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OPERATING INSTRUCTIONS
FOR

TYPE 636-A
WAVE ANALYZER

PART I
PURPOSE

This wave analyzer is intended for
the measurement of individual periodic
components of a comDlex voltage wave, such
components having amplitudes between 200
microvolts and 200 volts and having fre-

quencies between 20 cycles and 15,000
cycles. It is, essentially, a sensitive
vacu~~-tube voltmeter with an extremely
sharp frequency characteristic.

PART II
PRUCIPLE

-TUN'EO
--. 5Q.OQO~C'l'CL£

AMPLIFIER
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two grids this balance is destroyed and
the carrier reappears.

CAU13RA'TED
HETE.RO()VNING~

OSCILLA'TOR
5UPP~YI~ARRIER(P)

AT F'REOVENCV OF "(......
50.000 CYCLE.S MINUS

FREOUE"*CY Of' COMPONENT
01" Q VNO'lal~ ANAL"61$

2.1 The Type 636-A Wave Analyzer is
of the heterodyne type. The incoming sig­
nal is mixed in a push-pull detector with
a carrier signal whose frequency is con- 2.3 If a sinusoidal signal is
trolled by the large dial on the front applied from grid to grid, a half sinu­
panel. When the carrier is so adjusted soidal pUlse of high frequency appears,
that the sum of its frequency and that of from plate to Dlate of the detector, for
one of the components of the signal equals every half cycle of the signal, resulting
50,000 cycles the resultant signal is in a modulated wave having a scallop­
passed through a highly selective two- shaped envelope. Quite clearly the ampli­
section quartz-crystal filter and its tude of this envelope is proportional to
a~plitude measured on a meter. the peak amplitude of the sinusoidal sig-

nal in just the same ratio as the un­2.2 The detector is so designed that
the effective mutual conductance of the balanced carrier output was proportional

to the unbalancing d-c bias in the ore-
~~~~ va~~e~ilii~:ar~~ti~~~h~~~mgr;~g~~~t; ceding example. It is easy to show that
that the carrier signal is applied simul- the detector output described above is
taneously to the two grids in the same built up of two side-bands differing frOm
phase. 'This means that (except for lack the carrier frequency by the frequency of
of balance between the tubes and between the modulating signal, the carrier itself
wiring capacities,' both of which may be being suppressed. These two side-bands

have peak <intensities equal to one-halfcorrected for by the C and R balance ad-
justments) the carrier signal is complete- the peak envelope a~plitude.

ly balanced out of the amplifier. If a 2.4 This may sound a little compli­
fixed d-c voltage is applied between the cated, but the result is si~ple: the

INPuT VOLTAGE(Q) r-""'-T"""'l
CONTAINING COMPONENTS

A,..VWH£,RE BETWEEN

.Z"~:~Hij~~~~+--E-~;"-+

FIGURE 2.
operating

Functional diagram showing the
principle of the wave analyzer
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FIGURE 3. Schematic wiring diagram
for Type 636-A Wave Analyzer

ratio of single side-band amplitude to sig­
nal amplitude is numerically one-half of
the ratio of unbalanced carrier to unbal­
ancing bias (for simplicity all voltages
considered are peak rather than r-m-s).
This suggests an obvious method of calibra­
tion. Let one volt (d-c) be applied from
grid to grid. Let the amplifier gain be
adjusted to give a unit deflection when
tuned to the unbalanced carrier. It fol­
lows that a unit deflection when obtained
from a sinusoidal input signal by tuning
to the upper side-band, will signify a
peak signal amplitude of 2 volts. It also
follows that the calibration is entirely
independent of detector tube characteris­
tics.

2.5 In practice, this principle has
been used with slight modification. At the
factory a low-frequency signal of 2 volts

-2-

root-mean-square is applied and the ampli­
fier gain is adjusted to give a full de­
flection on the meter when set on the 2­
volt scale. A calibrating bias is then
provided which will give the same reading
due to the related carrier unbalance. This
bias is obtained by a voltage divider pla­
ced across the filament voltmeter as indi­
cated on the schematic, Figure 2.

2.6 The amplifier has been nrovided
with a calibrated attenuator (labeled ME­
TER SCALE) which merely changes the gain
by known amounts.

2.7 It will be noticed that the ar­
gument given above makes no mention of the
values of detection coefficients or of am­
plifier gain. Both are taken into account
automatically by the calibration.
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PART III
DESCRIPTION OF PARTS

AMPLIFIER, ATTENUATOR,
~~ CRYSTAL FILTERS

FIGURE 4. One of the 50-kc quartz bars

CAUTION
CAUTION

The trimmer condensers have been
carefully adjusted at the factory and
should not be disturbed.

CAUTION
Under no circumstances must the

adjustment of thi~ rheostat be change~

To do so will upset the entire calibra­
tion of the instrument. To reset it
requires that the entire instrument be
returned to the General Radio Company
for recalibration.

---
3.22 The audio-input circuit in-

cludes a 100,000-ohm plug-type resistor
mounted on clips near the input terminals.

3.23 The external multiolier is a
la-megohm metallized resistor shielded in
such a manner as to minimize direct cap­
acitance. Measurements at 50,000 cycles
indicate that this direct capacitance is
snaller than 0.1 UUf which is entirely
negligible at the 15,OOO-cycle uoper limit
of the instrument. This resistor has been
checked at the factory within 5%, but it
may age and for precision work should only
be relied upon for comparative values
unless it is recalibrated. It's multiply­
ing factor is xlOO.

3.30 The oscillator has been
arranged to give a constant amplitude over

3.14 The amplifier itself is very
carefully shielded to avoid regeneration
in the high-impedance carrier-frequency
circuits. This i~-Darticularly necessary
around the grid circuit of the second tube
3ince the resonant crystal impedance is of
the order of 1/2 megohm. The tuned im­
pedance coupling units are contained in
the square alQrninum cans.

DETECTOR AND AUDIO-I::PUT
CIRCUIT - EXTERNAL MULTIPLIER

3.21 The
detector
assembly

contains the detector circuit itself and
the audio-input transformer. On the lower
half of this shelf there is a 200-ohm
rheostat which has been provided for cal­
ibration purposes at the factory. It con­
trols the unbalancing bias mentioned in
2.4 and 2.5.

3.13 The volume control (VOL) of the
,amplifier con~ists of a 20,OOO-ohm rheo­
stat which governs the grid bias of the
first amplifier tube.

3.12 The crystals are mounted in
the two sealed boyes, one of which is
shown in Figure 4. Baffles are pro­
vided to minimize radiational damping.
These have been carefully adJ ust3d to
give half-wavelength gaps and should
not be moved. Each crystal is sup­
Dorted on the base by a narrow strip
of felt and at the top by a small
square of felt held in place by a set­
screw. It is not anticipated that the
crystals will ever get out of adjust­
ment and neither the seals nor these
setscrews should be touched unless the
user has positive evidence that the
crystals have fallen out of al1gn:,lent
and then only after communicating with
the Service Department of the General
Radio Company.

•

3.11 The ampli­
fier assembly
contains a

lOO,OOO-ohm attenuator marked METER SCALZ
MULTIVOLTS, two 50-kc crystals, two stag~

of amplification, and a tube voltmeter. It
will be noticed from Figure 3 that thu
first of the two crystals is terminated by
the attenuator which serves to damp it
electrically. This is done primarily for
the purpose of making the align~ent be­
tween the two crystals less critical.
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controls consist of
mentioned under 3.30

its frequency range. The tuning concenser
is made up of five condensers in Darallel,
a Type 505 mica unit, a small trim~er con­
denser which is adjusted at the factory,
the main tuning condenser which has 2700

rotor plates cut to give a well distribu­
ted scale, a zero-adjustment condenser
(FREQ) mounted under the calibration door,
and a small single-plate condenser (FINE
TUNING) for very fine adjustments. Ad­
justment -of this condenser can shift the
frequency by approximately + 15 cycles.
From this the importance of a frequency
change caused by moving this knob away
from the mark can be estimated.

3.40 The panel
the two condensers
and the fOllowing:

DET ADJUST1GNT: R is a 20,000­
ohm plate-to-plate potentiometer diluted

by 75,000-ohm series resistors. See 2.2
and 4.24 to 4.27.

DF'i' ADJUSTMENT: C is a three­
plate split condenser for balancing dis­
tributed wiring capacities. See 2.2 and
4.24 to 4.27.

FIL is a 0.5-ohm filament rheo­
stat for adjusting the filament voltage to
5.75 volts.

CALIBRATION: USE-CAL is the
switch for controlling the grid-to-grid
unbalancing voltage. It should be left in
USE position except during the operation
of checking the calibration. See 2.5 and
4.23 to 4.29.

CALIBRATION: VOL see 3.13 and
4.23 to 4.28.

VM ZERO is a 20,000-ohm rheo­
stat used for balancing out the voltmeter­
plate current. See 4.22 and 4.32

l~~ER SCAU; MILLIVOLTS see 3.11
and also Figure 3.

PART IV
OPERATION

USE-CAL knob to CAL
full-scale deflection
step can be omitted,

experience has shown

4.25 Shift the
and adjust VOL for
of the meter. This
if desired, after
when it is helpful.

4.23 Next, check the zero-frequency­
calibration adjustment by turning METER
SCALE to the 2000 millivolt position, the
main dial to zero, FINE TL~ING to the
mark, VOL as far countercloclcwise as it
will go, and USE-CAL at USE. Adjust the
FREQ knob for an approximately maximum de­
flection. This should be done slowly so
as not to miss the very sharp response
point, but no great effort need be made to
secure the exact maximum. If the meter
reads off scale, an adjustment of C and R
will bring it back. If no repponse point
is found, increase the gain by turning the
VOL knob or METER SCALE or both.

4.22 First, the plate current of the
vacuum-tube voltmeter should be balanced
out by adjusting the VM ZERO knob, after
the main tuning control has been set to
some point well removed from zero.

4.26 Sllift USE-CAL back to USE and
very carefully adjust the C and R knobs
for a minimum deflection, turning back the

4.24 The detector must now be bal­
anceh to oliminate carrier, see 2.2. With
l~TER SCALE set at 2C00 milliVolts adjust
the C and R knobs for an aDproximate bal­
ance as indicated by a minimum reading
(less than 1/4 scale) on the voltmeter.

TO PLACE IN OPERATION 4.1 Place in-
str~~ent on back

and remove front panel from cabinet. Place
tubes in proper sockets as follows: the
oscillator and detector brackets should
have 41-type tUbes, the large amplifier
assembly should have two 78!s, and a 37
should be placed in the left-imnd socket,
looking from the rear. Replace the unit
in the cahinet, pulling the battery cable
through the hole in the shelf. COnnect
the yellow lead to B-, the blue lead to
67.5 volts and the slate lead to +135
volts. Provision has been made for cl~mp­

ing three Eveready #872 batteries in the
lower compartment. To clamp these in
place, first remove the two side blocks,
put the batteries in place, and replace
the blocks. Connect to a 6-volt storage
battery and adjust the rheostat to give
5.75 volts on the filament. This adjust­
ment is important since the entire cal­
ibration depends linearlY upon it.

SELF-CONTAINED 4.21 This method of
CALIBRATION l~THOD securing the voltage

calibration is the
one discussed in 2.2 to 2.5 and requires
no external voltage standard. The de­
scription of this method is purposely
given in great detail, and the first time
the instrument is used particular pains
should be taken to follow every direction
carefully. Later on, after one is famil­
iar with the procedure and understands the
operating principle of the instr~ment,

short cuts can be considered. See also
4.31 for an optional method.
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PRECAUTION AGAINST
DETECTOR OVERLOADING

METER SCALE knob as increased sensitivity
is required. If this adjustment be made
with sufficient care, a meter reading of
less than 20 millivolts can be obtained
and the maximum error due to residual un­
balance will be less than 1%. If less
tare be taken, the error can become cor­
respondingly larger though not necessarily
so because, the balance being vectorial,
questions of phase enter in. An attempt
to reduce this error to below 1% is seldom
jusitifiable, and in making extremely
precise measurements by the SUbstitution
method (5.2) the balance is not required.

4.27 The C and R adjustments are in­
herently critical, but it is necessary to
have them adjusted closely during calibra­
tion only. Should they become disturbed
slightly after calibration, no harm will
be done (except when very low frequency
signals - 20 cycles or less - of small
amplitude are being measured. In this
case any residual unbalance tends to ap­
pear as an interfering signal, and the
balance should be made as perfect as
possible. See 5.52 for additIonal comment
on interfering signals).

4.28 Set the METER SCALE in the
2000-millivolt or CAL position and the USE
-CAL knob at CAL. Adjust VOL for an ex­
actly full-scale deflection after recheck­
ing the tuning by turning the FINE TUNING
control for maximum def~ection. See 3.30
for the effect of the latter on the fre­
quency calibration.

4.41 In order to
avoid overloading
the detector, no

. signal having an amplitude of more than 2
volts (200 v when using the external
multiplier) should be applied. In par­
tiCUlar, measurements on the harmonics of
a signal should not be attempted until the
fundamental has been reduced to 2 volts by
external means. If this is not done,
spurious frequencies may be introduced by
the detector; frequencies corresponding to
third, fourth, and higher order products.

4.42 The detector has been arranged
to give essentially pure second order mod­
Ulation, i.e. the output contains the
terms P+Q and not the terms P+2Q and P+3Q;
P being the carrier frequency and Q the
signal frequency. The term P+2Q (which
gives rise to a reading with the tuning
dial set at 2Q even though no 2Q is pres­
ent) is to some extent balanced out by the
push-pUll detector arrangement; if the de­
tector were perfectly symmetrical, none
would be present. The term P+3Q is small­
er in &~Plitude but is not balanced out.

4.43 These products (P+2Q and Pt3Q)
are less than 1/30 of 1%, a suppression of
70 db with not more than a 2-volt signal
applied to the INPUT terminals.

4.44 As noted in Section 6.24 the
detector tubes are matched at the factory
to prevent an excessively high unbalanced
condition to Pt2Q.

4.32 Before calibrating by this
method, the vacurnn-tube-voltmeter plate
current must be balanced out as described
in 4.22. It is also a good idea to bal­
ance out the carrier as described in 4.26,
although the precise adjustment for bal­
ance is not required unless signals of low
amplitUde and low frequency (less than 20
cycles) are under measurement (see 4.27).

FREQUENCY CHARACTERISTIC 4.5 Figure 5
shows the fre­

quency characteristic of the analyzer. The
errors are nearly entirely due to the in­
put transformer. When it is thought nec­
essary. corrections may be made on the
data by applying the factor indicated on
the curve for the frequency considered.

MULTIPLIER 4.61 In case it is desired
to measure a voltage between

2 and 200 volts, the lO-megOhm mUltiplier
provided with the instrrnnent should be
used. This multiplier, as shipped, is
accurate to +5% but due to the aging in­
herent in such high resistance resistors,
the unit should not be used for absolute
but only for relative voltage measurements
unless its valve is checked frequently.
See 3.23 for effectiveness of shielding.

4.62 Care should be taken to keep
correspondence between the ground ter­
minals of the analyzer, multiplier, and
circuit under test.

the USE-CAL switch to
close the door, and the
readY to operate.

4.29 Return
carefully

analyzer is

OPTIONAL METHOD
OF CALIBRATION

USE,
wave

4.31 In place of this
method, which is en­
tirely self-contained

in the instrrnnent, it is obviously possi­
ble to calibrate by applying a signal of
kno,vn amplitude and any convenient fre­
quency and then adjusting the VOL control
until the instrlli~ent reads correctly. Due
to the smallness of the frequency error,
this one check will hold over the range of
the instrrnnent.
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FIGURE 5. Frequency characteristic. See 4.5

PART V
SUGGESTIONS AS TO USE

o
300 aoo 100 0 100 lOO ~oo

IIf (CYCLES Off RESONANCE)

FIGURE 5.0ver-all response characteristio
of the quartz-crystal filter.

ground terminal to the negative plate­
supply terminal of the amplifier and con­
necting the multiplier to successive grids
and plates merely taking precautions to
use as short a lead as necessary but dis­
regarding the effect of grid biases and
plate-su~ply voltages. This process per­
mits a stage-by-stage study of gain, dis­
tortion, and power-supply noise.

SELECTIVITY 5.51 The selectivity curve
is given in Figure 5. (This

particular curve was computed from Q meas­
urements on the two crystals as used in
the experimental model. The curve has

MEASUREMENT OF DISTORTION 5.1 In meas-
uring har-

monics, it is often desired to express
these as percentages of the fundamental.
One convenient way of doing this consists
in adjusting the fundamental by external
means to a deflection of 1000 millivolts
(1 volt) after which the harmonic percent­
ages are determined directly by taking
one-tenth of the meter readings.

5.2 The accuracy of the instrument
has been placed at 5% when used as a di­
rect-reading voltmeter. In case much
greater accuracy is needed for some par­
ticular case, external calibrating volt­
ages may be applied in the same way that
this is done with analyzers using the sub­
stitution method. This process is un­
wieldy, but in one case out of a hundred
may be desirable.

USE AS VOLTMETER 5.3 Perhaps it is de-
sirable to call atten­

tion to the fact that the analyzer can be
used to measure the magnitude of voltag~s

as well as their relative values. This ~
prove convenient in some cases.

5.4 The la-megohm external multi­
plier should be an exceedingly useful tool
in practical cases since it permits the
analyzer to be connected to a circuit with
little regard for that circuit's impedance
and without bothering about d-c. For ex­
ample, one might go down the stages of an
amplifier grounding the low potential or

o..
z
o
- 0

t- "<I:
::>
z
IU
t-
~o

N

i"- /
"'- V

1\ '/

\ /

-
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been checked experimentally at a n~~ber of
points on this first 'model and on several
subsequent ones and found to be remarkably
uniform. It will be noticed that a sep­
aration of 60 cycles corresponds to a dis­
crimination of about 54 db or about 500 to
1. In some cases, this selectivity is not
sufficient to pe~nit the interfering fre­
quency to be entirely neglected. In
others, the deflection due to the inter­
fering frequency may look unduly large and
yet may have little effect on the accuracy.

5.52 Figure 7 has been included to
S>lOW the magnitude of these errors and
also to facilitate corrections if one de­
sires to make them. Such corrections may
be necessary in measuring very small
power-frequency modulation and in similar
extreme cases.

5.53 Assuming that the volt~eter

reads r-m-s voltage, we can allow for the
error due to interfering signals through
the curve.

s - signal amplitude in volts.
b = voltage reading when tuned to sig­

nal.

a = voltage reading due to interfering
signal when slightlY detuned.

c = difference between these two read­
ings. It is the vol tace increment
when the signal is tuned in.

To find signal amplitude, s,
c

L Meas1Jre b
2. Detennine~ from Figure 7 and mul­

tiply by b.

CARRiER E~JELOPE 5.6 The wave analyze0
Aj\1ALYblS in conjunction with a

linear rectifier, can
be used to r11eaSUre the d is~ort i on in the
envelope of a modulated rad io-freq'Jency
wave. Those interested are referred to
the General R'ldio EXDerimenter for Febru­
ary, 1836: Vol. X, No, 8.

FILTER MEASUREJ,':ENTS 5.7 On nany types
of electric-wClve

filters, aCC',Ta te eas')re'~:ents are css i-
ble unless a sharDly-t'med voHT'eter is
nsed. This subject is dJscussed iTl the
General Rad io EXDcri":enter for },Iarcll, 193b:
Vol, IX, No. 10 •

•

•

,

ll.01t,
0.001

, 1 8 , 10

0-01
c
b

N+ ,.;..4-,
it' HL< +:;::tJ

+--;'--+'4

+ti

(
INCREME.NT)
RMS TOTAL

1 8 9 10

0.1
7 8 9 10

1.0

FIGURE 7. Curve from which effects of interfering
signals can be comD1Jted. See 5.53
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PART VI
S,RVICING

BATTERIES 6.1 Plate batteries SllOUld
be replaced when they drop be­

low 110 volts. 'fhe filament batter:; meter
is a dual-range instrument, pusllinG the
button gives a measurement of plate-battery
voltage.

TUBES 6.21
the

(Jons as noted

Tubes have been sent with
instrument for several rea­
below.

impressine: a cDrefully filtered sinusoidal
input signal of 2 volts on tho input and
tuninc; to tho second harmonic produced in
the detector. It has been found that some
41-type tilDes are markedly microptlonic.
Tay.lping a tube and listening to its mechan­
ic tone is usually sllfflcient to test
for this~ A satisfactory tube wi give a
definite metallic ring; a poor tllbo will
sive evidence of loose elements&

• 6.22 We do not anticipate any need
of frequent replacoment but are attacl1inr;
those notos in case it ever becomos nec­
essamr. If the dolay incurred by return­
ing the instrum8nt to the factory is not
too aerious, we can, of courso, provide
matched sots of tubos at a nominal service
charige.

.23 The Typo 41 Oscillator Tube is
not ical and has a negligible effect
on the frequency calibration. A defective
tube maY be replacod at will.

.24 The TYDe 41 Tube used as detec­
tors,. have to be matclled for two reasons;
tosuDDress spurious third-order modula-•. >.

tion as discussed in 4.42 and to make
possible the complete snppressien of the
carrier frequency with the fairly small
adjustment Drovided, I.e. C and R. Usu­
ally l two tubes out of three will be found
to matCh in this rospect. Shift ing from
ones,ocket to the other at times helps due
to slight lack of symmetry in the detector
outPt,tt transformer. The balance as far
as, PtZQ is concerned can be determined by

G.25 The type 37 tube used as a
voltmeter is not at all critical. As yet
we 118ve not found two tubes differing by
more than 3% and usually the variation is
much less than this.

G.25 The type 78 tubes are not cri­
tical and ""a""n""'y-t"'w"""o=--'r-':':i:-'v-"i-"'n""'g-"7'the proper gain
can be Gubst ituted for those in the in­
C3trumont.

LACK OF' SENSITIVITY G.3 Under abnormally
humid cenditiOl1s tllere

may be a condensation ef meisture on some
of the parts, causing a lacl{ of E3cnr'3itivi­
ty which will make itself evident by fail­
ure to obtain full calibration scale read­
ing by use of tllO volume centrol. In GUCII

a case the instrwnent will be sat isfllctOry
for relative measurements which are suffi­
cient for most purposes. i'l1e defect will
correct itself a few days after the return
of normal weather or can be corrected arti­
ficially by drying the instrument by means
of an incandescent l&'11p of about 25 watts
placed within the cabinet.

RESISTORS

PARTS LIST

CONDENSERS

R-l " 1 M.n.. R-ll " 5000n. C-l " LO J.lf C-IO " 10-70 J.lJjf
R-i:l " 10 Mn. R-12 " 500011. C-2 " 1.0 )11' C-11 " 0.1-0.1 )11'
R"3 " 500.0. R-13 " 0.5 M.n. C-3 " 0.0002 J.lf C-12 = 0.02 )11'
R.;4 " 0.1 M4 R-14 " 0.5 Mn. C-4 " 0.5 lJf C-13 = 0.04 )1f
R"5 " 20,000t:!. R-15 " 75,0004 C-5 = 0.5 lJf C-14 = LO Jlf
R'-6 " 3000.a.. R-16 = 75,000.n.. C-6 = LO lJf C-15 = 0.5 Jlf
R..7 " 30,000.n. R-17 " 5001l. C-7 = 0.5 llf C-16 " 0.5 Jlf

,R'-S " 1000"1- R-lS " Type 301-404 C-S " 70-140 )1)lf C-17 = 300-650 )l)1f
R-9 " 10,000.n. A " 0.1 M1l. C-9 " 10-70 JllJf
R-IO " 20,000-,,-

TUBES

1'1 " Radiotron 41
1'2 " Rad iotron 41

-8-
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