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Model 686@

Specifications

SPECIFICATIONS

FREQUENCY RANGE:
SWEEP RANGE:
RF SWEEP RATE OF CHANGE:

SWEEP TIME:

POWER OUTPUT:

POWER VARIATION:

RESIDUAL FM:
SPURIOUS SIGNALS:
MAXIMUM SWR:
SWEEP MODE:

SWEEP OUTPUT:

SWEEP WIDTH:

FREQUENCY DIAL ACCURACY:

RESIDUAL AM:
MODULATION:

POWER:
DIMENSIONS:

OUTPUT CONNECTOR:
WEIGHT:

8.2 to 12, 4 kme
4,4 mc to 4.4 kme in 7 steps. Continuous control between steps
32 mc/sec to 320 kmc sec in 9 steps

.0139 sec to 139 sec for full band sweep; determined by sweep range
and rate

Adjustable; 0 to at least 10 mw into matched load (swr - 1. 25)

With leveler operating: less than +1.25 db over entire [requency
range, With leveler off: less than x1.5 db over the entire fre-
quency range

Less than 200 kc peak
At least 30 db below cw output
2 or less

Recurrent; externally triggered (20v positive with better than 3v/usec
rate of rise); manually triggered. RF Frequency sweep is linear
with respect to time and is downward from frequency dial setting

Approximately +25v peak sawtooth provided concurrently with swept
rf output for recorder and oscilloscope sweep. Source impedance
10K ohms and 20 pf in parallel

Accuracy: +10% for full band sweep. +25% -15% or +3 mc, which-
ever is greater for other calibrated sweep widths

Linearity: The half-voltage point of the SWEEP OUTPUT occurs
with 5% of mid-frequency

+1%

Greater than 40 db below carrier amplitude

Internal AM: Square-wave modulation continuously adjustable from
400 to 1200 cps. Peak rf output power is within 1db of the cwlevel

External AM: Direct coupled dc to 300 kc/sec; -20 volts or more
reduces rf output level from rated cw output to zero. Input imped-
ance: 750K ohms and approximately 25 pf in parallel

External FM: Approximately 150 volts peak-to-peak required to
modulate full frequency range. 10 cps to 60 cps. Frequency devia-
tion and modulating voltage must be decreased with modulating
frequencies higher than 60 cps. Input impedance: 43K ohms and
approximately 100 pf in parallel; ac coupled

External Pulse: +10 volts or greater pulse required;5 millisecond
maximum pulse length. Peak rf pulse level within 1 db of cw level.
Pulse rise and decay times less than 1 usec. Input impedance:
100K ohms and approximately 45 pf in parallel; ac coupled

115/230 volts +10%, 50 to 60 cps,approximately 540 watts

Cabinet Mount: 20-9/16 in. wide, 12-3/4 in. high, 18 in, deep
Rack Mount: 17-5/8 in. wide, 10-1/8 in. high, 16-5/8 in. deep
X-Band Cover Flange (UG-135/U)

Cabinet Mount: Net 105 lbs, shipping 134 lbs
Rack Mount: Net 105 lbs, shipping 134 lbs

00034-1
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Model 686C

MODEL 686C

ELECTRONIC SWEEP OSCILLATOR

This manual specifically describes 686Cs of the T110 series, and in general describes all 686C
Sweep Oscillators. If, however, the serial number of your instrument is prefixed by T024 or
T044, there are parts of the manual which do not apply to your instrument., If your instrument
carries one of these serial numbers, information specific to your instrument is furnished with
this manual. This supplementary material includes schematics, parts list, and replacement
paragraphs and illustrations for those items in the manualthat do not describe your instrument,
The supplementary data is indexed; paragraphand figure numbers arethe same as those used in

the manual for the corresponding information.

If it is necessary to order a replacement part, consult the supplementary parts list first. If the
component is not listed, use the part number given in Section V of the manual; otherwise, always

use the part number in your supplementary parts list.

00034-1



BACKWARD WAVE OSCILLATOR TUBE WARRANTY CLAIMS AND ADJUSTMENT
PROCEDURE FOR STEWART ENGINEERING COMPANY TUBES SUPPLIED BY

HEWLETT-PACKARD COMPANY

CONDITIONS OF WARRANTY

A backward wave oscillator tube manufactured by Stewart Engineering Company, Soquel, Cal-
ifornia, is warranted by the manufacturer to be free of defects in material and workmanship for
18 months from the date of purchase from #, or 500 hours filament life, whichever occurs first.
Allowances for premature failure within 6 months from the date of shipment from # will be pro-
rated on the basis of remaining guaranteed filament life. Following the 6 month period, allowance
for premature failure will be pro-rated on the basis of remaining guaranteed filament life, or on
the basis of months remaining in this 12 month period, whichever is the lesser credit.

The Hewlett-Packard Company will process warranty claims for % customers on Stewart back-
ward wave oscillator tubes which were supplied by @ as original equipment or replacements for
#instruments. All allowances by the manufacturer will be passed on to the customer,

After expiration of this warranty, all replacement backward wave oscillator tubes should be
obtained directly from Stewart Engineering Company, Soquel, California,

A Stewart backward wave oscillator tube returnable to the Hewlett-Packard Company under
the conditions of this warranty must be packed and shipped according to instructions below,
and must be accompanied by the Warranty Claim on the reverse side of this form. Any chronistor
included in the instrument, mustalso be returned with the Warranty Claim. Please follow shipping
instructions carefully to assure safe arrival of the backward wave oscillator tube since no allow-
ance can be made on broken tubes,

SHIPPING INSTRUCTIONS

1) Carefully wrap the backward wave oscillator tube in 1/4 inch thick ““kimpack’’,
cotton batting, or other soft padding material.

2) Wrap the above in heavy kraft paper.

3) Pack in a rigid container which is at least 4 inches larger than the tube in each
direction.

4) Surround the tube with at least 4 inches of packed excelsior or similar shock
absorbing material. Be certain thar the packing is tight all around the tube,

5) Tubes returned from outside the continental United States should be packed in
a wooden box.

6) Mark container FRAGILE and ship prepaid via Air Freight or Railway Express.
Do not ship via Parcel Post or Air Parcel Post since experience has shown that

fragile items are more apt to be damaged when shipped by these means.
3/9/59

HEWLETT-PACKARD CO. PAGE MILL ROAD, PALO ALTO, CALIF. U.S.A.




BACKWARD WAVE OSCILLATOR TUBE WARRANTY CLAIM

IMPORTANT: -- To expedite your claim, please answer all questions fully since a claim
cannot be processed without adequate information.

FROM:
NAME

COMPANY.

ADDRESS

Person to contact for further information:
NAME

TITLE

COMPANY

ADDRESS

Tube type

Tube used in @ Model

Tube is: Original Replacement
Date tube placed in service

Serial No,

Serial No,

Your Purchase Order No.

Hours service per day (average)

Total filament operation hours

SYMPTOMS: (Please describe nature of trouble)

DATE:

If instrument contains a
chronistor please remove
and attach below

Check if instrument does
I:' not contain chronistor

Date tube received
Date of tube failure
Purchased from

No. of days in service

OPERATING CONDITIONS: (Please describe conditions prior to and at time of failure)

SIGNATURE

IF TUBE WAS NOT OBTAINED FROM HEWLETT-PACKARD COMPANY, PLEASE RETURN
TUBE AND COMPLETED FORM TO WHEREVER TUBE WAS PURCHASED.
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Section I
Paragraphs 1-1 to1-3

For Free Distribution Only
SECTION |
GENERAL INFORMATION

1-1. GENERAL DESCRIPTION.

The & Model 686C Sweep Oscillator is one of several
% Electronic Sweep Oscillators which together cover
major microwave bands as shown in Table 1-1,

Table 1-1. Electronic Sweep Oscillators

@ Model Frequency Range
682C 1.0 to 2.0 kme
683C 2.0 to 4,0kme
684C 4,0 to 8.1 kme

HO1 686C 7.0 to 11.0 kme
686C 8.2 to 12.4 kmc
687C 12.4 to 18,0 kmc

Sweep oscillators are used as signal sources for a
wide variety of laboratory and production tests. They
provide a high level constant amplitude signal that can
be rapidly changed in frequency. Thus they permit
microwave characteristics of systems or components
to be quickly checked over an entire band of frequencies.

The ¢ Model 686C Sweep Oscillator is a refined in-
strument of this general type. It covers the complete
X band from 8.2 to 12.4 kmc and uses a Backward-
Wave Oscillator (bwo) tube to generate the rf signal,

The bwo tube has several advantages over the pre-
viously used klystron-type microwave oscillator tubes
when used in sweep-type oscillators:

The bwo tube output frequency and power level are
determined by the value of the applied voltages only.
There are no cavity or repeller voltages to adjust or
track. There is no tendencyto switch modes of oscil-
lation. Since frequency and power level adjustments
are electronic, all mechanical problems associated
with tunable cavity klystron-type oscillators are elimi-
nated. Controlof frequency and power level is simple,
positive and straightforward. By use of an rf leveler
circuit, which programs the rf power output from the
bwo, output power variations of £1.25 db or less are
realized. Withthe rf leveler inoperative, output power
from the bwo is constant to within +1.5 db, but full
power from the bwo tube is obtained. The rf output
power is continuously adjustable from 0 to maximum,
which is not less than 10 milliwatts into a matched
waveguide load.

The Model 686C Sweep Oscillator is versatile. The
output can be cw, externally amplitude-modulated at
any percentage from 0 to 100%, externally pulse-
modulated, or externally square-wave modulated. An
internal square-wave source provides square-wave
modulation at any frequency between 400 and 1200 cps.
The oscillator can be frequency-modulated or swept
in frequency over any portion or all of the X band
range of 8.2 to 12,4 kme,

00034-1

When used for its primary purpose as a sweep oscil-
lator, the internal circuitry provides an extremely
wide choice of sweeping rates and band width swept.
The rate of change of frequency is linear with time
and adjustable in calibrated steps from 32 mc/sec to
320 kme/sec. The frequency range swept can be as
small as 4.4 mc or the full range of 4.4 kmec, as
selected by a calibrated seven position A FREQUENCY
switch, In addition, there is a VERNIER control
associated with the A FREQUENCY switch which gives
continuous adjustment between the fixed positions.

The minimum sweep time of the Model 686C is approxi-
mately 14 milliseconds. The sweep time is determined
by the combined setting of the RF SWEEP RATE and
the A FREQUENCY switches. These switches are
interlocked by a differential gear drive which auto-
matically prevents any combination which would pro-
duce a sweep time less than 14 milliseconds.

The swept rf output from the oscillator is linear with
time, and a 20-25 volts sawtooth voltage is provided
concurrent with each rf sweep to supply a linear time
base for an oscilloscope or X-Y recorder. The oscil-
lator sweep can be made recurring, or set for single
sweeps. Single sweeps can be started either by the
front-panel push button or by an external positive pulse
(rise time greater than 3 volts per microsecond).

1-2. INSTRUMENT COOLING SYSTEM.

The instrument is forced-air cooled by a high velocity
fan system. The incoming air is filtered to remove
excessive dust, This filter must be inspected fre-
quently to insure that it is not clogged with dirt. A
dirty filter may restrict air flow sufficiently to cause
excessive heating of the instrument which can cause
early component failure (see paragraph 4-3).

1-3. THREE CONDUCTOR POWER CABLE

To protect operating personnel, the National Electrical
Manufacturer's Association (NEMA) recommends that
the instrument panel and cabinet be grounded, All
@ instruments are equipped with a three-conductor
power cable which, when plugged into an appropriate
receptacle, grounds the instrument. The offset pin
on the power cable three-prong connector is the
ground pin.

To preserve the protection feature when operating this
instrument from a two-contact outlet, use a three-
prong to two-prong adapter and connect the green
pigtail on the adapter to ground.

The magnet power supply is isolated from the chassis,
and the polarity of the primary power wiring has been
carefully controlled to insure that internal exposed
parts and wiring are generally at ground potential,

1-1



Section I
Paragraphs 1-4 to 1-6

When the instrument is connected to a properly wired
power system this polarity will be maintained as in-
tended. If the instrument is operated from a two
terminal receptacle, the identification of the grounded
power conductor is lost. The proper grounding of the
instrument cabinet thus becomes importantasa mat-
ter of good safety practice.

1-4. 230 VOLT OPERATION.

The @ Model 686C is usually shipped wired for 115
volts ac operation, but is quickly and easily converted
to operation from a nominal 230 volt 50/60 cps source.
To convert, remove two jumper wires between Al-A3
and A2-A4 on the power transformer (T1) and install
one jumper between terminals A2 and A3. In addi-
tion, remove the jumper wire from the rear terminal
of the HIGH-VOLTAGE (H.V.) fuse and reconnect to
the side terminal of the H,V. fuse. This side termi-
nal also has a pink lead attached to it.

Do not change the size of either the MAGNET fuse or
the H.V. fuse., When operating from a 230 volt source,
the MAGNET supply and the fan operate on 115 volts
supplied by T1 primary windings which act as a 2:1
auto-transformer. This additional loadis added tothe
normal load carried by the H.V. fuse and approxi-
mately offsets the expected reduction in current due to
230 volt operation.

1-5. RACK MOUNTING INSTRUCTIONS.

When mounting a rack model instrument, leave at
least 3 inches clearance behind the air intake to
insure proper air circulation. In addition, be cer-
tain that the air intake is not near another piece of
equipment which is discharging hot air in the vicinity
of the Model 686C air intake.

1-2

Model 686C

The following instructions should be followed for easy
installation of a rack model instrument (686CR) in an
equipment rack.

1) Remove the four (4) screws from the rear of the
instrument cabinet and slide the instrument forward
from the cabinet.

2) Mount the empty cabinet in the equipment rack with
four (4) oval head machine screws: two screws on
each side of the cabinet in the mounting holes approxi-
mately 1-3/4 inches from the top and bottom edge of
the mounting flanges.

3) Raise the instrument chassis and slide gently into
the cabinet. Be certain the power cable passes freely
through the hole in the rear of the cabinet.

4) Fasten the instrument panel securelyto the rack,

5) Replace the four (4) screws at the rear of the cabi-
net (if desired).

NOTE

This instrument weighs over 100 pounds. If
the rack installation is subject to vibration
or rough handling, additional means of sup-
port should be provided at the rear of the
instrument.

1-6. BACKWARD-WAVE OSCILLATOR TUBE
INFORMATION.

The bwo tube used in this instrument is very expen-
siveand hasa shorter guaranteed life than conventional
tubes, Itis suggested that the instrument be turned off
when not being used to increase the useful number of
hours service obtained from each tube.

00034-1
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Section II
Paragraphs 2-1 to 2-3

SECTION i
OPERATING INSTRUCTIONS

2-1. CONTENTS.

Section II contains instructions for setting up and
operating the sweep oscillator, instructions for modu-
lating the rf output and a discussion of some applications
of the instrument.

2-2. INSTALLATION.

The Model 686C Sweep Oscillator should be placed on
a work bench or table with at least 3 inches of clear-
ance at the rear to insure adequate air flow through
the air filter. To avoid seriously restricted air flow,
be careful not to let loose pieces of paper, etc., re-
main in the rear area, since they can be pulledagainst
the air filter.

The power cable should be used in a NEMA approved
standard three-prong grounding receptacle (paragraph
1-3).

Complete installation instructions for rack model in-
struments are given in paragraph 1-5.

2-3. TURN-ON PROCEDURE.

Good operating practice insists that you follow a step
by step procedure when turning on the Model 686C to
protect the bwo tube. This routine will systematically
check out proper operation of all critical circuits to
insure normal operation. Under normal instrument
operation no damage can be done by improper setting
of front panel controls, since built-in overload pro-
tection has been provided which will cut off primary
power to the high voltage transformer if excessive
current flows in the helix circuit. The overload cir-
cuits are reset by momentarily turning off power to
the instrument, In addition, internal screwdriver-
adjust controls preset limits on front panel controls
to safe values. Bwo tube currents are monitored with
the built-in metering circuits, which provide a posi-
tive check that the bwo tube is being operated in a safe
manner.

To place the instrument in operation, the 16 steps out-
lined in figure 2-1 should be followed inthe order given.
Additional data on some of the steps are given below
under STEPS; before performing the turn-onprocedure
for the first time, read this supplemental information.

When the turn-on procedure is followed as given be-
low, the instrument will be set up for cw operation.
Once this operation has been established, the power
level can be properly set, and the oscillator adjusted
for any other mode of operation; the rf level and fre-
quency will be accurately known.

STEPS:
1. Rotate CATHODE CURRENT control full counter=-
clockwise (minimum position).

00034~1

2. Rotate CURRENT switch to MAGNET.
3. Rotate AMPL. MOD. SELECTOR switch to OFF.
4, Rotate SWEEP SELECTOR switch to OFF.

5. Set POWER switch to ON. The plastic graticule at
the top of the FREQUENCY dial will glow. The
cooling fan will operate. A thermal time-delay
relay delays application of high voltage to the main
circuits approximately 60 seconds after the instru-
ment is energized. The magnet supply circuits
are partially energized when the POWER switch is
turned ON, but do not regulate until the time delay
has operated and the filaments in the regulator
circuits are energized.

6. Read the magnet current on monitor meter. The
current should be 0.5 to 0.65 ampere when first
turned on and will settle at 0.70 ampere after com-
plete warmup (1 hour). DO NOT OPERATE
INSTRUMENT AFTER WARMUP UNLESS THE
MAGNET CURRENT IS BETWEEN 0.675 and 0.725
AMPERE (see paragraph 4-21).

7. Rotate the CURRENT switch to CATH.

8. Set RF LEVELER switch to ON,

9. Itis important that the meter readsthe exact cath-
ode current at the frequency indicated on the meter
plate. The reasons are: a) Only with rated cathode
current at the frequency specified, will adequate
power be produced. b) The RF LEVELER will not
give the desired leveling action (+1.25 db) if the
latter conditions are not met.

10, Rotate CATHODE CURRENT control clockwise and
observe current reading. Normal output (at least 10
milliwatts) will be obtained with cathode current
value and frequency stamped on panel meter,
(The maximum current is limited by internal
adjustments. )

11. Rotate CURRENT switch to HELIX.,

Read the helix current, The current must be less
than 3 ma. Excessivehelix current indicates mis-
alignment of the bwo tube in the magnetic field.
(See paragraph 4-13,)

12

Verify proper operation of the helix voltage supply

by rotating the FREQUENCY dial from 12, 4 to 8.2

kme and noting a large variation in helix current.
13, Rotate CURRENT switch to ANODE.

14, The anode current will read about 0,2 ma and
should not exceed 0.5 ma,

15. Rotate CURRENT switch to COL.
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Rotate CATHODE CURRENT control full

counterclockwise to minimum,

Rotate CURRENT switch to MAGNET.
Rotate AMP, MOD, SELECTOR switch to OFF.

- w b

Rotate SWEEP SELECTOR switch to OFF.

Turn POWER ON. Thermal time-delay relay
delays application of high voltage for approxi-
mately 60 seconds after power is turned on,

Read magnet current. 0.5 to 0.65 ampere be-
fore T.D. relay operates, 0.7 ampere hot,

7. Rotate CURRENT switch to CATH.

8. RF LEVELER switch to ON,

9. Set FREQUENCY dial to frequency indicated

on the meter plate.

(it ® racitn)))

e gy

10. Rotate CATHODE CURRENT control clockwise
until meter reads value indicated on meter plate.

11, Rotate CURRENT switch to HELIX.

12. Read helix current. The meter shouldread less
than 5.0 ma. Donot operate instrument if helix
current exceeds 5.0 ma,

13. Rotate CURRENT switch to ANODE.

14, Read anode current. The current should not

exceed 1, 0 ma,
15. Rotate CURRENT switch to COL.

16, Read collector current, The collector current
should be approximately the difference between
the cathode current and the sum of the other
electrode currents.

Figure 2-1,
2-2

Turn-On Procedure and CW Operation
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Model 686C

16. The collector current should read 2 to 3 ma, The
collector current is the difference between the cath-
ode current and the sum of the other electrode
currents.

The instrument is now operating normally and gen-
erating a 10 milliwatt or more CW signal at the fre-
quency indicated by the FREQUENCY dial.

2-4. USING THE SWEEP OSCILLATOR AS A
CW SIGNAL SOURCE.

Upon completion of the procedure above, the instru-
ment is set up for cw operation. However, check that
the AMPL. MOD, SELECTOR switch and the SWEEP
SELECTOR switch are to OFF; the RF LEVELER
switch to ON.

The output frequency is indicated by the FREQUENCY
dial to an accuracy of better than 1%, The output power
level is adjustable from at least 10 milliwatts down to
zero by the CATHODE CURRENT control.

By the addition of a precision attenuator and power
monitoring provisions, the 686C can be used as a sig-
nal generator. Figure 2-2 shows such a set-up. With
one precision attenuator signal levels of -60 dbm can
be obtained, If lower levels are needed, a second
precision attenuator can be added to accurately re-
duce levels below -100 dbm. The rated accuracies
of the individual components are given.

2-5.SWEEP OPERATION OF THE OSCILLATOR.

After the oscillator has been set up for cw operation,
the power level should be set to the desired level and
the FREQUENCY dial set to the proper setting, The
rf sweep is downward from the frequency indicated on
the dial. (See figure 2-3, Internal Sweep Operation. )

@pwopeL

430¢
POWER METER

ACCURACY %5% OF FS.

Section II
Paragraphs 2-4 to 2-7

2-6. AMPLITUDE MODULATING THE
OSCILLATOR.

Set up the oscillator for cw operation as shown in fig-
ure 2-1, After adjusting the rf output level with the
CATHODE CURRENT control, set the AMPL. MOD.
SELECTOR for the type of operation desired. Opera-
tion at various positions of the switch are described
in figures 2-4, 2-5, and 2-6.

2-7. FREQUENCY MODULATING THE
OSCILLATOR. (See figure 2-7)

The oscillator can be externally sweep modulated by
placing the SWEEP SELECTOR switch in the EXT.
position and applying the modulating voltage to the
FREQ. MOD. jack.

The frequency modulation is up and down from the
frequency indicated on the FREQUENCY dial. Posi-
tive going voltage applied to the FREQ. MOD. jack
increases the frequency.

The full frequency band may be swept at a rate of 10
cpsto 60 cps by using a voltage approximately 150 volts
peak-to-peak. Above 60 cps, the band swept must be
reduced to avoid overload of the power supplies. Fig-
ure 2-8 is a chart showing the limits of allowable
frequency deviation as the modulating frequency is
increased above 60 cps.

Consideration must be given tothe modulation charac-
teristics of the bwo. A linear change in modulation
voltage produces an exponential change in rf output.
The sensitivity at the FREQ, MOD. jack varies from
approximately 19.2 mc/volt at 12,4 kmc to approxi-
mately 37.6 mc/volt at 8,2 kme. For small frequency
deviations, the sensitivity vs. frequency curve can be
considered a straight line.

) e
@ wooe. THERMISTOR e
686C ACCURACY *,24b ¢ 5 ) {'L oo
' — 1]
SWEEP OSCILLATOR oot Lol '.E?,,LJ
- “=van N VOl
S crrmeitl L
pEe=y T g
u i fc=-- g
Lo=L-&i3
MODEL
X-382A
0-50_db
PRECISION ATTEMNUATOR
ACCURACY +2% OF READING
X-752C
FLEXIBLE
SOLID WAVEGUIDE WAVEGUIDE 10db
90° ELBOW 5 LONG MAX.  COUPLERT
£0.5db COUPLING CHANGE
Figure 2-2. Using the Sweep Oscillator as a Signal Generator
2-3
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First turn on instrument and adjust for normal out-
put under cw operation as shown in the turn-on pro-
cedure (figure 2-1),

1. Rotate the AMPL. MOD, SELECTOR switch to
OFF, or other desired mode.

2. Set FREQUENCY (KMC) dial to 12.4 kme (sweep
is downward from FREQUENCY dial setting).

3. Rotate A FREQUENCY switch to position corres-
ponding to number of megacycles to be swept.
Set vernier to CAL. Rotate out of CAL. for vari-
able segments of A FREQUENCY.

4, Rotate the RF SWEEP RATE switch to the posi-
tion corresponding to the rate of sweep desired
in mc/sec.

The A FREQUENCY switch and the RF SWEEP
RATE switch are mechanically interlocked to
prevent a combination of settings that would re-
sult in a sweep time of less than 0, 0139 second.

f—‘" ,1\\
RF SWEEF RATE (MC/SEC)
AR o
20 e
100 O Do 4
R sE0w
VERMIER
A FREQUENCY (MC/SET]
M e
14 =R
44 I' aan
- (3)
RF LEVELER
CATHODE CURRENT
o=r oM
MAN R
TRIGGER
AF OUTPUT O@
[ SR SwEee ExT 9
| T SWEEP OSCILLATOR Woo.  outeur  Thie.
Lytn) WODEL EBEC
@ w@mse e © [
=] =}
| |
. =
s T I
N ] ¥l = i i -/
RO

5. Rotate SWEEP SELECTOR switch to RECUR if
automatically recurring sweeps are desired.

6. Rotate SWEEP SELECTOR switch to TRIG. if
single sweeps aredesired. Sweep may be started
by momentarily pressing MANUAL TRIGGER
button, or by supplying a positive 20-volt pulse
to EXT. TRIG, jack.

CHARACTERISTICS -

Direction:

RF sweeps are downward, starting at the fre-
quency indicated onthe FREQUENCY (KMC) dial.

SWEEP QUTPUT voltage is a positive-going 20-
25 volt sawtooth voltage.

Accuracy:

Frequency band swept is within +10% at 4.1 kmc;
is within +25% -15% or %3 mc, whichever is
greater, for sweep widths less than full band,

Figure 2-3. Internal Sweep Modulation

2-4
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Figure2-4
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First turn on instrument and adjust for normal Symmetry;:
output under cw operation as shown in the turn-on Better than 40% - 60%.
procedure (figure 2-1). Rise and Decay Time:
Less than 2 microseconds.
1. Rotate SWEEP SELECTOR switch to OFF. RF Output:
During "on' time, rf output is within 1 db of
3. Adjust INT. SQ. WAVE FREQUENCY with red Pt iy xons. & oG iserlaviiEme
concentric knob, quency.
NOTE: The AMPL, MOD. SELECTOR and SWEEP
CHARACTERISTICS - SELECTOR switches operate independently. Both
may be setin any position atany time, Thus ampli-
e: tude and frequency modulation may be obtained
400 to 1200 cps. simultaneously.

Figure 2-4, Internal Square-Wave Modulation
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First turn on instrument and adjust for normal
output under cw operation as shown in the turn-on
procedure (figure 2-1).

1. Rotate SWEEP SELECTOR switch to OFF.
2. Rotate AMPL. MOD. SELECTOR switch to
PULSE.

a) Feed a +10 to 30 volt signal, 5 milliseconds
or less in width, at frequencies from 100 cps to
300 ke into the AMPL. MOD. jack.

b) A squarewave, -10 volts or more can also be
applied to the AMPL. MOD. jack.

I(l’
FREQUENCY (KMC) RF SWEEP RATE [MC/SEC)
P il ]
N0 £
o~ )
oo | M } oo
. N
L1 =" 0w
VERNIER
A FREQUENCY [MC/SEC)
ad a 440
AF LEVELER
CATHODE CURRENT
aFF
POWER I
MBGHET 14 M 3 oM SWEEP OSCILLATOR Hoig
& @ @ MODEL 086 c
o HEWLETT PARCEARD
o PALD ] CALSUNNE
= 7
e Ve o | Bt i B

CHARACTERISTICS -

RF Output:
During 'on" time, rf output is within 1 db of
establishedcw level. During "off" time, rf out-
put is zero. Rf output frequency is within 4 mc
of the cw frequency.

NOTE: The AMPL, MOD, SELECTOR and SWEEP
SELECTOR switches operate independently. Both
may be set in any position atany time. Thus ampli-
tude and frequency modulation may be obtained
simultaneously.

Figure 2-5.
2-6

External Pulse Modulation
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First turn on instrument and adjust for normal
output under cw operation as shown in the turn-on
procedure (figure 2-1),

1. Rotate SWEEP SELECTOR switch to OFF.
2. Rotate AMPL. MOD, SELECTOR switch to EXT.

3. Feedmodulation voltage of -20volts or less from
an external source into AMPL, MOD, jack.

NOTE: Positive input pulse canbe applied providing
it is either capacitively coupled or superimposed on
an externally supplied -20 volt bias. If capacitively
coupled the capacitor must be sufficiently large and
the duty cycle such as to maintain a charge (grid bias)
between modulation pulses. However, if the signal

source has a largeinternal capacitor in series with
the output, (example d Model 212A) no external
capacitor is needed.

CHARACTERISTICS -

Modulation: Direct coupled, dc to 300 kc.

1) A modulation voltage of -20 volts applied to the
AMPL. MOD, jack.

2) A +20 volt signalis applied to the AMPL. MOD.
jack, providing a -20 volt bias is applied
externally.

Automatic Gain Control:
Since the EXT. position is dc coupled, it applies
itself very well to external automatic gain control.

Figure 2-6. External Amplitude Modulation
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First turn on instrument and adjust for normal out-
put under cw operation as shown in the turn-on
procedure (figure 2-1).

1. Rotate the AMPL. MOD. SELECTOR to OFF.
2, Rotate SWEEP SELECTOR switch to EXT.
3. Feed a signal from an external source into the

FREQUENCY MOD. jack,

NOTE: Refer to chart figure 2-8 for upper limit
on amplitude of modulating frequencies higher than
60 cps. As frequency of modulating frequency in-
creases the band swept must be reduced.

{ a)
FREQUENCY (KMC) RF SWEEP RATE (MCSSEC)
— Tl
YERMIZR
A FREQUENCY (MC/3EC)
s " a0
RF LEVELER
I.'.AI;T:DDE CURRI SWEEP SELECTOR
EXT
ore
wigner W WA SWEEP OSCILLATOR Nga.  auteur
MODEL 686 C
@ HEWLETT PaCwARD I
L CALIFOSNS
o
= f 7
\_ £ 11 TN =
S T

CHARACTERISTICS -

Modulation:
A linear change in modulation voltage produces
an exponential change in rf output frequency.
Modulation is up and down from the FREQUENCY
(KMC) dial setting,

Phase:
Positive-going voltage causes the frequency to
increase,

NOTE: The AMP. MOD. SELECTOR and SWEEP
SELECTOR switches operate independently. Both
may be set in any position at any time. Thus two
types of modulation may be obtained simultaneously.

Figure 2-7,

External Frequency Modulation
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CAUTION

Do not allowthe 686C to sweep out of its nor-
mal frequency band (8.2 - 12.4 kme). This
can easily occur if relatively modest deviations
arebeing obtained but the frequency dial is set
near one band edge.

To guard against this, the output frequency
should be observed on an oscilloscope con-
nected to a detector and wavemeter system,
such as shown in figure 2-9. The modulating
voltage should be applied to the horizontal
input. By tuning the wavemeter to the band
edge, a notch will be seen in the oscilloscope
response and the frequency excursion limits
can be accurately determined.

2-8. APPLICATIONS.

One of the valuable uses of a microwave sweep oscil-
lator is its ability to permit rapid measurements of
microwave device performance over a full range of
frequencies. An example is the rapid measurement
of reflection coefficients, attenuation and directivity.
The radio meter system is also good for measuring
the magnitude of scattering matrix coefficients when
it is desired that a transmission-line network be des-
cribed in terms of such coefficients.

For more detailed information, refer to the ¢ Journal
of Sept. -Oct., 1957 (Vol. 9, No. 1-2), which provides
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Figure 2-8. Allowable External Deviation Limits
vs Modulation Voltage Frequency

practical information about using the sweep oscillator.
Several measurement setups are shown, together with
recordings and/or oscillograms. The systems des-
cribed in the article are for making X band measure-
ments. Also, refer to Application Note 42 (Application
of the 416A Ratiometer), which gives application of
general reflectometer techniques, and to the Journal
of Dec. 1960 (Vol. 12, No. 4).

@MUDEL
T XAz 4
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10 TO 60 CPS WITH
VARIABLE AMPLITUDE CONTROL
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Figure 2-9, Suitable Setup for Measuring Frequency Deviation Limits when using FM
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1. PULSE 10 cps to 60 cps, input voltage must be reduced

Input to AMPL, MOD, jack is ac coupled. Input
Pulse: +10volts or more; 5 milliseconds maxi-

mum length.
Inipedance: 390K shunted by 25 pf.

EXT.

Input to AMPL. MOD. jack: dc to 300 kc; -20
volts or more reduces rf level from cwlevel to
Zero,

Impedance: 750K shunted by 25 pi.

FREQ. MOD.

Input Impedance: ac coupled; 43K shunted by

approximately 100 pf.
Frequency Response: Full band may be swept

to avoid overload of power supplies. Refer to
chart figure 2-8 for limits at higher modulating
frequencies,

Sensitivity: 19,2 mc/volt at 12.4 kme and 37.6
mc/volt at 8, 2 kme.

. SWEEP OUTPUT

Output: 20 volts positive-slope sawtooth, con-
current with rf output.
Source Impedance: 10K shunted by 20 pf.

EXT. TRIG.

Input: Positive pulse, 20 volts or more, rise
time greater than 3 volts/usec.

Impedance: 100K shunted by 10 pf.

2-10

Figure 2-10,

Input and Output Connector Characteristics
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Section III
Paragraphs 3-1 to 3-2

SECTION IlI
THEORY OF OPERATION

3-1. CONTENTS.

This section explains how the circuits of the Sweep
Oscillator operate. First, the overall operation of
the backward-wave oscillator tube is described. Since
the bwo tube is the heart of the instrument, once the
characteristics of the tube are understood, an overall
picture of the purpose of the various circuits is more
easily understood.

For those who want toknow ingreater detail the method
and principles of bwo tube operation, an additional
explanation which goes into considerable detail is
included at the rear of Section IIIL.

3-2. BACKWARD-WAVE OSCILLATOR TUBE.

The helix type backward wave oscillator tube used in
the Sweep Oscillator is similar in appearance to the
helix type traveling wave tube (see figure 3-1), Each
basically consists of an electron gun, a metallic helix
through which the electron beam passes axially, and a
collector electrode., The electron gun assembly in a
bwo tube produces a hollow electronbeam. Anexternal
solenoid is used to produce a strong, uniform axial
magnetic field around the bwo tube, This magnetic
field focuses the electron beam into a hollow cylinder
which is concentric with the helix, The tube is accur-
ately positionedinthe magnetic field so that the electron

—_— e — ——

- — g — — — — — —

beam passes down the full length of the tube to the
collector without striking the helix. Briefly, the tube
oscillates as follows:

Rf energy travels down the helix away from the col-
lector end at a velocity equal to the speed of light
multiplied by the ratio of the turn-to-turn spacing of
the helix divided by the circumference of the helix.
This energy causes electric fields to exist along the
helix. Since the helix is quite long, a number of rf
cycles will exist along its length which speed up and
slow down the electron beam, causing it to bunch, The
velocity of the electron beam is slightly faster than
the effective phase velocity of the rf energy along the
helix. When oscillations are taking place, the bunched
electron beam advances a quarter of a cycle as it
approaches the collector end of the tube, and thus
encounters the full decelerating effect of the electric
field. This results in the electron beam giving up a
maximum amount of kinetic energy to the backward
traveling rf wave on the helix,

A moredetailed explanation of how a bwo tube operates
is given in paragraph 3-10.

A. OUTPUT FREQUENCY

The operating frequency of the bwo is controlled
by changing the helix voltage over a range of 400 to
2, 000 volts positive with respect to the cathode. The

AT ANODE-TO RF

t ( ,~—— LEVELER CKT.
\ 1‘ e _q_'f‘_5_5 IO_+é55 Vv
\ N FOCUS
N, e — — ELLECTRODE
N e o _ < (AT HELIX POTENTIAL) _ _

G~-S—-180

~ TYLINDRICAL MAGNETIC
it PIEp i T S

POSITIVE WITH .
— — < — RESPECT TO HELIX
__APPROX_50V T0 2000V

Figure 3-1. Backward-Wave Oscillator Tube Construction
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Figure 3-2, Block Diagram Model 686C Sweep Oscillator

output frequency vs helix voltage curve is exponential
with the frequency change per volt change decreasing
as rf output frequency increases. The frequency
change per volt change at the helix varies somewhat
from tube to tube, but will be approximately 2.5 mc/volt
change at 12. 4 kmc and 5 mc/volt change at 8.2 kmc,

Control of the operating conditions of the bwo thus be-
comes simply one of controlling the potentials supplied
to the tube in an accurate and predictable manner.

B. OUTPUT POWER

The power output is determined by electron beam
density, which is controlled by the cathode-to-anode
voltage. The cathode is essentially at ground, and the
level of the anode voltage is determined by the setting
of the front panel CATHODE CURRENT control,

3-2

C. MODULATION

The oscillator can be amplitude modulated at any
per cent from 0-100% by varying the voltage on the
control grid from approximately 0 to20volts negative
with respect to the cathode.

The pulse modulation grid voltage "on' condition is
essentially the same asthe cw condition, andincidental
fm is negligible.

D. FACTORS AFFECTING FREQUENCY

The frequency of oscillation of the bwo tube is deter-
mined by the velocity of the electron beam. This in
turn is determined by the voltage difference between
the cathode and the helix. The [requency of oscillation
is also affected by the anode voltage and the magnetic
field flux density.

00034-1
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The change in frequency due to changes inthe magnetic
fieldis essentially constant at any operating frequency.
With the solenoid used in this instrument, the fre-
quency will be changed approximately 100 ke/volt
change in magnet supply voltage. The supply to the
magnet is very well regulated so that variations and
ripple are held to very low levels. This effectively
eliminates the solenoid supply as a source of frequency
change.

3-3. RF LEVELER AND ANODE REFERENCE
CIRCUIT.

The leveler circuit is an internal device which reduces
power variations across the band to +1. 25 db or less,
This is accomplished by programming the anode volt-
age to compensate for coarse grain power character-
istics (figure 3-3) of the bwo tube,

20MW !
(13ae] TINE CRAN WRIATION COARSE GRAN PWR VARWTION |
TEuwt UNLEVELED
Tue.s&m $1db
AL LEVELED |
= £25db l
S (0N
S (10dw)

(0db) —
82 0.3 24
«———FREQUENCY (KMC)

L]

Figure 3-3. Detected Waveform

The leveler circuit is functioning in both the cw and
recurring mode of operation, In the RECUR position
the leveler circuit compensates for coarse grain power
variations throughout the frequency range (8,2 to 12.4
kme). In cw operation the leveler circuit holds the
output power level constant (within +1.25 db) for each
selected output frequency. To describe the swept anode
voltage, the leveler circuit will be discussed with the
SWEEP SELECTOR switch in the RECUR position and
with the full band being swept.

The bwo output frequency and power level are both
voltage controlled. For a linear change in oufput
frequency, an exponential voltage is applied to the
helix (figure 3-2). The voltage proportional to the
helix waveform (figure 3-4A) is simultaneously sent
through the leveler circuit, reshaped, and applied to
the bwo anode. The anode voltage waveform is com-
posed of four variable segments. Segments 1 and 2
(figure 3-4B) are shaped by Cathode Follower V303A
and associated circuitry (figure 3-5). Segments 3 and
4 (figure 3-4C) are shaped by Inverter Amplifier V302A
and associated circuitry, The four segments are com-
bined at the junctionof CR302 and CR303 (figure 3-4D).
The resultant waveform is then applied through Ref-
erence Amplifier V302B and Cathode Follower V303B
to the bwo anode.
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The leveler circuit functions as follows: A voltage
proportional to the helix voltage is taken from the com-
mon cathode of Differential Amplifier Modulator V105,
and applied through R321 (Segment 1 Adj, figure 3-5)
to the grid of Cathode Follower V303A. Potentiometer
R321, by varying the amount of signal to V303A, de-
termines the slope of Segment 1 (see figure 3-4B),
The waveform of Segment 1 (taken from the cathode of
V303A) is an exponentially decaying voltage which
starts at +150volts, At a point determined by the set-
ting of R324 (Segment 2 Adj, figure 3-5) diode CR302
opens (no conduction) causing a plateau in the wave-
form. This plateau is Segment 2 (see figure 3-4B).
Crystal diode CR302 remains open for the duration of
the sweep.

While Segments 1 and 2 are being formed, the expo-
nential voltage at the cathode of Differential Amplifier
V105is applied tothe gridof V302A through the poten-
tiometer R315 (Segment 3 Adj, figure 3-5). As CR303
is open (not conducting), no output from V303A appears
at the junction of CR302 and CR303. At a time deter-
mined by the bias on CR303, the positive-going voltage
on the plate of V302A causes CR303 to close. The
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Figure 3-5. RF Leveler Circuit

rising voltage at the junction of CR302 and CR303 is
Segment 3 (figure 3-4C). The slope of Segment 3 is
determined by the setting of R315 (Segment 3 Adj, fig-
ure 3-5). The cathode of V302A follows the negative-
going voltage applied to the grid of V302A. At a time
determined by the voltage at the arm of the potentio-
meter R320 (Segment 4 Adj, figure 3-5), CR304 will
conduct, effectively decreasing the cathode resistance
of V302A and increasing the gain of the circuit. This
increased gain accounts for Segment 4 (figure 3-4C).
The composite waveform (figure 3-4D) at the junction
of CR302 and CR303 is applied to the Reference Ampli-
fier V302B.

Characteristically, the reference anode voltage vs the
reference power level varies from one tube to another.
Thus to obtain the reference power level specified by
the manufacturer, the reference anode voltage must be
variable., The purpose of the Reference Amplifier,
V302B, is to supply a variable dec reference voltage
between +55 and +255 volts at the bwo anode. Resis-
tor R327 is a front panel control (CATHODE CURRENT)

3-4

that varies the bwo output power from 0-100%. The
waveform at the plate of V302B is dc coupled to the
grid of the Cathode Follower V303B which in turn
applies the complete waveform to the bwo anode.
Degenerative feedback from the cathode of V303B is
applied to the grid of V302B through R330 to reduce
drift caused by tube aging and line voltage variations.
When RF LEVELER switch 8302 is in the OFF posi-
tion, the cathode of V302B is placed at a dc reference
by the combined settings of R327, R332, and R335.
The purpose of the RF LEVELER OFF position is to
make higher power outputs available at certain fre-
quencies. Rf leveling action is referenced at the low
power point, consequently power output is sacrificed
to obtain the desired leveling action.

3-4. AMPLITUDE MODULATOR.

Signals for amplitude-modulating the rf power are
applied to the control grid of the bwo tube, through
Amplitude Modulator Circuit. Voltage from the in-
ternal 400- to 1200-cps square-wave generator or
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signals (pulse, square wave, sine wave, or complex
wave) from an external source may be used to modu-
late the rf output under various types of operation.

A. CW OPERATION

In cw operation (AMPL. MOD. SELECTOR on
OFF), diode CR301 (figure 4-24) clamps the bwo con-
trol grid to ground. The rf output level is determined
by the voltage onthe anode, which is adjusted by means
of the CATHODE CURRENT control.

B, INTERNAL SQUARE-WAVE OPERATION

With the AMP., MOD, SELECTOR on INT., dual
triode V301 (figure 4-24) operates as a symmetrical
free-running multivibrator. The frequency of the
square wave is determined by the charge and discharge
time of C302 and series-connected R302 and R303
(INT, SQ. WAVE FREQUENCY control). The sym-
metry of the square wave is set by adjusting (with
R310) the dc bias of the B section of V301. The two
adjustments are slightly interdependent. The square-
wave amplitude is clamped to ground through crystal
diode CR301. Thus the level of the rf output during
the ""on" portion of the square-wave cycle corresponds
to the cw level (set with the CATHODE CURRENT
control).

C. PULSE OPERATION

With the AMPL. MOD. SELECTOR switch on
PULSE, the AMPL. MOD. jack is connected, through
capacitor C301, to the grid of the A section of V301,
Dual triode V301, with diode CR301 in the plate cir-
cuit of its B section, isoperated as a limiting amplifier
to provide constant amplitude pulses to the control
grid of the bwo tube. The A section of V301 is oper-
atedas a cathode follower and the B section as a single
stage amplifier. Before an externally-supplied pulse
is received, the B section of V301 is conducting. The
B-section plate, through contacts on the SELECTOR
switch, is tied to the control grid of the bwo tube; both
are tied to the anode of diode CR301. WithV301B con-
ducting, the bwotube is cut off. The incoming positive
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pulse, coupled by capacitor C301 to the V301A grid,
is coupled to the V301 cathode, and turns off the B
section. The B section plate rises, and is clamped
to ground through diode CR301. Thus during the "on"
time of the pulse, the level of the bwo rf output cor-
responds to the cw level (set by the CATHODE CUR-
RENT control).

D. EXTERNAL OPERATION

With the AMPL. MOD. SELECTOR in the EXT.
position, the 300 volt source is removed, eliminating
bias current to diode CR301. The diode CR301 re-
mains between the grid of the bwo and ground, so the
bwo grid cannot go positive from ground. The grid of
the bwo tube is returned through a 1-megohm resistor
R312 to ground (figure 3-6) which permits application
of positive input pulsesprovided they are either capac-
itively coupled or superimposed on an external -20
volt bias, The coupling capacitor must be sufficiently
large and the frequency such as to maintain a charge
(grid bias) between modulation pulses.

NOTE

If the signal source has a large internal
capacitor in series with the output (example,
#p Model 212A), and the duty cycle is such
as to allow the capacitor to retain sufficient
charge between cycles, no external capaci-
tor is needed.

Generally, the external modulation facility is used for
fast pulse modulation. Amplitude modulating the bwo
tube with a sine wave is also possible, but introduces
frequency pulling.

3-5. HELIX MODULATOR.

The Helix Modulator consists of three major sections:
The Linear Sweep Generator, the Helix Supply Refer-
ence Voltage Generator, and the Exponential Voltage
Generator. The Linear Sweep Generator generates:
1) a precision time interval to start and stop the
Exponential Voltage Generator thus determining the
time duration of the rf output sweep, and 2) a linear
sweep output voltage concurrent with the rf output
sweep. The length of the precision time interval is
governed by the settings of both the A FREQUENCY
and the RF SWEEP RATE controls.

The Helix Supply Reference Voltage Generator de-
termines the rf output frequency for ew operation and
the starting frequency for swept operation. The output
of the Reference Voltage Generator is continuously
adjustable by means of the FREQUENCY (KMC) dial
which controls the setting of variable resistor R236
in the cathode circuit of Control Tube V207TA. The
Reference Voltage Generator determines frequency
by supplying the reference voltage for the Regulated
Helix Supply and the regulated dc voltage for the Ex-
ponential Voltage Generator.

The Exponential Voltage Generator produces an expo-
nentially-varying voltage to drive the bwo helix for
internal sweep operation, Since thevoltage-vs-time
curve of the Exponential Generator is essentially the
same shape as that of the bwo helix voltage vs frequency
characteristic, the bwo produces a linear r{ output
sweep.
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3-6. LINEAR SWEEP GENERATOR.

The Linear Sweep Generator (figure 3-8) consists of a
Miller Feedback Integrator (V204A) which generates a
linear voltage sweep whose slope can be adjusted by
changing the charging rate of the integrator capacitor
(C207toC213). The A FREQUENCY (MC)range switch
(part of whichis showninfigure 3-8) changes the values
of the integrator resistors (R230 to R232) and capaci-
tors (C207 to C213) to obtain step changes in slope,
while the VERINER (R229) on the A FREQUENCY (MC)
switch varies the capacitor-charging voltage to pro-
vide slope adjustment between steps. The Feedback
Integrator is started and stopped by Schmitt Trigger
V201 which shunts the integration circuit to ground
through Integrator Switch V203B to prevent sweeping,
and releases it from ground to start a sweep.

The Feedback Integrator is made automatically re-
current, and the output is made constant in amplitude
by operating the Schmitt Trigger (see figure 3-8) from
the output of the Integrator. After being unlocked by
the Schmitt Trigger, the integrating circuit charges
to a predetermined level established by the sensitivity
of the Trigger. At this level, the feedback voltage
causes the Trigger to change state. The Trigger re-
locks the Integrator Circuit and terminates the sweep
with a rapid flyback. Trigger tube V201A is held con-
ducting for a predetermined periodof time bya charge
on C205 and supplementary capacitors to allow time
for circuit recovery. As the capacitors discharge,
Trigger V201 returns to its original state which, in
turn, unlocks the Integrator Circuit so it can generate
another sweep.

When the SWEEP SELECTOR (S5202) is set to TRIG.,
Schmitt Trigger V201is biased by voltage divider R204
and R205 to hold the A side conducting. Thus it does
not retrigger, except upon receipt of an externally-
generated positive pulse or a pulse provided by the
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front panel push button (S201, MANUAL TRIGGER).
The positive pulse instantaneously raises the voltage
on pin 6 (V201) to almost zero volts. This positive-
going pulse is transferred to pin 2 causing the B side
to conduct which in turn cuts off the A side.

With the SWEEP SELECTOR switch set to RECUR,
V201A conducts before a sweep starts because its
grid is held positive by the charge on capacitor C205
placed there by Cathode Follower V202A when the pre-
vious sawtooth went positive, In this state, the A-side
plate voltage and B-side grid voltage are down, while
the B-side plate voltage is up, With the V201B plate
voltage up, Integrator SwitchV203B conducts and locks
the Integrator Circuitsto ground through R208. As the
charge on C205 leaks off through R202, the A-side
grid voltage reaches a point (t], figure 3-Ta) whereit
causes the A side of the Schmitt Trigger to cut off and
the B side to conduct.

At this time, V201 A-side's plate voltage and B-side's
grid voltage go up, and B-side's plate voltage goes
down, cutting off (opening) Integrator Switch V203B.
Opening the Switch permits the grid of the Feedback
Integrator and one side of the Integrator capacitor
(C207 through C213) to charge through one of the re-
sistors (R230to R232) to a negative voltage determined
by the setting of R228. As the capacitor charges
negatively, the voltage at the grid of V204A falls (fig-
ure 3-7e). The plate voltage rises approximately 10
volts for each 0.1 volt the grid falls (100 being the
approximate gain of this stage). The Integrator tube
(V204A), by virtue of this gain and the degenerative
feedback due to the Integrator capacitor connected
between its plate and grid, has a small grid-voltage
change for a large plate voltage change (see figure
2-Te and f). Since the resistor connected to the grid
of V204A is returned to -50 volts or greater and the
grid voltage only changes about 0.7 volt (plate voltage
change of approximately 80V) the current through the
resistor is nearly constant. Therefore Integrator tube
V204A, by means of its gain, allows the Integrator
capacitor to charge to a large voltage while main-
taining a nearly constant charging current. Thechange
in voltage across C213 thus rises at a linear rate.

As the plate of V204A rises during integration, it
reaches a level (tp, figure 2-7f) where the voltage
coupled through Cathode Follower V202A to Schmitt
Trigger V201 (tg, figure 3-7a) switches the V201 B-
side plate up, locking the Integrator grid to ground
and stopping the integration process. Upon being
stopped, the Integrator plate voltage drops rapidly
from its high positive voltage. The plate voltage is
coupled through a 63-volt constant-voltage neon lamp
and diode clamp (triode V204B connected as a diode)
back to the Integrator grid. As the Integrator plate
drops, V204B's cathode drops (figure 3-7g). When
V204B's cathode voltage drops to -1.0 volt, V204B's
plate voltage is -1,3 volts (due to contact potential),
The Integrator grid is clamped at approximately -1.3
volts and the circuit stabilizes. During integration,
diode V204B is cut off (opened) as its plate is carried
negatively when Integrator Switch V203B releases the
circuit from ground (figure 3-7e). This removes the
Clamp Circuit and allows the grid of V204A to go ina
negative direction,
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The length of time that the Schmitt Trigger A-side is
held conducting to allow for circuit recovery is de-
termined by the positive charge placed on C205 by
V202A. For the longer sweeps, the A FREQUENCY
switch, S203, adds additional capacity to C205 to
lengthen the discharge time,

The linear sweep voltage from the Feedback Integra-
tor plate is coupled by output Cathode Follower V202B
to the SWEEP OUTPUT connector. Two other signals
are coupled to the grid of V202B. First, a negative
voltage from the plate of V201A is coupled through
diode V203Ato cut off V202B during the fly-back time
and atall timesbefore a sweep starts (see figure 3-7j).
Second, a dc voltage is applied and adjusted by R217
which will give an instantaneous 1.5 volt output from
J203 when Schmitt Trigger V201 flips and opens coup-
ling diode V203A removing the negativebias on the grid
of V202B (see figure 3-Tk). The instantaneous initial
positive output voltage produces a thin section of trace
on the cro which separates the beginning of the main
trace from the bright dot, or vertical line, which
occurs during circuit recovery time,

3-7.HELIX SUPPLY REFERENCE VOLTAGEAND
EXPONENTIAL VOLTAGE GENERATORS.

The frequency of the rf output of the sweep oscillator
is determined by the amplitude of the voltage applied
to the bwo helix. The amplitude of the helix voltage is
controlled by varying the reference voltage supplied to
the Regulated Helix Supply (figures 3-9 and 4-26). For
cw operation, the reference voltage, supplied by the
Reference Voltage Generator, has a constant ampli-
tude, the level being set by means of the FREQUENCY
(KMC) dial. For sweep operation, the reference volt-
age is supplied by the Exponential Voltage Generator.
The amplitude of this voltage starts at a value estab-
lished by the setting of the FREQUENCY (KMC) dial,
and then decreases exponentially. The resulting fre-
quency output is a linear rf sweep, the bwo being an
exponential-law device. Operation of the Reference
and Exponential Voltage Generators is briefly des-
cribed below.
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A, REFERENCE VOLTAGE GENERATOR

Basically, the Reference Voltage Generator (fig-
ures 3-9 and 4-26) is a typical voltage regulator with
a source of reference voltage (Reference Tube V206),
a Control Tube (V207A) which compares the reference
voltage with a sample of the Reference Voltage Gener-
ator output, and a Series Regulator (V207B). A signal
from the control tube controls conduction through the
series regulator in such manner that any tendency of
the output to deviate from the desired level is compen-
sated for,

The output of V207B is brought through Regulator Switch
V205A and applied 1) to Differential Amplifier V105
in the Regulated Helix Supply (figure 4-22) and capac-
itor C215 (in the line to V105), and, 2) to the grid of
Control Tube V207A to provide the sample of output
voltage required by the regulator. Status of tubes
during cw operation is shown in table 3-1.

Table 3-1. Conditions of Tubes During CW and RF Sweep
gfii;_ State of Circuit V201A | V201B | V208A | V208B| V207TA | V207B | V205A | V205B
CwW Cond. | C.0O. C.O. Cond. | Cond. | Cond. | Cond. C. 0.
RF | Before rf sweep starts; EXp. | cond. | c.0. | C.0. | Cond. | Cond. | Cond. | Cond. | C.O.
Sweep | Gen. capacitors charging
RF sweep starts; Ref. Volts
Gen. turned off ! C.0. Cond. Cond. | C.O. C.0. C.0. C.0. Cond.
RF sweep reaches low end:
Schmitt Trigger trips Cond C.0. C.0. Cond. | Cond Cond. | Cond. C.0.
or
Decaying voltage reaches €.0. Cond. | Cond. | C.O. (ol 2 1 C.0. Cond. Cond.
-1.1 volt
Cond. = Conducting C. 0. = Cut off
3-8 00034-1
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The Reference Voltage Generator's output level can
be varied from the front panel, providing the means
for selecting the frequency of the rf output. In addi-
tion it is possible to electronically turn off the Refer-
ence Voltage Generator for the precise predetermined
time interval required for sweep operation. The cir-
cuit sequences which effect this action are described
in the next paragraph.

B. EXPONENTIAL VOLTAGE GENERATOR.

Operation of the Exponential Voltage Generator
requiresall the circuits shown infigure 4-26. Current
for charging the capacitance in the rc circuit of the
Exponential Voltage Generator is supplied by the Ref-
erence Voltage Generator. As soon as the Reference
Voltage Generator is turned off, the charged capaci-
tor(s) starts to discharge through its corresponding
resistor network, and it is this exponentially decaying
voltage which is fed to the Regulated Helix Supply.
Turn-off of the Reference Voltage Generator (as well
as its turn-on after a precise predetermined time) is
under the control of the Linear Sweep Time Generator.
The rate at which the capacitor discharges (and thus
the rate at which the rf frequency is changing) is
determined by the values of capacitance andresistance
selected by the RF SWEEP RATE (MC/SEC) switch
(S204), The Exponential Voltage Generator is turned
off when the Reference Voltage Generator is again
turned on by the Linear Sweep Time Circuit. How
long the voltage is permitted to decay is thus deter-
mined by the Linear Sweep Time Circuit which is
controlled by the A FREQUENCY switch (S203). Thus
the width of band swept (band distance = sweep time
X sweep rate) is determined by the settings of both
S203and S204. (The A FREQUENCY switch determines
time though it is calibrated in terms of 'distance. ')
Circuit action is discussed in more detail below.

In the following discussion of circuit action the term
"sweep" refers to the sawtooth voltage produced by
the Linear Sweep Time Generator; the term "rf sweep"
refers to the output of the bwo tube (figure 4-22).
Operation of the Linear Sweep Time Generator is des-
cribed in paragraph 3-6, and only that part of the
action which is pertinent to an understanding of the
Exponential Voltage Generator;will be discussed here,
Condition of main tubes at various stages of circuit
action is shown in table 3-1.

With the instrument set for internal sweep operation,
the Linear Sweep Time Generator is producing a saw-
tooth voltage. While the voltage at the output of
Feedback Integrator V204A is rising, the A section
of Schmitt Trigger V201 is cut off and the B section
is conducting. Feedback from V204A is returned to
the grid of V201A, and when the amplitude of the saw-
tooth reaches the Schmitt Trigger upper hysteresis
limit, V201 changes state: the A section starts to
conduct and the B section cuts off. The feedback also
charges capacitor C205 in the V201A grid circuit, and
this charge holds V201A conducting during the sawtooth
dead time.

With V201A conducting there is a positive signal on the
grid of V207B, supplied through V208A; this holds

Series Regulator V207B in conduction. With V201B
00034-1

Section III
Paragraph 3-7 cont'd

cut off, the cathode of Regulator SwitchV205Ais pulled
in a negative direction, holding V205A in conduction.
Inthe same manner asin cw operation, current through
V207B, diode CR204, and V205A establishes the charge
on capacitor C215 at a level which corresponds to the
setting of the FREQUENCY (KMC) dial.

During the sawtooth dead time, the charge on capaci-
tor C205 leaks off through resistor R202. When the
voltage across C205 drops to the Schmitt Trigger
lower hysteresis limit, V201 again changes state:
V201A cuts off and V201B turns on. This results in
a negative signal on the V207B grid, cutting off con-
duction through the Series Regulator which 1) opens
Regulator Switch V205A and 2) closes Clamp V205B.
With supply voltage removed, capacitor C215 starts
to discharge through the resistors selected by the
RF SWEEP RATE switch. Thus the voltage applied
to V105 in the Regulated Helix Supply starts to fall
exponentially, causing the frequency of the rf sweep
to change at the rate selected by the RF SWEEP
RATE switch. The rc network discharges toward the
potential on the slider of variable resistor R244, the
RF Sweep Linearity Adjustment.

In the usual case the voltage decay will continue until
the amplitude of the sawtooth voltage again reaches the
Schmitt Trigger upper hysteresis level, and conducting
V201A turns on the Reference Voltage Generator. To
protect the bwo tube, however, circuitry is included
to prevent the voltage from decaying to too low a level.
The Clamp V205B when conducting holds the plate of
V205A at approximately -1.1 volts. If the Linear
Sweep Time Generator does not turn on the Reference
Voltage Generator before the exponential voltage de-
cays to approximately -1. 1 volts, V205A will start to
conduct and will clamp the exponentially-decaying
voltage to -1. 1 volts.

In the usual case the voltage decay will continue until
the amplitude of the sawtooth voltage again reaches
the Schmitt Trigger upper hysteresis level, and con-
ducting V201A turns on the Reference Voltage Gen-
erator, To protect the bwo tube, however, cir-
cuitry is included to prevent the voltage from decaying
to too low a level. The clamp V205B when conducting
holds the plate of V205A at approximately -1. 1 volts.
If the Linear Sweep Time Generator does not turn on
the Reference Voltage Generator before the exponential
voltage decays to approximately -1.1 volts, V205A
will start to conduct and will clamp the exponentially-
decaying voltage to -1, 1 volts,

Thus the length of time the voltage decayis permitted
to continue (unless it reaches -1.1 volts first) is de-
termined by how long the A section of Schmitt Trigger
V201 (and therefore the Reference Voltage Generator)
is cut off. This period is the time required for the
amplitude of the sawtooth to reach its maximum posi-
tive value plus the sweep dead time (the time required
for the charge on C205 to leak off through resistor
R202). This total time is determined by components
switched into the Linear Sweep Time Generator circuit
by the A FREQUENCY switch (S203).

The voltage at the center tap of resistor R236 is
established by current flowing through resistors R233,
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R234, R263, R240, diode CR202, and the A section of
V201. In cw operation (V201A conducting), diode
CR202 is forward-biased and the junction of R233 and
R263is practically at ground. CR202 clamps the junc-
tion of R233 and R263 so it cannot go negative. Re-
sistor R263 establishes the voltage at the cathode of
Coupling Diode V203A at such a level that V203A will
not close until V201A starts to conduct (when the saw-
tooth reaches maximum level and the flyback starts).
Tap resistors R234 and R240 change the voltage
characteristic of the V20TA cathode circuit in such
manner that dial calibration is improved (crowding at
the low-frequency end is reduced). Diode CR204 is a
55-volt breakdown diode which maintains a constant
55 volt difference in potential between cathode of
V207B and plate of V2Z05A.

Front panel controls A FREQUENCY (MC) 3203, and
RF SWEEP RATE (MC/SEC) S204, are operated
through differential gears, and are so arranged that
a combination which would require a sweep time of
less than 0,0135 second is prevented. Thus, though
the A FREQUENCY selector is the control for switch
S203, the A FREQUENCY selector will also operate
switch 5204 if the RFSWEEP RATE selector is set for
too high a rate for the sweep band selected. In the
same manner, the RF SWEEP RATE selector will op-
erate switch 8203 if the A FREQUENCY switch is set
for too short a sweep time (too narrow a frequency
band) for the sweep rate selected.

3-8. REGULATED POWER SUPPLIES.

In addition to the Regulated Magnet Power Supply, there
are five regulated voltages generated in the 686C: a)
the -150 Volt Regulator which is not referenced to any
other supply but affects all other supplies, b) the+300
Volt Regulator which is referenced to the -150 Volt
Supply, c¢) the Helix Regulator which utilizes both the
-150 Volt and +300 Volt Supplies, d) the Collector
Regulator which is referenced to the Helix Regulator
to determine its output voltage, and e) a voltage
regulator in the Frequency Modulator which provides
a reference for the Helix Regulator. The regulators
are fed by a voltage doubler consisting of CR101, C102,
and C103,

The sequence of operations upon applying line power
to the 686C and the operation of the helix protective
relay are explained on thevoltage and resistance dia-
gram (figure 4-19).

The operation of all the voltage regulators is similar,
so only the operation of the -150 volt regulator is
explained.

A. THE -150 (REG) POWER SUPPLY

In the - 150 Volt Regulated Supply, CR105 and CR106
are two half wave series connected rectifiers which
supply approximately 420volts to the Regulator Series
Tube V107B. Since the output voltage is negative with
respect to ground the cathode is grounded. The grid
to cathode voltage of V107B is adjusted to class A
operating conditions and the tube acts like a variable
resistor which adjusts its resistance to maintain a
constant voltage on the -150 volt bus. Thus at normal
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line voltage, the tube has approximately 270 volts drop
from plate to cathode.

V108 is a Glow Discharge Reference Tube which main-
tains a constant 88 volt drop across its terminals.
This constant voltage is applied to the grid of the Dif-
ferential Amplifier Control Tube V109. The cathode of
the triode section will maintain a constant 1 volt dif-
ference with the grid potential andthus keeps a constant
89 volt difference between the -150 volt bus and the
cathode of the pentode section. Voltage divider R147,
R148 and R149 provides the proper fraction of the -150
volts for the control grid of the pentode section.

R148 adjusts the exact value of the bias so that the
voltage at the grid of the Series Tube V107Bis held
at the correct value. If the -150 volt bus tries to in-
crease toward -151 bolts, the increase will also make
the control grid (pin 2) of V109 go in a positive direc-
tion with respect to the cathode. (The cathode is held
at a constant voltage with respect to the -150 volt bus
by the Reference Tube V108 and cathode followerTriode
section in V109.) The positive going grid (pin 2)
causes increased plate current to flow through the
pentode section and R146. This causes increasedvolt-
age drop which lowers the grid voltage on V107B. The
increased resistance of V107Bbrings the voltage back
toward -150 volts. If the -150 volt level tends to de-
crease, the process is the same but in the reverse
direction. C123 is a coupling capacitor which couples
ac ripple directlyto the grid of the Control Tube which
in turn acts to regulate it out of the output inthe same
manner as a dc change, This results in very low val-
ues of ripple voltage in the regulated output.

B. THE +300 (REG) VOLTS SUPPLY

The +300 Volt Supply Circuit is similar to that of
the -150 Volt Supply except it is referenced to -150
volts and it includes a ripple-compensating voltage
divider (R137 and R138) from the unregulated output
to ground., The voltage tap-off from the divider is
applied to the screen grid of V107A (see figure 4-22).
Compensating action of this arrangement is described
in subparagraph C below.

C. THE HELIX (REG) SUPPLY

The Helix Regulator operation is similar to the
300 Volt Regulated Supply, but is more elaborate due
to the extreme range of voltage control necessary, and
because modulating voltages must be introduced. The
Voltage Control Tube function requires a single-ended
amplifier V103 that is driven by Differential Amplifier
V105. The Differential Amplifier also serves as the
Helix Voltage Modulator, Since the regulated Helix
voltage must be capable of being swept over a 1600-
volt range, Control Tube V103's plate voltage must
also swing over this voltage range. Since two different
helix modulating signals must also be applied to the
Voltage Regulator, and since a greater order of regu-
lation is necessary for helix operation, two stages of
voltage amplification are used to obtain greater gain
and bandwidth,

The reference voltage for the Helix Regulator is ob-
tained from a voltage regulator in the Frequency Mod-
ulator, which is applied to one side of Differential
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Amplifier V105, Also applied to V105 are: 1) Fre-
quency modulation voltages from the FREQ. MOD.
jack when SWEEP SELECTOR is in EXT. 2) Degen-
erative feedback voltages to maintain a constant in-
ternal impedance in the Helix Supply. The sample
voltage from the helix regulator output, a calibrating
voltage obtained from voltage divider stick R132, R133,
R134, and R135 is connected to the other grid of the
Differential Amplifier. The calibrating voltage divider
stick contains potentiometers which set the upper and
lower helix voltage limits and, in turn, the upper and
lower rf output frequency limits. The sweep voltages,
which produce the rf swept output, are controlled ex-
ponential decays in the regulated reference voltage
obtained from the Frequency Modulator,

The sample voltage from the Helix Regulator output is
fed through a frequency-compensated divider composed
of R122, R154, R150, R151, C114 and R131 through
R135, C116, and C117, Coupling from the plates of
Differential Amplifier V105 to Voltage Control Tube
V103 is through compensated divider V110, R127, and
R128to obtain the correct dc voltage level for the grid
of V103, All of these compensated coupling networks
and the frequency-compensation network intheCathode
Circuit of V103 serve to control the gain in each step
of the regulator feedback loop in such a manner that
the internal impedance of the supply remains constant
at 12 ohms over the required frequency range.

The collector supply is composed of two series tubes
V102A and B in series controlled by voltages from a
divider powered by the regulated helix voltage. Their
purpose is to keep the voltage between the collector
and helix within acceptable limits, Two tubes are re-
quired in series to handle the maximum voltage that
can occur, which is about 650 volts,

3-9. REGULATED CURRENT MAGNET SUPPLY.

The backward wave oscillator tube requires a power-
ful axial magnetic field to hold its hollow electron
beam in focus throughout the full length of the helix,
The magnetic field must be ripple-free and very con-
stant. To this end, the magnet power supply is current
regulatedand maintains an exact magnetic fieldin spite
of line voltage variations and temperature variations
which change the dc resistance of the solenoid. To
accomplish current regulation, a two-stage differen~
tial amplifier senses a voltage which is proportional
to the magnet currentand compares it against a stable
reference voltage. The differential amplifier upon
sensing any change in the magnet current, controls
the internal resistance of tubes in series with the
magnet, and holds the magnet current constant,

V1 and V2 are the series regulators (resistances),
while V4 and V5 are the two-stage differential ampli-
fier sensing the voltage drop in voltage divider stick
R29, R30, R31. V3, operated from its own dc power
source, provides a stable de reference voltage against
which the sampled voltage is compared. Resistors
shunting the series regulators serve to carry a por-
tion of the 0.7-ampere load imposed by the magnet.
Grids of the series regulators have parasitic sup-
pressor resistors while the cathodes have current
equalizing resistors.
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The dc for the magnet supply is obtained from a volt-
age doubler circuit which operates directly from the
power line., One wire of the power source is con-
nected in series with one of the filament windings of
T101. This winding is poled so that it adds 6 volts to
the supply voltage going to the silicon rectifier voltage
doubler.

When the instrument is connected for 230-volt opera-
tion, the voltage doubler is supplied with 115 volts
from one half of the primary of the power transformer
T1which is acting as a 2:1auto-transformer. The fan
motor and the high voltage transformer are operated
from the other half of the transformer to minimize
the unbalanced load on the two halves of the primary
winding.

Extreme caution should be exercised when working in
the magnet power supply section since many tube socket
terminals, electrolytic filter capacitor terminals and
cans, etc,, are directly connected to the power line.
The instrument chassis is grounded through the NEMA
three-prong connector, An accidental short caused by
a test probe, etc., will cause a direct short circuit on
the power line. The high fault currents that will flow
before the instrument fuses can blow may severely
damage the instrument. The magnet supply ground is
floating and is not related to any other ground in the
instrument.

This voltage doubler circuit is used to eliminate an
additional bulky power transformer. The magnet
circuitry is separated from the rest of the instrument
and the parts layout is such that a minimum number
of points which are connected to the power line are
exposed. The polarity of the grounded and ungrounded
power conductors has been carefully controlled, If
the instrument is used with a properly connected
three-prong grounded receptacle, this polarity will
be maintained as intended. For this reason, it is
recommended that a three-prong totwo-prong adapter
not be used with this instrument.

3-10. HOW A HELIX BACKWARD-WAVE
OSCILLATOR TUBE WORKS.

The backward-wave oscillator provides a flexible
source of microwave energy that can be voltage-tuned
over bandwidths from 1.5:1 to as high as 5:1. The
output frequency of the backward-wave oscillator is
determined by a frequency-selective feedback and
amplification process rather than by resonant circuits
as used in conventional microwave oscillators.

The backward-wave oscillator tube consists of: an
electron gun, a helix structure and a collector at the
far end of the helix (see figure 3-10). Physically, the
backward-wave oscillator resembles the traveling-
wave amplifier tube; although, for comparable frequen-
cies it is larger in diameter and somewhat shorter in
length. Another difference, not apparent from a visual
inspection of the tube, is that the helical backward-
wave oscillator uses a hollow electron beam with a
strong concentration of the electrons near the helix,
This hollow electron beam is focused along the length
of the helix by a strong magnetic field supplied by an
axial solenoid surrounding the tube.
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Figure 3-10. Backward-Wave Oscillator Tube

The rf output of the backward-wave oscillator is a re-
sult of the interaction between the electron beam and
the electric fields accompanying a microwave signal
present on thehelix. The term "backward-wave oscil-
lator" is quite appropriate for this tube since the rf
energy moves and builds up in a direction opposite to
that of the electronbeam and is coupled out at the gun
end of the tube via the helix terminal.

The operation of the backward-wave oscillator tube
may be explained in terms of a series of feedback
loops similar tothose common to low frequency elec-
tronic circuits. Each of these regenerative loops can
function as an amplifier or an oscillator and is de-
signed so that the phase shift around the loop is one
cycle. One of these feedback loops is shown in figure
3-11 where, using conventional terminology, the for-
wardor g circuit consists of a section of transmission
line and the backwardor 8 circuitsis aunilateral am-
plifier connecting the output of the transmission line
to the input. In this circuit positive feedback will
occur when the amplifier gain becomes sufficiently
high to overcomethe loss in thetransmission line and
the u B loop will oscillate at a frequency for which the
total phase delay is one or more cycles.

If the amplifier is designed for limited high frequency
response, oscillations will occur only when the phase
delay is one cycle and the frequency of oscillation
can be shifted by changing the phase delay in the
amplifier, The essential feature of the voltage-
tuned backward-wave tube oscillator is that the fre-
quency of oscillation can be changed electrically by
changing the phase delay in the amplifier.

Figure 3-12 shows a chain of identical regenerative
feedback loops. Along the top of the chain is a series
of transmission line sections that will support a wave

moving either to the right or to the left. Along the
bottom of the chain is a series of unilateral amplifiers
in which signals can pass only in the left-to-right
direction. Each loop then consists of a transmission
line, two coupling capacitors and an amplifier trans-
mitting from leftto right. In operation, positive feed-
back, which leads to regenerative amplification or
oscillation, occurs utilizing a wave going from right
to left on the transmission line when the phase delay
in a single loop is just one cycle. The total phase
delay around a group of n loops will then be n cycles.

For low values of amplification, the chain of loops
will act as a regenerative amplifier operating at the
frequency which provides positive feedback, However,
if thetransmissionline isterminated inits character-
istic impedance at the input and the amount of ampli-
fication is increased, oscillations will start. The
frequency of oscillation will be controlled by the phase
delay in the amplifier chain.

With this background we can now examine the actual
functioning of the backward-wave oscillator tube,
Figure 3-13 shows a cross section of the helix and a
portion of the electron beam. The helix structure
consists of a cylindrically-wound flat-wire tape; the
electron beam is hollow and passes very close to the
helix turns. The strong axial magnetic field focuses
the electrons in the beam and allows movement only
in the direction of the axis of the tube. The lines of
force of the electric fields associated with an rf wave
traveling along the helix are also shownin figure 3-13.
Although these fields rotate around the helix at the
velocity of light, the effective axial velocity is equal
to the velocity of light times the ratio of the turn-to-
turn spacing of the helixdivided by its circumference.
The axial electric fields will be strong between helix
turns and very weak unaer the turns since electric
fields cannot exist parallel toa conductor. The strong

« |

LINE

OUTPUT O

I
1
r

o == == == TRANSMISSION  LINE

Ll 108

CHAIN OF UNILATERAL AMPLIFIERS e wm weem

Figure 3-11, A Single Regenerative Loop
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Figure 3-12. A Chain of Regenerative Loops
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Figure 3-13. Cross Section of Helix Electron
Beam and Helix Wave

effect of these fields betweenhelix turns on the veloc-
ity of the electrons inthe beam produces an interaction
process which is represented by the capacitive coupling
between the transmission line and the amplifier chain
shown in figure 3-13. In this way, feedback loops are
formed betweenthe mid-points of adjacent helix gaps.

Although the concept of discrete feedback loops is a
useful device for explanation, the backward-wave
interaction is actually a continuous process, The
maximum coupling between the helix wave and the
beam will occur midway between gaps and gradually
taper offto a minimum directly under the helix turns.
One of these regenerative loop chains exists at each
angular position around the helix. Each of these re-
generative loop chains is independently coupled to the
helix transmission line, so the net effect is a con-
tinuous amplification and feedback process occurring
down the entire length of the tube.

The basic mechanism of amplification is a velocity
modulation process which causes the electrons to
bunch in the beam. Figure 3-14 shows the sinusoidal
variations in amplitude of the electric field at the mid-
point betweenhelix turns. The phase relationship be-
tween the backward wave on the helix and the velocity
of the electron beam is such that each specific portion
of the electron beam will be affected by an electric
field of the same phase as it passes successive gaps
down the helix. Referring to figure 3-14, an electron
at point A experiencing the decelerating effect of the
field at the first gap in the helix will experience a
continuous decelerating effect caused by fields of the
same phase and direction of force as it proceeds down

Figure 3-14, Axial Electric Field of Helix
Wave which provides Velocity Modulation
and Bunching of Electron Beam

the tube. In a like manner, an electron at point B
will be continuously accelerated in its journey down
the tube. In thisway, some parts of the electron beam
are slowed down while othersare advanced and the net
effect is a bunch formed at mid-point of figure 3-14
betweenthe accelerating anddecelerating fields. This
gituation is shown in figure 3-15. The spiral form of
the bunched electron beam is due to velocity modula-
tion which occurs at different rf phases at various
angular positions around the spirally wound helix,

At this point it should be mentioned that the average
electron velocity of the beam is slightly faster than
the effective phase velocity of the amplifier chain.
This means that the electron bunches will advance a
quarter of a cycle as they approach the collector end
of the tube, and thus encounter the decelerating effects
of the electric field and give up a2 maximum amount
of kinetic energy to the wave on the helix.

Figure 3-16 shows that the density of the electron
bunches increases according to a sine-wave relation-
ship; figure 3-16 shows the envelope of the bunching
rather than instantaneous amplitudes since many rf
cycles exist along the length of the backward-wave
tube. The wave on the helix moves from right to left
towards the gun end of the tube and gains amplitude
between each turn according to the degree of electron
bunching in the beam. In this way, the envelope of
the wave onthe helix shown in figure 3-16 is the inte-
gral of the bunching envelope so the maximum energy
transfer from thebeam tothe waveon the helix occurs
at the collector end of the tube.

—

{

Figure 3-15. Helix Showing Bunching of Electron Beam
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Now thata correspondence between the chain of lumped
regenerative loops andthe helixbackward-wave oscil-
lator tube has been established, it can be seen that
if the velocity of the electron beam is varied, the
phase delay around each of the regenerative loops will
be changed and, if the electron beam current is high
enough, the chain of regenerative loops will oscillate
at a frequency where the phase delay of each loop is
equal to one cycle,

Oscillations begin in the backward-wave oscillator in
much the same manner as they begin in other oscilla-
tors. Noise waves are established on the helix from
the shot noise coupled from the electron beam and
from thermal energy developed in the termination at
the input end of the tube, The waves traveling back-
ward on the tube (to the left) velocity modulate the
beam. Velocity modulation causes the electrons to
bunch and inturn reinforce the wave that exists on the
helix at the frequency where the single loop delay is
equal to one cycle. In this way, oscillations are built
up at a single frequency determined solely by the elec-
tron beam velocity which is a function of the cathode
to helix voltage of the tube.
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SECTION IV
MAINTENANCE

4-1. GENERAL.

This section contains information on the maintenance
and repair of the sweep oscillator. A suggested "quick
check' procedure is given for verifying that an instru-
ment is operating properly. These checks are made
with the cabinet in place and will verify instrument
performance for routine maintenance or incoming
quality control checks. The operator can also use this
procedure to check that his instrument is operating
normally and is within specifications.

A troubleshooting chart is given which systematically
leads the technician through the instrument and also
indicates which adjustments must be rechecked after
repairing any particular circuit.

A test procedure is included which covers adjustment
of all circuits for optimum performance. Specifica-
tions for the 686C Sweep Oscillator are given in the
front of this manual. The test procedures in this
manual give additional tests and data for your con-
venience in analyzing a particular instrument. These
extra checks and the data they contain, are not to be
considered as specifications.

Standard, readily available components are used for
manufacture of @ instruments whenever possible.
Your most convenient source for spare or replace-
ment parts is your local ¢ Sales Representative who
maintaing a parts stock for your convemence.

When ordering parts, please specify instrument model
and serial number plus the component description and
stock number appearing in the Table of Replaceable
Parts (section V).

Your local ¢y Sales Representative also maintains
complete facilities and specially trained personnel to
assist you with any engineering, application, test or
repair problems you may have with # instruments,

4-2, GENERAL PRECAUTIONS.
A. HIGH VOLTAGE.

WARNING: Operating potentials as high as 3200
volts are present at certain points in the instrument.
The power supplies are all regulated and are capable
of delivering relatively high currents for short periods.
Be alert at all times to danger points. Do not remove
the red safety cover which covers most of the high
potential circuits unless absolutely necessary. Re-
member that the instrument chassis is always grounded
by the green grounding wire and NEMA 3-prong con-
nector; do not defeat its purpose with a three-prong
to two-prong adapter or by removing the ground pin.
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B. MAGNET POWER SUPPLY CAUTION

The magnet power supply is isolated from the
chassis and the rest of the instrument. This supply
is a voltage doubler circuit which is direectly con-
nected to the power line. All filter capacitor cans
and/or terminals in the magnet power supply are thus
part of the ac power system. Accidental shorts from
parts of the circuit which are connected to the un-
grounded side of the power line to the grounded instru-
ment chassis will severely damage the parts before
the fuses can blow. Care has been taken in design
layout to minimize exposed parts which are connected
to the ungrounded conductor (black power cord lead).

Silicon Rectifiers are used in the magnet supply. Be-
cause of thevery low forward resistance characteristic
of these units, they will be instantly destroyed if
accidently short-circuited. Be careful when making
voltage measurements not to let the probe slip and
short-circuit the voltage doubler cireuit.

Voltage measurements in this supply, other than
ripple measurements, should be made with an insulated
case voltmeter. Electronic voltmeters such as the
#» Model 410B and 400D have the ground terminal
connected to the instrument chassis and cabinet which
is in turn grounded by the green grounding wire in the
power cable. Accidentally connecting the meter input
ground conductor to the ungrounded power conductor
will short out the power source through the NEMA
ground on the voltmeter chassis. Low level ac ripple
measurements must be made with caution. Paragraph
4-T tells how they can be made.

C. RF OUTPUT CAUTION

Never disassemble the rf cable and connector. The
bwo tube rf output cableand connector are replaced as
a unit. Assembling the cable and connector is difficult,
and improper assembly may cause ahigh swr. In addi-
tion, the rf output coaxial cable is directly connected
to the bwo tube helix and can have up to 2500 volts dc
on it, A capacitor between the cable center conductor
and the center pin of the X-Band cover flange protects
personnel from the high dc voltage.

D. NEON LAMPS

Neon voltage dividers used as coupling elements
indc coupled circuits are aged, polarized, and selected
for correct voltage drop. Refer to paragraph 4-18 for
details before replacing any of these lamps.

E. OSCILLOSCOPE

With application of a positive external signalat the
horizontal input of an oscilloscope, some oscilloscopes
sweep from right to left, others from left to right.
The illustrations inthis manual show the oscilloscope
horizontal sweeps going from right to left. Thus when
using an oscilloscope that sweeps from left to right
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the mirror image of the illustration will give the
proper perspective.

F. BWO CATHODE CURRENT

Frequency calibration is slightly affected by bwo
cathode current. Therefore to obtain best accuracy:
1) operate with cathode current initially set at value
and frequency marked on meter plate; 2) make all
adjustments with rated cathode current.

4-3. AIR FILTER.

The air filter is located at the rear of the instrument
cabinet. Inspect the filter frequently and clean when-
ever any appreciable amount of dirt has been picked
up. Proper attention to maintaining a clean filter will
result in longer tube and component life,

Clean filter by washing in a warm water and detergent
solution, Before re-installing, recoat the filter with
a suitable air filter oil to increase its dirt-holding
ability. Air filter oil can be obtained at most heating
supply stores or may be obtained through your &
Sales Representative.

4-4. CABINET REMOVAL.

The cabinet can be removed from the instrument as
follows:

1) Remove back cover (remove four Allen screws).

2) Tilt the instrument over on its back. Rest the
instrument on a board at least one inch thick to avoid
crushing the strain feed-through insulator and the
power cord,

3) Loosenthetwo set screws in the bottom of the front
panel bezel, These screws clamp the front panel in
the bezel.

4) Lift cabinet off of instrument.

5) Tore-install the instrument in the cabinet perform
the above steps in a reverse manner.

4-5. MAINTENANCE TEST EQUIPMENT
REQUIRED.

The following test equipment is recommended for the
complete adjustment and repair of this instrument:

1) De vtvm, accurate within +3%, 120 megohms input
impedance, such as the @ Model 410B. A dc vtvm,
accurate within +1%, 200 megohms input impedance,
such as the ¢ Model 412A.

2) @ Model 459A dc resistive voltage divider probe
for use with the 410B vtvm. The probe multiplies
meter readings 100:1 with a rated accuracy of +5%.
The probe input impedance is 12, 000 megohms. An
overallaccuracy of 2 or 3% is desirable for these tests.
Thus the accuracy of the probe and multiplier com-
bination should be measured. Rather than trying to
calibrate the 410B with the probe, the meter alone
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should be accurately calibrated and the percent error
introduced by the probe should be measured. Then,
readings made with the probe can be modified accord-
ing to the percent error of the probe. This error is
constant for all ranges of the meter.

3) Ac vtvm, accurate within +2% of full scale, 3 meg-
ohms or more, sensitivity of 0.001 volt full scale.
% Model 400D/H/L or # Model 403A Transistorized
AC VTVM is recommended.

4) Insulated case 5,000 ohms per volt or more, recti-
fier type ac voltmeter. The instrument should be
freshly calibrated to better than 2% at 6 to 7 volts ac
60 cycles,

5) @ Model 150A Oscilloscope with 151A Plug-In
Preamplifier and Model AC-21A Probe. The probe
has an input impedance of 10 megohms shunted by 10
pf and has a voltage division of 10:1.

6) One X-Band 90° elbow solid waveguide.

T) One six-inch length of flexible waveguide,

8) One @ Model X382A Precision
Attenuator.

Waveguide

9) Three ¢» Model X532A Frequency Meters.

10) One #p Model X421A Waveguide Crystal Detector.
11) One @ Model X487B Waveguide Thermistor Mount,
12) #3 Model 430C Microwave Power Meter.

13) One variable transformer continuously adjustable
from 100 to 130 volts, 7-1/2 amperes capacity, The
output voltage must be monitored with a meter accur-
ate to within 1 volt.

14) #) Model 523 series or 522B Electronic Counter.

4-6. QUICK CHECK PROCEDURE.

The following tests will quickly check the over-all per-
formance of the sweep oscillator. All tests are made
with the instrument in itscabinet. The tests aregiven
in an order which will provide a minimum of changes
in test set-ups.

The test set-ups shown are recommended because
they have the required accuracy and use equipment
which is generally available. If other equipment or
methods are substituted, it is important to select
components which have equal or greater accuracy.
Otherwise, the error introduced the measuring
equipment may make the 686C appear not to meet
specifications,

A, OUTPUT POWER ACROSS THE BAND
1) Set up equipment as shown in figure 4-1.

2) Adjust the X382A for 10 db attenuation.
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MODEL
686 C
SWEEP OSCILLATOR

FLEXIBLE
WAVEGUIDE
6" LONG MAX

SOLID WAVEGUIDE
90° ELBOW

@MODEL
430C
POWER METER
ACGCURACY 25% OF F5

@ MODEL
*%-487B

THERMISTOR
ACCURACY * .2db

@MGDEL

X-3824

0-50_db
PRECISION ATTENUATOR P
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Figure 4-1, Measuring RF Output

3) Turn on equipment and adjust for rated cw output,
(See figure 2-1 for recommended turn-on procedure. )

4) Allow 15 minutes for the Sweep Oscillator and the
#fp Model 430C Power Meter to stabilize.

5) Reduce power output to zero with the CATHODE
CURRENT control and zero-set the power meter on
the 3 milliwatt range.

6) Reset CATHODE CURRENT value at designated
frequency.

7) Rotate the FREQUENCY dial slowly from one
end of the band to the other and note power change.
The change should not exceed +1.5 db for the full band.
A thermistor mount with low swr must be used to ob-
tain maximum accuracy.

NOTE

The power output can be severely reduced
by use of excessive lengths of flexible wave-
guide or even short lengths which are not in
good mechanical condition. Any discontinui-
ties will cause reflections in the system. The
attenuator must have very constant attenuation
across the band. The X382 has excellent
accuracy. It is also possible to use a 10 db
directional coupler suchasan ¢» Model X752C
for an accurate attenuator.

00034-1

B. FREQUENCY DIAL CALIBRATION

1) Connect a wavemeter and detector system to the
sweep oscillator as shown in figure 4-2. The use of
three wavemeters is a convenience, not a necessity.
When one wavemeter is used, change its setting for
each frequency check.

2) Adjust the Sweep Oscillator for rated cw output.

3) Tune the wavemeters to 8.2, 10 and 12.4 kme,
Rotate SWEEP SELECTOR to RECUR, A FREQUENCY
to 14 and SWEEP RATE to 1k,

4) Rotate the FREQUENCY dial to the check points
and watch for the wavemeter pip. Turn the FRE-
QUENCY dial until the wavemeter pip has moved to
the start of the rf sweep. Dial reading should agree
within +1% of the wavemeter reading.

NOTE

When more than one wavemeter is used, the
wavemeter tuned to the low-frequency end
may also resonate near the high-frequency
end. If there are two pips at the high end,
the true pip may be identified by ''rocking"
the high-end wavemeter: moveits frequency-
setting control back and forth a few degrees
while watching the oscilloscope. The true
high-frequency pip will move.
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Figure 4-2. Checking Frequency Calibration and General Performance

5) Tune the wavemeter to other frequencies and check
the dial reading.

C. SWEPT FREQUENCY OPERATION.

1) Set up the equipment as shown in figure 4-2. This
procedure can be done with only one wavemeter. How-
ever, considerable time is saved if three wavemeters
are used,

2) Set Sweep Oscillator to rated cw output and then
rotate SWEEP SELECTOR switch to RECUR.

3) RF Sweep Length.
a. Rotate A FREQUENCY switch to 4, 4K and the
RF SWEEP RATE switch to 320K. Be sure the
A FREQUENCY VERNIER is full clockwise in
CAL position. Set the FREQUENCY dial to
12, 4 kmc,

b. Adjust the wavemeters to 8.2, 10.3 and 12.4
kme. The wavemeter pip should occur near the
end of the sweep.

NOTE: 12.4- 8.2 = 4,2 kme
4, 2 kmc
Se— 525 me/em

Therefore 4.4 kmec will be represented by a
trace 8.4 cm long, approximately.

c. Adjust the horizontal gain of the crountil the
wavemeter pips at 8.2 and 12,4 kmc are exactly
8.0 cm apart.

d. The sweep length should be 8.4 ¢cm,+0.84 cm.
This represents:

4,4 kme + 440 me = +10%

4) Sweep Linearity

With the third wavemeter at 10, 3 kme, the pip should
appear at the center of the screen at 4 cm, +0.2 cm
(see figure 4-17). This checks the degree of matching
between the exponential curve of helix voltage vs fre-
quency characteristic of the bwo tube, compared to the
exponential sweep generated by the sweep oscillator,
With coincidence at three points, i.e., top, bottom,
and middle, the curves should matchat all other points.

5) A FREQUENCY Calibration

Rotate the RF SWEEP RATE switch counterclockwise
to each position and observe the position of the wave-
meter pips as in 3d and 4 above. The tolerance is
+0.84 em. This procedure verifies that the A FRE-
QUENCY switch calibration is within specifications at
its maximum setting.

If it is desired to check the A FREQUENCY switch at
the other settings, set the RF SWEEP RATE switch at
32K androtate the A FREQUENCY switch througheach
of its positions, measuring the A frequency with the
wavemeter at each step and computing the error. For
sweeps less than full band, the specificiation is +25%,
-15% or +3 mc, whichever is greater. If the A fre-
quency is within specifications for both procedures
(with A FREQUENCY at 4, 4K, through all positions of
the RF SWEEP RATE switch, and with RF SWEEP
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RATE at 32K, through all positions of A FREQUENCY)
then the A FREQUENCY switch should be within speci-
fications at all other settings.

D. TRIGGER CHECK

1) Set up equipment as shown in figure 4-2.

2) Rotate RF SWEEP RATE control to 3, 2K.

3) Rotate A FREQUENCY control to 4. 4K.

4) Rotate SWEEP SELECTOR to TRIG.

5) Push the MANUAL TRIG. button and observe rf
sweep display on the cro screen., See specifications
in subparagraph C3d and C4.

8) A positive 20-volt pulse (3 volt/usec or less rise
time)to the EXT, TRIG. jack willalsoinitiate a sweep.

E. FREQUENCY STABILITY WITH CHANGING LINE
VOLTAGE

1) Set up equipment as shown in figure 4-2, with one
wavemeter in the system.

2) Set the A FREQUENCY switch to 14 mc and the RF
SWEEP RATE switch to 1IKmec/sec.

3) Rotate the SWEEP SELECTOR to RECUR.
4) Set the power line voltage to 103 volts.

5) Adjust the sweep width to be 10 em. Thus: 1 cm
= 1.4 mc.

6) Adjust the rf output to 8.2 kmc. (This is the most
critical frequency.) Tune one of the wavemeters to
8.2 kmec so that a pip will appear centered on the cro.
Allow frequency to stabilize for about 2 minutes.

T) Increase the line voltage to 127 volts, wait two
minutes and note the final drift of the wavemeter pip
on the screen after the frequency drift has stabilized.
Maximum change =4 mc or about 2.8 cm on the oscil-
loscope.

F, MODULATION CHECKS

1) Set up equipment as shown in figure 4-2 without
wavemeters in the system,

2) Adjust the oscilloscope for internal sweep, and
sync. Sweep speed should be approximately , 5 ms/cm.

3) Rotate SWEEP SELECTOR to OFF and AMPL.
MOD. SELECTOR to INT.

4) Observe square wave symmetry as frequency is
varied from 400 to 1200 cps. Symmetry is better
than 40% - 60%. Verify frequency range by measuring
period of one cycle: 2500 usec = 400 cps and 833 usec
= 1200 cps.

5) Adjust oscilloscope sweep to free run,
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6) Rotatethe AMPL. MOD, SELECTOR switch to OFF.
Set X382A to 10 db.

7) With the oscilloscope dc coupled, note the voltage
level with the oscillator on cw. Adjust the deflection
to 5 cm.

8) Switch AMPL. MOD. SELECTOR to INT. and note
the amplitude of the square wave, The amplitude will
be within 1 db or about 10% of the cw level. With 5
cm deflection on cw this difference will be less than
0.5 cm.

G. RESIDUAL FM

The following simplified test procedure is given for
your convenience. A minimum of time and test equip-
ment i8 required. However, this measurement method
is valid only when all controls are set as given in the
procedure. A method for checking residual FM under
cw conditions is given in @ Application Note No. 1.
This note describes a technique which requires con-
siderable equipment; its use is not necessary toverify
normal instrument operation. Application Note No. 1
is available from Hewlett-Packard Company or from
your local @ Representative on request.

1) Set up equipment as shown in figure 4-2 with one
wavemeter in the system.

2) Set output frequency to 8.2 kme.
3) Adjust RF SWEEP RATE switch to 1K mc and A

FREQUENCY switch to 14 mc. Thus with 10 cm de-
flection on cro, 1 c¢m - 1.4 me and 0.2 cm = 280 ke,

L
L4

i

e

(N

,AL

28F=.2cM P-P
=,2CM+1.4 MC/CM
=.280MC
SF= 140 KC PEAK RO

4) Observe jitter in wavemeter pip at 8.2 kmc. One
half the distance betweenthe pips is the peak residual
FM. Residual FM will normally be less than 200 ke
peak = 400 ke peak-to-peak = 0. 280 cm.

NOTE

FM will be most pronounced at the low fre-
quency and of the band and decreases at
higher frequencies.
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Figure 4-3. Setup for Measuring Residual AM

H. RESIDUAL AM

1) Connect equipment as shown in figure 4-3.

2) Adjust the Sweep Oscillator for rated ew output.
3) Switch to INT. square wave modulation.

4) Adjust the Model 382A attenuator to get a reading
of -10 db on the 400D/H/L voltmeter (db,).

5) Switch back to cw, and rotate the 400D/H/L switch
to the -50 db position. Read db level (dby).

6) The residual AM is equal to (db, - dby) + 8 db.

NOTE

It can be shown that under the specified condi-
tions of measurement (steps 1 through 5)
(output voltage detected by a crystal detector
operating in the square-law region of its
characteristic; readings takenon an average-
responding voltmeter) an 8-db factor is re-
quired to obtain the correct value of the
residual AM.

This 8-db factor accounts for a) the crystal
square-law characteristic and b) the dif-
ference between the average values and peak
values of a square wave and a sine wave,

7) Residual AM should be 40db or more below the cw
level., Thus the value obtained in step 6 should be
greater than 40 db: For example:

dbg (400D reading, step 5) -10 db
dby (400D reading, step 5) - (-45 db)
+35 db

+8 db

Residual AM 43 db

4-6

4-7. REGULATED MAGNET SUPPLY,
A. EQUIPMENT NEEDED

1) Andp Model 403A Transistorized AC VTVM or an
@ Model 400D AC VTVM. If the 400D is used it must
be equipped with a three-prong totwo-prong adapter or
al:1, 115-volt isolating transformer sothat the instru-
ment case can be made floating with respect to ground.

2) 7-1/2 ampere variable transformer equipped with
voltmeter of 1% accuracy.

B. MEASUREMENT PROCEDURE

1) Set linevoltage to 115 volts and adjust magnet cur-
rent to 0.7 ampere as read on front panel meter using
R30. Allow to heat 15 minutes before making final
adjustment,

MAGNET RIFPLE
100MY MAX @:gggt
VACUUM TUBE
VOLTMETER

VOLTMETER
GFI%UNU LEAD.

AUTION
READ PARA. |

@ MODEL

EBEL
SWEEP OsSCILLATOR

MAGNET POWER
SUPPLY SECTION

LD-%-348

Figure 4-4, Measuring Magnet Circuit Ripple
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2) Check Magnet Regulator action by dropping line
voltage to 103 volts. Current should not vary more
than 0. 025 ampere.

3) Repeat with line voltage at 127 volts.

4) Use an isolatedac voltmeter to check ripple voltage.

See CAUTION below, Connect voltmeter to upper end
of R31 (white wire) and right hand end of R27 (blue
wire).

The hum or ripple voltage across the magnet must be
less than 100 millivolts with the line voltage varied
over the range of 103 to 127 volts.

CAUTION

The magnet power supply uses a voltage-
doubler circuit directly connectedtothe power
line. When the power cord is inserted in a
polarized three-wire outlet that is properly
wired, approximately 150 volts dec and 6.3
volts ac appear between electrical ground and
the end of R31 to which the white wires are
connected. If the line cord is reversed, ap-
proximately 122 volts ac as well as the 150
volts dc will be present on the white lead which
may give false ripple voltage measurements.
Check cord polarity by measuring the voltage
between the white-wire endof R31 and ground.
Use a multimeter type ac voltmeter with a dc
blocking capacitor in one lead; you should
measure 6.3 volts ac and not 120 volts ac,

When checking the ripple voltage, the volt-
meter case must be isolated from ground.
Temporarily disconnect the voltmeter NEMA
ground connector by using a two-prong adapter
with the pigtail floating, Do not touch the
voltmeter cabinet while making this check.

Poor regulationand excessive rippleare almost always
due to weak tubes (V1 to V5) or noisy neon lamps (V6
through V11). First replace tubes, then try replacing
the neon lamps. In the case where a neon lamp is
noisy a good method for determining which lamp is at
fault is to shunt a 470, 000 ohm, 1/2 watt resistor
across each lamp while watching for ripple indication
on the 400D. If ripple decreases with the addition of
the 470,000 shunt resistor, change that particular
neon lamp.

4-8. -150 VOLT REGULATED SUPPLY.

1) Connect the 412A voltmeter from chassis to -150
volts at R129 (150K white wire). (See figure 4-5.)
Adjust power line voltage to 115 volts.

2) Adjust R148 for exactly -150 volts dc.

3) Drop linevoltage to 103 volts and watch for change
in =150 volt level. There should be no visible change.

4) Raise line voltage to 127 volts and watch for a
change. None should be noticeable on the @3 Model
412A.
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5) Connect the & Model 400D or 403A ac voltmeter
between the =150 volt bus and ground. The ripple
voltage must be less than 3 mv over the range of 103
to 127 volts line.

8) Poor regulation and/or ripple are usually caused
by weak tubes. Check by substituting for V107, V108,
or V109,

4-9. 300 VOLT REGULATED SUPPLY.

This supply uses the -150 volt bus for a reference
voltage. Therefore the -150volt supply must be work-
ing perfectly and be accurately adjusted before the
+300 volt supply is adjusted.

1) Connect the 412A between chassis and +300 volts
at red wire, V106 Pin 1. (See figure 4-5).

2) Adjust the voltage to exactly +300 volts with R141.

3) Check the regulation by slowly varying the line
voltage down to 103 volts and up to 127 volts. There
should be no visible change on the 412A voltmeter.

4) Check the ripple voltage with the 400D or 403A
voltmeter. The ripple should read less than 10 mv
over a line voltage range of 103 to 127 volts.

5) Recheck -150 volt supply and reset if necessary,
then reset +300 volt supply.

4-10. HELIX SUPPLY.

1) Check the Helix Regulator by measuring the volt-
age from V101 pin 1 to ground. Use the 410B dc vivm
with 100:1 multiplier probe. The voltage will vary
from +400 volts when the FREQUENCY dial is at the
low frequency end to +2,000 volts when the FRE-
QUENCY dial is at the high end.

2) Adjust the FREQUENCY dial until the voltage is
1, 000 volts. Slowly vary the line voltage from 103 to
127 volts. There should be no visible change on the
voltmeter.

3) Reduce linevoltage to 103 volts. Set Helix to 2,000
volts (FREQUENCY dial at high end). Measure voltage
on collector (pin 7 of V102). The voltage must be
greater than 2, 050 volts. If not, replace V102.

4) Raise line voltage to 127 volts. Set Helix voltage
to 400 volts (FREQUENCY dial at low end). Measure
voltage on collector (pin 7 of V102). The voltage must
be less than 2, 600 volts.

5) TURN THE SWEEP OSCILLATOR POWER OFF,
Disconnect the bwo tube high voltage connector. Con-
nect four 100, 000 ohm, 1 watt resistors in series and
connect them from the bwo tube side of overload re-
lay K103 to ground. Rotate the FREQUENCY dial to
the low end. Rotate the CATHODE CURRENT control
full counterclockwise.

6) Turn on the equipment and measure the voltage
across the four 100K resistors. With 400 volts, 1 ma
will flow through them.
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Figure 4-5
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7) Slowly rotate the FREQUENCY dial toward the high
frequency end and watch the rising voltage across the
resistors. When the voltage reaches 1, 000 to 1, 200
volts the overload relay should operate and cut off the
highvoltage circuits, This corresponds to 2,5 to 3ma
maximum current required to operate Helix Overload
Relay K103.

8) Pad K103 if relayoperates at too lowa current. A
50, 000 ohm resistor will increase current about 10%.

4-11. FILAMENT REGULATION.

The bwo, helix control circuits, and the sweep genera-
tor circuit are all operated from regulated filament
supplies. The regulated filament supply eircuits must
be adjusted accurately, otherwise associated tubes and
circuits will be affected drastically.

The voltage on the bwo tube filament is critical and
will affect the life of the tube, The filament voltage
is nominally 6.3 volts. When a new tube is installed
be certainto verify that the voltage is adjusted to agree
with the tube manufacturer's specifications furnished
with the replacement tube. Do not allow the voltage to
be more than 0.2 volt higher than rated even for a
minute, as the filament will be damaged.

The best way to adjust the bwo tube filament voltage
is to adjust the line voltage to 127 volts and then ad-
just the value of shunt pad resistor R39 (figure 4-20)
until the voltage is at the safe limit, as specified by
the manufacturer. The ballast tube (R36) will then
hold filament voltage within 0.1 or 0.2 volt at lower
line voltages.

CAUTION

BE CAREFUL WHEN MAKING CONNECTIONS.
VERY HIGH VOLTAGES EXIST IN THIS AREA.
BE CERTAIN THE EQUIPMENT IS OFF BE-
FORE CONNECTIONS ARE MADE OR BROKEN
OR PADDING RESISTORS ARE CHANGED. USE
INSULATED CLIPS TO AVOID ACCIDENTAL
SHORT CIRCUITS.

When adjusting bwo tube filament voltage, first connect
anaccurate insulated-case ac voltmeter across thebwo
filament shunt resistors. These resistors are located
under the red safety cover and are identified in figure
4-16, The padding should be adjusted so that the fila-
ment voltage does not exceed the optimum value by
more than 0.2 volt with the line voltage adjusted to 127
volts. The regulator should not allow the voltage to
go more than 0. 2 volt below the optimum value at 103
volts. When checking the voltage at the limits, allow
the line voltage to remain at 103 or 127 volts for
several minutes so that the ballast tube completely
stabilizes. The padding resistors should have suffi-
cient wattage rating, Use 2-watt carbon resistors
down to 36 ohms and 5-watt wirewound resistors if
under 36 ohms, or use parallel combinations of 2-watt
carbon resistors greater than 36 ohms to get low
values,

Quite often, malfunctioning of the sweep generator
circuit can be traced to low or high filament voltage.
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A filament voltage change affects tube contact poten-
tial due to the change in emission current, A change
in contact potential will shift the gating point of Schmitt
Trigger V201 and clamp point of Clamp Diode V204B.

To set the Helix Control Circuit and Sweep Circuit Fila-
ment Regulator, follow the same procedures as for the
bwo filament regulator. Using an insulated-case volt-
meter, measure the voltage across shunt resistor R32.
(R32 is located on a long horizontal resistor board--
see figure 4-16,) Voltage measured must not exceed
6.4 volts at 127-volt line or 6.1 volts at 103-volt line.
Pad R32 as necessary to get proper range.

4.12. MEASUREMENT OF LINEAR SWEEP TIMES.

The following procedure is based on the use of an @
Model 523B electronic counter with facilities for time
interval measurements. Corresponding controls can
be located on other counters.

1) Measure the -150volt and+300 volt supply voltages
and set as described above. Be certainto set the-150
volt supply first.

2) Measure the sweep amplitude. The sawtooth should
be 20 to 25 volts. If not, pad R212. However, this
should only be done if V202 and the other tubes are
known to be good. In addition, the regulated filament
voltage must be the correct value.

ouT

h he Ly Ly
I } | H
ol e | o
20TO 25V
i 'I SWEEP AMPL
|

* VALUE VARIES WITH SETTING
OF RF-SWEEP START VOLTAGE.
[PaRA. 4-14(7] RO

Figure 4-6. Sweep Out Voltage

3) Connectthe 523B counter trigger to junction between
R207 and R208 (see figure 4-15).
4) Set 523B input switch to COMMON,

5) Set 523B TRIGGER SLOPE START switch to (-)
and STOP switch to (+).

6) Rotate 686C SWEEP SELECTOR switch to RECUR.

7) Rotate 686C A FREQUENCY switch to 4.4K,
SWEEP RATE switch to 320K.

8) 523B [ront panel settings:

a., FUNCTION SELECTOR to TIME INTERVAL.

b, TIME UNIT to 10 ke.
¢. COM. SEP, switch to COM.
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d. Start TRIGGER SLOPE +,
Stop TRIGGER SLOPE -.
Start MULTIPLIER to de x 10.
Stop MULTIPLIER to dc x 10.
Start TRIGGER LEVEL to -2.
Stop TRIGGER LEVEL to -2.

TP

9) Counter should now measure a 14 ms sweep time.
The limits are 13.4 to 14.4 ms with the line voltage
at 115 volts. If out of specifications, adjust C207.

10) Rotate RF SWEEP RATE switch to 100K and read
sweep time, The counter should read 42.1 to 45.7 ms
with line voltage at 115 volts. If necessary, adjust
C210 to get proper value,

11) Rotate RF SWEEP RATE to 32K. Read sweep
time on counter. The limits are 134 to 144 ms, If
out of specifications, check the sweep time with the
SWEEP RATE switch set to 10K. The limits are 421
to 457 ms, If this sweep time is out of specification
also, adjust R225 so that the sweep times correspond-
ing to 32K and 10K are within specifications.

12) Repeat step 11 for sweep rates 3,2Kand 1K,
Specifications: 1.34to 1.44 sec on 3.2K and 4.21 to
4.57 sec on 1K. If necessary, adjust R226 to get cor-
rect readings.

13) Repeat step 11 for sweep rates of 320 and 100.
Specifications: 13.4 to 14.4 sec and 42, 1 to 45. 7 sec.
If necessary, adjust R227 to get correct readings.

14) Measure sweeptime for sweep rate at 32. Specifi-
cations: 1,34 to 14.4 sec. Generally no adjustment
should be required. However, if specification cannot
be met, the value of R232 can be changed slightly.

15) Connect the SWEEP OUTPUT to the vertical input
of the oscilloscope. Set the SWEEP RATE switch to
320K and the A FREQUENCY switch to 4.4K. Adjust

‘the oscilloscope controls to display a 20 to 25 volt

sawtooth voltage of 14 ms duration.

16) Measure the sweep starting voltage which will
appear as a vertical line at the beginning of the saw-
tooth, The "step'" must be from1 to 2 volts. If neces-
sary, adjust R217 to obtain a level of 1.5 volts. Final
adjustment is made when making the rf sweep adjust-
ments (paragraph 4-14, step 7).

4.13. REPLACEMENT OF BWO TUBE AND
CALIBRATION PROCEDURE.

Always handle the bwo tube with extreme care. The
tube is very expensive and can be damaged by im-
proper handling, The tube never should be removed
from the capsule for any reason, Read all the re-
movaland installation instructions before proceeding.

Handle the old tube as carefully as a new tube when
the old tube is tobe returned for warranty adjustment.
Follow shipping instructions carefully since no allow-
ance will be made on a tube which is broken when it
reaches the manufacturer,
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A, REMOVING THE BWO TUBE

1) Disconnect power from the instrument and remove
the cabinet.

2) Disconnect the bwo grid leads.

3) Disconnect the bwo tube multi-conductor high-
voltage cable connector from its mating receptacle
located at the left hand side of the instrument, as seen
from the front.

4) Remove the waveguide output flange and mounting
plate by removing the two phillips head screws at each
side on the front panel. Remove the flange from its
rear mounting plate. Be careful to save the screws
and plate. Do not disconnect the coaxial cable at the
flange or at the bwo tube., Damage to the bwo output
cable can result,

5) Using a #10 Allen wrench mounted in a driver=-
handle 8 to 10 inches long, unscrew the two #10 Allen
scerews at the front andrear of the magnet castings 1/2
inch. The front and rear screws are accessible from
the top and right side of the instrument (see figure 4-9),

6) Carefully slip the capsule out from the rear. Feed
the high-voltage cable and connector through the mag-
net core,

7) Followthe bwo tube '"Warranty Claim and Replace-
ment'' page instructions. Pack the encapsulated bwo
tube, output coaxial cable and waveguide output flange
as directed, to insure safe arrival at the manufac-
turer's factory.

B. INSTALLATION OF A NEW BWO TUBE

1) Carefully feed the multi-conductor high-voltage
connector through the rear of the magnet towards the
front panel. The #10 Allen screws at the ends of the
magnet should be backed out 1/2 inch so as tonot catch
on the connector.

2) Before the bwo tube is fully inside the magnet,
thread the waveguide output flange through the large
hole on the left-hand side (as seen from the rear of
the instrument. )

3) The bwo tube should be installed so that the rear of
the capsule is flush with fan housing (approximately
3-3/8 inches from magnet support bracket). The out-
put fitting should be pointing downward to the left at a
459 angle (see figure 4-8).

4) Tighten the two rear #10 Allen screws so the cap-
sule is accurately centered in the magnet hole.

NOTE

The capsule is supported at three points which
are 120° apart. One is a spring-loaded ball
and the other points are the two #10 Allen
screws. By carefully adjusting the two screws
the capsule can be firmly supported and ac-
curately centered (see figure 4-9).

5) Repeat the process with the front two screws. It
is not possible to exactly center the capsule by eye
with the front screws. However, it is necessary to
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Figure 4-9

MP-5-809

Figure 4-9. Positioning the BWO Tube at Front and Rear of Magnet
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be as closeaspossiblebefore a final electrical adjust-
ment is attempted (see figure 4-9).

6) Mount the waveguide output flange at the rear of the
front panel. Mount the new current plate on the meter.

7) Reconnect the high-voltage connector and grid
connector,

8) Recheck the mechanicalpositioning of the bwo tube
in the rear., If necessary, readjust the #10 Allen set
screws to accurately center the capsule in the hole,

9) Set front panel controls as follows:
CATHODE CURRENT . . . ..

AMPL. MOD. SELECTOR . .. ... ... ... OFF
SWEEP SELECTOR .............RECUR
AFREQUENCY ; . i ¢ v a5 & o o a o % eiaaa 140
RESBWEEP RATE. . + + « s cie o s o o0 aio 3.2K
CURRENT SELECTOR . ........... CATH.
RBEDIAL . .« . o s 000 0000 3943 10. 0 kme
REFLEVELER ... ¢ ccooisses0sa OFF

10) Refer to Filament Regulator adjustment instruc-
tions in paragraph 4-11, Connect an accurate acvolt-
meter with an insulated case to the bwo tube filament
circuit.

11) Turn on power to the sweep oscillator and adjust
the line voltage to 127 volts. Carefully watch the bwo
filament voltage for 2 minutes. If the voltage exceeds
the rated voltage by more than 0. 2 volt, immediately
turn the instrument off and readjust the value of the
padding resistors (figure 4-6),

12) After accurately setting the filament voltage at
127 volts line, reduce the line voltage to 115 volts and
turn off the instrument.

13) Inserttwoinsulated#10 Allen drivers with approxi-
mately 8-inch long handles into the two front positioning
SCrews.

WARNING
Wrap the shafts with insulating tape to avoid
shorting out adjacent circuitry.

14) Turn on instrument. After two minutes, adjust
CATHODE CURRENT control to obtain 1 ma CATHODE
current.

15) Rotate CURRENT selector switch to HELIXand
read the helix current. Adjust the position of the bwo
capsule by simultaneously turning the two #10 Allen
screws. Position the tube for minimum helix current.

16) Increase the CATHODE current control until cath-
ode current is value marked on meter plate, Again
read helix current andpositiontube for minimum cur-
rent. Helix current must always be less than 3 ma
with CATHODE current adjusted to rated value and at
any output frequency.

17) Adjust dc level R332 to give 1 ma morethan rated
cathode current with CATHODE CURRENT control set

00034-1
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full clockwise. See paragraph 4-16 for adjustment
procedure, Return CATHODE CURRENT control to
setting which gives rated current.

18) Check frequency calibration.

C. FREQUENCY CALIBRATION

1) Set up test equipment as in figure 4-2. If desired,
one wavemeter can be used instead of three.

2) Turn FREQUENCY dial to 8.2 kmc cw output, and
adjust wavemeter to 8.2 kme. If necessary, adjust
R132 to make dial setting agree with wavemeter,

3) Turn FREQUENCY dial to 12.4 kmc and set wave-
meter to 12, 4 kmec. Adjust R135 to bring output fre-
quency into agreement with the wavemeter.

4) Repeat these two checks at 8.2 and 12. 4 kmc and
refine the adjustments,

5) Adjust value of R234 if necessary, to make 10.0
kme track.

6) Adjust sweep oscillator to sweep the full band and
setup the three wavemeters at 8.2, 10.3 and 12.4 kmec.
Check sweep linearity as described under Sweep Fre-
quency Operation in paragraph 4-5c. If linearity is
not within specifications, refer to paragraph 4-14 RF
Sweep Linearity.

D. OUTPUT POWER CHECK

Check power output across the band asdescribed,
in paragraph 4-5a. Inability to get full power at some
frequencies or excessive power change vs frequency
when operating intoa matched loadis dueto a defective
bwo tube. Be certainthat an apparent excessive power
change is not in part due to mismatch in the power
measuring equipment. Critical points in the band
should be checked with a tunable load in the system.
The #» Model X8T70A Slide Screw Tuner is recom-
mended for tuning the system.

4-14. RF SWEEP LINEARITY.
NOTE: Allow instrument to operate at least 1/2 hour
before making adjustments.

1) Set up test equipment as in figure 4-2. This pro-
cedure can be performed with one wavemeter. How-
ever, when three wavemeters are used, considerable
time is saved.

2) Set the wavemeters to 8.2, 10.3 and 12. 4 kmec.
3) Turn the RF SWEEP RATE to 100K.
4) Turn the A FREQUENCY to 4.4K.

5) Adjust the vernier on horizontal input sensitivity
control of oscilloscope so that the sweep is 8.4 cm.

6) Adjust R244 (rf sweep linearity)and R246 (rf sweep
expansion), See figure 4-16 to obtain a linear display
of the full band (8. 2 to 12, 4 kme).
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Figure 4-10. Calibration Pips on CRO
Sweep (Linearity)

NOTE: R244 and R246 interact (see figure 4-10),

7) Adjust oscilloscope horizontal gain so that rf band
8.2 cm to 12. 4 kmc = 8 cm.

a = .5 cm (adjust with R217)
b = must be within .2 cm to .9 cm (adjust R246)
d = +2 cm (adjust R244 and R246 interact)

8) Turn RF SWEEP RATE to 320K.
9) Adjust R245 to bring b to .4 em (Spec: .2-.9 cm).

10) Adjust length of X-band with vernier of horizontal
cro amplifier to 8 cm (see figure 4-10).

11) Check linearity d within +2 cm. If linearity d is
not within the specifications, correct the error with
R244, and recheck all previously adjusted positions.

12) Check linearity with RF SWEEP RATE at 100K.

NOTE

If the length of the X-band trace (8.2 to 12. 4
kme) has been adjusted to 8 cm it is practical
to read linearity (d) directly with RF SWEEP
RATE on the 320K to 3.2K positions. For
the slower sweep rates (RF SWEEP RATE
on the 3.2K to 32 positions) probably it will
be more practical to calculate linearity (d)
and sweep (b). Record (in cm) the positions
of the 12.4 kmc, 10.3 and 8.2 wavemeter pips
and the endof the sweep. Determine linearity
and sweep length, and calculate the error.
For example, with a trace such asthat shown
in figure 4-11A, since the sweep is decreasing
from the High-frequency end the position of
the 12. 4 kme pip would be recorded at 0 cm,
the 10.3 pip at 4,2 cm, the 8.2 pip at 8.4 cm,
and the end of the sweep at 9 cm.

To determine whether the linearity (d) is within speci-
fications:

Pcf - 0.5L
% error = I X 100
where P (= position of center frequency pip

(distance in cm from start of sweep)
0.5L = X-band midpoint in cm
L = X-band length in cm
(distance in cm between end pips)

4-14
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For the sweep shown in figure 4-11A:

1}

P position in cm of 10.3 pip = 4.2 cm

cf
L

8.4 cm (8.2 kmc pip position - 0 cm
(12. 4 kmc pip position) = 8.4 cm

0.5L = 4,2 cm

% error = 4.4 c‘;n{c‘;.12 €M % 100 = 4. 8%

Linearity specification: bandcenter frequency position
in cm shall be within +5% of band midpoint in cm,

Thus the sweep shown in figure 4-11A meets the
linearity specification.

To determine whether the sweep length (b) is within
specifications:
La - Lg

% error = T x 100

where La = actual sweep length in cm
Lq = desired sweep length in cm

AF
X

where AF= A frequency in kme
X = X-band width in kmc

L= X-band length in cm
(distance between end pips)

Ld= o 7
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Figure 4-11. Calibration Pips on CRO
Sweep (Length)
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For the sweep shown in figure 4-11A:

Ly= 9c¢cm

Lo= f5pm¢ x8.4cm=4.4x2.0=8.8cm

% error - 9.0 {émB-ci;B Cm 100 = +2.0%

Sweep length specification: £10% with A FREQUENCY
set at 4. 4K.

Thus the sweep shown in figure 4-11A meets the sweep
length specifications.

13) Repeat step 8 for RF SWEEP Position at:

32K with R247
10K with R248
3.2Kwith R249
1K with R250
320 with R251

Do not change the setting of R244 without checking all
previously adjusted positions.

14) Turn RF SWEEP RATE to 100,

15) Adjust the value of R254 so that RF SWEEP falls
within specifications.

16) Rotate RF SWEEP RATE to 32, andadjust the value
of R256 so that the RF SWEEP falls within specification.

4-15. SQUARE WAVE SYMMETRY ADJUST.

1) Set up 686C as shown in figure 4-2 (excluding the
three wavemeters).

2) Set up 686C for cw operation as directed in figure
2-1, Turn-On Procedure and CW Operation,

3) Set front panel controls as follows:

SWEEPSELECTOR . . + « =+ « v s 4 4 s+ « . OFF
AMP, MOD. SELECTOR . . . . .. SRR | - i 5

4) Rotate R302 (INT. SQ. WAVE FREQUENCY) fully
counterclockwise (front panel),

5) While observing on oscilloscope, adjust Square
Wave Symmetry Adj. R310 (figure 4-16) so the sym-
metry is better than 40 - 60%.

6) Check frequency range by measuring period of one
cycle: 2500 usec = 400 cps and 833 usec = 1200 cps.

4-16. RF LEVELER AND REFERENCE ANODE
VOLTAGE ADJUSTMENT.

The programming and reference anode voltages are
supplied by the rf leveler circuit. When either re-
focusing the bwo in the instrument or installing a new
bwo tube, the rf leveler must be recalibrated and ref-
erence power level re-established.
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A. SPECIAL TEST EQUIPMENT

An oscilloscope with a dual channel amplifier is
needed for this procedure. The @ Model 150A
oscilloscope with 152B dual channel amplifier is
recommended.

B. POWER LEVELER CIRCUIT CALIBRATION
1) Obtaining Reference Power Level
a. Set up 686C as shown in figure 4-14,

b, 686C front panel control settings:

SWEEP SELECTOR . « « s ¢ 4 ¢ = =« « s OFF
RF SWEEPRATE .. ... .. v oo s oo JOOK
A FREQUENCY. . . .. .. .. ce ... 44K
VERNIER. : 5 5 6 % s » v o 5 o o CAL
RFLEVELER ... ..:44s4009+ 9+ OFF
AMPL. MOD, SELECTOR. . ... ... OFF
CURRENT SELECTOR. .. .. .. CATHODE

CATHODE CURRENT. . . ... ... maxcw

¢, With Balance Adj. R335 mid-range, adjust DC
Adj. R332 (figure 4-13) to cathode current and
at frequency indicated on meter face.

d. Turn SWEEP SELECTOR to RECUR.

e. Check FREQUENCY dial calibration at 8.2, 10,3
and 12. 4 kme, If recalibration is necessary,
see paragraph 4-13c Frequency Calibration.

f. Rotate SWEEP SELECTOR to OFF.

g. Control settings for @& Model 430C Power
Meter:

POWERRANGE ..... ... .. asneeded
COEFF, o0 05 0 5 missie v 2 e s ss NEEG
RES. . ... .. ... 200for & Model 477B
BIAS CURRENT . Setting needed for zero-set

h. Rotate the AMPL, MOD, SELECTOR to PULSE
and zero-set the power meter,

i. Rotate CATHODE CURRENT control (front
panel) R327 full clockwise.

j. Rotate FREQUENCY dial across the band and
check that:

(1) Minimum power across the band is greater
than 10 milliwatts (10 dbm). If minimum power
is less than 10 milliwatts increase cathode cur-
rent with DC Level Adj. R332.

(2) Power spread across the band is less than
3 db from high to low power point across the
band., If power spread is too great, decrease
cathode current slightly.

k. Readjust DC Level potentiometer R332 clock-
wise until minimum power point is greater than
the specified 10 milliwatts (10 dbm). Record
cathode current value at frequency at which
minimum power point exists,
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2) Obtaining crystal detector-attenuator power re-

sponse:

a.
b.

w

Rotate FREQUENCY dial to 8.2 kmec.

Rotate CATHODE CURRENT control clockwise
until 10 milliwatts (10 dbm) is obtained on the
power meter.

Rotate 686C SWEEP SELECTOR to RECUR.
DO NOT MOVE THE CATHODE CURRENT
control,

Set the oscilloscope for de coupling.

Rotate the AMP. MOD. SELECTOR switch to
PULSE.

Draw a line with a grease pencil at some arbi-
trary point on the oscilloscope graticule, Set
the oscilloscope beam at the rf reference line
(see figure 4-12).

Rotate the AMPL, MOD, SELECTOR to OFF,

The point at which the oscilloscope electron
beam deflects vertically from the reference
line is the 10 milliwatt point at 8.2 kme, Place
a mark on the oscilloscope graticule as shown
in figure 4-12.

Repeat steps "a''through "h' at: 9, 10, 11, 12,
12. 4 kme.

NOTE: As eachpoint is plottedon the oscillo-
scope, the oscilloscope HORIZ. POS. control
must be rotated to move the power point to a
new position on the graticule (see figure 4-12).
The spacebetween positionedplots onthe oscil-
loscope graticule can easily be interpolated.
With minimum oscillator power output a con-
stant across the band, any indicated power
variation is due to the characteristic of the
crystal detector and attenuator used in the set-
up. If not compensated for, these will intro-
duce appreciable error.

Connect points on the graph (see figure 4-12).
This willgive a permanent record of the power-
line curve forthe particular crystal and atten-
uator used.

3) Segment Adjustment Procedure

a.

4-16

With 686C set up as shown in figure 4-14, con-
nect a test probe (not shown) from the anode
of the bwo (see figure 4-16) to oscilloscope
(channel B).

686 settings same as 1b except:

(1) CATHODE CURRENT set to value and at
frequency recorded in step 1k.

(2) SWEEP SELECTOR to RECUR.

NOTE; The RF SWEEP RATE, 320K position,
should be roughly calibrated. See paragraph
4-14 RF SWEEP LINEARITY steps 1, 2, 3, and
8 through 10.

Remove wavemeters from set up.

Model 686C

GRT
QELT T —
LI03KMC T 124 KMC
|| B
A2KNC | _—TarMt o
n-"""#
RF_REF E_LINE :

ALL POINTS ARE SET TO SAME POWER LEVEL
ACROSS THE BAND. THE CURVE 15 DUE TO
WONLINEAR RESPONSE OF THE CRYSTAL DE-

TECTOR AND ATTENUATOR POWER TO FRE=
QUENCY RESPONSE £ ] l l
| |

Figure 4-12, Crystal Detector-Attenuator

Response Curve

WARNING

Be careful that there are noholes across the
band due to either poor rf connectionsor im-
pedance mismatches.

d.

e,

RF LEVELER switch to ON,

Level the coarse grain (figure 3-3)power vari-
ations of the rf power output presentation on
the oscilloscope to the rf power line curve,

(1) Adjust Segment 1, R321, as shown:

/ POWER LINE
PENCILED ON
OSCILLOSCOPE

(FU S SEU U NN S AT FESWE S EE Fawe
L i * L

T

ANODE VOLTAGE 4 NG
—  WAVEFORM ¥ o
Ir \
¥ SEGMENT 1)
1 | |

T
10.3KMC 124KMC

STEP I.
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(2) Adjust Segment 2, R324, as shown:

bk rif] bt AT S WU S T
it L T rl Eann LR LAAAN LI LT R

SEGMENT | ~
3(-s%€mwhr'é ,/
~%

—

/ 1\

T T
10.3MC 12 4MC

STEP 2.

RO

(3) Adjust Segment 3, R315 and Segment 4,
R320 as shown. After making all four adjust-
ments readjust Segments 1, 2, 3, and 4 as
needed to obtain optimum leveling action.

-+

i S

=) L8db

\
\
]
Eo
HHHH
-

.
-+

il PO
Trre

-+

++

.
SEGMEWT 2] N

. Hseoment 2
- T ]
SEGMENT 3 SEGMENT |
L T ¥ T
8.2KMC 10.3KMC 12.4KMC
STEP 3.

NOTE: Therewill be interaction between Seg-
ment 2 and Segment 3 since the height to which
Segment 3 rises is a function of the parallel
resistance of the plate load resistors R318 and
R323, plus a section of R324. This interaction
makesavailable a wide range of leveler shapes.
There will also be a slight interaction between
Segment 3 and Segment 4 adjustments and DC
Level R332 adjustments.

f. Turn SWEEP SELECTOR to OFF.
00034-1
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g. Check power variation across the band. The
power spread across the band should be no more
than +1, 25 db. If out of specifications retouch
segment potentiometers and dc level adjust-
ments as needed.

h., Turn FREQUENCY dial fo low power point; RF
LEVELER ON. With DC Level potentiometer
R332 increase cathode current tol ma greater
than the value recorded in B1K.

i. Replace meter plate with new meter plate.

j. With the RF LEVELER in the OFF position,
set Balance R335 (figure 4-13) sothat the Power
Level is greater than 10 mw at low power point,

4-17. SERVICING THE SWEEP CIRCUITS.

A. VOLTAGES AND WAVESHAPES

The sweep circuit can be very difficult to service
if definite conditions are not established. Figure 3-7
gives the typical wave shapes and actual dc levels of
the complete sweeping system. These voltages and
wave shapes are the same for any speed of sweep, I
the sweep rate is high, these wave shapes may be
directly observed on a dc coupled oscilloscope with
a 10 megohm 10 pf probe such as an @ Model AC-21A,
If this equipment is not available, it is possible to
reduce the sweep rate to a very low value and use a
dc vtvm such as an #p Model 410B with 122 megohms
input impedance and accurately measure the upper and
lower voltage limits.

With the sweep selector in the TRIG. position, the
Schmitt Trigger V201 is biased to cut off the right hand
half, The voltage conditions in the circuits will then
be those at t; on the waveforms. In a like manner, by
temporarily connecting a jumper from pinTof V201 to
the =150 volt bus, the Schmitt Trigger can be locked in
the sweeping state, The voltages will then be those at
time t2.

NOTE

Upon first observation, the voltages shown
in figures 3-7 and 4-25 across coupling and
switching diode sections of V203 may appear
to be in error. The voltages given indicate
that the diodes are conducting when the plate
is lightly negative with respect tothe cathode.
This is correct. Thermionic diodes have a
contact potential developed between the plate
and cathode of about 0.5 volt, For this rea-
son, the diode actually starts to conduct when
the plate is about -0,5 volt with respect to the
cathode. The actual value of this voltage will
change with cathode temperature. The heat-
ers of critical tubes have regulated heater
voltage to prevent a shift of sweeptime cali-
bration with changing line voltage. If the
heater voltage is regulating at the wrong level
the sweep circuit can bedisabled. Paragraph
4-11 tells how to adjust filament regulation.
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Figures 13 and 14
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Figure 4-13. RF Leveler Circuit Board
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Figure 4-14, RF Leveler Calibration Setup
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Figure 4-15

" ADJUST RF SWEEP
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Figure 4-15, Model 686C  Right Side View
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Figure 4-16
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Figure 4-16. Model 686C  Left Side View
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B. SWEEP-OUT SAWTOOTH

The sawtooth voltage at the SWEEP OUTPUT jack
(J203) is linear (see figures 4-6 and 4- 17) and generally
will not be out of specifications, Should trouble be
experienced, however, the points discussed below are
among the possible sources.

Ll

N N

q"..._l"_ F.2CM MAX.

RO
Figure 4-17, Sweep Out Voltage Linearity

Three troubles which may occur would cause a very
distorted wave shape and thus can be easily detected.
If W203 (6AL5) or V204 (6ANB8) is defective, the saw-
tooth will be distorted. The defective tube generally
has high heater-cathode leakage which modulates the
sawtooth SWEEP OUTPUT voltage. Observing the saw-
tooth SWEEP OUTPUT voltage on an oscilloscope,
distortion can easily be detected. Diode CR202, as-
sociated with the FREQUENCY potentiometer circuit,
will cause limiting on the sawtooth if the diode has a
low front-to-back ratio. If diode CR201 is defective,
the cathode of V202B will not follow the grid. The
grid will then draw current which will disable the
swept circuit,

NOTE

When in good condition, G11A diodes will
typically have a forward resistance of less
than 100 ohms and a back resistance greater
than 500, 000 ohms. The actual resistance
values read for diode CR201 or CR202 will
vary with the internal voltage of the ohmmeter
used, The abovetypicalvalues arethoseread
on an hp Model 410B vtvm. The forward re-
sistance is measured onthe Rx1 range and the
back resistance on the Rx1Kor higher range.

If the sweep output voltage at J203 is too low or high,
under approximately 20 volts or over approximately
25 volts, the Schmitt Trigger is probably not trigger-
ing reliably. Thiswill also cause a non-linear sweep.
In this case, V201 and/or V202A may be defective.

C. SETTING THE SCHMITT TRIGGER BIAS

The trigger bias should be adjusted with R203 (see
figure 4-15). The equipment should be connected as
in figure 4-2. Set the A FREQUENCY = 4,4K and
SWEEP RATE to 3.2 kmc/sec. Adjust one wavemeter

00034-1

Section IV
Paragraphs 4-18 to 4-19

pip at the low end of the hand and another at the high
end, The end of the sweep should occur at the top of
the wavemeter pip. Switch to TRIG. and operate the
MAN. TRIG. button. Adjust R203 to obtain the same
sweep length on MAN. TRIG as on RECUR. This is
easy to determine if the sweep ends on the wavemeter

pips.

4-18. REPLACING NEON DC COUPLING
ELEMENTS.

Throughout the sweep oscillator there are a number
of de coupled circuits which use small neon lamps as
coupling devices, These lamps maintain a constant
voltage drop across themselves and thus couple to-
gether points of different potential. Since all power
supplies are regulated and absolute voltage levels are
critical, these lamps are important in maintaining
exact voltage relationships in the system. The lamps
areaged, polarized and selectedat the factory. Lamps
are aged on dc to insure stability of voltage level and
to establish a polarity characteristic. The lamps are
selected for proper voltage drop and color coded. The
color tells the voltage and also tells the correct pol-
arity. The paint mark is located on the positive lead,
This is important, as improper polarity will result in
a different and unstable voltage drop.

When replacing a lamp, the same color code lamp
should be installedand care should be taken to observe
the correct polarity, Improper connection may de-
stroy the lamps' stability even if later reconnected
in the proper manner.

The factory specifications on the lamps used in this
sweep oscillator are as follows:

@ Stock No. Color Voltage Range Circuit Reference

G84B Blue 57 to 60V V6 through V11,
V209, V210
G84E Red 61 to 65V V110, V211

4-19. POSITIONING FREQUENCY DIAL
ON POTENTIOMETER SHAFT.

If R236 has to bereplaced, it is necessary to reset the
proper relative position between the dial hub mechani-
cal stop and the mechanical stop on the potentiometer
rotor, Proper positioning of the stops will cause the
dial stop to hit just before the internal rotor stop.
This prevents possible damage to the precision poten-
tiometer if the shaft is forced,

Proceed as follows:

1) Turnthe FREQUENCY dial counterclockwise to the
mechanical stop.

2) Record thisposition with a pencil mark on the dial.

3) Remove the long set screw on the dial hub (do not
touch the short set screw!)and turn the FREQUENCY
dial counterclockwise until it'is stopped by the mech-
anical stop of the potentiometer rotor, Be careful not
to use force.
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4) Note the position of the dial with a pencil mark,

5) Thetwo mechanical stops are in their proper rela-
tive location if the two pencil marks are 3/16 inch
apart, measured on the edge of the dial.

6) To change the relative position of the two marks,
release the short set screw on the dial hub.

7) Hold the potentiometer shaft fixed in its counter-
clockwise position and turn the dial to the correct
location with the vernier. Tighten the short set screw.

8) Insert the long set screw whichprovides the mech-
anical stop. The screw should hit before the internal
stop in the potentiometer both at full counterclockwise
and full clockwise rotation.

B. POSITIONING FREQUENCY DIAL ON DIAL HUB

The FREQUENCY dial must be properly positioned
on the potentiometer shaft for correct frequency cali-
bration. The dial is setat the factory and should never
need resetting unless R246 is replaced.

To gain access to the FREQUENCY dial set screws,
loosen the two Allen set screws on the large black knob
and slide the knob off the shaft.

Position the potentiometer wiper at the center tap
point by connecting a low range ohmmeter between
the wiper terminal (yellow lead) and the center tap

Model 686C

(zreen lead), Rotate the shaft until the ohmmeter
reads a minimum (less than 1 ohm). Slip the FRE-
QUENCY dial until the 10.0 kme point is under the
cursor, Carefully tighten the set screws, Recheck
the position by rocking the dial each side of the 10.0
kme point. The minimum resistance reading must
exactly agree with the 10.0 kmc mark. Reposition
the dial on the shaft if necessary, Remove the ohm-
meter and re-install the knob on the dial shaft.

4-20. TUBE REPLACEMENT.

In many cases instrument malfunction can be cor-
rected by replacing a weak or defective tube, Before
changing the setting of any internal adjustment, check
the tubes, Adjustments made in an attempt tocom-
pensate for a defective tube will often complicate the
repair problem.

It is a good practice to check tubes by substitution
rather than by using a "tube checker,'" The results
obtained from the '"tube checker" can be misleading.
Before removing a tube, mark it so that if the tube
is good it can be returned to the same socket. Re-
place only tubes proved to be weak or defective.

Any tube with corresponding standard EIA (JEDEC)
characteristics can be used as a replacement. Where
variation in tube characteristics will affect circuit
performance, an adjustment is provided. Table 4-1
lists the tests and adjustments which should be per-
formed if such tubes are replaced.

Table 4-1. Tube Replacement Chart

Tube Function

Standard Test or Adjustment

V201 Schmitt Trigger, Linear Sweep Time
Generator, figure 4-24,

V204 Feedback Integrator, Linear Sweep
Time Generator, figure 4-24.

V207A Control Tube, Helix Supply Reference
Voltage Generator, figure 4-24.

V207B Series Regulator, Helix Supply Reference
Voltage Generator, figure 4-24,

V208 Differential Amplifier, Helix Supply
Reference Voltage Generator,
figure 4-24.

V3ol Amplifier /Square- Wave Generator,
figure 4-22.

V302 RF Leveler and Reference Anode Voltage

V303 Supply, figure 4-22.

Adjust sweep time; see paragraph 4-12.
Adjust schmitt trigger bias; see paragraph
4-17C.,

Adjust sweep time; see paragraph 4-12.

Check FREQUENCY dial setting;
see paragraph 4-13C.

Check calibration adjustment pots (R245-251)
paragraph 4-14, steps 1 through 12,

Check calibration adjustment pots (R245-251)
paragraph 4-14, steps 1 through 12.

Adjust square-wave symmetry; see
paragraph 4-15.

Adjust R332, see paragraph 4-16.
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Model 686C
Table 4-2

Table 4-2. Troubleshooting Procedure (Sheet 1 of 4)

The purpose of the troubleshooting chart is 1) to provide a logical sequence for troubleshooting the
686C, 2) to isolate trouble to a circuit rather than to a component, and 3) to point out some of the
more common troubles which might occur in the stage.

The troubleshooting chart (figure 4-18) is sectionalized by symptoms, as follows: 1) NO RF POWER
OUTPUT, 2) NO SWEEP OUTPUT, 3) RF SWEEP JITTER AND/OR FREQUENCY SHIFT, 4) LOW
RF POWER OUTPUT AND/OR EXCESSIVE POWER SPREAD, and 5) NOAMPLITUDE MODULATION.

Each section is divided into circuit blocks and trouble blocks, Only those circuits to be checked and
related troubles are included in each section. Arrowed solid lines indicate circuit relationships and
signal directionbetween circuits. Dotted lines connect circuit blocks to trouble blocks. Where dotted
lines extend from a circuit block in one section to a trouble block in another section, such troubles
will be indicated by the symptoms which head the section in which the trouble block appears. To iso-
late the trouble causing the symptom, proceed in the order shown in that section.

As an aid in localizing the trouble within a section, a simplified trouble location procedure is included
which gives step-by-step procedures for trouble isolation within a section.

SECTION 1
VERY LOW OR NO RF OUTPUT POWER
B. Magnet Trouble Procedure
1) Check magnet fuse (front panel). Check only if

Step 1. Low Voltage Power Supply
A. -150 Volt Regulated Power Supply

1) Check -150 volts, No -150 volts, proceed as
instructed below.

a. Removeprimarypower from 686C and mea-
sure resistance from -150 volt terminal
(any white wire) toground;should be approx-
imately 33K ohms.

b. Check high voltage fuse (front panel).

c. Check voltage output across C121; should be
approximately 420 volts. Possible trouble,
CR105 and CR106. If not, continue to 4.

Replace V107, V109, and V108 in that order,

Refer to paragraph 4-8 and calibrate the
-150 volt power supply.

B. +300 Volt Regulated Power Supply.

Check +300 volts; no +300 volts, proceed as in-
structed below.

a. Removeprimarypower from 686C and mea-
sure resistance from +300 volt terminal to
chassis ground; should be approximately
30K ohms.

b. Measure voltage across C119; should be
approximately 450 volts. Possible trouble
CR103 and CR104,

c. Replace V106, and V107 in that order.

d, Refer to paragraph 4-9 and calibrate the
300 volt power supply.

Step 2. Regulated Magnet Supply
A. Magnet Current Check

1) Rotate CURRENT selector to MAGNET.

2) After the 686C has been in operation for 5 min-
utes, read front panel meter; should read approxi-
mately 0.7 ampere. If magnet current is very low
(zero to 0.5 ampere) proceed as instructed below.

there is no magnet current,

2) Check voltage from pin 1,5 of V3 (ground lead
of dec vtvm) and pin 2, 5 of V1 (positive lead of dc
vtvm); should be approximately +220 volts, Pos-
sible trouble CR1 or CR2.

3) Check voltage from pin 1,5 of V3 (ground lead
of de vtym) to pin 2, 4,7 of V3 (positive lead of dc
vtvm); should read approximately -150 volts, Pos-
sible trouble, CR3, or V3. Proceed to 4.

4) Replace V4 and V5.

5) Check neon lamps V6 through V11,

6) Refertopara. 4-Ttocalibrate magnet circuit.
Step 3. Filament Circuit (R35)

1) Check filament voltage for V103, V105, V107,
V109, V202, V207, V208 and V302, Place anac
vtvm across R32 (see right side view, figure 4-15),
No 6.3 volts ac, replace R35.

2) Refer to paragraph 4-11and calibrate filament
circuit.

Step 4. Filament Circuit (R36)

Check filament voltage for V104 by placing an ac
vtvm across parallel combination of R37, R38, R39
(see figure 4-16, left side view); no 6.3 volts ac,
replace R36.

Step 5. High Voltage Supply

Check high voltage between red lead, €102, and
chassis ground. Voltage should be approximately
2500 volts. No voltage or very low voltage, check
CRI101.

Step 6. Collector Supply
Replace V102.
Step 7. BWO Tube.

Refer toparagraph 4-13 Replacement of Backward-
Wave Oscillator Tube and Calibration Procedure.

00034-1
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Table 4-2 cont'd
Table 4-2, Troubleshooting Procedure (Sheet 2 of 4)

SECTION II
NO RF SWEEP OUTPUT

Step 1. Linear Sweep Generator Step 2. Helix Supply Reference Voltage Generator

A, Check for 20-25volt sawtooth at SWEEP OUT-
PUT jack (front panel).

B. No Sweep.

1) Rotate SWEEP SELECTOR to RECUR.
2) Rotate A FREQUENCY to 4.4 kmc,

3) Rotate RF SWEEP MC/SEC to 320K.

4) Connect a jumper between pin 2, V201 and-150
volts (reg.). This will disable the Schmitt Trigger.

5) Check voltage at plate pin 7, V203; should be
approximately -1. 8 volts. Possible trouble: V204,
V211.

6) Check voltage at cathode, pin 1, V203; should
be approximately +0. 06 volt. If not, replace V203.

7) Check voltage at grid, pin 8 of V204; should be
approximately -1.8 volts. Possible trouble: V204,
V211,

8) Check voltage at cathode pin 1 of V204; should
be approximately -1.2 volts. Possible trouble:
V204, V211.

9) Check voltage at plate pin 6, V204; should be
approximately 63 volts. If not, replace V211 neon
lamp.

10) Check voltage at grid pin 2, V202; should be
approximately -120 volts. If not, check voltage
divider stick consisting of R212 and R213.

11) Check voltage at cathode pin 8 of V202; should
be approximately -0.35 volt, If not, adjust R217
and/or replace R201.

12) Remove jumper between pin 2, V201 and -150
volts.

13) Refer to paragraph 4-12 and 4-14 to calibrate
sweep circuit.

1) Check +150 volts between pin 1,5 of V206 and
ground. Possible trouble: V206,

2) Rotate SWEEP SELECTOR to ON.

3) Check exponential waveform with oscilloscope
at pin 2, V105. No exponential sweep, proceed as
instructed below.

4) Rotate SWEEP SELECTOR to OFF.

5) Connect a devtvm (+150 volt range) between pin
8, V207 and ground. Rotate FREQUENCY dial;
voltage should vary with FREQUENCY dial varia-
tion. Possible trouble: R236.

6) Place dc vivm (+300 volts range)between pin 6,
V207 and ground. Rotate FREQUENCY dial; voltage
at pin 6 of V207 should follow FREQUENCY dial
variation. Possible trouble: V207, V205, CR204.

7) Refer to paragraph 4-14 and calibrate sweep
length.

Step 3. Regulated Helix Supply
1) SWEEP SELECTOR to OFF.

2) Comnnect a dec vtvm, with a range of 200 to 2500
volts, frompin8of V101 to ground androtate FRE-
QUENCY dial from 8.2 to 12,4 kme, Voltage vari-
ation should be approximately 350 to 220 volts.
Possible trouble: V103, V105, V110, C114,

DANGER

High voltage; remove primary power before
making connections.

3) Refer to paragraph 4-13C and calibrate FRE-
QUENCY dial,
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Section IV
Table 4-2 cont'd

Table 4-2, Troubleshooting Procedure (Sheet 3 of 4)

SECTION I
RF JITTER AND/OR FREQUENCY SHIFT

Step 1. Low Voltage Power Supply
A, -150 volt Power Supply.
1) RF Jitter.

a. Connect an ac vivm betweengroundand -150
volt terminal (any white wire) in power
supply.

b. If ripple voltage exceeds 3 millivolts, pos-
sible trouble: V108, V109,

2) Frequency Shift

a. Place a dec vitvm between ground and -150
volt terminal (any white wire) and vary
power line voltage from 103 to 127 volts.
If -150 volts varies, replace V107 and V109.

b. Refer to paragraph 4-8 and calibrate -150

volt supply.
B. +300 Volt Supply.
1) RF Jitter.

a. Connectan ac vtvm betweenground and+300
volt lead (any solid red lead) +300volt regu-
lated supply. If ripple voltage exceeds 10
millivolts, replace V107 and V109.

b. Refer to paragraph 4-9 and calibrate +300
volt supply.

Step 2. Regulated Magnet Supply

A, RF Jitter.

1) Connect a floating ac vtvm with its ground lead
at pin 1.5 and its positive lead to one side of R40,

2) Vary power line voltage from 103 to 127 volts
ac and observe ripple voltage on ac vtvm.

3) If ripple voltage exceeds 100 millivolts, pos-
sible trouble: V5, V6 through V11,

4) Refer to paragraph 4-7 and calibrate magnet
power supply.

NOTE

In the case of the neon lamps V6 through
V11, the faulty neon lamp can be isolated
by shunting a 470K resistor across each
neon while watching the ripple indication
of the acvtvm. When ripple indication on
acvtvm dips the faulty neon lamp has been
isolated and should be replaced.

B. Frequency Shift.
1) Rotate CURRENT selector to MAGNET.,

2) Vary power line voltage from 103 to 127 volts
ac. Magnet current should not vary more than
+0,.25 ampere. Allow time for the magnet supply
to settle before the power line voltage is changed
and the current reading is taken.

3) Possible trouble: control tube V5 or neonlamps
V6 through V11,

4) Refer to paragraph 4-7 and calibrate magnet
supply.

Step 3. Linear Sweep Generator

A. RF Jitter.

1) Connect oscilloscope to SWEEP OUTPUT jack;
SWEEP SELECTOR to RECUR,

2) Check sawtooth displayed on oscilloscope for
jitter. If jitter is present, possible trouble: V203,
V211, v209, V210.

B. RF Frequency Shift.

The linear sweep generator should not cause fre-
quency shift and can be eliminated as a possible
source of trouble. Proceed to next step.

Step 4. Exponential Sweep Generator,

A. RF Jitter.

1) 686C Front Panel settings:

SWEEP SELECTOR . ... .. ... .. RECUR
AFREQUENCY ... cv o eowasos 4.4 kme
BWEEP BRATE . : ¢ s saeie & 4 s a4 s w 320K
AMPL, MOD. SELECTOR. . ... . v oo (OFE
FREQUENCY dial . ........... 12. 4 kme

2) Connect oscilloscope probe from pin 5, V205
and observe exponential waveform, If there is jit-
ter of the exponential sweep, possible trouble:CR204,
V206, V207, V208, V209,

B. Frequency Shift.

The exponential sweep generator should not cause
momentary frequency shifts; thus the circuit can
be eliminatedas a possible frequency shift trouble.
Proceed to next step.

Step 5. Regulated Helix Supply.

A. RF Jitter.

1) Frontpanel control settings same as in step 6A1.

2) Place oscilloscope probe at pin 1, V105and ob-
serve exponential waveform on oscilloscope. If
there is jitter of the exponential sweep, possible
trouble: V105, V103, V110, L101.

00034-1
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Table 4-2. Troubleshooting Procedure (Sheet 4 of 4)

SECTION IV
RF LEVELER AND REFERENCE ANODE CIRCUIT

Step 1. Reference Anode Circuit

A. Low Power

1) Adjust DC Level Adj. R332 to obtain minimum
of 10 milliwatts at low power point. See paragraph
4-15 and calibrate rf leveler circuit.

2) Replace bwo tube; refer to paragraph 4-13.

B. Excessive Power Spread.

Connect an oscilloscope to the output of cathode
follower V303B and observe waveform, Vary Seg-
ment 1, 2, 3, 4 adjusts; should also vary presenta-
tion on the oscilloscope. If not, possible trouble:
CR302, CR303, CR304.

A. Set the SWEEP SELECTOR to OFF.

B. Rotate MOD. SELECTOR to all three modu-
lating positions, INT., PULSE and EXT., applying
an external signal where appropriate, If there is
no modulation output for all positions of the AMPL,
MOD. SELECTOR, possible trouble: CR301, V301.
Refer to paragraph 4-15 and calibrate circuit.

C. Rotate AMPL. MOD. SELECTOR to INT.; NO
square wave output. Possible trouble: V301, C302,
S301.

D. No PULSE modulation, all other modulation
positions operating normally. Possible trouble:
5301

SECTION V
AMPL., MOD. CIRCUIT

A, Set the SWEEP SELECTOR to OFF.

B. Rotate MOD, SELECTORto all three modulating
positions, INT., PULSE and EXT., applying an ex-
ternal signal where appropriate, If there is no
modulation output for allpositions of the AMP. MOD.
SELECTOR, possible trouble: CR301, V301. Refer
to paragraph 4-15 and calibrate circuit.

C. Rotate AMPL. MOD. SELECTOR to INT.; NO
square wave output. Possible trouble: V301, C302
S301.

D. No PULSE modulation, all other modulation
positions operating normally. Possible trouble:
S301.
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Figure 4-18
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Figure 4-18. Troubleshooting Chart
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Model 686C Section IV
Schematic Diagram Notes
SCHEMATIC DIAGRAM NOTES

1. Heavy box indicates front-panel engraving.

2. Resistance values in ohms, inductance in microhenries, and capacitance in picofarads unless
otherwise specified.

3. Relays shown in de-energized position.

4. (*) Indicates a padded resistor, electrical value adjusted at factory. Average value shown.

VOLTAGE AND RESISTANCE DIAGRAM NOTES

1., Voltage values shown with an (*) are for guidance. Values may vary from those shown, due to
tube aging or normal differences between instruments. Resistance values may vary considerably
from those shown when the circuit contains potentiometers, crystal diodes, or electrolytic
capacitors. s

2. A solid line between socket terminals indicates a connection external to the tube between the
terminals; a dotted line between terminals indicates a connection inside the tube., Voltage and
resistance are given at only one of the two joined terminals.

3. Unlessotherwise specified, dc and resistance measurements made with an # Model 410B VT-VOM
(122 megohms input impedance), common lead connectedto chassis. DC voltages over 1000 volts
measured with an ¢ Model 459A, 100:1 multiplier probe of 12, 000 megohms input resistance,

4. AC voltage, except ripple measurements, made with multimeter of 5000 ohms-per-volt sensitivity
+2% accuracy. Ripple measurements made with & Model 400D AC-VTVM (0.001V fs max
sensitivity, 10 megohms input impedance).

5. Instrument operating under cw conditions at10.3 kme, CATHODE current at value marked on
meter panel.

6. Resistance measurements made with all controls full counterclockwise and FREQUENCY dial
at10.3 kme.

00034-1
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Section IV VOLTAGE —RESISTANCE DIAGRAM Model686C
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Section IV Model 686C
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Model 686C

Section V
Paragraphs 5-1 to 5-2

SECTION V
REPLACEABLE PARTS

5-1., INTRODUCTION.

This section contains information for ordering replace-
ment parts for the 686C sweep oscillator.

Table 5-1 lists replaceable parts in alpha-numerical
order of their reference designators. Detailed infor-
mationon a partused morethan once in the instrument
is listed opposite the first reference designator apply-
ing to the part. Other reference designators applying
to the same part refer to the initial designator. Mis-
cellaneous parts are included at the end of the list.
Detailed information includes the following:

1) Reference designator,

2) Full description of the part.

3) Manufacturer of the part in a five-digit code; see
list of manufacturers in appendix.

4) Hewlett-Packard stock number.

5) Total quantity used in the instrument (TQ col).

6) Recommended spare quentity for complete main-
tenance during one year of isolated service (RS col).

5-2. ORDERING INFORMATION

To order a replacement part, address order/or in-
quiry either to your authorized Hewlett-Packard sales
office or to

CUSTOMER SERVICE
Hewlett-Packard Company
395 Page Mill Road

Palo Alto, California,

or, in Western Europe, to

Hewlett-Packard S. A.
Rue du Vieux Billard No. 1
Geneva, Switzerland.

Specify the following information for each part:

1) Model and complete serial number of instrument,
2) Hewlett-Packard stock number,

3) Circuit reference designator,

4) Description.

To order a part not listedin table 5-1, give a complete
description of the part and include its function and
location.

Table 5-1, Replaceable Parts (Sheet 1 of 17)

Ckt Ref. Description Mir * #p Stock No. | TQ*| RS*

B1 thru Not assigned

B100

B101 Fan motor 06812 3140-0011 | 1 1

Fan blade 06812 3160-0015 | 1 1

Ccl, 2 Capacitor: fixed, electrolytic, 56289 0180-0046 | 2 I
600 uf, 200 vdew

C3, 4 Capacitor: fixed, electrolytic, 56289 0180-0011 | 2 1
20 uf, 450 vdcw

C5 Capacitor: fixed, paper, 56289 0160-0018 | 1 1
0.22 uf £10%, 400 vdew

Cc6 Capacitor: fixed, paper, 56289 0160-0015 | 1 1
0. 47 uf £10%, 200 vdew

Cc7 Capacitor: fixed, mica, 76433 0140-0003 | 1 1
1000 pf +10%, 500 vdew

Cc8 Capacitor: fixed, mica, 00853 0140-0007 | 1 1
680 pf £10%, 500 vdew

C9 thru Not assigned

C100

* See introduction to this section

00034-1



Model 686C

Section V
Table 5-1
Table 5-1 Replaceable Parts (Sheet 2 of 17)
Ckt Ref, Description Mir * #p Stock No. | TQ*| RS*
c101 Capacitor: fixed, paper 56289 0160-0045 | 6 2
6800 pf +10%, 5000 vdcw
C102, Capacitor: fixed, paper, 00853 0160-0083 | 2 1
103 3 uf -10% +20%, 2000 vdew
C104 Capacitor: fixed, electrolytic, 37942 0180-0016 | 1 1
3 sections, 10 uf/section, 450 vdew
C105 Capacitor: fixed, mylar, 56289 0170-0038 | 3 1
0.22 uf £10%, 200 vdcw
C106 Capacitor: fixed, mica, 00853 0140-0044 | 1 1
560 pf £10%, 500 vdcw
c107 Not assigned
C108 Same as C101
thru
Cc112
C113 Capacitor: fixed, electrolytic, 37942 0180-0029 | 1 1
50 uf -10% +20%, 50 vdew
Cl114 Capacitor; fixed, ceramic, 91418 0150-0049 | 1 1
100 pf +5%, 4000 vdew
C115 Capacitor: fixed, mica, 00853 0140-0054 | 1 1
100 pf £10%, 500 vdew
Cl16 Capacitor: fixed, paper, 56289 0160-0006 | 2 1
0. 001 uf +10%, 600 vdew
C117 Capacitor: variable, mica, 72136 0131-0001 | 1 1
50-380 pf, 175 vdew
C118 Not assigned
C119 Capacitor: fixed, electrolytic, 56289 0180-0024 | 2 i
40 uf, 450 vdcw
C120 Capacitor: fixed, paper, 56289 0160-0013 | 1 1
0.1 uf +10%, 400 vdcw
ci21 Same as C119
C122 Capacitor: fixed, paper, 56289 0160-0054 | 3 1
0. 01 uf £20%, 400 vdew
C123, Same as C105
124
C125 Not assigned
thru
C200
Cc201 Capacitor: fixed, mylar, 84411 0170-0021 | 1 1
4700 pf £10%, 400 vdew
c202 Not assigned

5-2

* See introduction to this section
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Model 686C Section V
Table 5-1
Table 5-1 Replaceable Parts (Sheet 3 of 17)
Ckt Ref, Description Mir * fp Stock No. | TQ*| RS*
C203 Capacitor: fixed, mylar, B4411 0170-0019 | 5 2
0.1 uf +5%, 200 vdcw
C204 Capacitor: fixed, mylar, 84411 0170-0018 | 3 1
1 uf +5%, 200 vdew
C205 Capacitor: fixed, mylar, 84411 0170-0017 | 4 1
0,01 uf 5%, 400 vdew
C206 Capacitor; fixed, mica, 76433 0140-0002 | 1 1
10 pf +10%, 500 vdew
c207 Capacitor: variable, mica, 72136 0131-0003 | 2 1
170-780 pf, 175 vdew
C208 Capacitor: fixed, mica, 00853 0140-0015 | 1 1
270 pf £10%, 500 vdew
C209 Capacitor: fixed, mica, 76433 0140-0030 | 1 1
390 pf +10%, 500 vdew
C210 Same as C207
Cc211 Same as C205
Cc212 Same as C203
C213 Same as C204
C214, Same as C205
215
C216 Capacitor: fixed, mylar, 72928 0170-0025 | 1 1
10 uf +5%, 200 vdew
C217 Same as C203
thru
C219
C220 Not assigned
c221 Same as C116
c222 Capacitor: fixed, mica, 00853 0140-0082 | 1 1
68 pf 5%, 500 vdew
C223 Capacitor: fixed, mylar, 56289 0170-0055 | 1 1
0.1 uf +20%, 100 vdew
Cc224 Same as C204
C225 Not assigned
thru
C300
Cc301 Same as C122
C302 Capacitor: fixed, paper, 56289 0160-0012 | 1 1
1500 pf £10%, 600 vdew
* See introduction to this section
00034-1 5-3



Section V Model 686C
Table 5-1
Table 5-1 Replaceable Parts (Sheet 4 of 17)
Ckt Ref. Description Mir * #p Stock No. | TQ*| RS*
C303 Same as C122
C304 Capacitor: fixed, ceramic, 56289 0150-0052 | 1 1
0. 05 uf +20%, 400 vdew
CR1, 2 Diode, silicon: 1N1566A 04713 1901-0006 | 2 2
CR3 Rectifier, selenium 77638 1883-0005 | 1 1
CR4 Not assigned
thru
CR100
CRI101 Rectifier, selenium 00891 1883-0006 | 1 1
CR102 Diode, silicon: 1N2071 01295 1901-0012 | 7 7
thru
CR106
CR107 Not assigned
thru
CR200
CR201 Rectifier, crystal 73293 1910-0011 | 3 3
thru
CR203
CR204 Diode, silicon 28480 G-31G-56A( 1 1
CR205 Not assigned
thru
CR300
CR301 Diode, silicon 28480 G-29E-2 1 1
CR302, Same as CR102
303
CR304 Diode, germanium: 1N90 732938 1910-0004 | 1 1
DS1 Lamp, incandescent: 6-8V, 0.15 amp, 24455 2140-0009 | 1 1
#47
F1 thru Not assigned
F100
F101, Fuse: 3 amp, 3 AG 75915 2110-0003 | 2 0
102 115 or 230V operation
J1 thru Not assigned
J100
J1io1 RF output: Part of BWO tube assembly;
not separately replaceable
J102 Not assigned
thru
J200

5-4
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Model 686C Section V
Table 5-1
Table 5-1 Replaceable Parts (Sheet 5 of 17)
Ckt Ref, Description Mir * #p Stock No. | TQ*| RS*
J20o1 Connector, BNC 91737 1250-0001 4 1
thru
J203
J204 Not assigned
thru
J300
J301 Same as J201
K1 thru Not assigned
K100
K101, Relay armature: DPDT, 1.5 amps 70119 0490-0008 2 1
102 Delayed Turn-On Relay;
Helix Overload Holdoff Relay
K103 Relay, armature: SPDT, 2 amps, 77342 0490-0018 1 1
Helix Overload Relay
L1 BWO Magnet 28480 9161-0006 1 1
L2 thru Not assigned
L100
Li101 Inductor: 118 mh 98405 9140-0006 1 1
M1 thru Not assigned
M100
M101 Meter 28480 1120-0063 1 1
R1, 2 Resistor: fixed, wirewound, 35434 0813-0016 4 1
9 ohms +10%, 5 W
R3 Resistor: fixed, composition, 01121 0687-1011 4 1
100 ohms +10%, 1/2 W
R4, 5 Resistor: fixed, composition, 01121 0693-4701 6 2
47 ohms +10%, 2 W
R6, T Same as R3
R8, 9 Same as R4
R10 Same as R3
R11 Resistor: fixed, composition, 01121 0687-2241 4 1
220, 000 ohms +10%, 1/2 W
R12, 13 Resistor: fixed, wirewound, 83777 0819-0009 2 1
200 ohms £10%, 20 W
Optimum value selected at factory.
Average value shown,
R14 Resistor: fixed, wirewound, 94310 0818-0014 4 1
thru 1000 ohms +5%, 40 W
R17 Optimum value selected at factory.
Average value shown.
* See introduction to this section
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Section V Model 686C
Table 5-1
Table 5-1 Replaceable Parts (Sheet 6 of 17)

Ckt Ref. Description Mfr *+ fip Stock No. | TQ*| RS*

R18, 19 Resistor: fixed, composition, 01121 0687-3941 4 1
390, 000 ohms +10%, 1/2 W

R20 Same as R4

R21 Resistor: fixed, wirewound, 83777 0813-0007 2 1
10, 000 ohms +10%, 5 W

R22 Resistor: fixed, composition, 01121 0687-6841 4 1
680, 000 ohms +10%, 1/2 W

R23 Resistor: fixed, composition, 01121 0687-1841 3 1
180, 000 ohms #10%, 1/2 W

R24 Same as R22

R25 Same as R23
Optimum value selected at factory.
Average value shown.

R26 Resistor: fixed, composition, 01121 0687-3331 3 1
33, 000 ohms +10%, 1/2 W

R27 Resistor: 28480 686A-26A 1 1
0.073 ohms, Shunt "A"

R28 Resistor: fixed, wirewound, 35434 0816-0019 2 1
14 ohms +10%, 10 W

R29 Resistor: fixed, composition, 01121 0687-1561 1 1
15 megohms +10%, 1/2 W

R30 Resistor: variable, composition, 71450 2100-0181 2 1
linear taper, 500, 000 ohms +30%,
1/4W

R31 Same as R18

R32 Resistor: fixed, composition, 01121 0693-3901 1 1
39 ohms +10%, 2 W
Optimum value selected at factory.
Average value shown.

R33 Resistor: fixed, composition, 01121 0687-1051 10 3
1 megohm +10%, 1/2 W

R34 Same as R23

R35 Tube, ballast: #15-4 70563 0852-0008 1 1

R36 Tube, ballast: 70563 0852-0001 1 1
Amperite #12-4

R37 Same as R4
Optimum value selected at factory.
Average value shown.
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Model 686C Section V
Table 5-1
Table 5-1 Replaceable Parts (Sheet 7 of 17)
Ckt Ref. Description Mir * #p Stock No. | TQ*| RS*
R38 Resistor: fixed, composition, 01121 0693-1011 1 1
100 ohms +10%, 2 W
Optimum value selected at factory.
Average value shown.
R39 Same as R28
Optimum value selected at factory.
Average value shown.
R40 Resistor: fixed, composition, 01121 0699-0005 ¢ 1
2.7 ohms +10%, 1 W
Optimum value selected at factory.
Average value shown.,
R41, 42 Same as Rl
R43 Thermistor 24446 0839-0006 1 1
R44 Not assigned
thru
R100
R101 Resistor: fixed, wirewound, 35434 0816-0007 1 1
7500 ohms +10%, 10 W
R102 Resistor: fixed, composition, 01121 0690-1011 3 1
100 ohms +10%, 1 W
R103 Resistor: fixed, composition, 01121 0690-2221 2 1
2200 ohms +10%, 1 W
R104 Resistor: fixed, composition, 01121 0690-1041 1 1
100, 000 ohms £10%, 1 W
R105 Same as R102
R106 Resistor: fixed, composition, 01121 0693-1851 3 1
thru 1.8 megohms +10%, 2 W
R108
R109, Resistor: fixed, composition, 01121 0690-8241 2 1
110 820, 000 ohms £10%, 1 W
R111 Resistor: fixed, composition, 01121 0687-2211 1 1
220 ohms +10%, 1/2 W
R112 Resistor: fixed, composition, 01121 0687-1821 1 1
1800 ohms +10%, 1/2 W
R113 Same as R102
R114 Not assigned
R115 Resistor: fixed, composition, 01121 0687-3931 1 1
39, 000 ohms +10%, 1/2 W
Optimum value selected at factory.
Average value shown.
* See introduction to this section
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Section V Model 686C
Table 5-1
Table 5-1 Replaceable Parts (Sheet 8 of 17)
Ckt Ref. Description Mir * g Stock No. | TQ*| RS*
R116 Resistor; fixed, composition, 01121 0693-4741 8 2
thru 470, 000 ohms +10%, 2 W
R119
R120 Resistor: fixed, composition, 01121 0690-1001 1 1
10 ohms £10%, 1 W
Ri21 Not assigned
R122 Resistor: fixed, metal film, 15909 0761-0002 2 1
450, 000 ohms 5%, 1 W
R123 Resistor: 28480 686A-26B 2 1
7.15 ohms, shunt "B"
R124, Resistor: 28480 686A-26C 2 1
125 50 ohms, shunt "C"
R126 Same as R123
R127, Resistor: fixed, composition, 01121 0687-1551 4 1
128 1.5 megohms +10%, 1/2 W
R129, Resistor: fixed, composition, 01121 0687-1541 4 1
130 150, 000 ohms +10%, 1/2 W
R131 Resistor: fixed, composition, 01121 0687-2221 2 1
2200 ohms +10%, 1/2 W
R132 Resistor: variable, composition, 71450 2100-0046 1 1
linear taper, 3 megohms +20%, 1/4 W
R133 Resistor: fixed, composition, 01121 0690-3341 1 1
330, 000 ohms +10%, 1 W
R134 Resistor: fixed, composition, 01121 0690-6831 1 1
68, 000 ohms £10%, 1 W
R135 Resistor: variable, composition, 01121 2100-0043 1 1
linear taper,
500, 000 ohms +10%, 2 W
R136 Not assigned
R137 Resistor: fixed, composition, 01121 0687-1531 3 1
15, 000 ohms +10%, 1/2 W
R138 Resistor: fixed, composition, 01121 0693-1841 1 1
180, 000 ohms +10%, 2 W
R139 Same as R33
R140 Resistor: fixed, composition, 01121 0687-1241 2 1
120, 000 ohms +10%, 1/2 W
R141 Resistor: variable, composition, 71450 2100-0094 2 1

50, 000 ohms +30%, 1/4 W

* See introduction to this section
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Model 686C Section V
Table 5-1
Table 5-1 Replaceable Parts (Sheet 9 of 17)
Ckt Ref. Description Mfr * #p Stock No, | TQ*| RS*
R142 Resistor: fixed, composition, 01121 0687-2741 2 1
270, 000 ohms +10%, 1/2 W
R143 Same as R26
R144 Resistor: fixed, composition, 01121 0687-4731 2 i
47, 000 ohms +10%, 1/2 W
R145 Resistor: fixed, wirewound, 35434 0816-0018 1 1
20, 000 ohms +10%, 10 W
R146 Resistor: fixed, composition, 01121 0687-4741 3 1
470, 000 ohms +10%, 1/2 W
R147 Resistor: fixed, composition, 01121 0687-1041 5 2
100, 000 ohms +10%, 1/2 W
R148 Same as R141
R149 Resistor: fixed, composition, 01121 0687-5631 1 1
56, 000 ohms +10%, 1/2 W
R150 Resistor: fixed, deposited carbon, 19701 0730-0095 2 1
600, 000 ohms +5%, 1 W
R151 Same as R122
R152 Resistor: fixed, composition, 01121 0687-1061 1 1
10 megohms +10%, 1/2 W
R153 Resistor: fixed, composition, 01121 0687-2261 3 1
22 megohms +10%, 1/2 W
R154 Same as R150
R155 Not assigned
thru
R157
R158 Resistor: fixed, composition, 01121 0693-1541 1 1
150, 000 ohms +10%, 2 W
R159 Not assigned
thru
R165
R166 Resistor: fixed, composition, 01121 0690-4701 2 1
47 ohms +10%, 1 W
R167, Same as R116
168
R169 Same as R166
R170, Same as R116
171
R172 Not assigned
thru
R174
* See introduction to this section
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Section V Model 686C
Table 5-1
Table 5-1 Replaceable Parts (Sheet 10 of 17)

Ckt Ref, Description Mir * # Stock No. [ TQ*| RS*

R175 Resistor: fixed, composition, 01121 0690-4731 1 1
47, 000 ohms +10%, 1 W

R176 Not assigned

thru

R200

R201 Same as R153

R202 Resistor: fixed, composition, 01121 0687-8251 1 1
8.2 megohms +10%, 1/2 W

R203 Same as R30

R204 Same as R33

R205 Resistor: fixed, composition, 01121 0687-3351 2 1
3.3 megohms £10%, 1/2 W

R206 Same as R137

R207 Resistor: fixed, composition, 01121 0687-6821 i 1
6800 ohms +10%, 1/2 W

R208 Resistor: fixed, composition, 01121 0687-1521 2 1
1500 ohms +10%, 1/2 W

R209 Resistor: fixed, composition, 01121 0686-2735 1 1
27, 000 ohms +5%, 1/2 W

R210 Resistor: fixed, metal film, 65092 0757-0016 1 1
600, 000 ohms +1/2%, 1/2 W

R211 Resistor: fixed, deposited carbon, 19701 0727-0282 1 1
1.5 megohms 1%, 1/2 W

R212 Resistor: fixed, deposited carbon, 19701 0727-0229 1 1
265, 000 ohms +1%, 1/2 W
Optimum value selected at factory.
Average value shown.

R213 Resistor: fixed, deposited carbon, 19701 0727-0284 1 1
1.75 ohms 1%, 1/2 W

R214 Same as R147

R215 Same as R33

R216 Resistor: fixed, composition, 01121 0690-1541 2 1
150, 000 ohms +10%, 1 W

R217 Resistor: variable, composition, 71450 2100-0080 4 1
linear taper, 1 megohm +30%, 0.2 W

R218 Resistor: fixed, composition, 01121 0687-5641 1 1
560, 000 ohms +10%, 1/2 W

R219 Same as R22

5-10
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Model 686C Section V
Table 5-1
Table 5-1 Replaceable Parts (Sheet 11 of 17)
Ckt Ref. Description Mir * fp Stock No. | TQ*| RS*
R220 Same as R147
R221 Same as R142
R222 Same as R140
R223, Resistor: fixed, composition, 01121 0687-1031 3 1
224 10, 000 ohms +10%, 1/2 W
R225 Resistor: variable, composition, 71450 2100-0141 3 1
thru linear taper, 50, 000 ohms +20%,
R227 1/4 W
R228 Resistor: fixed, composition, 01121 0687-2731 1 1
27, 000 ohms +10%, 1/2 W
R229 Resistor: variable, composition, 71450 2100-0066 1 1
5 megohms -0% +100%, 1/4 W
R230 Resistor: fixed, deposited carbon, 19701 0727-0299 1 1
4,9 megohms 1%, 1/2 W
R231 Resistor: fixed, deposited carbon, 95236 0730-0146 1 1
15,7 megohms 1%, 1 W
R232 Same as R205
Optimum value selected at factory.
Average value shown.
R233 Resistor: fixed, composition, 01121 0687-1231 1 1
12, 000 ohms £10%, 1/2 W
R234 Resistor: fixed, deposited carbon, 19701 0730-0050 1 1
41, 500 ohms +1%, 1 W
Optimum value selected at factory.
Average value shown.
R235 Same as R21
R236 Resistor: variable, wirewound, 99957 2100-0042 1 1
linear taper, 100, 000 ohms +5%,
8w
R2317 Same as R127
R238 Same as R33
R239 Same as R18
R240 Resistor: fixed, deposited carbon, 19701 0727-0213 1 1
115, 000 ohms +1%, 1/2 W
R241 Same as R208
Optimum value selected at factory.
Average value shown.
R242 Same as R33
R243 Resistor: fixed, composition, 01121 0690-2741 1 1
270, 000 ohms +10%, 1 W
* See introduction to this section
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Section V Model 686C
Table 5-1
Table 5-1 Replaceable Parts (Sheet 12 of 17)

Ckt Ref. Description Mir * fp Stock No. | TQ*| RS*

R244 Resistor: variable, composition, 71450 2100-0164 1 1
linear taper, 200, 000 ohms +30%,
1/4W

R245 Same as R217

R246 Resistor: variable, composition, 71450 2100-0165 2 1
linear taper, 3 megohms +30%, 1/4 W

R247 Resistor: variable, composition, 71450 2100-0040 2 1
linear taper, 10 megohms +30%, 1/4 W

R248 Same as R217

R249 Same as R246

R250 Same as R247

R251 Same as R217

R252 Same as R146

R253 Same as R127

R254 Resistor: fixed, composition, 01121 0687-1251 1 1
1,2 megohms +10%, 1/2 W
Optimum value selected at factory.
Average value shown,

R255 Resistor: fixed, composition, 01121 0687-5651 1 1
5,6 megohms +10%, 1/2 W

R256 Resistor: fixed, composition, 01121 0687-4751 1 1
4.7 megohms +10%, 1/2 W
Optimum value selected at factory.
Average value shown.

R257 Same as R147

R258 Same as R131

R259 Resistor: fixed, deposited carbon, 19701 0733-0011 1 1
46.74 megohms +1%, 2 W

R260 Resistor: fixed, composition, 01121 0686-1345 1 1
130, 000 ohms 5%, 1/2 W

R261, Resistor: fixed, composition, 01121 0687-3931 2 1

262 39, 000 ohms +10%, 1/2 W

R263 Resistor: fixed, composition, 01121 0686-2045 1 1
200, 000 ohms +5%, 1/2 W

R264 Same as R146

R265 Not assigned

thru

R300

* See introduction to this section

00034-1



Section V
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Table 5-1
Table 5-1 Replaceable Parts (Sheet 13 of 17)

Ckt Ref, Description Mir * fp Stock No, | TQ*| RS*

R301 Same as R153

R302 Resistor: variable, composition, 71450 2100-0162 1 1
3.5 megohms +20%, 2 W

R303 Resistor: fixed, composition, 01121 0686-1045 2 1
100, 000 ohms +5%, 1/2 W

R304 Same as R103

R305 Same as R216

R306 Resistor: fixed, composition, 01121 0690-2251 1 1
2.2 megohms +10%, 1 W

R307 Resistor: fixed, composition, 01121 0690-1251 1 1
1.2 megohms +10%, 1 W

R308 Resistor: fixed, composition, 01121 0690-1231 1 1
12, 000 ohms +10%, 1 W

R309 Resistor: fixed, composition, 01121 0690-6841 1 1
680, 000 ohms +10%, 1 W

R310 Resistor: variable, composition, 71450 2100-0096 | 1
linear taper, 1 megohm £30%, 1/4 W

R311 Resistor: fixed, composition, 01121 0690-1551 1 1
1.5 megohms £10%, 1 W

R312 Same as R33

R313 Resistor: fixed, composition, 01121 0686-7545 1 1
750, 000 ohms 5%, 1/2 W
Optimum value selected at factory.
Average value shown.

R314 Not assigned

R315 Same as R310

R316 Same as R33

R317 Same as R223

R318 Resistor: fixed, composition, 01121 0690-8231 1 1
82, 000 ohms +10%, 1 W
Optimum value selected at factory.
Average value shown,

R319 Same as R26

R320 Resistor: variable, composition, 71450 2100-0093 1 1
20, 000 ohms +20%, 1/4 W

R321 Same as R310

R322 Same as R129

* See introduction to this section
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Section V Madel 686C
Table 5-1
Table 5-1 Replaceable Parts (Sheet 14 of 17)

Ckt Ref. Description Mir * fp Stock No. | TQ*| RS*

R323 Resistor: fixed, composition, 01121 0687-6831 2 i
68, 000 ohms £10%, 1/2 W

R324 Resistor: variable, composition, 71450 2100-0095 2 ¥
100, 000 ohms £30%, 1/4 W

R325 Same as R144

R326 Same as R303

R327 Part of S302; component not
separately replaceable

R328 Not assigned

R329 Same as R22

R330 Resistor: fixed, composition, 01121 0693-2241 1 1
220, 000 ohms +10%, 2 W

R331 Same as R147

R332 Same as R324

R333 Same as R137

R334 Resistor: fixed, composition, 01121 0693-6831 1 1
68, 000 ohms +10%, 2 W

R335 Resistor: variable, composition, 71450 2100-0144 1 1
linear taper, 250, 000 ohms +£30%,
1/4 W

R336 Same as R323

R337 Same as R11

R338, Same as R33

339
R340 Same as R129
R341, Same as R11
342

S1 thru Not assigned

5100

S101 Switch, toggle: SPDT 04009 3101-0030 1 1

5102 Thermal Delay Switch: SPST 70563 0490-0019 1 1

5103 Switch, rotary: 2 section, 5 position 71590 3100-0161 1 1

S104 Not assigned

thru

5200

5-14
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Model 686C Section V

Table 5-1
Table 5-1 Replaceable Parts (Sheet 15 of 17)

Ckt Ref. Description Mfr * | & Stock No. | TQ*| RS*

5201 Switch, push: SPDT 82389 3101-0004 1 1
(manual trigger)

5202 Switch, rotary; 76854 3100-0163 1 1
(sweep selector)

5203 Switch, rotary: 76854 | 3100-0160 1 1
(sweep time)

5204 Switch, rotary: 76854 3100-0162 1 1
(sweep rate)

S205 Not assigned

thru

5300

5301 Switch, rotary 76854 3100-0258 1 1

5302 Switch, rotary, with 1 megohm 76854 3100-0135 1 1
potentiometer

T1 Transformer, power 28480 9100-0086 1 1
(low voltage)

T2 thru Not assigned

T100

T101 Transformer, power 28480 9100-0085 1 1
(high voltage)

Vi1, 2 Tube, electron: 6080 80131 1932-0010 2 2

V3 Tube, electron: 0OA2 80131 1940-0004 2 2

V4 Tube, electron: 6DJ8/ECCS8 80131 1932-0022 ( 7

V5 Tube, electron: 12AX7 80131 1932-0030 1 1

V6 thru Lamp, neon: selected, aged & tested 28480 G-84B 8 8

Vi1 NE2 (blue)

vi2 Not assigned

thru

V100

Viol Tube, electron: 6293 80131 1923-0007 1 1

V102 Tube, electron: 6350 80131 1932-0013 1 1

V103 Tube, electron: 7239 80131 1923-0045 1 1

V104 Tube, BWO 05783 1951-0013 1 1
Spec. HO01-686A only- 05783 1951-0015 1 1
Tube, BWO

V105 Tube, electron: 12ATT 80131 1932-0027 1 1

V106 Tube, electron: 12B4A 80131 1921-0010 1 1

* See introduction to this section
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Section V Model 686C
Table 5-1
Table 5-1 Replaceable Parts (Sheet 16 of 17)
Ckt Ref. Description Mir * #n Stock No. | TQ*| RS*
V107 Tube, electron: 6U8 80131 1933-0004 3 3
V108 Tube, electron: 5651 80131 1940-0001 1 1
V109 Same as V107
V110 Lamp, neon: selected, aged & tested 28480 G-84E 2 2
NE2 (red)
Vi1l Not assigned
thru
Vaoo
V201, Same as V4
202
V203 Tube, electron: 6ALS5 80131 1930-0013 2 2
V204 Tube, electron: 6ANS 80131 1933-0001 1 1
V205 Same as V203
V206 Same as V3
V207 Same as V4
V208 Same as V107
V209, Same as V6
210
vai1 Same as V110
v212 Not assigned
thru
V300
V3ol Same as V4
thru
V303
w101 Cable, power 70903 8120-0015 1 1
MISCELLANEOUS
Ceramic plate cap: 3/8" 76487 1401-0006 1 1
Ceramic plate cap: 1/4" 76487 1401-0007 1 1
Cronac spring oooocC 1460-0005 1 1
Filter, air 82866 3150-0005 1 1
Fuseholder 75915 1400-0056 1 1
Fuseholder 75915 1400-0084 1 1
Knob: CATHODE CURRENT 28480 G-T4L 1 0

5-16
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Model 686C Section V
Table 5-1
Table 5-1 Replaceable Parts (Sheet 17 of 17)
Ckt Ref, Description Mir * 9 Stock No. | TQ*| RS*
Knob, bar: CURRENT, SWEEP 28480 G-T4N 3 0
SELECTOR RF SWEEP RATE
Knob, bar: AMPL, MOD. SELECTOR, 28480 | G-74Q 2 |0
A FREQUENCY (MC)
Knob: FREQUENCY DIAL 28480 G-T4Z 1 0
Knob: FREQUENCY VERNIER 28480 G-T4F 1 0
Knob, red: RF LEVELER 28480 G-T4AT 1 0
Knob, red: INT SQUARE WAVE 28480 G-T4AV 2 0
FREQUENCY, A FREQUENCY (MC)
VERNIER
Lampholder 95263 1450-0008 1 1
Pre-calibrated Dial 28480 686A-40A 1 0
Socket (BWO supply) 0000L 1251-0044 1 1
Tube socket: (V105) 71785 1200-0003 1 1
Tube socket: (V4, V107, V301, 71785 1200-0008 15 1
V5, V108, V302,
V102, V201, V303)
V103, V202,
V104, V204,
V106, V207,
Tube socket: (V3, V203, V206) 91662 1200-0009 5 1
V108, V205,
Tube socket: (V1, V101, R35, 71785 1200-0020 | 5 1
Ve, R386)
Tube clamp 91506 1400-0032 5 0
Tube clamp holder (small) 92196 1400-0034 15 0
Tube clamp holder (large) 92196 1400-0035 5 0
Vernier drive disc and shaft 28480 G-14A 1 0
Vernier drive disc 28480 G-14B 1 0
Vernier spring oooocC 1460-0019 1 0
Window, dial 28480 G-99K 1 0
* See introduction to this section
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APPENDIX

Model 686C

CODE LIST OF MANUFACTURERS (Sheet 1 of 2)

The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1 [Name to Code)
and H4-2 (Code to Name) and their latest supplements, The date of revision and the date of the supplements used appear at
the bottom of each page. Alphabetical codes have been arbitrarily assigned to suppliers not appearing in the H4 handbooks.

CODE
NO.

00334
003315
00373

00654
0077
LLRE R
0o0B52

0084&
oos91
g1l 21
012558
01281

01298
01349
01561

01981
02114

02284
02440
02735
027117
03508

03705
03797
LER- R
04009

04062
04222
04404
04651
04713
04732
04777
05004
05277

05624
05783
04004
0s812

67118

071137

07261
07263

07933

07980
gev18e

LEREF

09134

MANUFACTURER ADDRESS
Humidlal Ce, Colton, Calif.
Woestrex Corp. New York, N.Y.
Garlock Packing Ce,,

Electronic Produchs Div. Camden, N.J.

New Bedford, Mass.
Amp, Ine Harrisburg, Pa.
Ajrcraft Radio Corp. Boontan, N.J.

Sangamo Electric Co., Cap. Div.

Marion, 111
Los Angeles, Calif.
Los Angeles, Calif.

Aerovax Corp.

Goa Engineering Co.
Carl E. Holmes Corp,
Allen Bradley Co. Milwaukes, Wis.
Litton Industries, Inc. Beverly Hills, Calif.
Pacific Semiconductors; Inc.
Culver City, Calif,
Texas Instruments, Ine.
Semiconductor Componants ni-s,

allas, Texas
The Alliance Mfg. Ce. Alliance, Ohio
Chassi-Trak Corp. Indianapolis, Ind,
Pulse Engineering Co,  Santa Clara, Calif.
Ferroxcube Corp. of America

Saugerties, MN.Y.
Cale Mfq. Co.

Palo Alto, Calif.
Amphenaol Electronics Corp.

Chicage, Il
Radio Corp. of America
Semiconductor and Materlals Div.

Somerville, N.J.
Hopkins Engineering Co.
San Fernando, Calif.
.E. Semiconductor Products Dept.
Syracuse, M.Y.
Apex Machine & Tool Co. Dayton, Ohio
Eldema Corp. El Monte, Calif.
Transitran Electronic Corp. Wakefield, Mass.
Arrow, Hart and Hegeman Elect. Co.
Hartford, Conn.
Elmenco Products Co. New York, MN.Y.
Hi-Q Division of Aerovox Myrtie Beach, 5.C.
Dymec Inc. Palo Alto, Calif,
Special Tube Oparations of
Sylvania Electronie Systems
ountain Yiew, Calif.
Matorala, Inc., Semiconductor
Prod. Div. Phoenix, Arizona
jltron Ca., Ine.
Western Division Culver City, Calif.
Automatic Electric Sales Corp.
Northlake, l11.
Twentieth Century Plasties, Inec.
Los Angeles, Calif.
Waestinghouse Electric Corp,,
Semi-Canductar Dept.
Barber Colman Co.
Stewart Engineering Co. Soquel, Calif.
The Bassick Co: Bridgeport, Conn.
Torrington Mfg. Co., West. Div.

¥an Muys, Calif.
Corning Glass Works
Electronic Components Dept.

Bradford, Pa.
Transistor Electronics Corp.
Minneapelis, Minn.
Avnat Corp, Lot Angelas, Calif.
Fairchild Semiconductor Corp.
Mountain View, Calif,
Rheem Semiconductor Co

Mountain View, Calif.

Boonton Radio Corp. Boanton, N.J.
Cannon Electric Co.

Phoenix Div.

CBS Electronics Semiconductor

Operations, Div. of C.B.S. Inc.

Lowell, Mass.
Houston, Texas

Youngwaod, Pa.

Rockford, I

Fhoeniz, Ariz.

Texas Capacitor Co.
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CODE
NO.

09250
10411
10646
11237

12677
14456

1590%
16758

18873
19315

19500

19701
0183
21520

213135
21964

244446
14455

24455
26482

26992
28480
111713
315434
37%42
19543

40920

42190
431990
44455
47904
48620

49954
54294
E5024
55933
55918
561137
542879
59446
L1778

6211°%
64959
65072

66344
70119

702786
70309
704858

70543
70903
70998
71002

MANUFACTURER ADDRESS
Electro Assemblies, Inc. Chicage, Il
Ti-Tal, Inc. Berkeley, Calif,

Carborundum Co. Miagara Falls, N.Y.

Chicago Telephone of California, Inc.
So. Pasadena, Calif.
Clarostat Mfg. Co. Dover, N.H.

Cornell Dubilier Elec. Cor%.

o. Plainfield, N.J.
The Daven Co. Livingstan, N.J.

Delco Radio Div. of G. M. Carp.

Kokomo, Ind.
E. |, DuPont and Ca., Ine.
Wilmingtan, Del.
Eclipse Pioneer, Div. of
Bendix Aviation Corp.
Thomas A, Edison Industries,
Div. of McGraw-Edison Co.
‘West Orange, N.J.
Electra Manufacturing Co. Kansas City, Mo.
Electronic Tuba Corp. Philadelphia, Pa.
Fansteel Metallurgical Corp.
No. Chicage, Il
The Fafnir Bearing Co. New Britain, Conn.
Fed. Telephone and Radio Corp.
Cliftan, N.J.
Schenectady, N.Y.

Teterboro, N.J.

General Electric Co.

G. E, Lamp Divislan
MNels Park, Cleveland, Ohio

General Radio Co. West Concord, Mass.
Grobet File Co. of America, Inc.

Carlstadt, N.J.
Hamilton Watch Co. Lancaster, Pa.
Hewlett-Packard Co. Palo Alto, Calif.
G. E. Recaiving Tube Dept. Owanmibaro, Ky.
Lectrohm Inc. Chicago, Il
P. R. Mallery & Co,, Ine. Indianapolis, Ind.
Mechanical Industries Prod. Co.

Akron, Ohio
Miniature Precision Bearings, Inc.

Keene, N.H.
Muter Co. Chicago, 111,
€. A. Nergren Co. Englewoed, Calo.
Ohmite Mfg. Co. Skokia, I,

Polaraid Carp. Cambridge, Mass,
Prcci;flon Thermometer and
nst. .

Raytheon Mig. Co.

Philadelphia, Pa.
Waltham, Mass.

Shallcross Mfg. Co. Selma, N.C.
Simpson Electric Co. Chicage, Il
Sonotone Corp. Elmsford, N.Y.

Sorenson & Co., Inc. So. Norwalk, Cann.
Spaulding Fibre Co., Inc. Tonawanda, N.Y.
Sprague Electric Co.  Morth Adams, Mass.
Telex, Inc. St. Paul, Minn.
Union Switch and Signal,
Div. of Westinghouse Alr Brake Co.
Pittsburgh, Pa.
Universal Electric Co. Owosso, Mich.
Waestern Electric Co., Inc. Mew York, N.Y.
Weston Inst, Div. of Daystrem, Inc.

Newark, N.J.
Waollensak Optical Co. Rochester, MY,

Advance Electric and Relay Co.

Burbank, Calif.
Allen Mfg. Co. Hartford, Conn.
Allied Centrel Co., Inc. Mew York, N.Y.

Atlantic India Rubber Works, Inc.

Chicago, Iil,
Amperite Co., Inc MNew York, N.Y.
Belden Mfg. Co. Chicago, Il
Bird Electronic Corp. Cleveland, Ohio
Birnbach Radio Co. New York, N.Y.

CODE
NO.

71218
71286
713113

71400

71450
71448
71471
71482
7T15%0

71700
71744

71753

71785
71984
72134

71354
T1619
72654
72758
727465
72825
T2%28
72982
73081
73138

73193
73445

73506

73559
73682

73743
737913
73%05%
74455
748681
74848
74970
75042

15173

75378
753812

75818
75915
74008
74210
76433

Teae7
T&530
TE545
76854
77068

172

77342

ADDRESS

Cleveland, Ohio
Paramus, N.J,

MANUFACTURER

Bud Radio Inc.
Camloc Fastener Corp.
Allen D. Cardwell Electronic

Prod. Cerp Plainville, Conn,
Bussmann Fuse Div. of McGraw-
Edison Co St. Louis, Me.

Chicago Telephone Supply Co. Elkhart, Ind.
Cannon Electric Co. Los Angeles, Calif.
Cinema Enginsering Co. Burbank, Calif.

C. P. Clare & Co. Chicago, IIl.

Centralab Div, of Globe Union Inc.
Milwaukes, Wis.

The Carnish Wire Co. New York, N.Y.

Chicago Miniature Lamp Works
Chicago, il
A. O. Smith Corp., Crowley Div.

‘West Orange, N.J.
Cinch Mfg. Carp. Chicago, IlI.
Dow Corning Corp.

Midland, Mich.
Electro Motive Mfg. Co., Inc.
Willimantic, Conn,

John E. Fast & Co. Chicago, .
Dialight Corp. Brooklyn, N.Y.
General Ceramics Corp. Keasbey, N.J.
Girard-Hopkins Qakland, Calif.
Drake Mfg. Co. Chicago, Il
Hugh H. Eby Inc. Philadelphia, Pa.
Gudeman Co. Chicage, I,
Erie Rassistor Corp. Erie, Pa.

Hansen Mfg. Coa., Inc.
Helipot Div. of Beckman
Instruments, Inc.
Hughes Products
Div. of Hughes Aircraft Co.
Newport Baach, Calif.
Amperex Electronic Co., Div. of
orth American Phillips Co,, Inc.
Hicksville, N.Y.

Princeten, Ind.

Fullerten, Calif.

Bradley Semiconductor Corp.
MNew Haven, Conn.
Carling Electric, Inc. Hartford, Conn.

George K. Garrett Co., In

Fischer Special Mfg. Co.
The General Industries Co.
Jonnings Radio Mfg. Co.
J. H. Winns, and Sons
Industrial Condenser Corp.
Industrial Products Co.
E. F. Johnson Co.
International Resistance Co.
Philadelphia, Pa.

Jones, Howard B., Division

of Cineh Mig. Carp. Chicage, Il
James Knights Co. Sandwich, 1l

Kulka Electric Mig. Co,, Inc.
Mt Vernon, N.Y.

“hiladsiphla, Pa.
Cincinnati, Ohio
Elyria, Ohio

San Jose, Calif.
Winchester, Mass.
Chicage, Il
Danbury, Cenn.
Wateca, Minn.

Lanz Elactric Mfg. Co. Chicage, .
Littelfuse Ine. Des Plaines, Il
Lord Mtg. Co. Erle, Pa.

C. W, Marwadel San Francisco, Calif.
Micamold Electronic Mfg. Cor:.
rooklyn, N.Y

James Millen Mfg. Co., Inc. Malden, Mass.
Manadnock Mills San Laandre, Calif.
Mueller Electric Co. Cleveland, Ohio
Oak Manufacturing Co. Chicago, Il
Bendix Corp., Bendix

Pacific Div. Mo. Hollywood, Calif.
Phaostron Instrument and
Electronic Co. South Pasadana, Calif.

Potter and Brumfield, Inc. Princeton, Ind.

From: F.5.C. Handbook Supplements
H4-1 Dated Oct, 1960

H4.2 Dated Oct. 1960
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APPENDIX

Appendix

CODE LIST OF MANUFACTURERS (Sheet 2 of 2)

Model 686C
CODE
NO. MANUFACTURER ADDRESS
77630 Radio Condenser Co. Camden, N.J.
77634 Radio Essentials Inc. Mt. Yarnon, N.Y.
77638 Radio Receptor Co., Inc. Brooklyn, N.Y.
77764 Resistance Products Co. Harrisburg, Pa.
78283 Signal Indicater Corp. Neaw York, N.Y.
78471 Tillay Mig. Ce. San Francisco, Calif.
78488 Stackpole Carbon Co. St. Marys, Pa.
78790 Transh Engl Pasadena, Calif.
79142 Yeader Root, Inc, Hartford, Conn.
79251 Weneo Mfg. Co. Chicags, Il
799463 Zierick Mfg. Corp. Mew Rochelle, N.Y.
B0130 Times Facsimile Corp. MNew York, N.Y.
80131 Electronic Industries Association
Any brand tube meeting EIA
standards ashington, D.C.
B0248 Oxford Electric Corp. Chicago, 1.
80411 Acro Manufacturing Co. Columbus, Ohia
B0486 All Star Products Inc. Defiance, Ohio
80583 Hammerlund Co., Inc. New York, N.Y,
BO&40 Stevens, Arnold, Co., Inc. Boston, Mass.
81030 International Instruments, Inc.
New Haven, Conn.
B1415 Wilkor Products, Inc. Cleveland, Ohio
81453 Raytheon Mfg, Co,, Industrial
Tube Division wincy, Mass.
814813 International Rectifier Can
| Segundo, Calif.
81840 Barry Controls, Inc. Watertown, Mass.
82042 Carter Parts Co, Skokie, 1N,
82142 Jetfers Electronics Division of
Speer Carbon Co. Du Bois, Pa.
82170 Allen B. DuMont Labs., Inc. Clifton, N.J.

82209
B221%

821374
82389
82447

82864
82893
Bi148
Bl18s
B1298
B3594

83777

LER B
B4171

00034-1

Maguire Industries, Ine. Graenwich, Conn.
Sylvania Electric Prod. Inc.,

Electranic Tube Div. Emporium, Pa.
Astron Co. East Newark, N.J.
Switchcraft, Inc. Chicago, Il

Texas Instrumants, Inc..
Metals and Contrals Div.,
Spencer Products

Research Products Corp.
Vector Electronic Co.
Electro Cords Co,
Vietory Enginesring Corp.
Bendix Corp., Red Bank Div.

Burroughs Corp.,
Electronic Tube Div.
Model Eng. and Mfg,, Inc.

Attleboro, Mass.
Madison, Wis.
Glandale, Calif.
Los Angeles, Calif.
Union, N.J.
Red Bank, N.J.

Plainfield, N.J.

Huntington, Ind,

Loyd Seruggs Co. Festus, Mo.
Arco Electronics, Inc. New York, N.Y.
00015-&
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CODE
NO.

B439

B4411
84970
85474

85460
8s5v 11
Be6B4

asi40
89473

F0179

90970
¥1418
?1504
P1437
T1662
$1737
r1827
F1929

F219%
9313132

23349
73410
731983

Fa4144
94145

74154
14197

f4310

95234
952138

¥5263
95265
95987
6047
96095
T6296
6341
§é501

MANUFACTURER ADDRESS

A. J. Glesener Co., Inc.
San Francisco, Calif.

Good All Electric Mfg. Co. Ogallala, Neb.
Sarkes Tarzian, Inc. Bloomingten, Ind.
R. M. Bracamonte & Co.

Koiled Kords, Inc.
Seamless Rubber Co.
Radio Corp. of America, RCA

Electron Tubas Div. Harrison, N.J.
Cutler-Hammer, Inc. Lincoln, 111

General Electric Distributing Corp.
Schenectady, MN.Y.

U.5. Rubber Co., Machanical
Goods Div. Pagsaie, N.J.

Bearing Engineering Co. San Francisco, Calif.

San Francisce, Calif.
New Haven, Conn.
Chicago, Il

Radioc Materials Co. Chicago, III.
Augat Brothers, Inc. Attleboro, Mass.
Dale Products, Inc. Columbus, Neb.

Elca Corp. Philadelphia, Pa.
Gremar Mfg. Co., Inc. Wakefield, Mass.
K F Development Co. Redwood City, Calif.

Micra-Switch Div, of Minneapolis
Honeywall Regulator Co.

Universal Metal Products, Inc.
Bassatt Puente, Calif.
Sylvania Electric Prod. Inc.,
Semiconductor Div. Waburn, Mass.
New York, M.Y.

Robbins and Myers, Inc.
Stavens Mfg. Co,, Inc. Mansfield, Ohio

Insuline-Yan Norman Ind., Ine.
Electronic Division Manchester, N.H.

Ii‘rihlon Mfg. Co., Receiving

Freeport, 11,

ube Div. vincy, Mass.
Raytheon Mfq. Co., Semi-

conductor Div. MNewton, Mass.
Tung-Sol Electric, Inc. Mewark, N.J.

Curtiss-Wright Corp., Electronics Div.
Carlstadt, N.J.
Tru Ohm Prod. Div. of Model
Engineering and Mfg. Co.
Allles Produets Corp.

Continental Connector Corp.
Woodside, N.Y.

New York, MN.Y.
Sheridan, Wyo.

Chicago, I,
Miami, Fla.

Leecraft Mfg. Co., Inc.
National Ceil Co.

Wackasser Co. Chicago, Il
Huggins Laboratories Sunnyvale, Calif.
Hi-Q Division of Asrovox Olean, N.Y.

Solar Manufacturing Co. JLos Angeles, Calif,
Microwave Associates, Inc. Burlington, Mass.
Excel Transformer Co. Oakland, Calif.

CODE
NO. MANUFACTURER ADDRESS
§7539% Automatic and Precision
Mig. Co. Yonkers, N.Y.

97946 CBS Electronics,

Div. of C.B.S., Inc. Danvers, Mass.
98141 Axel Brothers Inc, Jamaica, N.Y.
§8220 Francis L. Mosley Pasadena, Calif.
98278 Microdot, Ine. So. Pasadena, Calif.
98291 Sealectro Corp. New Rochelle, N.Y.
78405 Carad Corp. Redwaod City, Calif.
98734 Pale Alte Enginesring

Co., Ine. Palo Alto, Calif.
98925 Clevite Transistor Prod.

Div. of Clevite Corp. Waltham, Mass.
$8978 International Electronic

Ressarch Corp. Burbank, Calif.
99109 Columbia Technical Corp. MNew York, N.Y.
$9313 Varian Associates Pale Alte, Calif,
$9800 Delevan Electronics Corp. East Aurora, N.Y.
99821 North Hills Electric Co.

Great Neck, L.I,, N.Y.

99848 Wilco Corporath Indi lis, Ind.
$9934 Renbrandt, Ine. Boston, Mass.
99942 Hoffman Semiconductor Div. of

Hotfman Electronics, Corp.  Evanston, I,
9957

T-chnuio?v Instruments Corp.
of Calif. No. Hollywood, Calif.

THE FOLLOWING H-P VEMDORS HAVE NO NUM.
BER ASSIGNED IN THE LATEST SUPPLEMENT TO
THE FEDERAL SUPPLY CODE FOR MANUFACTURERS
HANDBOOK.

0000C Connor Spring Mig. Co.
San Francisco, Calif.

60000 Connex Corp. Oakland, Calif.
0000E Fisher Switches, Inc. San Francisco, Calif,
0000F Males Tool and Die Los Angeles, Calif,
00006 Microwave Engineering Co. Palo Alto, Calif.

0000H Phileo Corp. (Lansdale

Division)
Telefunken (c/o Amaerican
Elite)

Lansdale, Pa.

New York, N.Y.
Winchester Electronics, Inc.
Santa Monica, Calif.

Western Coil Div. of Automatic

Ind., Ine. Redwood City, Calif.
Nahm-Bros. Spring Co, San Leandro, Calif.
Ty-Car Mfg. Co., Inc. Holliston, Mass.

Metro Cap. Div., Matropslitan
Telocommunications Carp. Brooklyn, N.Y.

Moulton Electronics San Carlos, Calif.

ooool
poooL
0000M
00OON
ooooP
000O0OR

gooos

From: F.5.C. Handbook Supplements
H4-1 Dated Oct. 19460
H4-2 Dated Oct, 1960



BACKWARD WAVE OSCILLATOR TUBE WARRANTY CLAIMS AND ADJUSTMENT
PROCEDURE FOR STEWART ENGINEERING COMPANY TUBES SUPPLIED BY
HEWLETT-PACKARD COMPANY

CONDITIONS OF WARRANTY

A backward wave oscillator tube manufactured by Stewart Engineering Company, Soquel, Cal-
ifornia, is warranted by the manufacturer to be free of defects in material and workmanship for
18 months from the date of purchase from #%, or 500 hours filament life, whichever occurs first.
Allowances for premature failure within 6 months from the date of shipment from % will be pro-
rated on the basis of remaining guaranteed filament life, Following the 6 month period, allowance
for premature failure will be pro-rated on the basis of remaining guaranteed filament life, or on
the basis of months remaining in this 12 month period, whichever is the lesser credit.

The Hewlett-Packard Company will process warranty claims for ® customers on Stewart back-
ward wave oscillator tubes which were supplied by @ as original equipment or replacements for
f@instruments. All allowances by the manufacturer will be passed on to the customer.

After expiration of this warranty, all replacement backward wave oscillator tubes should be
obtained directly from Stewart Engineering Company, Soquel, California.

A Stewart backward wave oscillator tube returnable to the Hewlert-Packard Company under
the conditions of this warranty must be packed and shipped according to instructions below,
and must be accompanied by the Warranty Claim on the reverse side of this form. Any chronistor
included in the instrument, must also be returned with the Warranty Claim. Please follow shipping
instructions carefully to assure safe arrival of the backward wave oscillator tube since no allow-
ance can be made on broken tubes.

SHIPPING INSTRUCTIONS

1) Carefully wrap the backward wave oscillator tube in 1/4 inch thick ‘““kimpack’’,
cotton batting, or other soft padding material.

2) Wrap the above in heavy kraft paper.

3) Pack in a rigid container which is at least 4 inches larger than the tube in each
direction,

4) Surround the rtube with at least 4 inches of packed excelsior or similar shock
absorbing material. Be certain that the packing is tight all around the tube,

5) Tubes returned from outside the continental United States should be packed in
a wooden box.

6) Mark container FRAGILE and ship prepaid via Air Freight or Railway Express,
Do not ship via Parcel Post or Air Parcel Post since experience has shown that

fragile items are more apt to be damaged when shipped by these means,
3/9/59

HEWLETT-PACKARD CO. PAGE MILL ROAD, PALO ALTO, CALIF. U.S.A.




BACKWARD WAVE OSCILLATOR TUBE WARRANTY CLAIM

IMPORTANT: -- To expedite your claim, please answer all questions fully since a claim
cannot be processed without adequate information.

FROM: DATE:
NAME
COMPANY.
ADDRESS
If instrument contains a
chronistor please remove
Person to contact for further information: and attach below
NAME
TITLE
COMPANY
ADDRESS Check if instrument does
|:l not contain chronistor
Tube type Serial No,
Tube used in # Model Serial No.
Tube is: Original Replacement Date tube received
Dare tube placed in service Date of tube failure
Your Purchase Order No, Purchased from
Hours service per day (average) No. of days in service
Total filament operation________ hours

SYMPTOMS: (Please describe nature of trouble)

OPERATING CONDITIONS: (Please describe conditions prior to and at time of failure)

SIGNATURE

IF TUBE WAS NOT OBTAINED FROM HEWLETT-PACKARD COMPANY, PLEASE RETURN
TUBE AND COMPLETED FORM TO WHEREVER TUBE WAS PURCHASED.



WARRANTY

All our products are warranted against defects in materials and workmanship for one year from
the date of shipment. Our obligation is limited to repairing or replacing products (except tubes)
which prove to be defective during the warranty period. We are not liable for consequential
damages.

For assistance of any kind, including help with instruments under warranty, contact your authorized &
Sales Representative for instructions. Give full details of the difficulty and include the instrument model
and serial numbers, Service data or shipping instructions will be promptly sent to you. There will be no
charge for repair of instruments under warranty, except transportation charges. Estimates of charges for
non-warranty or other service work will always be supplied, if requested, before work begins.

CLAIM FOR DAMAGE IN SHIPMENT

Your instrument should be inspected and tested as soon as it is received. The instrument is insured for
safe delivery. If the instrument is damaged in any way or fails to operate properly, file a claim with the
carrier or, if insured separately, with the insurance company.

SHIPPING

On receipt of shipping instructions, forward the instrument prepaid to the destination indicated. You may
use the original shipping carton or any strong container. Wrap the instrument in heavy paper or a plastic
bag and surround it with three or four inches of shock-absorbing material to cushion it firmly and prevent
movement inside the container.

GENERAL

Your authorized # Sales Representative is ready to assist you in any situation, and you are always wel-
come to get directly in touch with Hewlett-Packard service departments:

CUSTOMER SERVICE OR (In Western Europe)

Hewlett-Packard Company Hewlett-Packard S.A.

395 Page Mill Road Rue du Vieux Billard No. 1

Palo Alto, California, U.S.A. Geneva, Switzerland

Telephone: DAvenport 6-1755 Telephone: (022) 26. 43. 36
Direct Dial Area Code 415 Cable: "HEWPACKSA"

TWX No. PAL AL 117.U
Cable: "HEWPACK"

00390-1



& MANUAL CHANGES

MODEL 686C

SWEEP OSCILLATOR

Manual Serial Prefixed: 110-
Manual Printed: 6/61

To adapt this manual to instruments with other serial prefixes check for errata below, and make
changes shown in tables.

Instrument Serial Prefix Make Manual Changes Instrument Serial Prefix Make Manual Changes
110~ ERRATA
152~ 1, ERRATA
225- 1, 2, ERRATA
ERRATA: Figure 2-1,

Step 12: Change 5.0 ma to 3 ma.
Step 14: Change 1.0 ma to 2 ma.
Paragraph 2-3,

Step 14: Change to read: "The anode current will read about 0.5 ma
and should not exceed 2 ma.

Step 16: Delete the sentence: "The collector current should read
2 to 3 ma."

Paragraph 4-2 (General Precautions),
Add the following: "CAUTION: Thermistor R43 is fragile. Handle.with
care. Do not use excessive pressure on thermistor body or its
leads. Excessive pressure will destroy the thermistor."

A new warranty claim form is attached to this manual change sheet. Use
the attached form instead of the tube warranty claim form in the
Operating and Service Manual.

Under Specifications,
Change POWER VARIATION to read: "With leveler operating: less than
+1.25 db over entire frequency range."

Paragraph 4-16B,
Delete Step 1)j(2).

Figure 4-22,
Delete C108.

Table 5-1,
Delete C1l0B8.

CR102 through CR106, CR302, CR303: Change to diode, siliconj & stock
No. 1801-0029; Mfr. 02735.

CR201, 202, 203: Change to diode, silicon; 0 Stock No. 1901-0025;
Mfr. 07933.

R122, 150, 151, 154: Change to resistor, fixed, deposited carbon,
525K ohms +1%, 1/2%; i Stock No, 0727-0377; Mfr. 19701.

6/21/62 (over)




Manual Changes Model 686C Page 2

Instrument Serial Prefix Make Manual Changes Instrument Serial Prefix Make Manual Changes
110- ERRATA
152~ 1, ERRATA
225- 1, 2, ERRATA

CHANGE 1 Table 5-1,

R22 and 24: Change to resistor, fixed, composition, 560K ohms +10%,
1/2W; Stock No. 0687-5641; Mfr. 01121l.

R23; Change to resistor, fixed, composition, 120K ohms +10%, 1/2W;
Stock No. 0687-1241; Mfr. 01121.

V6 through V1l: Change §Stock No. from G-84B to G-84D.
V110: Change & Stock No. from G-84E to G-84D.
V209 through V211: Change @ Stock No. to G-84D.

CHANGE 2 CR301: Change to diode, silicon; & Stock No. 1902-0038.
CR304: Change to diode, silicon, & Stoeck No. 1901-0025.

R39: Change to resistor, fixed, wirewound, 14 ohms +10%, 1O0W;
@ Stock No. 0816-0019.

RlOé; Change to resistor, fixed, wirewound, 5000 ohms +10%, 10W;
Stock No. 0816-0006.

R106 through R110: Delete
R152, 153: Delete

Add _R155: Resistor, fixed, composition, 100 ohms +10%, 1Wj
@ Stock No. 0690-1011

Addﬁglsﬁ, 157: Resistor, fixed, composition, 1000 ohms +10%, 1/2W;
Stock No, 0687-1021.

Add R172: Resistor, fixed, composition, 33K ohms +10%, 1/2W; @ stock
No. 0687-3331. Optimum value selected at factory. Average value

shown.
Aol V101, 102: Change to tube, electron: type 8068; @Stock No. 1923-0048.
5000 Tube socket for V102: Change @?Stock No. to 1200-0020.

e |
clol JCRIOI
-0068 # TO JUNCTION
= clo2 clo3 G S
z I iaur T 3UF

VIOl
8068

]
= TO JUNCTION
d\(::::: MIOI, RI26
T0 coL
RIS8 ]
SCREEN 150K ::;0506 RIST
SUPPLY 1000
KIO3 HELIX
OVERLOAD RELAY
6/21/62 < TO RI25

| TO FILS
| VIOl & VIOo2

TO RII3 VIO3




@ MANUAL CHANGES

MODEL 686C

SWEEP OSCILLATOR

Manual Serial Prefixed: 110-
Manual Printed: 6/61

To adapt this manual to instruments with other serial prefixes check for errata below, and make
changes shown in tables,

Instrument Serial Prefix Make Manual Changes Instrument Serial Prefix Make Manual Changes
110- ERRATA
152~ 1, ERRATA
225~ 1, 2, ERRATA
233- 1, 2, 3, ERRATA
ERRATA: Figure 2-1,

Step 12: Change 5.0 ma to 3 _ma.
Step 14: Change 1.0 ma to 2 ma.

Paragraph 2-3,
Step 14: Change to read: "The anode current will read about 0.5 ma
and should not exceed 2 ma.
Step 16: Delete the sentence: "The collector current should read
2 to 3 ma."
Paragraph 4-2 (General Precautions),
Add the following: "CAUTION: Thermistor R43 is fragile., Handle with

care. Do not use excessive pressure on thermistor body or its
leads. Excessive pressure will destroy the thermistor."

A new warranty claim form is attached to this manual change sheet. Use
the attached form instead of the tube warranty claim form in the
Operating and Service Manual.

Under Specifications,
Change POWER VARIATION to read: "With leveler operating: less than
#1.25 db over entire frequency range."

Paragraph 4-16B,
Delete Step 1)j(2).

Figure 4-22,
Delete Cl08.

Table 5-1,
Delete C1lO08.

CR102 through CR106, CR302, CR303: Change to diode, silicon; & Stock
No. 1901-0029; Mfr. 02735.

CR201, 202, 203: Change to diode, silicon; @?Stock No. 1901-0025;
Mfr. 07933.

R122, 150, 151, 154: ge to resistor, fixed, deposited carbon,
525K ohms #1%, 1/2W; ('Stock No. 0727-0377; Mfr. 19701.

9/10/62
8/29/62

6/21/62 (over)




lanual Changes Model 686C FPage 2

Instrument Serial Prefix Make Manual Changes Instrument Serial Prefix Make Manual Changes

110~

ERRATA

152-

1, ERRATA

225-

1, 2, ERRATA

233=

1, 2, 3, ERRATA

CHANGE 1

CHANGE 2

RI0I
5000

Table 5-1
R22 ané 24: Change to resistor, fixed, composition, 560K ohms +10%,
1/2w; & Stock No. 0687-5641; Mfr. 0ll21.

R23; Change to resistor, fixed, composition, 120K ohms +10%, 1/2W;
Stock No., 0687-1241; Mfr. 01121,

V6 through V11: Change {YStock No. from G-84B to G-84D.
V110: Change & Stock No. from G-84E to G-84D.
V209 through V211: Change @) Stock No. to G-84D.

CR301: Change to diode, silicon; & Stock No. 1902-0038.
CR304: Change to diode, silicon, & Stock No. 1901-0025.

R39: Change to resistor, fixed, wirewound, 14 ohms +10%, 10W;
@P Stock No. 0816-0019.

RlOé; Change to resistor, fixed, wirewound, 5000 ohms +10%, LOW;
Stock No. 0B16-0006.

R106 through R110: Delete
R152, 153: Delete

Add_R155: Resistor, fixed, composition, 100 ohms +10%, 1W;
@ stock No. 0690-1011

Add_R156, 157: Resistor, fixed, composition, 1000 ohms +10%, 1/2W;
Stock No. 0687-1021.

Add R172: Resistor, fixed, composition, 33K ohms +10%, 1/2W; & stock
No., 0687-3331. Optimum value selected at factory. Average value
shown.

V101, 102: Change to tube, electron: type 8068; ﬁ?Stock No. 1923-0048.
Tube socket for V102: Change & Stock No. to 1200-0020.

9/10/62

8/29/62
6/21/62
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Manual Changes Model 686C Page 3

Instrument Serial Prefix Make Manual Changes Instrument Serial Prefix Make Manual Changes
110~ ERRATA
152- 1, ERRATA
225~ 1, 2, ERRATA
233~ 1, 2, 3, ERRATA
CHANGE 3 Figure 4-24, Amplitude Modulator and Reference Ancde Circuit,
Change schematic diagram as shown in partial schematic below.
TO
n;% ” JUNCTION
C301,R312
+300V AND
(REG) J??I
R305
S30I
o] — TO PIN 6
PULSE v3oi
c30i
TO JUNCTION o/ [EXT
R301 8R303 OO
€302 REAR
1500 lt... __
OF F | n--:::.":::::.-::::::::f—‘TD JUNCTION
]\ R306, R307
5 = PIN 2 V30I
" .
FRONT

9/10/62
B/29/62



@ MANUAL CHANGES

MODEL 686C

SWEEP OSCILLATOR

Manual Serial Prefixed: 110-
Manual Printed: 6/61

To adapt this manual to instruments with other serial prefixes check for errata below, and make
changes shown in tables.

Instrument Serial Prefix Make Manual Changes Instrument Serial Prefix Make Manual Changes
110- ERRATA 301- 1, 2, 3, 4, ERRATA
152« 1, ERRATA
225- 1, 2, ERRATA
233~ 1, 2, 3, ERRATA

ERRATA:

1/14/63

Figure 2-1,
Step 12: Change 5.0 ma to 3 _ma.

Step 14: Change 1.0 ma to 2 ma.
Paragraph 2-3,
Step 14: Change to read: "The anode current will read about 0.5 ma
and should not exceed 2 ma.

Step 16: Delete the sentence: "The collector current should read
2 t.DSIta."

Paragraph 4-2 (General Precautions),
Add the following: "CAUTION: Thermistor R43 is fragile. Handle with
care. Do not use excessive pressure on thermistor body or its
leads. Excessive pressure will destroy the thermistor."

A new warranty claim form is attached to this manual change sheet. Use
the attached form instead of the tube warranty claim form in the
Operating and Service Manual.

Under Specifications,
Change I'OWVER VARIATION to read: "With leveler operating: less than
+1.25 db over entire frequency range."

Faragraph 4-16B,
Delete Step 1)j(2).
Figure 4-22,
Delete Cl08.

Table 5-1,
Delete ClO08.

CR102 through CR106, CR302, CR303: Change to diode, silicon; @;Stock
No. 1901-0029; Mfr. 02735.

CR201, 202, 203: Change to diode, silicon; ﬁ%Stock No. 1901-0025;
Mfr. 07933.

R122, 150, 151, 154: Change to resistor, fixed, deposited carbon,
525K ohms #1%, 1/2%; %ﬁgtock No. 0727-0377; Mfr, 19701.

Table of keplaceable Parts,
Jz20l, 202, 203, 301: Change @ Stock No, to 1250-0018.

(over)

Supplement A for
686C-900




Manual Changes Model 6B6C Page 2

Instrument Serial Prefix Make Manual Changes Instrument Serial Prefix Make Manual Changes
110~ ERRATA 301- . 2. 3. 4. ERRATA
152- 1, ERRATA
225- 1, 2, ERRATA
285 1 1,2, 0, ERRATA

CHANGE 1 Table 5-1,

R22 and 24: Change to resistor, fixed, composition, 560K ohms +10%,

1/2W; @ Stock No. 0687-5641; Mfr, 01121,

R23& Change to resistor, fixed, composition, 120K ohms +10%, 1/2W;

Stock No. 0687-1241; Mfr. Oll21,

V6 through V1l: Change & Stock No. from G-84B to G=84D.
V110: Change (& Stock No. from G-84E to G-84D,

V209 through V211: Change @ Stock No. to G-84D.

CHANGE 2 CR301l: Change to diode, silicon; & Stock No. 1902-0038.
CR304: Change to diode, silicon, & stoek No. 1901-0025.

R39: Change to resistor, fixed, wirewound, 14 ohms +10%, 10W;
Y Stock No. 0816-0019.

RIO&: Change to resistor, fixed, wirewound, 5000 ohms +1Q%, 1OW;
> 8t

ock No. 0816-0006.
R106 through R110: Delete
R152, 153: Delete

Add_R155: Resistor, fixed, composition, 100 ohms +10%, 1W;
@ Stock No. 0690-1011

Md@.ﬁﬁ. 157: Resistor, fixed, composition, 1000 ohms +10%, 1/2VW;
i S

tock No. 0687-1021.

Add R172: Resistor, fixed, composition, 33K ohms +10%, 1/2W; & Stock
No. 0687-3331. Optimum value selected at factory. Average value

shown,

R0l V101, 102: Change to tube, electron: type 8068; @Stock No. 1923-0048,

5000 Tube socket for V102: Change @Stock No. to 1200-0020.

clol
10068 » TORIIS
» TO JUNCTION
MIOI, RIZ26
TO coL
Rl .
SCREEN sitag RIS?
SUPPLY 1000
KIO3 HELIX
OVERLOAD RELAY
- TO RI25
TO FILS
VIOl & VI02
1/14/63 TO RII3 VIO3 172"



Manual Changes Model 686C Page 3

Instrument Serial Prefix Make Manual Changes Instrument Serial Prefix Make Manual Changes

110- ERRATA 301~ 1, 2, 3, 4, ERRATA |
152~ 1, ERRATA
225- 1, 2, ERRATA
233~ 1, 2, 3, ERRATA
CHANGE 3 Figure 4-24, Amplitude Modulator and Reference Anode Circuit,
Change schematic diagram as shown in partial schematic below.
TO
HTO JUNCTION
304 C30l,R3I2

AND
J30I

= TO PIN 6
V30l

c3ol

TO JUNCTION
R30I 8 R303
Cc302

REA
1500 S

e S TO JUNCTION
R306, R307
= PIN 2 V30I

FRONT

CIIANGE 4 In the schematic diagram of Figure 4-20, 4-22 and 4-26 and the Table
of Replaceable Parts,
C116: Change to 470 pf; ®Stock No. 0140-0027.
Cl17: Change to 170-780@1‘; Stock No., 0131-0003.

C206: Change to 18 pf; tock No. 0140-0144.
R32: Change to 15 ohm; Stock No. 0812-0035.

1/14/63
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