pickup on this coil
should be from 35-70 volts. Connect the “Sync.”
binding post of the oscillograph to the transmitter
audio amplifier at a point providing for a 2- to
4-volt signal. Set “Horizontal Amplifier” switch
to “Ext.” position. Turn the “Range” switch to the
tap which includes the frequency of the input
signal and adjust “Freq.” control until the saw-
tooth oscillator interlocks with the signal on the
vertical plates. Adjustment of the “Sync.” control
provides control of the voltage from the audio
amplifier to the grid of the RCA-884 tube. Ad-
Justment of “Horizontal Gain” control varies the
liorizontal deflection.

(2) Another and somewhat similar method of
modulation measurement is to connect the pickup
coil to the pin jacks located at the side of the
cabinet as before, but connect the audio signal
(from the transmitter audio amplifier) to the
“Horizontal” pin jacks. Adjust “Horizontal Gain”
control until desired horizontal deflection is ob-
tained. The percentage modulation can then be
readily determined. (See Figure 31, “A General
Discussion of the Cathode-Ray Tube,” RCA
IB-26453.)

ALIGNMENT OF INTERMEDIATE-FREQUENCY STAGES

For aligninent of the intermediate-frequency
stages of a receiver, it is essential that an aux-
iliary apparatus, a frequency modulator, be avail-
able to sweep the intermediate frequency for which
the reeciver is designed. One type of frequency
modulator consists of a sweep condenser and a syn-
chronizing generator rotated in synchronism by a
driving moter. The condenser is arranged to
“sweep” the frequency of the r-f input to the re-
ceiver (or i-f stages) and the synchronizing gener-
ator connects to the “Sync.” pin jack of the os-
cillograph so as to synchronize the saw-tooth os-

cillator with the frequency variation of the test
oscillator input to the receiver. Or an electronic
sweep test oscillator may be used to provide both
a frequency-modulated signal and a synchronizing
signal, so that no other frequency modulator is re-
quired.

The test oscillator output should be coupled to
the grid of the tube preceding the i-f stage under
alignment. It is essential that this connection be
made without altering any of the operating char-
acteristics of this stage. If the grid of the tube
to which connection is to be made is at zero d-c
potential with respect to ground, connect the oscil-
lator to the grid of the tube and disconnect the
lead normally on the grid, the low side of the test
oscillator output returning to chassis ground. If
the grid is not at zero d-c potential with respect to
ground, connect the high side of the oscillator to
the grid (disconnecting the lead on the grid) and
the other side to the “—C” lead for this grid. Or,
in either case, couple the test oscillator to the grid
through a small capacitor without disconnecting
the lead normally on the grid, and connect the low
side of the test oscillator to chassis ground.

The “Vertical” pin jacks of the oscillograph
should be connected to the audio output of the
second detector. For a diode detector, this con-
nection may be across the volume control alone
or across both the volume control and automatic
volume control resistor, if this connection is con-
venient. When the second detector is a triode,
tetrode or pentode, resistance-coupled to the first
audio stage, the connection to the “High” pin jacks
may be to the plate of the tube, the “Gnd.” pin
jack being connected to ground. In the case of a
triode, tetrode or pentode, transformer or im-
pedance-coupled to the first audio stage, connect
a resistor of approximately 20,000 ohms in series
with the plate of the tube and by-pass the induct-
ance in the plate circuit by a 1.0 mfd or larger
capacitor. This changes the impedance of the
plate circuit to resistance rather than inductive
reactance; the “High” pin jack should be con-
nected to the plate of the tube and the “Gnd.”
pin jack to ground in order to take the audio
voltage off this resistor. If the image or resonance
curve appears inverted, correction may be made by
reversing the position of switch S6.

ALIGNMENT OF RaADIO-FREQUENCY STAGEs—The
equipment used for r-f alignment is identical to
that for i-f alignment, except that the test oscilla-
tor output is connected to the antenna lead of the
receiver, and different frequencies are employd.

FREQUENCY MEASUREMENTS—In using the oscil-
lograph for frequency measurement, either Lissa-
jou figures (sine waves on both axes) may be used,
or the linear timing axis may be employed on the
horizontal axis. The most flexible method for
frequencies up to 100,000 cycles is the linear tim-
ing axis method. The frequency stability of the
saw-tooth oscillator running free is not good
enough to depend upon for accurate measure-
ments, but when this oscillator is synchronized
with_a standard-frequency voltage, its frequency



stability is the same as that of the standard, and
it can be synchronized at any sub-multiple of the
standard frequency down to about one-tenth. This
allows convenicnt calibration of a device at many
points between one-hundredth of —and ten times a
single standard-frequency source, and cvery point
is as accurate as the standard. If a 1000-cycle
standard source is used, calibration points between
10 and 10.000 cycles are easily obtained. Using
Lissajous figures, calibraton points between 100
and 10.000 cycles can be obtained. A frequency
standard which is almost universally available is
the 60-cycle a-c supply. Sinee the advent and
rapid spread of electric clocks, the frequency of

nearly all commercial power is held to a very close
tolerance. This allows aceurate calibration at fre-
quencies up to ahout 600 cycles.

CueckinG PHase Suirr—To check phase shift
of elcctrical equipment with the oscillograph, ob-
serve the screen pattern with the input to the
equipment connected to the “Horizontal” pin jacks
and the output from the equipment connected to
the “Fertical” pin jacks. If no phase shift exists,
a sloping straight-line image will appcar. The
internal amplifiers in the oscillograph introduce
some phase displacement which must bhe con-
sidered. If sufficient veltage is available, the in-
ternal amplifiers should not be employed.

CIRCUITS

The schematic arrangement of the entire cir-
cuit is <shown in Figure 2.

An amplifier consisting of two stages constitutes
the means of obtaining gain for the signal applied
to the vertical deflecting system. The input to
this stage is a two-step attenuator connected to
provide stepped gain control. An isolation ca-
pacitor is made a part of the input circuit to ex-
clude from the grid any direct current which may
he associated with the circuit being ohserved. The
plate circuit of the output tube (RCA-6C6) iz com-
posed of two elements in series, a resistor and an
induetance whose values are so designed as to
cflect a hroad and uniform frequency response in
the amplifier stage. Coupling from the amplifier
plate to the cathode-ray tube is made through a
capacitor.

!
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Conncetion direct to the vertical deflecting
plates is made through an opening at the side of
the cabinet. D-C potentials may be measured with-
out affecting the beam centering functions even
though one side is grounded. These deflection
plates are normally grounded, but are ungrounded
for deflecting purposes by the removal of a
grounded pin tip. The amplifier for the signal
applied to the horizontal deflecting plates is a
single stage. A switch is provided to disconnect
the Horizontal Amplifier, thereby applying the
voltage to be studied directly to the deflecting
plate. Extra contacts are used on the input switch
to the horizontal amplifier for feeding in the tim-
ing or “saw-tooth” oscillator signal.

A synchronization system is included, as shown
in the input circuit of the RCA-884. This is in-
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Figure 5—Bottom View of Chassis

9



cluded in the “Horizontal Amplifier” switch and is
described under “Operation.” The timing axis
oscillator stage, using the RCA-884, is designed to
have a frequency range of approximately 4-20,000
cycles, controlled through the “Range” switch and
“Frequency” control. The signal from this oscil-
lator has a “saw-tooth” wave shape, obtained as
follows: A d-c potential is applied across a ca-
pacitor and resistor in series in the plate circuit
of the RCA-884 tube. This voltage charges the
capacitor until the ionization potential (plate volt-
age at which the gas in the tube ionizes) is
reached. When the RCA-884 ionizes, the capaci-
tor is short-circuited and the voltage across it
drops nearly to zero. The tube immediately de-
ionizes and allows the capacitor to start charging
again. In this manner, the voltage across the ca-
pacitor has a “saw-tooth” characteristic. The ca-
pacitor referred to above is selected by the position
of the “Range” switch as described in “Operation.”
With the “Horizontal Amplifier” switch on “Tim-

ing,” the voltage across this capacitor passes
through the horizontal amplifier to the plates of
the cathode-ray tube. The operation of the
“Sync.” control, in the grid circuit of the RCA-884
is described under “Operation.”

The cathode-ray tube is described in “A General
Discussion of the Cathode-Ray Tube.” RCA IB-
26453. Controls used to alter the intensity, focus
and zero adjustments are described under “Opera-
tion.”

Power required for operation of the instrument
is obtained through the power unit from a 105- to
125-volt, 50- to 60-cycle supply. Voltage rectifica-
tion is accomplished by one RCA-80 and one RCA-
879 rectifier tube, one being used full-wave and
the other half-wave. One of these tubes supplies
plate voltages for the amplifier stages and sweep
oscillator, filtered through a reactor-capacitor com-
bination. The other supplies the high voltage to
the cathode-ray tube for polarization purposes.

MAINTENANCE

Under ordinary circumstances no adjustments
need be made on the instrument but if these are
disturbed they can be readjusted only with the
use of square wave inputs obtained from a reliable
square generator. Normally this means returning
the instrument to the factory.

The hum balance control R-30 can be adjusted
as follows: Set vertical gain at minimum, adjust
the sweep to approximately 59 cycles per second
with synchronizing control at minimum. Adjust
for minimum vertical deflection.

Radiotrons

Under ordinary usage within the ratings speci-
fied for voltage supply, tube life will be consistent
with that obtained in other applications. The
amplifier, oscillator and rectifier tubes will wear in
accordance with loss of emission; whereas the de-
termining factor in the life of the cathode-ray tube
is the deterioration of the fluorescent screen. It is
therefore advisable to avoid leaving a bright, con-
centrated “spot” on the screen. Also, the image
of the phenomena under observation should be re-
moved from the screen when not actually being
studied or measured; this item of care will enable
a long and useful life to be obtained from the tube.

It is ordinarily not possible to test the Radio-
trons in their respective sockets, due to the likeli-
hood of ecircuit effects causing error. However,
through the use of the RCA Chanalyst, amplifier
tubes may be checked while in their circuits and
under operating conditions by the signal-tracing
method.

The tubes may also be removed and checked
with standard tube testing apparatus or the ques-
tionable tube may be replaced with one known to
he in good condition.

On the cathode-ray tube, excessive wear and ap-
proach to its limit of life is indicated by inability
to obtain a satisfactory focus, and also by the

1m0

screen becoming streaked and spotted. When it be-
comes necessary to install a new cathode-ray tube,
some rotational adjustment may be required to
bring the axes of deflection into their proper hori-
zontal and vertical planes. This is accomplished
by loosening the wing nut on the cathode-ray tube
shield clamp, rotating the socket as desired, and
then tightening the wing nut.

Fuse Replacements

A small 1-ampere cartridge fuse is used in the
primary circuit of the power transformer. This
fuse is intended for protection of the entire power
system of the oscillograph, and, therefore, should
not be replaced by one having a higher rating, nor
be shorted out. A fuse failure should be carefully
investigated before making a replacement, since
with fuses of accepted quality, there usually will
be a definite cause for the breakdown. The cause
may originate from a surge in the power-supply
line, but the greater percentage of causes may be
centered in the apparatus protected, such as
shorted rectified elements, and so forth. Occasion-
ally, a fuse may open from heat generated at one
of its clip contacts. These points should there-
fore be kept clean and in secure contact with the
fuse.

Resistance and Continuity Tests

The chassis wiring layout giving color code and
physical relation of the parts is shown in Figure
3. All resistor and capacitor values are given
to facilitate a rapid and sure test for continuity
of circuit and the condition of same. Coils and
transformer windings have their d-c resistances
shown.

In working on the chassis of the oscillograph,
care must be observed to have the power supply
completely disconnected. The high voltages as-
sociated with the circuits of the cathode-ray tube



make it especially dangerous to attempt to handle
or work on the chassis while the power is “On.”

Care should be exercised in replacing any part
that may be found faulty. All wiring associated
with the part involved must be removed, and
especial attention given to the possibility of dam-
age to other wiring or parts. The relation of wir-
ing and parts should be the same as in the original
assembly. The insulation and spacing of the hlgh-
voltage leads is very necessary and an important
item to be adhered to in servicing of the instru-
ment.

Vo|tage Measurements

One means of learning the condition of opera-

tion and tracing the circuit faults of the oscillo-
graph is by checking the values of the voltages and
currents at the Radiotron sockets. The normal
values, which can be expected to be found when
the instrument is working properly under the
specified power rating, are indicated by the Radio-
tron Socket Voltage Table. In general, the values
shown are measured from the socket contacts to
ground; however, the heater or filament voltages
are a-c and appear between the F-F or H-H clips.
All readings given are actual operating values, and
do not allow for any errors likely to be caused by
current drain of the measuring instrument.

TUBE SOCKET VOLTAGES

Voltages to ground: using RCA VoltOhmyst.

948 V. +88Vv
TO 7O
-1030V.l -72V
-973V.
)
-1020V
WHITE
BROWN
YELLOW Ch 2O
e © s 22\ 5BPI/1802-P1
e P ‘W/I(REAR VIEW
GRM.(SMALLY ® 5 Ol ©F SocKET)
RED
YEL.(SMALL)
BLACK 2)(2/879
+88V.
TO
-72V.

- 1205 V.

VR-150-30

+2G0V. +108V.

Ol

115 volts applied to primary.

[ +108V. Laav ]

OO
®0

L

BOTTOM VIEW OF TUBE SOCKETS

Bottom View of Tube Sockets (M-95320)
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REPLACEMENT PARTS

Insist on genuine factory-tested parts, which are readily identified and may be purchased from authorized dealers.

1L

A DESCRIPTION b DESCRIPTION

12948 | Capacitor—33 mmfd. (C5) 33890 |Jack—Red pin jack (J2, J3, J6)

13894 |Capacitor—390 mmfd. (C7) 32116 | Knob—Control knob
13054 [Capacitor—1,200 mmfd. (C8) 33893 | Plate—Cover plate for case
13762 [Capacitor—1,500 mmfd. (C16) 14720 | Resistor—1,000 ohms, 34 watt (R2, R4
33858 |Capacitor—2,700 mmifd. (C21) R‘28)

4881 |Capacitor—3,300 mmid. (C2, C9) 12267 | Resistor—1,200 ohms, 14 watt (R20)
30856 |Capacitor—.015 mfd. (C10) 12265 |Resistor—6,800 ohms, 14 watt (R17)
30857 |Capacitor—.035 mfd. (C11) 14559 | Resistor—10,000 ohms, 14 watt (R6)
30848 |Capacitor—0.1 mfd. (C12) 33877 | Resistor—Voltage divider comprising

one 21,600-ohm, one 6,260-ohm, and
= Caé);;:ltgggoéaé!)lfd- eSS (C28 one 500-ohm section (R35, R36, R37)

30860 |Capacitor—0.5 mfd. (C22, C27, C25) By | Sestsuer SECUUERIEN EORETR(RCD
30849 |Capacitor—0.25 mfd. (C14, C4, C23) il Ref{;;‘)”‘"n’ooo ohms, 34 watt (RS9,
18416 Cagigitor—l mfd. (C1, C13, C15, C20, In some equipments R33 is #11366—

_) Resistor—120,000 ohms, 1 watt.

33879 |Capacitor—10 mfd. (C30, C34) 30650 |Resistor—56,000 ohms, 34 watt (R24)
33880 |Capacitor—10 mfd., 300 volts, 10 mid., (R23)

?x?fod vzosltf,’oltlso(&fgd"calasoc;flté’ss)zo 14560 | Resistor—100,000 ohms 1 watt (R
18793 Capaci,tor—lo mfd. 4,50 vo,lts (é6 C3) 3252 |Resistor—100,000 ohms, 34 watt (R34)

12477 | Choke—Filter chol,(e (L4) 0 37316 |Resistor—25,000 ohms, 10 watts (R25)

33881 |Choke—Horizontal amplifier plate 30154 Rciglzsgt;n'—loo,ooo SHECIN Ry
choke (L1) .
. ] 14583 |Resistor—220,000 ohms, 14 watt (R40)

e |Ch(<£(3e)—Vert1cal T Biite ES 30784 | Resistor—330,000 ohms, 14 watt (R12)

“_ 12285 |Resistor—470,000 ohms, 14 watt (R11,

33883 Ch((ii(ze) Vertical amplifier plate choke R15, R16, R18, R39)

11859 |Condenser—3 to 30 mmid., vanable 18020 |Resistor—470,000 ohms, 1 watt (R42,

condenser (C-38) Ra3) ... ...

33876 |Control—100 ohms—Hum balance 32727 |Resistor—680,000 ohms 1 watt (R26)

control (R30) ... ..... ... ... ... .. 13730 |Resistor—1 meg., 14 watt (R27)

33874 |Control—1,000 ohms — synchronizing 12201 | Resistor—1.5 meg., 74 watt (R13, R14)

control (RS) 33871 |Screen—Calibration screen for cath-

33863 [Control—50,000 ohms—intensity con- ode-ray tube

trol with power switch (R38, S2) . 4233 |Shield—Tube shield (6C6)
33864 |Control—250,000 ohms—Focus control 31769 |Socket—4-contact tube socket (V6,
(R41) V7))
33875 |Control—500,000 chms—Vertical gain 18351 Socket—6-contact tube socket V1,
control (R19) V2, V3) A A
33859 |Control — 500,000 ohms — Horizontal 18467 [Socket—8-contact octal tube socket
gain control or centering control (V4, V8, V9 .
| (R1, R44, R45) 33001 | Socket—11-contact magnal cathode-

33860 |Control—2 meg.—Frequency control ray tube socket (V5) .

(Fine) (R10) o 33886 | Switch—Horizontal amplifier swntch

14086 |Cord—Power cord and plug (83) :

37315 |Escutcheon—Front panel escutcheon 33887 Sthch—Range §w1tch (84)‘

30026 |Foot—Elastic foot for case 33885 | Switch—Safety interlock switch (S1)
14133 |Fuse—1 ampere line fuse (F1) 33888 | Switch—Vertical amplifier switch (S5)
30925 |Handle—Carrying handle for case 37314 |Switch—Vertical deflection reversing

switch (S6) A

32059 |Holder—Tubular type fuse holder 33884 |Transformer—105-125-volt,  60-cycle

with screw cap power transformer (T2)

33891 |Jack—Black pin jack (J5, J7, J8, J9) 14119 | Transformer—Synchronizing  trans-
33889 |Jack—Green pin jack (J1, J4) former (T1)

Replacement parts supplied are within Engineering Specification Tolerances.
Trademarks “VoltOhmyst,” “Radiotrons,” “Chanalyst,” Reg. U. S. Pat. Off. by RCA.
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CATHODE-RAY OSCILLOGRAPH

STOCK No. 158

RADIO CORPORATION OF AMERICA
Camden, New Jersey, U. S. A.
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Cathode-Ray Oscillograph

Stock No. 158
TECHNICAL SUMMARY

PowEer SuppLY :

Rating ............ 105-125 volts, 50-60 cycles
(Specifications based on 117 volts, 60 cycles)

Power Consumption .............. 55 watts
Fuse Protection .................. 1 ampere
Tusk COMPLEMENT: R
RCA-6C6 ............. Horizontal Amplifier
RCA-68)7 ...... 1st Stage Vertical Amplifier
RCA-1852 ...... 2nd Stage Vertical Amplifier
RCA-884 ......... Timing Circuit Oscillator

RCA-5BP1,1802-P1

Cathode-Ray Tube (5 inch)
RCA-80 .............. Low-voltage Rectifier
RCA-879 ............ High-voltage Rectifier

OVvERALL DIMENSIONS:
Height (ineluding carrying

handle) ......... ... .. ..... 1434 inches
Width ... .. 8 inches
Depth ...t 1914 inches
Weight (net) ................. 30 pounds

OPERATING DaTA (Gain Max.) :

Deflection Sensitivity at Vertical Amplifier
Input:
With cable ..... 0.4 volts (r.m.s.) per inch*
Without Cable.0.04 volts (r.m.s.) per inch*

Frequency Response of Vertical Amplifier:

Flat within .............. 1 db to 200 ke.*
Flat within ............. -3 db. to 500 ke.*
Useful range ............ 5 cycles to 1 me.
Frequency Response of Horizontal Amplifier:
Flat within .............. 1 db. to 45 ke.*
Flat within ............. -3 dbh. to 100 ke.*

Input Charaecteristics:
Vertical amplifier with cable
1.15 megohms, 16 mmfd.
Vertical amplifier without cable
0.15 megohms, 38 mmfd.
Timing Frequency Range .. 4 cycles to 18 ke.”

* Guuranteed values. Factory stundards exceed these values.

DESCRIPTION

The Stock No. 158 Cathode-Ray Oscillograph is
a reliable instrument for the observation of elec-
trical circuit phenomena. Although specifically
designed for use in servicing television receivers,
it 48 practically unlimited in application, some of
its more common uses include the study of wave
shapes and transients, measurement of modulation,
adjustment of radio receivers and transmitters, de-
termination of peak voltages, and tracing of
vacuum-tube characteristics. Its major but not
only advantage over older types of visual devices is
its freedom from inertia, allowing the ohservation
of very rapid changes of current or voltage without
appreciable distortion. The instrument is entirely
portable, as shown by the cover illustration, and
operates from an a-c source of 105 to 125 volts, 50
to 60 ecycles An integral power-supply unit fur-
nishes all voltages required for operation.

Figure ) shows the cssential units of the instru-
ment in block diagram form.

The primary purpose of these instructions is to
give the fundamentals of operation. As the use of
cathode-ray apparatus hecomes more widespread,
many new applications will be found and a thor-
ough understanding of these fundamentals will

enable the operator to readily adapt the equipment
to his particular use.

sour—e{VERTICAL AMPL {—o é
; =T CATHODE RAY
TUBE

WW‘ﬂHGNZ»ﬁALAMHdﬂd——

| S s—— |
SUPPLY
UNIT
TIMING AXIS [:_
110V. AC

EXY. SveC.

T OSCILLATOR ™

1

Figure 1—Block Diagram

For a comprehensive discussion of the funda-
mentals of cathode-ray tubes and an analysis of
the figures which appear on the screen, see “A
General Discussion of the Cathode-Ray Tube,”
RCA-IB-26453.

WARNING—A POTENTIAL OF 1500 VOLTS

IS PRESENT AT THE CATHODE-RAY TUBE

SOCKET AND AT OTHER POINTS ON THE CHASSIS. ALWAYS DISCONNECT THE POWER
CORD BEFORE REMOVING THE CHASSIS FROM THE CABINET.




INSTALLATION

Remove the screws at the rear of the case.
Withdraw the chassis from the case, feeding the
power cable tlirough the hole in the back. Make
certain that all tubes are firmly in their sockets
and that all grid-cap connections are in place.
Unpack the cathode ray tube and install it in its
proper mounting and connect the socket, rotating
the tube if necessary so that the socket key is
located at the top. Replace the chassis in the case
and replace the screws at the rear. With the
“Intensity” control in the extreme counterclock-
wise (“Off") position, plus the power-supply cable

into an electrical outlet supplying 105-125 volts at
50-60 cycles. The instrument is then ready for
operation.

NOTE: AN INTERLOCK SWITCH, LO-
CATED AT THE REAR OF THE CHASSIS.
OPENS THE POWER CIRCUIT WHEN THE
CHASSIS IS REMOVED FROM THE CASE.
DO NOT ATTEMPT TO OPERATE THE
EQUIPMENT WHILE WITHDRAWN FROM
THE CASE AS THE HIGH POTENTIALS USED
ARE DANGEROUS.

OPERATION

Controls

Refer to the schematic and wiring diagrams for
the location of circuit units designated by symbols.

1. “Intensity” control (R-41) consists of a po-
tentiometer located in the high side of the high-
voltage hleeder and controls the bias on the grid
of the cathode-ray tube, which in turn determines
the quantity of electrons emanating from the
“eun.” thus econtrolling the spot size. The power
switch (S2) is attached to this potentiometer.
Initial clockwise rotation of this control closes the
switch and additional rotation increases the spot
size.

2. “Focus” control (R-43) is a potentiometer
located in the high-voltage bleeder. Its position
controls the No. 1 anode voltage, which, with con-
stant voltage on anode No. 2, determines the dis-
tance at which the electron beam focuses. -In gen-
eral, for a given “Intensity” setting, the “Focus”
control should he set for maximum distinctness of
spot or image.

3. ‘‘Vertical Amplifier” switch (S-6) is an input
attenuator in the grid circuit of the first amplifier
stage. The attenuation steps are approximately
1:5. Connection to the input is made through a
special cable which may be omitted if higher input
capacity is permissible. An increase in sensitivity
of approximately 10 to 1 is obtained without the
cable. Input connection, in this case, is made to
terminal #2 of the input jack.

4. “Horizontal Amplifier” switch (S-3) has five
positions: The amplifier “On” and “Off” and three
“Timing” positions. On all “Timing” positions
the “saw-tooth” or timing-axis oscillator feeds
through an amplifier to the horizontal deflecting
plates of the cathode-ray tube. At “On,” the
“Horizontal” phone tip jacks are connected
through an amplifier to these deflecting plates
while at “Off,” the phone tip jacks are connected
straight through to the deflecting plates. In hooth
of the latter two cases, there is a series condenser
in the input circuit.

5. “Vertical Gain” control (R-33) consists of
a potentiometer located in the grid circuit of the
2nd stage of the vertical amplifier. With the

“Vertical Amplifier” switch set for any given posi-
tion this potentiometer controls the vertical deflec-
tion. By advancing the “Vertical Amplifier”
switch from a lower to the next largest number
the sensitivity is cut approximately 5 to 1.

6. “Horizontal Gain” control (R-2) consists of
a potentiometer located in the input circuit of the
horizontal amplifier. With the “Horizontal A4m-
plifier” switch set at “Timing” or “On,” this po-
tentiometer controls the horizontal deflection. Due
to the capacity load on this input potentiometer,
when operating on “Timing” at the higher audio
frequencies, linear sweep will not be obtained at
all setting of this control. For Dbest results, the
control should be set for maximum linearity.

7. “Range” switch (8-5) selects one of eight
timing capacitor values. It thus changes the
timing-axis oscillator frequency in steps, giving
eizht ranges approximately as shown on the front
panel.

8. “Freq.” control (R-12) is a rheostat con-
nected in series with the timing condenser. It
changes the timing-axis oscillator frequency gradu-
ally as it is rotated, and in conjunction with the
“Range” switch gives a continuous range hetween
the extremes of frequency.

9. “Sync” control (R-6) is a potentiometer
used to control the amount of synchronizing volt-
uge fed to the grid of the RCA-884 tube. In gen-
eral. it should be set as far counter-clockwise as is
congistent with a locked image, since over-synchro-
nization results in a poor wave-form produced by
the timing-axis oscillator.

10. The “Sync.” switch provides for a 180-
degree phase shift of the image on the screen.

11.  “Horizontal Amplifier” switch (S-3) has
three timing positions, “Int.,” “60.” and “Ext.” for
synchronization. At “Int.’ the voltage drop across
resistor R-5 in the plate circuit of the vertical am-
plifier is fed through the “Sync.” control and input
transformer to the grid of the RCA-884 tube. Thus,
the timing-axis oscillator can be synchronized with
the signal on the vertical axis at the fundamental
frequency or at any sub-multiple, such as 15.
1/3 . . . Synchronization is not effective if it is
attempted to operate the timing-axis oscillator at
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Figure 2—Schematic Circuit Diagram, Stock No. 158
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a higher frequency than that of the synchronizing
voltage. When set to “60” a portion of the 60
cycle filament voltage is used for synchronization.
On “Ext.,” the “Sync.” phone tip jack is connected
to the “Sync.” control. This allows the use of an
external source for synchronizing.

12. The two “centering” controls regulate the
amount of d-c potential between the two deflecting
plates of each pair, and thereby allows adjustment
of the position of the spot or image. There is
sufficient voltage across these controls to move the
spot approximately two inches on the screen. Start
with both of these controls adjusted at about mid-
position.

13. There are four phone tip jacks provided on
the panel. A voltage applied to the “Horizontal”
jacks, with the horizontal amplifier switch S-3 in
the “On” position, will result in a horizontal de-
flection of the spot. The “Sync.” phone tip jack
is used for external synchronmization of the saw
tooth oscillator. Caution: Do not apply more than
15 (r.m.s.) volts to “Ext. Sync.” jack or damage to
input components may result. The “Gnd.” jacks
are connected to the chassis. A switch labeled
“Sync.” controls the synchronization of the saw
tooth oscillator with the source on either positive
or negative impulses.

Applications

The following procedures are included in order
to familiarize the operator with the operations and
connections involved in particular applications.
All applications of the equipment are not de-
scribed, but analysis of any other problem will
show wherein it is similar to or differs from those
given, enabling the operator to work out his own
sequence of operation.

As has been pointed out previously, most appli-
cations of this instrument are performed with the
output of the unit under test connected to the ver-
tical plates of the cathode-ray tube, and the wave
shape studied by application of known constants
on the horizontal plates of the tube. Before any
measurements are attempted, the operator is urged
to go through the following procedure in order to
familiarize himself with the controls and their
location and to get the “feel” of their operation:

1. Connect the power plug to an a-c source of
110/120 volts, 50/60 cycles. Turn the “Intensity”
control clockwise, causing a spot to appear on the
screen, increasing in size as the “Intensity” control
is advanced further clockwise. The “Focus” con.
trol should then be adjusted until maximum dis-
tinctness of the spot or image occurs. The center-
ing controls should be set about mid-position.

CAUTION. DO NOT ALLOW A SMALL SPOT
OF HIGH BRILLIANCY TO REMAIN STATION.
ARY ON THE SCREEN FOR ANY LENGTH OF
TIME, AS DISCOLORATION OR BURNING OF
THE SCREEN WILL RESULT.

With the spot on the screen and with the “Inten-
sity” control retarded so that the spot is not too
brilliant, adjust the position of the spot to the
center of the screen by rotation of the two center-
ing controls. After initial adjustment, these con-
trols will rarely require re-adjustment, unless the
cathode-ray tube is replaced.

To turn the equipment off, turn the “Intensity”
control to its extreme counterclockwise position,
until a distinct “snap” is heard.

2. Apply a source of 60-cycle current to the
input cable. To adjust the length of the resultant
line appearing on the screen, turn the “Attenu-
ator” switch to one of its four positions and
adjust the “Gain” control until the length is as
desired. Application of the same 60-cycle source to
the “Horizontal” pin jacks with the “Horizontal
Amplifier” switch ‘On” or “Off” will similarly
show a horizontal line on the screen, the length of
which may be varied (with the “Horizontal Am-
plifier” switch “On”) by manipulation of “Hori-
zontal Gain” control.

3. To expand (2) further, have 60 cycles avail-
able at both “Horizontal” and “Vertical’ ter-
minals.

CAUTION. Since all ground or “Gnd” pin
jacks on the oscillograph are common, it is ad-
visable to use an isolating transformer for one sup-
ply, so that there is no common connection be-
tween the two.

Apply the horizontal 60-cycle supply to the de-
flecting plates, preferably through the amplifier
and its gain control, then apply the 60-cycle ver-
tical supply through the other amplifier and its
gain control. The result will be a diagonal line.
Horizontal amp. switch must be turned to “on” to
do this (see “A General Discussion of the Cathode-
Ray Tube,” RCA-IB-26453, Figure 5 and explana-
tion.)

AC VoLT™METER WITH AMPLIFIER—For this ap-
plication, the characteristics of the unit are as
follows: Input resistance—1.1 megohm, input ca-
pacity—approximately 8 mmfs; voltage range—
approximately 175 volts (higher with external at-
tenuator) ; calibration—approximately 0.64 peak
volts per inch or 0.4 r-m-s volts per inch.

Procedure—Make connections and adjust con-
trols. With the “Vertical Gain” control in the ex-
treme clockwise position, a line one inch long is
obtained on the screen for about 0.64 peak volts
input. Intermediate positions of the gain control
give different calibrations, of course, and if con-
siderable use is made of this feature, it may be
advisable to plot a curve of the inputs required
to give a one-inch deflection at various intermedi-
ate positions of the gain control. If working at a
frequency above 10,000 cycles, it must be remem-
bered that retarding the gain control from maxi-
mum impairs the linearity of the amplifier.

A particular application of operation as an a-c
voltmeter is in making hum measurements in a



power supply unit. In this case, the “Gnd.” pin
jack or cable ground lead (“Vertical”’) is con-
nected to the common lead of the filter circuit of
the unit under test and the input cable is used to
check the a-c ripple present at the various circuit
component terminals.

Aubio QuaLity MEASUREMENTS—Use of the
“saw-tooth oscillator™ feature of the oscillograph
provides a check which cannot be made with an
ordinary voltmeter. This is extremely helpful in
determining the audio quality of a receiver or
similar instrument and also in locating causes of
audio distortion.

Procedure—Apply the output from a constant
frequency record or audio oscillator to the input
cable. Turn the “Range” switch to that tap
giving a range including the frequency of the
input signal and adjust the “Freq.” control until
the ~aw-tooth oscillator frcquency is near that of
the input signal. If the two frequencies are iden-
tical, one cycle of the input signal will be observed
on the screen; if the oscillator fre-
quency is one-half that of the input signal, two
cycles of the latter will appear; if one-third, three
cycles, ete. Next, connect this constant frequency
record or audio oscillator output to the audio input
of the unit under test and connect the output of
the unit under test to the input cable of the os-

saw-tooth

cillograph. If the resultant wave does not corre-
spond to that obtained when the input was direct
to the oscillograph, audio distortion is present.

If it is desired to measure the overall audio
fidelity of a receiver, for instance, the procedure is
similar to that ahove except that the voltage modu-
lating an rf oscillator is fed into the oscillograph,
adjusted as ahove. Then the modulated oscillator
is connected to the r-f input terminals of the re-
ceiver and the loudspeaker voice coil connected
to the oscillograph. Comparison of the two re-
sultant waves will indicate how much distortion
occurs in the receiver under test. Observing the
quality of the input to the receiver from the test
oscillator will also show how much distortion is
being fed into the receiver from the test oscilla-
tor. This is desirable since it may show that all
the distortion present in the receiver output may
not be due to the receiver characteristics. hut to
those of the test oscillator {assuming no distortion
from modulation).

MoburaTioN INDICATOR-—(1) One method of
measuring the modulation of a fransmitter is to
place the modulated r-f output of the transmitter
into the vertical plates of the cathode-ray tube and
the audio input signal to the transmitter on the
“Sync.” pin jack.

Procedure-—Connect a constant-frcquency in-
put to the transmitter and connect a small pickup
coil, located near the transmitter tank coil, to the
input cable. The pickup on this coil should bhe
from 12-10 volts. Connect the “Sync.”” pin
jacks of the oscillograph to the transmitter audio
wnplifier at a point providing a 2- to $-volt signal.
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Set “Horizontal Amplifier” switch to “Ext.” posi-
tion. Turn the “Range” switch to the tap which in-
cludes the frequency of the input signal and adjust
“Freq.” control until the saw-tooth oscillator inter-
locks with the signal on the vertical plates. Ad-
justment of the “Sync.” control provides control
of the voltage from the audio amplifier to the grid
of the RCA-884 tube. Adjustment of “Horizontal
Gain™ control varies the horizontal deflection.

(2)  Another and somecwhat similar method of
modulation measurement is to connect the pickup
coil to the input cable as before, but connect the
audio signal (from the transmitter audio amipli-
fier) to the “Horizontal” pin jacks. Adjust “Hori-
zontal Gain’* control until desired horizontal de-
flection is obtained. The percentage modulation
can then be readily deterinined. See Figure 31, “A
General Discussion of the Cathode-Ray Tube,”
RCA-1B-26453.

ALIGNVIENT OF INTERVIEDIATE-FREQUENCY STAGES

For alignment of the intermediate-frequency
stages of a veceiver, it is essential that an auxiliary
apparatus, a frequency modulator, be available to
sweep the intermedite frequency for which the re-
ceiver i~ designed. One type of frequency modula-
tor consists of sweep condenser and a synchronizing
generator rotated in synchronism by a driving
motor. The condenser is arranged to “sweep” the
frequency of the r-f input to the receiver (or i-f
stages) and the synchronizing generator connects
to the “sync.” jack of the oscillograph so as to
synchronize the saw-tooth oscillator with the fre-

quency variation of the test oscillator input to the
receiver. An electronic sweep test oscillator may
be used to provide both a frequency-modulated
signal and a synchronizing signal, so that no other
frequency modulator is required.

The test oscillator output should be coupled to
the grid of the tube preccding the i-f stage under
alignment. It is cssential that this connection be
made without altering any of the operating char-
acteristies of this stage. If the grid of the tube
to which connection is to be made is at zero d-e
potential with respect to ground, connect the os-
cillator to the grid of the tube and disconneet the
lead normally on the grid, the low side of the test
oscillator output returning to chassis ground. 1f
the grid is not at zero d-c potential with respect to
ground, connect the high side of the oscillator to
the grid (disconnecting the lead on the grid) and
the other side to the “—C” lead for this grid.

The “Fertical” input cable of the oscillograph
should be connected to the audio output of the
sccond detector. For a diode detector, this con-
nection may be across the volume eontrol alone
or across both the volume control and automatic
volume control resistor, if this connection is con-
venient. When the second detector is a triode,
tetrode or pentode, resistance-coupled to the first
audio stage, thc connection to the input cable
may be to the plate of the tube, the “Gnd” lcad
lieing connected to ground. In the case of a triode,
letrode or pentode, transformer- or impedance-
coupled to the first audio stage, connect a resistor
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of approximately 20,000 ohms in series with the
plate of the tube and by-pass the inductance in
the plate circuit by a 1.0 mfd or larger capacitor.
This changes the impedance of the plate circuit to
resistance rather than inductive reactance; the
input cable should be connected to the plate of
the tube and the “Gnd.” lead to ground in order
to take the audio voltage off his resistor.

ALIGNMENT OF RADIO-FREQUENCY STAGEs—The
equipment used for r-f alignment is identical to
that for i-f alignment, except that the test oscilla-
tor output is connected to the antenna lead of the
receiver, and different frequencies are employed.

FREQUENCY MEASUREMENTS—In using the oscil-
lograph for frequency measurement, either Lissa-
jou figures (sine waves on both axes) may be used,
or the linear timing axis may be employed on the
horizontal axis. The most flexible method for
frequencies up to 100,000 cycles is the linear tim-
ing axis method. The frequency stability of the
saw-tooth oscillator running free is not good
enough to depend upon for accurate measure-
ments, but when this oscillator is synchronized
with a standard-frequency voltage, its frequency
stability is the same as that of the standard, and
it can be synchronized at any sub-multiple of the

standard frequency down to about one-tenth. This
allows convenient calibration of a device at many
points between one-hundredth of—and ten times a
single standard-frequency source, and every point
is as accurate as the standard. If a 1000.cycle
standard source is used, calibration points between
10 and 10,000 cycles are easily obtained. Using
Lissajou figures, calibration points between 100
and 10,000 cycles can be obtained. A frequency
standard which is almost universally available is
the 60-cycle a-c supply. Since the advent and
rapid spread of electric clocks, the frequency of
nearly all commercial power is held to a very
close tolerance. This allows accurate calibration
at frequencies up to about 600 cycles. “Sync.”
switch S-4 reverses the input to the saw-tooth oe-
cillator and in so doing provides synchronization
with impulses of opposite polarity.

CHECKING PHASE SHIFT—To check phase shift
of electrical equipment with the oscillograph, ob-
serve the screen pattern with the input to the
equipment connected to the “Horizontal” jacke
and the output from the equipment connected to
the input cable. If no phase shift exists, a sloping
straight-line image will appear. The internal am-
plifiers in the oscillograph introduce some phaee
displacement which must be considered.

CIRCUITS

The schematic arrangement of the entire cir-
cuit is shown in Figure 2.

An amplifier consisting of two stages constitutes
the means of obtaining gain for the signal applied
to the vertical deflecting system. The input to
this stage is a high-resistance step attenuator con-
nected to provide stepped gain control. An iso-
lation capacitor is made a part of the input circuit
to exclude from the grid any direct current which
may be associated with the circuit being observed.
The plate circuit of the output tube (RCA-1852)
is composed of two elements in series, a resistor
and an inductance whose values are so designed as
to effect a broad and uniform frequency response
in the amplifier stage. Coupling from the ampli-
fier plate to the cathode-ray tube is made through
a capacitor.

The amplifier for the signal applied to the hori-
zontal deflecting plates is a single stage. A switch
is provided to disconnect the Horizontal Amplifier,
thereby applying the voltage to be studied di-
rectly to the deflecting plate. Extra contacts are
used on the input switch to the horizontal ampli-
fier for feeding in the timing or “saw-tooth” oscil-
lator signal.

A synchronization system is included, as shown
in the input circuit of the RCA-884. This is in-
cluded in the Horizontal Amplifier switch and is
described under “Operation.” The timing axis
oscillator stage, using the RCA-884, is designed to
have a frequency range of approximately 4-18,000
cycles, controlled through the “Range” switch and
“Frequency” control. The signal from this oscil-
lator has a “saw-tooth” wave shape, obtained as

follows: A d-c potential is applied across a ca-
pacitor and resistor in series in the plate circuit
of the RCA-884 tube. This voltage charges the
capacitor until the ionization potential (plate volt-
age at which the gas in the tube ionizes) is
reached. When the RCA-884 ionizes, the capaci.
tor is short-circuited and the voltage across it
drops nearly to zero. The tube immediately de-
ionizes and allows the capacitor to start charging
again. In this manner, the voltage across the ca-
pacitor has a “saw-tooth” characteristic. The ca-
pacitor referred to above is selected by the position
of the “Range” switch as described in “Operation.”
With the “Horizontal Amplifier” switch on “Fim-
ing,” the voltage across this capacitor passes
through the horizontal amplifier to the plates of
the cathode-ray tube. The operation of the
“Sync.” control, in the grid circuit of the RCA-884
is described under “Operation.”

The cathode-ray tube is described under “Gen-
eral Discussion of Cathode-Ray Tube,” RCA-IB-
26453. Controls used to alter the intensity, focus

and zero adjustments are described under “Opera.
tion.”

Power required for operation of the instrument
ie obtained through the power unit from a 110- to
120-volt, 50- to 60-cycle supply. Voltage rectifica-
tion is accomplished by one RCA-80 and one RCA-
879 rectifier tube, one being used full-wave and
the other half-wave. One of these tubes supplies
plate voltages for the amplifier stages and sweep
oscillator, filtered through a reactor-capacitor com-
bination. The other supplies the high voltage to
the cathode-ray tube for polarization purposes.



MAINTENANCE

Under ordinary circumstances no adjustments
need be made on the instrument but if these are
disturbed they can be readjusted only with the
use of square wave inputs obtained from a reliable
square generator. Normally this means returning
the instrument to the factory.

Radiotrons

Under ordinary usage within the ratings speci-
fied for voltage supply, tube life will be consistent
with that obtained in other applications. The
amplifier, oscillator and rectifier tubes will wear in
accordance with loss of emission; where as the de-
termining factor in the life of the cathode-ray tube
is the deterioration of the fluorescent screen. It is
therefore advisable to avoid leaving a bright, con-
centrated ‘“‘spot” on the screen. Also, the image
of the phenomena under ohservation should be re-
moved from the screen when not actually being
studied or measured; this item of care will enable
a long and useful life to be obtained from the tube.

It is ordinarily not possible to test the Radio-
trons in their respective sockets, due to the likeli-
hood of circuit effects causing error. However,
through the use of the RCA Chanalyst, amplifier
tubes may be checked while in their circuits and
under operating conditions by the signal-tracing
method.

The tubes may also be removed and checked
with standard tube testing apparatus or the ques-
tionable tube may be replaced with one known to
be in good condition.

On the cathode-ray tube, excessive wear and ap-
proach to its limit of life is indicated by inability
to obtain a satisfactory focus, and also by the
screen becoming streaked and spotted. When it be-
comes necessary to install a new cathode-ray tube,
some rotational adjustment may be required to
bring the axes of deflection into their proper hori-
zontal and vertical planes. This is accomplished
by loosening the wing nut on the cathode-ray tube
shield clamp, rotating the socket as desired, and
then tightening the wing nut.

Fuse Replacements

A small l-ampere cartridge fuse is used in the
primary circuit of the power transformer. This
fuse is intended for protection of the entire power
system of the oscillograph, and, therefore, should
not be replaced by one having a higher rating, nor
be shorted out. A fuse fnilure should be carefully
investigated before making a replacement, since

10

with fuses of accepted quality, there usually will
be a definite cause for the breakdown. The cause
may originate from a surge in the power-supply
line, but the greater percentage of causes may be
centered in the apparatus protected, such as
shorted rectifier elements, and so forth. Occasion-
ally, a fuse may open from heat generated at one
of its clip contacts. These points should there-
fore be kept clean and in secure contact with the
fuse.

Resistance and Continuity Tests

The chassis wiring layout giving color code and
physical relation of the parts is shown in Figure
3. Al resistor and capacitor values are given
to facilitate a rapid and sure test for continuity
of circuit and the condition of same. Coils and
transformer windings have their d-c resistances
shown.

In working on the chassis of the oscillograph,
care must be observed to have the power supply
completely disconnected. The high voltages as-
sociated with the circuits of the cathode-ray tube
make it especially dangerous to attempt to handle
or work on the chassis while the power is “On.”

Care should be exercised in replacing any part
that may be found faulty. All wiring associated
with the part involved must be removed, and
especial attention given to the possibility of dam-
age to other wiring or parts. The relation of wir-
ing and parts should be the same as in the original
assembly. The insulation and spacing of the high-
voltage leads is very necessary and an important
item to be adhered to in servicing of the instru-
ment.

Voltage Measurements

One means of learning the condition of opera-
tion and tracing the circuit faults of the oscillo-
graph is by checking the values of the voltages and
currents at the Radiotron sockets. The normal
values, which can be expected to be found when
the instrument is working properly under the
epecified power rating, are indicated by the Radio-
tron Socket Voltage Table. In general, the values
shown are measured from the socket contacts to
ground; however, the heater or filament voltages
are a-c and appear between the F-F or H-H clips.
All readings given are actual operating values, and
do not allow for any errors likely to be caused by
current drain of the measuring instrument.



TUBE SOCKET VOLTAGES

Approximate tube socket voltages read with respect to ground: (Measured with RCA VoltOhmyst). 115
volts applied to primary.
Tube Function E; E. E; E. Eoup E,
Il
RCA-6C6 |Horizontal Am- +102 to +232 to
plifier .............. +18 to 427 ............ +105 0 +330
RCA-6S]7|Vertical Ampli-|
fier (1st Stage)|........ 2T T | AN ¥ +73 +2.65 +195
RCA-1852|Vertical Ampli-
| fier (2ndStage)|........ VIO SR | 3l v € R s +157 0 +260
RCA-884 }sweep Oscillator|. . . ..... L AT L0 USSR B L . e | 453
RCA-879 [High - Voltage | |
Rectifier ..... | ACTOEIY Fy i VN ASRRIPRRRR L 1 LI PR ) = 7 e i —1165
RCA-80 |Low-Voltage Rec-:
tifier ........ | 4520 |.............. [0 & Dot DTG < e e e rml O AN T AC435
i | | =
Tube | Function E; E; Deflection Plate
RCA-1802|Cathode - Rayl —850 No. 3 | No.9 1st Anode (2nd Anode
P-1 Tube ........ | to
‘ | —960 | 845 1o —925 488 to—72 4880 —72/ 620 to —820| 0

11



REPLACEMENT PARTS

Insist on genuine factory-tested parts, which are readily identified and may be purchased from authorized dealers.

gTOCK DESCRIPTION STOCK DESCRIPTION
No. No.
33873 | Cable—Input cable complete .. ... . 32059 l Holder—Tubular type fuse holder
12814 | Capacitor—5.6 mmfd. (C1, C18, C22, with screw cap ... . ... ... . . . .
C26) ... ... ... .. S 30925 | Handle—Carrying handle for case ..
14079 | Capacitor—6.8 mmfd. (C19, C21) 47061 | Jack—Black binding jack (J1, J4) ..
13001 | Capacitor—8.2 mmfd. (C25) .. .. 47228 | Jack—Red binding jack (J2, J3)
12948 | Capacitor—33 mmfd. (C15) ... 32116 | Knob—Control knob ... .. ... . .
12813 | Capacitor—82 mmid. (C23) .. 47062 | Post—Binding post (use with 47061
13894 | Capacitor—390 mmfd. (C7) .. and 47228) ... ... ... .. ... ...
12537 | Capacitor—560 mmfd. (C17) .... 13428 | Resistor—150 ohms, 14 watt (R35) .
13054 | Capacitor—1,200 mmfd. (C8) ... 30546 | Resistor—470 ohms, 14 watt (R5) ..
4881 | Capacitor—3,300 mmfd, (C3, C35) 12414 | Resistor—560 ohms, 14 watt (R34) ..
30856 | Capacitor—.015 mfd. (Cl10) ... . 14076 | Resistor—820 ohms, 14 watt (R27) ..
30857 | Capacitor—.035 mifd. (C11) .. .. . 14720 | Resistor—1,000 ohms, 4 watt (R3) ..
30848 | Capacitor—0.1 mfd. (C12) .. ... . .. 12267 | Resistor—1,200 ohms, 14 watt (R49).
18000 | Capacitor—0.1 mfd., 1,250 volts (C42, 6134 | Resistor—1,200 ohms, 1 watt (R10)
C45, C48, C50) .. ... ... ... . . 13716 | Resistor—2,200 ohms, 14 watt (R32)
30849 | Capacitor—0.25 mfd. (C4, C14, C36) 13714 | Resistor—5,600 ohms, 14 watt (R30)
30860 | Capacitor—0.5 mfd. (C16, C40, C41, 14559 | Resistor—10,000 ohms, 14 watt (R7,
C53) ... R17, R20) ... ... ... .. ... .. .. ...
18416 | Capacitor—1 mfd. (C2, C13, C29, C30, 3219 | Resistor—18,000 ohms, 14 watt (R48)
C31,C32) ... .. 33862 | Resistor—18,000 ohms, 20 watt (R37)
33879 | Capacitor—10 mfd., 300 volts (C38, 30409 | Resistor—27,000 ohms, 15 watt (R11)
C39, C44, C47) ... .. ... ... . ... .. 14167 | Resistor—27,000 ohms, 2 watt (R47)
33880 | Capacitor—10 mfd., 300 volts, 10 mfd., 12454 | Resistor—33,000 ohms, 14 watt (R31)
300 volts, 10 mfd., 150 volts, 20 mfd., 12487 ‘ Resistor—33,000 ohms, 2 watt (R46)
25 volts (C43, C46, C49, C51) .. 6143 | Resistor—43,000 ohms, 14 watt (R22)
33865 | Capacitor—10 mfd., 450 volts, 10 mfd., 14560 | Resistor—100,000 ohms, 14 watt (RS,
450 volts, 40 mifd.,, 25 volts (C5, R19) . e
C33,C34) ... ... .. ... ... .. 3252 | Resistor—100,000 ohms, 15 watt (R28,
33159 | Capacitor—250 mfd., 15 volts, 10 mfd., | _R39) . 20000000000a0a000008
350 volts, 10 mfd., 150 volts (C28, 30154 | Resistor—100,000 ohms, 1 watt (R4)
C37, C52) ... .. - Y 13483 | Resistor—120,000 ohms, 1 watt (R36,
12477 | Choke—Filter reactor (L4) .. .. .. R38) ... .. . .. e L
33881 | Choke—Horizontal amplifier plate 11676 | Resistor—200,000 ohms, 14 watt (R24)
choke (L1) ... ... ... ... ... . .. 14583 | Resistor—220,000 ohms, 15 watt (R42)
33867 | Choke—Vertical amplifier plate choke 30784 | Resistor—330,000 ohms, 145 watt (R14,
(L2, L3) ....... ... .. .. ... ... ... R50) . . . .. B...
11859 | Condenser—3 to 30 mmfd., variable 12285 | Resistor—470,000 ohms, 14 watt (R13,
condenser (C27) ..... ... .. ... .. R40) . T
33866 | Condenser—60 to 120 mmfd., variable 36243 | Resistor—470,000 ohms, 1 watt (R44,
condenser (C20, C24) . .. . R45) e L
33870 | Connector—Input cable connector 30963 | Resistor—=820,000 ohms, 14 watt (R25)
5 0 0ge oo o NN . 13730 | Resistor—1 meg., 14 watt (R23, R26)
33874 | Control—1,000 ohms—synchronizing 30652 | Resistor—1 meg., 15 watt (R1, R21)
control (R6) .. ... ... . .. . . . .. . 12201 | Resistor—1.5 meg., 14 watt (RI15,
17694 | Control—10,000 ohms—low frequency R16) .. .. .
compensating control (R29) 33871 | Screen—Calibration screen for cath-
33861 | Control—10,000 ohms—vertical gain ode-ray tube .. ... .. .. ... . .. . .
control (R33) . ... ... .. . 31769 | Socket—4-contact tube socket (V6, V7)
13984 | Control—50,000 ohms—compensating 18351 | Socket—6-contact tube socket (V1) [
control (R18) ... . .. ... . . . . . . . . . 33084 | Socket—8-contact octal tube socket
33863 | Control—50,000 ohms—intensity con- | V2, V3, Ve
trol and power switch (R41, S2) 33001 | Socket—11-contact magnal socket for
33864 | Control—250,000 ohms—focus control cathode-ray tube (V5) o
‘ (R43) . . . P 33886 szlstgl)'l—Honzontal amplifier switch
33859 | Control—500,000 ohms — horizontal | Quot - Qe
: g . 33887 [watch—Range switch (85) .. ..
%lazl;, ég?frﬁgzgr centering control 33885 | Switch—Safety interlock switch (S1)
33860 | Control—2 meg.-—~frequency control ggggg { gwgtcl}‘:—%ync‘ s\lvxtch l-(ﬁS4) itch (86
(Fine) (R12) ... ... ... . e e BTG, (55)
33884 | Transformer—105-125 V, 60 cycle
33872 | Escutcheon—Front panel escutcheon
A power transformer (T1)
30926 | Foot—Elastic foot for case . ... 14119 | Transformer — Synchronizing trans-
ﬁlBB Fuse—1 ampere line fuse (F1) .. former (T2) A

Replacement Parts supplied are within Engineering Specification Tolerances.

43-30-4

Trademarks “VoltOhmyst,” “Radiotron,” “Chanalyst,” Reg. U. S. Pat, Off. by RCA.

Printed in U. S.A.
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ADDENDA
Jenurry 1045

DT STORTTON AND NOISE I.ETER
TYPE 69C
IB-32021-3

Cope 7 - VAINTENANCE -
Add 2 new nrerosgremh 2t end of sectlion to read:
"In the event th-t R554, C& or T? reauire re-
olacerent, 1t will »e necegcsrry to reerdjust
R-5RA so that the Low Audio resnonse 1is flag
*1thin + .5 db from 2?0 cvecles to UN,N"0 cycles,
~nd dotn nnt rore thrn 1 db ot U5, 0RO cycles.
Potentiometer R-5K4 is 7occted undernesrth the
chrssis, on the shield.”

Proe & - PARPS 1,IST-
Add In Column 2 ~f*er R-5h.

R-K54 1 Potentiometer - 5,07 ohns, /2 wett ’1Un)
Prge 16 - Firure 1! ~ For Revised Schem-tic, see end of hoolk.

Fisure 15 - For Revised Connactionr, see end of
book,



ADDENDA

September 19LL

DISTORTION AND NOISE METER
TYPE 69C

IB-32021-3

Page 3 - TECHNICAL SUMMARY - Electrical Characteristics

Chenge '"Frequency Range - High or low - - - -
- - - - at 30,000 cycles."

to read
"Frequency Response - High or low
audio input within +0.5 db. of 40O
cycle response 30 - 40,000 cycles,
may be down 1.0 db. at 45,000 cycles.
Bridging input, within 40.% db. of

cycle response 30 - 15,000 cycles,

may be down 1.5 db. at 30,000 cycles.

Page 5 - OPERATION - NOISE LEVEL MEASUREMENTS
let Parsgraph, 4th line.
Following "----"one millivatt in a 600-ohm line."
INSERT + "The standardizing voltage in the 69-C
is 0.77%5 volte (1 m.w. in a 600-ohm
line) 41.0 db."

IB-32021-3
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Figure 1—Type 69-C Distortion and Noise Meter
(Rack Model)

PH-50328

Figure 2—Type 69-C Distortion and Noise Meter
(Cabinet Model)

PH-50330

Figure 3—Type 69-C Distortion and Noise Meter
(Cabinet Model, Rear View)
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DISTORTION AND NOISE METER

TECHNICAL SUMMARY

Electrical Characteristics

Frequency Range—High or low audio input, +0.5 db 30-40,000 cycles, down 1.0 db at 45,000 cycles; Bridging
input, =0.5 db, 30-15,000 cycles, down 1.5 db at 30,000 cycles.

Distortion Range . .......... ...,
Noise Level Range ......... ... ... ... ..ot
EMEMRABIE] - - ook B Do o G s el d o - e o
Power Consumption .. ............c.oovniunneeennns

Fuse Protection .. .........c.eienirneeeniueennunnn

Tube Comp|ement

.............................. 0.3% to 100% r-m-s
..................................... 0 to =75 db

Voltage Amplifiers ... ... ..oounouatmi i 1 RCA-6C35
Voltage AmPpLfiers ... .....ooovnen et 1 RCA-6Cs5G
Voltage AmplIflers ... ........oo.i. it 2 RCA-6S]7
ReF RCCLIBE o v v o et e et e e e e e et e e e e e e e e e e e 1 RCA-6X5G
Prersier | IRECTIIET 8B a0 0 e 00000000z, o ey W, DRI 0 6o o o 5 1 RCA-6X5G
Voltage Amplifier and Vacuum Tube Voltmeter ... 1 RCA-6F8G
Voltage RegUIator .. ... ... .. ....ueut e i i i i e 1 RCA-VR-150
Voltage Regulator . ... ... ettt i 1 RCA-VR-105
ERllet TRUEE o o 550050 e 80 g o b TRy e S IR e = T SR 1 Amperite 6-8

Mechanical Specifications

Dimensions Rack Type Cabinet Type
Height ... ... . ... . . .. . 834 inches ......... ... it 9 inches
NVEARY e e b - e e T el B 19  inches <. .:g:e. e iim i s momm . oo . Gema 191/, inches
Depthe . ..o e s e s . sk 13 dnches . .o 0. o At ne . . b s cat o 143/, inches
Y G s N O ek ol et e Spunem— 44 pounds| :anaf §omemmg - - - - el D XEEEEEER 55 pounds

DESCRIPTION

The Type 69-C Distortion and Noise Meter was
developed to supply an accurate and reliable instru-
ment for measuring the harmonic distortion and noise
level in the output of radio transmitters, audio ampli-
fiers, or modulated radio frequency equipment of any
type. Distortion or noise measurements are read di-
rectly from the meter scale, which is calibrated for
several ranges. When used with the Type 68-A or
68-B Low Distortion Oscillator, distortion measure-
ments may be made at any frequency from 30 to 8,500
cycles per second or higher with weighting of the
harmonics as indicated in the TECHNICAL SUM-
MARY under Frequency Range. Reliable readings
as low as 0.3 percent. may be made on any equipment

having less than 180 degrees phase shift throughout
its frequency range. Under these conditions, the in-
herent distortion in the oscillator approximates 0.1
percent. r-m-s, which will have a negligible effect upon
the distortion meter readings. Under the worst pos-
sible phase conditions, a residual reading of approxi-
mately 0.2 percent. would be obtained.

Distortion measurements may be made at frequen-
cies down to 20 cycles per second with reasonable ac-
curacy if the amount of distortion to be measured is
not too small. Using one mw in a 600-ohm line as a
zero reference level, distortion can be measured at
volume levels as low as —17 db and noise levels may
be measured as low as -75 db.



The essential elements of the 69-C Distortion and
Noise Meter are as follows:

(1) An input circuit for the essentially sinusoidal
signal from the 68-A or 68-B Beat Frequency Oscil-
lator, including a level control, marked “CALI-
BRATE,” and a phase-shift network comprising three
controls-—coarse, medium and fine, as shown in Fig-
ure 6.

(2) An input circuit for the distorted signal from
the equipment under test. This includes a rectifier
for demodulating an r-f signal when desired, a se-
lector switch marked “INPUT,” a source of voltage
for standardizing the gain of a voltage amplifier, and
three level controls—-coarse, medium and fine, as
shown in Figure 8.

(3) A push-pull amplifier stage which is used as a
normal amplifier for noise level measurements, and
as a cancellation stage for distortion measurements.

(4) A "DISTORTION-NOISE LEVEL" switch,
which is used for circuit switching and for controlling
the attenuation between the push-pull amplifier stage
((3) above) and the voltage amplifier.

. (5) A three-tube voltage amplifier with negative
teedback. The “GAIN™ control determines the gain
of this amplifier by controlling the amount of feed-
back.

(6) A detector and output meter, for measuring
the r-m-s value of signal. A small amount of buck-
ing current is fed through this meter to buck out the
no-signal plate current of the detector. The amount

of bucking current is controlled by the “ZERO™ con-
trol. Figure 9 illustrates the distortion measurement
circuit.

(7) A power supply furnishing heater, plate, and
screen voltages, and the standardizing voltage men-
tioned in (2) above.

In making distortion measurements, ‘the meter in-
dicates the distortion factor—i. e., the ratio of r-m-s
total distortion to the fundamental amplitude. This
is accomplished by suppressing the fundamental fre-
quency component of the wave in question and meas-
uring the r-m-s total of the remaining components.
Elimination of the fundamental frequency component
is accomplished by adding to the distorted wave a
sine wave of the same frequency, equal in amplitude
to the fundamental component, but 180 degrees dis-
placed in phase. This voltage is secured from the
same oscillator which supplies the signal to the equip-
ment under test and is adjusted in amplitude and
phase by the use of the controls on the panel of the
Distortion and Noise Meter. Distortion readings di-
rectly in percent. of the fundamental amplitude are
obtained by first adjusting the meter to read full scale
(100%) with only the sine wave input connected.

Measurements of noise levels are made by adjust-
ing the meter for full scale deflection at the desired
equipment output level and then removing the input
signal from the equipment under test. The remain-
ing noise and hum is amplified until a reliable meter
deflection is obtained. The noise level is then read
directly in decibels from the meter and attenuator
scales.

INSTALLATION

The Type 69-C Distortion and Noise Meter is sup-
plied in two models, the rack model shown in Fig-
ure | and the cabinet model illustrated in Figure 2.
The cabinet model is supplied in a substantial metal
cabinet, while the rack model is supplied with a stand-
ard rack mounting panel and dust cover. In every
other respect, both models are identical.

The power cable should be connected between the
a-c receptacle of the meter and a power supply outlet
furnishing 105-125 volts, 25-60 cycles and delivering
50 watts. The power line fuse on the chassis should
be in the proper position corresponding to the applied
line voltage. Terminals for connecting the Distortion
and Noise Meter with the associated equipment are
located on the rear of the chassis with parallel-con-
nected jacks located on the front panel. These term-
inals are clearly identified on Figure 3.

The pickup circuit used for modulated r-f signals
must provide a low resistance d-c path between the
r-f and ground terminals of the distortion meter as
well as low audio frequency impedance.

These conditions will be met by the use of a small
pickup coil consisting of several turns. Capacitative
coupling or an antenna may be used if a radio fre-
quency choke or a parallel resonant circuit is con-
nected across the r-f and ground terminals. A low
resistance, untuned coil is the most desirable for this
purpose, as it is least likely to introduce hum into the
circuit or to cause frequency discrimination.

The chassis of the Distortion and Noise Meter
should be well grounded to minimize stray r-f pickup.
This can be accomplished by the use of a heavy strap
or braid, as short as possible.

OPERATION

Distortion and noise measurements are read from
the same meter, which is calibrated to the following
full scale readings:

Distortion Noise Level
e TR — -50
30 St S Cent e E Dt -40
10% oo 30
77 S R AR R A 20
100G i I e ot 1A ool bl -10

The desired meter range is selected through the
meter range switch, which is controlled by means of
the large knob and scale. The desired distortion
range may be selected by rotating the knobs over the
left-half of the scale. The desired noise level range
may be selected by rotating the knob over the right-
half of the scale.

INPUT LEVELS-For accurate distortion or noise
measurements, the input levels to the instrument
should be adjusted to within the following limits:
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Modulated r-f—10 volts to 80 volts.

To determine the proper r-f input level modulate
the transmitter approximately 100 percent. and set
the “"DISTORTION-NOISE LEVEL” switch at *0.”
Adjust the input level until full-scale meter reading is
obtained with the “AMPLITUDE" control set be-
tween "0 and “--16."

Audio frequency from 68-A or 68-B-—2 volts to
4 volts.

Audio frequency from equipment under test

1. Bridging input terminals or jacks (bal-
anced)
Minimum—0.14 volts or —15 dJdb below 1
mw on 600-ohm line.
Maximum—9.0 volts or = 22 db above 1
mw on 600-ohm line.

2. Audio and ground input terminals
(a) “Audio Low™—0.12 volts to 8.0 volts.
(b) “Audio High™—1.2 volts to 80 volts.

COUPLING METHODS-—Modulated radio fre-
quency voltages to be measured are obtained through
inductive coupling. The pickup coil should be de-
signed with a low audio frequency impedance in order
to eliminate any a-c hum component that may be
picked up.

When the Distortion and Noise Meter is to be
used in conjunction with a balanced audio line hav-
ing an impedance of 600 ohms or less, a bridging
transformer having an impedance of 20,006 ohms is
provided. This impedance is sufficiently high to have
no appreciable effect upon the low impedance line.
The three transformer input connections terminate in
three binding posts, marked “BRIDGING,” located
at the rear of the chassis, and a pair of parallel con-
nected jacks located on the front panel. The center
tap of the transformer winding is not grounded.

CONNECTIONS  Following are tabulated the
correct connections to be made for distortion and
noise measurements under various conditions:

For Modulated Padio Frequency Input—Connect
the pickup coil between the “R-F" and “GROUND"
terminals at the rear of the instrument and remove
all connections from the audio terminal. Set the
“INPUT" switch to “R-F” position.

For Audio Frequency Input Balanced Lines, Up to
600 Ohms-—Connect the audio line either to the
“BRIDGING™ terminals at the rear or to the
“"BRIDGING™ jacks on the front panel. The center
tap connection may be connected, left open or
grounded as desired. Set the “INPUT" switch to
“BRIDGING™ position.

For Unbalanced Audio Frequency Input—

(a) Below 4 volts
Connect the audio line to “LOW AUDIO"
and ground binding posts.
Set the “INPUT" switch to “LOW AUDIO.”
(b) Above 4 volts
Connect the audio line to “HI. AUDIO” and
ground binding posts.
Set the “INPUT™ switch to “HI. AUDIO.™

For Distortion Measurements— -Connect the 250-
or 500-ohm 68-A or B terminals to the two terminals
at the rear of the distortion meter marked “OQOSCIL-
LATOR,™ or to the pair of jacks on the front panel
marked “OSCILLATOR.”

For Oscillograph Indication—When desired, a
cathode-ray oscilloscope may be connected to the
“CRO™" binding posts to observe wave form of dis-
tortion or noise, or to assist in balancing out the
fundamental. Any circuit connected across these
binding posts should have an impedance of at least
100,000 ohms, and when an r-f feld exists, such as
around a transmitter, a shielded lead should be used.

CALIBRATION-- Prior to making measurements,
the instrument should be calibrated in the following
manner:

1. Turn the power on by rotating the “CALI-
BRATE™ control in a clockwise direction, and
wait at least five minutes to allow voltages to
stabilize.

2. With no input signal to the “OSC.” binding posts
or jacks and with the “DISTORTION-NOISE
LEVEL" switch at the “CALIBRATE" position,
adjust the “ZERO™ control for a meter reading
of zero percent. (not 0 db).

3. Set the coarse and medium “*AMPLITUDE" con-
trols to “0" positions and the “FINE™ control
with the pointer approximately vertical. Also set
the “DISTORTION-NOISE LEVEL" switch to
the *0" position, and the “INPUT" switch to the
“CHECK?™ position. Adjust the *GAIN™ control
for full-scale meter reading (0 db).

NOISE LEVEL MEASUREMENTS—

Noise levels may be measured in either of two ways.
One method gives a result in terms of the standard
zero level of the 69-C, which is one milliwatt in a
600-ohm line. The other method gives a result in
decibels below some arbitrary output level of the
equipment under test. The first method is accom-
plished as follows:

(a) When using "LOW AUDIO" input, it is only
necessary to remove input from equipment under
test and adjust the *AMPLITUDE" controls and
the “DISTORTION-NOISE LEVEL" switch un-
til the meter reads on scale. The noise level
(based on a 600-ohm line) is then read from the
control settings and the meter readings.

(b) When using “HI. AUDIO" input, a close ap-
proximation can be obtained by using the above
procedure and adding —20 db to the result.

(c) When using “BRIDGING™ input, a close ap-
proximation can be obtained by using the above
procedure and adding —1.5 db to the result.

The second method, which is the most accurate, is
accomplished as follows:

1. Adjust the input to the device under test to
obtain the output level below which it is de-
sired to measure the noise level.

Adjust the “AMPLITUDE™ and “DISTOR-
TION-NOISE LEVEL" controls to obtain a
meter reading of 0" db.

i~



3. Remove the input signal from the device under
test and move the “AMPLITUDE" and "DIS-
TORTION-NOISE LEVEL" controls until the
meter reads on the db scale. The sum of the
amount that it was necessary to move the con-
trols and the established meter reading denotes
the noise level with respect to the original level.

DISTORTION MEASUREMENTS:
(a) Audio measurements—

1. Apply input signal from the low-distortion
oscillator to the “OSCILLATOR™ input of
the Distortion and Noise Meter, place the
“DISTORTION-NOISE LEVEL" switch on
“CAL.” and adjust the "CALIBRATE" con-
trol for a full-scale meter reading. This set-
ting should remain unchanged.

2. Adjust the input to the equipment under test

to the desired level, remembering that output

must be within the limits specified in input
levels above.

Place the “DISTORTION-NOISE LEVEL"

switch on “0,” the “INPUT" switch on ap-

propriate position, and adjust the "AMPLI-

TUDE" controls for full-scale deflection of

the meter.

4. Place the “DISTORTION-NOISE LEVEL"
switch on “100™ and adjust the “PHASE"
controls until meter rcading is below the cali-
brated portion of its scale. Turn the “DIS-
TORTION-NOISE LEVEL" switch to “30"
and by further adjustment of the “"PHASE”
and “AMPLITUDE" controls, obtain a mini-
mum meter reading, turning the “DISTOR-
TION-NOISE LEVEL" switch for increased
sensitivity as required.

With the sclector switch placed on “CAL,” during
distortion measurements, the meter reading may vary
with the position of the “PHASE™ controls. This is
a normal characteristic resulting in an error of not
more than 10 percent. on the “% DISTORTION™
scale indication. In order to eliminate this error, place
the selector switch on “CAL,” after adjusting the
phase controls for a balanced condition and readjust
the “"CALIBRATE" control for a full scale meter in-
dication. A slight readjustment of the “FINE™ am-
plitude control will then be necessary for the final bal-
ance.

After obtaining an exact balance, the amount of
total distortion is obtained by reading both the
“meter” and “switch™ scales. After a reading has
been taken, the switch should be returned to the
“CAL.” position before making any adjustments to
the equipment, in order to protect the meter.

CIRCUIT LOADING The output of the Type
68-A Bcat Frequency Oscillator should terminate in
the correct impedance in order to secure minimum
distortion of the oscillator signal. The correct term-
inating impedance is indicated at each pair of output
terminals. To illustrate, an impedance of 500 ohms
should be connected between the two terminals
marked 300, or an impedance of 250 ohms between
each terminal marked 3500 and the center tap term-
inal. The Type 89-A Attenuator Panel will provide
proper impedance loading.

22
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EFFECT OF NOISE ON DISTORTION MEAS-
UREMENTS- - The Type 69-C Distortion and Notse
Meter indicates the r-m-s total of all components of
the input signal which fall within the limits of the
frequency range. The exception is the fundamental
frequency component, which is cancelled by the volt-
tage taken directly from the oscillator. The reading
of the meter will therefore include the following com-
ponents:

Frequencies for 1,000 cycle modu-
lation (60-cycle power supply)

(1) Harmonics ... 2,000, 3,000, 4,000..20,000, etc.
(2) Modulation 1,000 4 60 = 1,060

cross products 1,000 60 940

between hum 1,000 + 120 = 1,120

and funda- 1,000 120 880

Component

mental ...... 1,000 = 180 ctc.

(3) Modulation 2,000 = 60 = 2,060 and 1,940
cross products 2,000 = 120 2,120 and 1,880
between hum 2,000 == etc.
and harmonics 3,000 = 60 3,060 and 2,940

3,000 = 120
3,000 = etc.
4,000 = etc.

(4) Hum compon-
ents ......... 60, 120, 180, etc.

(5) Noise compon-
ents ......... All frequencies

The Distortion and Noise Meter sums all these
quantities and thus indicates, as percent. distortion,
the ratio of the sum of all undesired components to
the fundamental frequency component. If it is de-
sired to determine the distortion due to the harmonic
and cross product components alone, either of two
methods may be used.

One method is to operate the equipment under test
at a high output level, which results in making the
hum and noise components negligible compared to the
other components. Another method is as follows:

1. Measure distortion in the normal manner at the
destred output level.

7. Measure the noise level in decibels, using the
same output level as a reference level.

3. Convert the reading in decibels to percent.; for
example, —40 db = 1%, — 60 db = 0.1%.

4. These values may then be substituted in the fol-
lowing equation:

R = \I D*-N?

Where H = total harmonic and cross section
distortion in percent.
D distortion percent. obtained as
per (1).
N noise (in percent.) obtained as

per (2) and (3).

When making distortion measurements, it should
be kept in mind that the noise level in the output of
the beat frequency oscillator approximates 50 db be-
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low ! milliwatt and is substantially independent of the
actual oscillator output voltage. While the design of
the distortion meter is such that the effects of noise
and distortion present in the oscillator output tend to
be cancelled out, in most cases the cancellation will
be more complete for the distortion than for the noise
components.

Therefore, it is desirable to operate the oscillator at
as high an output as practicable, thus improving the
signal to noise ratio to the point where the noise out-
put of the oscillator (expressed in percent. of signal)
is small compared to the percent. distortion being
measured. High oscillator output may not always be
consistent with the input voltage requirements of the
meter, but this difficulty can readily be overcome by
the use of one or two attenuator pads or the 89-B
attenuator panel.

When operating the Noise and Distortion Meter at
a point remote from the oscillator, the effects of noise
and distortion in the line may be great enough to
seriously affect the accuracy of the measurements.
Hence this type of operation is not recommended.

Normally, when taking measurements near O or
180 degrees phase shift, a balance cannot be obtained
at frequencies which are transmitted through the
equipment under test with phase shifts which fall
within these narrow limits. This, however, can be
overcome by inserting a capacitor in series with one
of the two outside terminal connections (not the cen-
ter tap) between the distortion meter and oscillator.
The value of the capacitor and the choice of which
connection to use is best decided by trial.

MAINTENANCE

Service generally consists of replacing tubes which
have become defective through usage. All tubes
should be tested at regular intervals in a tube tester.

The Distortion and Noise Meter is protected by a
1.5-ampere fuse. Should the clips holding this fuse
become unduly heated through improper contact, the
fuse will blow. Hence the holding contacts should be
free from foreign matter and hold the fuse firmly
in place.

Figures 4 and 5 show respectively the top and bot-
tom view of the chassis, with the components com-
prising the circuit identified by numerals correspond-
ing to like values on the list of spare parts. This
facilitates replacement of circuit elements which have
developed a breakdown. Schematic circuit and con-
nection diagrams are shown in Figures 6 and 7.

Resistance elements through constant usage, some:
times become altered in value. This change, if suf
ficiently. great, will affect operation in that portion of

the circuit in which the resistance element is located.

Check tube socket voltages against the values in
the table below. In event that the check on the tubes
does not remove the cause of fault, disconnect the
Distortion and Noise Meter from its source of power.
With an ohmmeter, check through the entire equip
ment for continuity.

If such procedure shows the circuit to be intact,
then check each element therein with the ohmmeter
and compare the resistance readings of the resistors
against the corresponding resistor given in the spare
parts list.

In testing capacitors for open, short and leaky cir-
cuits, it is necessary to remove one side of the capac-
itor under test from the circuit in which it is con-
nected. The probes of the ohmmeter are then placed
across the terminals of the capacitor under inspection
and from the nature of the ochmmeter deflection, the
condition of the capacitor can readily be ascertained.

TUBE SOCKET VOLTAGES

(120-volt line, fuse in 120-volt position)

All voltages except filament are d-c to ground, measured with a 20,000-ohm-per-volt voltmeter.

Tube

GCH | oo dlboo ol TR 1T oo L T T

VRI05/30 oo

\YRISO/AOL 15 08000000000 000 NN R
Amperite 6- 8 ... ... L

]

E, Ee E, ENte Ei&
120 37

ob 120 3.5

6.3 152 112 38

6.3 152 112 3.8
105 6 250 11
d-c out == 357, a-c pl. to pl. 600 volts r-u
105
255



PARTS LIST
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ITEM DESCRIPTION R ITEM DESCRIPTION SECek
C-1 Omitted .. R-39 Resistor—11,000 ohms, 12 watt | 19738
C-2 Capacitor—47 mmfd. 13141 R-40 Potentiometer . 19798
C-3 Capacitor—56 mmfd. 12723 R-41, R-42 Resistor—1,000 ohms, 1/3 watt | 19739
C-4 Capacitor—0.25 mfid. 30849 R-43, R-44 Resistor—10,000 ohms, 2 watts | 19740
C-5,C-6 Capacitor—2 sections 15 mid., R-45 Resistor—47.5 ohms, 14 watt | 19741
1 section 40 mfd. . 34150 R-46 Resistor—103 ohms .. 19772
C-7 Capacitor—2 sections 10 mfd,, R-47 Resistor—8.1 ohms 19773
| 1 section 40 mfid. 33865 R-48 Resistor—316 ohms 19774
C.8 Capacitor—560 mmf{d. 39646 R-49 Resistor—Same as R-14
C-9, C-10 Capacitor—Same as C-4 R-50 Resistor—81 ohms 19775
C-11, C-12,C-13 | Capacitor—Same as C-7 R-51 Resistor—3,160 ohms 19776
C-14 Capacitor—Same as C-4 R-52 Resistor—10,300 ohms . 119777
C-15 Capacitor—Same as C-7 R-53 Resistor—100,000 ohms, 14
C-16 Capacitor—Same as C-4 watt . 3252
C-17 Capacitor—Same as C-7 R-54 Resistor—470, 000 ohms, 14
C-18 Capacitor—0.025 mfd. 30859 watt 30648
C-19, C-20 Capacitor—Same as C-7 R-55 Potentxometer—z 000 ohms 19799
C-21 Capacitor—3 sections 40 mfd. R-56 Resistor—1,000 ohms 4687
each 19805 | R-57 Resistor—120,000 ohms 30180
C-22 Capacitor—Same as C-4, 2 req. | R-58 Resistor—22,000 ohms, 12 watt | 30492
C-23 Capacitor—0.01 mfd. 19801 R-59, R-60 Resistor—6,800 ohms 14659
C-24 Capacitor—0.05 mfd. 19802 R-61 Resistor—220,000 ohms, 14
C-25 Capacitor—0.25 mid. 19803 watt 14583
C-26 Capacitor—1.0 mfd. . 19804 R-62 Resxstor—Same as R-56
C-27,C-28,C-29 Capacitor—2 sections 15 mfd, R-63 Resistor—Same as R-57
1 section 5 mfid. 19806 R-64 Resistor—22,000 ohms, 1 watt | 30736
C-30 Capacitor—Same as C-5 R-65, R-66 Resistor—Same as R-59
C.3 Capacitor—1 section 40 mfd. | 19807 R-67 Resistor—Same as R-61
C-32 | Capacitor—Same as C-7 R-68 Resistor—1,800 ohms, 15 watt | 30930
C-33 Capacitor—100 mfd. 12720 | R-69 Resistor—27,000 ohms, 1 watt 13477
C.34,C-35 Capacitor—3,900 mmifd. 13763 R-70, R-71 Resistor—27,000 ohms 30409
C-36 Capacitor—3,300 mmfd. 4881 R-72 Resistor—470,000 ohms, 4
C-37 Same as C-36 watt . 30648
LA Omitted R-73 Resxstor—l 800 ohms 19742
L.2,L-3 Filter Reactor 19812 R-74 Potentxometer—lZ 000 ohms 19800
M-1 Meter 44311 R-75 Resistor—40,000 ohms 44313
R-1 J Resistor—180,000 ohms, 2 R-76 Resistor—1,000 ohms 19744
| watts .. 19734 R-77 Resistor—3,700 ohms 19745
R-2 Resistor—10,000 ohms 13097 R-78 Resistor—1,500 ohms, 2 watts | 19746
R-3 Resistor—1.29 ohms 19778 R-79 Resistor—3,300 ohms, 1 watt 30150
R-4 Kesistor—3,300 ohms 30150 R-80 & S-7 Potentiometer 19796
R-5 Resistor—18,000 ohms 19779 R-81, R-82 Resistor—Same as R-58 .
R-6 Resistor—8,750 ohms 19757 R-83 Resistor—430 ohms, 15 watt . | 19781
R-7 Resistor—2,270 ohms 19755 R-84 Resistor—470 ohms, I5 watt 19782
R-8 Resistor—2,165 ohms 19754 R-85 Resistor—560 ohms, 14 watt 19783
R-9 Resistor—544 ohms 19751 R-86 Resistor—620 ohms, 14 watt 19784
R-10 Resistor—170 ohms 19747 R-87 Resistor—910 ohms, 15 watt 19787
R-11 Resistor—10,800 ohms 19758 R-88 Resistor—1,300 ohms, 15 watt 19790
R-12 Resistor—4,930 ohms 19756 R-89 Resistor—680 ohms, 14 watt 31024
R-13 Resistor—2,100 ohms 19753 R-90 Resistor—300 ohms, 14 watt 19780
R-14 Resistor—1,030 ohms 19752 R-91 Resistor—Same as R-84
R-15 Resistor—538 ohms 19750 R-92 Resistor—Same as R-85
R-16 Resistor—290 ohms 19748 R-93 Resistor—Same as R-41
R-17 Resistor—360 ohms 19749 R-94 Resistor—1,200 ohms, 14 wa:t 19789
R-18 Resistor—1,120 ohms 19759 R-95 Resistor—1.800 ohms, 15 watt | 19792
R-19 Resistor—1,700 ohms 19760 R-96 Resistor—Same as R-83
R-20 Resistor—Same as R-8 R-97 Resistor—Same as R-87 ‘
R-21 Resistor—1,600 ohms 19761 R-98 Resistor—750 ohms, 14 watt = | 19785
R-22 Resistor—1,500 ohms 19762 R-99 Resistor—820 ohms, 15 watt 19786
R-23 Resistor—Same as R-17 R-100 Resistor—Same as R-94 ‘
R-24 Resistor—412 ohms 19763 R-101 Resistor—Same as R-95 ‘
R-25 Resistor~—260 ohms 19764 R-102 Resistor—2,700 ohms, 14 watt 19793
R-26 Resistor—308 ohms 19765 R-103 Resistor—Same as R-99
R-27 Resistor—154 ohms 19766 R-104 Resistor—1,600 ohms, 14 watt = 3560
R-28 Resistor—Same as R-16 R-105 Resistor—1,100 ohms, 14 watt 19788
R-29 Resistor—1,390 ohms 19767 R-106 Resistor—1,600 ohms, 14 watt 19791
R-30, R-31 Resistor—1,300 ohms 19768 | R-107 Resistor—3,000 ohms, 1, watt 19794
R-32, R-33 Resistor—1,100 ohms 19769 R-108 Resistor—9,100 ohms, 42 w-att | 19795
R-34 Resistor—900 ohms 19770 R-109 Potentiometer 19797
R-35 Reststor—1,000 ohms 19771 R-110 Resistor—82,000 ohms, 14 wratt | 8064
R-36 Resistor—13,500 ohms, 14 watt (19735 R-111 Omitted
R-37 Resistor—100,000 ohms, 14 R-112, R-113 Resistor—68 ohms, 1/, watt | 32808
watt 19736 R-114 Resistor—330 ohms, 14 watt | 30538
R-38 Resistor—91,000 ohms, 14 watt | 19737 R-115 Resistor—56,000 ohms, 14 wwatt | 30650
| -




PARTS LIST—Continued

ITEM DESCRIPTION S;fod‘ ITEM | DESCRIPTION S;Io:k
S-1 Switch—1 section, 5 positions { 19818 Binding Post (marked
S-2 Switch—2 sections, 8 positions | 19813 " " 4857
. y A HIGH") and
S-3 Switch—2 sections, 10 posi- 4605
tions e (19814 Cover—Insulating for capac-
S-4 Switch—3 sections, 12 posi- itor . .. | 28451
tions C............. | 19815 Fuse Mounting 4774
S-5 Switch—2 sections, 4 positions | 19817 Fuse—2 amperes 3883
S-6 Switch—6 sections, 12 posi- Grid Cap . 30314
: | Insulator 16531
tions ... .. .. .. . 19816
S-7 Included in R-80 ] Jack Assembly 30079
Ge : l Knob (small size) 4323
T-1 Bridging Transformer, XT- Knob Assembly (medium size) | 17268
3100 . T 19809 Knob Assembly (large size) . | 17269
T-2 Balancing Transformer, XT- Lamp S - s , 11891
3103 19810 Motor Connector Base | 23225
T-3 Mounting Plate ...... 19820
T-4 Input Transformer, XT-3118 | 19811 Mountlir}g Plate 28452
T-5 Power Transformer, XT-3150 | 19808 C - e R it
G5 Scale—Dial for meter No. |
44311 44312
MISCELLANEOUS Tube Socket 18467
Lo Tube Socket 31769
Binding Post (marked “O”) 4860 Tube Shield Top 4629
Binding Post (marked Tube Shield 3682
“LOW™ . ... .. ... 4606 | Tube Shield 3950
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Figure 5—Chassis and Panel Assembly, Bottom 1iew
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Figure 8—Input Circutt
(Schematic K-849107)
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Figure 9—Distortion Measurement Circuit
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Figure 10—T ypical Attenuator
(Schematic K-841775)
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DISTORTION METER
REAR VIEW
® ®
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FLEXIBLE CONNECTIONS INSIDE
OSCILLATOR CONNECT TO 250
OR 500An AND C. T TERMINALS.

TYPE 68A OR 68B -~
BEAT FREQUENCY (_) | 5000CONNECT TO AP-
OSCILLATOR, o~ PROPRIATE TERM.
() | 500 OR JACKS ON
. OSCILLATOR.
7N
JACKS L [259
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o - O a0
— () |s00 INPUT TO
e EQUIP. UN-
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DISTORTION
ME TER
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—-© O © O
)
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- J L \ )
L )
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AUDIO OR MODULATED R.F.
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Figure 13—Distortion Meter Connections Using Patch Cords
(M-428505)
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