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between the V INPUT jack and the MARKER OUT jack. If down-

“ward vertical deflection of the sweep now results, the indication

is that the difficulty exists external to the oscilloscope. Possible
troubles would include (a) a short. circuit in the cable connecting
the input signal and (b) a defect within the equipment under test.
{(3) In the event that in (1) above no indication of vertical
deflection was observed, apply a suitable signal to the V. DIR-
ECT direct connection to the vertical deflection plates. If de-
flection is noted, trouble hasareen localized internal to the os-
cilloscope in the vertical channel after the vertical step-atienu-
ator.
b. OTHER CIRCUITS — Other internal circuits of the oscillos-
cope may be checked using methods similar to that given in ¢ a-
bove.Referio Table 3-1, Routine Check C\hart, for detailed methods.

9. LOCATION OF ELECTRON TUBES —~ The name and location

of each electron tube is givea in Figure 4-1.

10. TROUBLESHOOTING (See Table 4-2)

a2, TEST EQUIPMENT REQUIRED - The following test equip-
ments or suitable equivalents will be employed in determine mini-
mum repair and calibration specifications, for the AN /USM-33,
Oscilloscope,

1, TS-460 ( }/U Impedance bridge
2, HP 650A Signal Generator

3, 8G=106 /MPQ-25 Generator

4, AN /PSM-6 Multimeter

5, TS-505A Electronic Multimeter
8, AN /USM-50 Oscilloscope

7. TV-2/0 Electron Tube Test Set

Revised 15 March 1859 @w?
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b. LOCATION OF MAINTENANCE INFORMATION - A chart
of troubles and their probable causes is given in paragraph 12. lo-
structions are givenin paragraph 13 for obtaining access to the in-
side of the oscilloscope for trouble correction or the removal of a
subassembly. Iacluded in this section are paragraphs indicating
methods of testing and adjusting the special circuits contained in
the oscilloscope. Diagrams showing printed wiring, normal wave-
forms, voltages and resistances from tube pins and critical points
are shown in figure 4-4 thru 4-20. This information should be used
for checking operation and locating faults within the circuits.Par-
agraph 11 gives detailed information on special techniques re-
quired to properly service printed wiring, and should be consulied
before attempting any repair or replacement of parts. Hlustrations
showing the interior of the oscilloscope and subassemblies are in-
cluded in figures 4-1 thru 4-17. The main schematic diagram figure
4-23% and the block diagram figure 4-22 are essential guides 1o cir-
cuit analysis and troubleshooting.

11. MAINTENANCE AND REPAIR OF PRINTED WIRING CIR-
CUATS. _ |

a. GENERAL - A printed wiring circuit consists basically of
a laminated plastic board having a thin sheet of copper bonded to
one side. In forming the wiring a photo-etching process is used to
remove unwanted parts of the copper while the wiring design re-
mains intact. Component parts are mounted by extending their
leads through holes pierced in the board. The leads are cut and
crimped, and the complete assembly is then dipped into melted
solder to make all connections simultaneously. The copper sheet
wiring also picks up a coating of solder which increases its cur-
rent carrying capacity. Finally, a coating of\synthetic varnish is
applied to both sides of the board to prevent leakage or other ¢f-
fecis of moisture and dust.

b. TROUBLESHOOTING ~ Troubleshooting printed wiring cir-
cuits differ only slightly from troubleshooting conventional wiring.
Circuit tracing of the printed board is generally easier. Test points

@"8 Revised 15 March 1959
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Figure I-1. Oscilloscope AM/USM-38.
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DESCRIPTION

1. PURPOSE AND BASIC PRINCIPLES (See figure 1-1)

a. Oscilloscope AN/USM-38 is a portable, light weight test in-
strument inteaded for geperal purpose use n testing and maintain
ing radar and other electronic equipment at the locarion of tha:
equipment. It provides the means for observing visually the ampli-
tude, duration, and shape of elecwrical wave-forms, les applicadion
causes a mintmum of disturbance 1 the functional operation of the
circuit being tested. The test set is contained in a combination
case and cover, equipped with a carrving bandle. The cover has
facilities for storing accessory cables, adapters, test leads, and
the instruction book.

b. The basic device in the oscilloescope is a cathode ray tube
which consists of an evacuated glass envelope containing an elec-
tron gun that forms and directs a focused beam of electrons o a
fluorescent screen located ar one end of the tebe. The inherent
electrical charge of an electron permits it 1o be deflected in its
path by an elecirical field. The extremely small mass and inextia
of the electron beam allows almost 1nstantapeous deflection. To
facilitate electrostatic deflection, two sets of plates are placed
within the tube at right angles o the path of the beam. The appli-
cation of suitable voltages to the deflection plates resnlts in ver
tical and horizontal motion of the electron beam. Since the signals
i0 be observed vary greatly in amplitude, duration, and rate of re-
curtence, it is necessary to further the adaptability of the basic
cathode ray tube through the wse of awenunarors, amplifiers, special-

ized circuits, and external coupling devices. The functional re-
lationships of the principal component electrical circuits are shown

in the block diagram of figure 4-22.

2. DESCRIPTION OF COMPOHENTS
a, OSCILLOSCOPE SET AN/USM-38 consists of the compon-
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ents listed in table !-1. The following sub-paragraphs describe
the separate units of the rest set.

b, OSCILLOSCOPE O5-57/USM-38 - The general form of Oscil-
loscope 05-57/USM-38 is shown in figue 1-1. It consists of the
sheet aluminum protective case, front panel, and chassis assembly.
The case mounts a carrying handle, the fittings required to atrach
Cover CW-376/USM-38 and a retractable stand. A small removable
cover plate is located on the rear of the case o provide access to
the H DIRECT and V DIRECT connections to the deflection plates
of the cathode ray tube. All operating controls, connectors, and
fuses are conveniently located on the front panel of the oscillos-
cope. The screen of the cathode ray tube is visible through a green
plastic filter and an inscribed scale. The internal construcvion of
the oscilloscope consists of a rectangular frame and chassis as-
sembly containing the power supply, wiring harness, printed wic-
ing assemblies, tubes, and various component pares. Elecorical and
operating characteristics are givea im tabular form 1 paragiaph 3
of this section. Figure 4-27 shows a block diagram of the funciions
and relationships of the major circuits,

c. OSCILLOSCOPE COVER CW-376/USM-38 - The front cover
for the oscilloscope is fabricaied from sheet aluminum, and is
equipped with hasps that permit its complete removal from the case,
The cover contains storage facilities for the furnished adapiers,
cables, test leads, spare fuses and instruction book. (See table i-1).

d, ATTENUATOR PROBE MX-1817/USKM-38 ~ This test lead
consists of afour footlength of non-detachable coaxial cable, type
RG-62/U, terminated at one end in a BNC coaxial plug, type UG-
260/U. The other endisterminatedin a shielded cylinder-shaped
probe, 54 inches long, having a pointed contact tip and a ground-
ing alligator clip lead. This probe provides a 10 to 1 signal vole-
age reduction when connected to the vertical amplifier, at jack
J102, SIGNAL INPUT. Intended for general purpose use in con-
tacting the circuir being tested, it passes the test signal with a
minimum of frequency distortion. It contains a series 9 megohm re-
sistor shunted by a frequency compensating ceramic trimmer ca-
pacitor whichis adjusted arthe factory for standard charactenistics.
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This probe is capable of bandling up to 500 volts total.

. DETECTOR PROBE MX-1815/USM-38 - This item is a de-
tachable type, cylindrical-shaped, test probe 6 inches long by %
inch diameter, terminated in one end with a contacttip and a ground-
ing alligator clip lead. The other end terminates in a BNC coax-
ial recepiacle, type UG-1094/U. This probe is normally connected
to the oscilloscope by means of the coaxial test cable, W801 or
W91, and is used to demodulate radio frequency sigoals for the
visual observation of modulation eavelopes. It can be used to in-
dicate the voltage level of signals up to 400 mc in frequency, for
alignment adjustment of radic receivers, and in signal tracing
techniques for troubleshooting. When using the detector probe the
input impedance is 20,000 chms paralleled with 7 uuf. The max-
imum signal level permissable is 125 volis peak inverse. The probe
housing contains a cryseal diode rectifier and low-pass filter net-
work (See figure 4-23).

j- CATHODE FOLLOWER PROBE MX-1816/USM-38 - The
cathode follower probe consists of a non-detachable five foot
length of cable terminated at one endin a five contact AN type con-
nector, and at the other end in a % inch diameter cylinder-shaped
probe having a contact tip and a grounding alligator clip lead. It
is used to sample signal voltage in circuits where capacitive or
resistive loading, caused by the insertion of a test probe, must be
kept at a minimum in order o prevent signal distortion or detuning
without introducing any appreciable attenuation. This prebe con-
tains a sub-miniature electron tube V301 connected in a cathode
follower circuit. The circuit is such that the input impedance is 8
megohms with parallel capacitance not exceeding 10 uuf. The low
impedance of the cathode follower output circuit permits the pas-
sage of the signal to the oscilloscope input atjack J101, CF PROBE,
without changing the frequency response of the observed signal.
This probe will handle a signal inpur of 5 volts rms without intro-
ducing appreciable distortion.

g- DUMMY LOAD DA-113/U - This adapter consists of a 5-pin
male AN type connector that mates with the vertical channel input
jack , Ck PROBE, J101, It is modified with a special shield cap,
. and contains 75 ohms resistance connected between pins A and E.
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Pin E of jack J101 is grounded; pin A is connected internally o
the center terminal of the coaxial jack J102, SIG INPUT. The puar-
pose of this adapter is to reduce the inpur impedance of the ver-
tical channel of the oscilloscope, at the SIG INPUT jack J102, o
75 ohms. When using this adapter no probes of any kind should be
used for the veriical input; direct connection is made berween the
low impedance source of test signal and the SIG INPUT jack using
coaxial cable furnished. The power dissipation rating of this ter-
mination is | wate; therefore, the applied dc or rms voleage should
not exceed 8.5 volts.

h. R¥ CABLES - Two coaxial cables, one six-foor (WB01), and
one four-foot (WIO1) in length are supplied for general purpose use
in coanecting Uscilloscope OS-57/USM-38 to equipments being test-
ed, to the Detecror Probe MX-1815/USM-38, and to the Attenuaror
Probe MX-1817/USM-38, These cables consist simply of a length
of RG-62/U coaxial cable terminated at both ends in BNC coaxial
fittings type UG-260/U.

i. POWER CABLE CX-3304/U - The ac power supply cable for
the oscilloscope is an eight-foot length of three conductor, rubber-
covered, power cable terminated at one end in a three contacy AN
type connector that mares with receptacle J106, POWER, located
on the front panel. The other end of the cable is terminated in a
molded two-prong power plug from which extends a six-inch length
of grounding conducior terminated in an alligator clip.

j» ADAPTER UG-282A/U - This adapter combines a BNC type
coaxial plug and a spring leaded binding post. It is used to con-
nect single wire test leads to the BNC type receptacles on the
front panel of the oscilloscope. Two of these adapters are fur-
nished with the equipment,

k., ALLIGATOR CLIP - This adapter is a combination of a
phone tip jack and an alligator clip; it is used o connect che fur-
nished test probes to terminal lugs, test points, and the like.

3. REFERENCE DATA

a. Nomenclature |, ., .. .. ... Oscilloscope AN/USM-38
b. Contract pumber , |, . . . NObsr-59445
c. Conmtractor, ., . . ... ........ Trad Electronics Corp.

Asbury Park, Mew Jersey
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Inspecior of Naval Mate-
rial, USN, Naval Industri-
al Reserve Shipyard, Port
Newark, Newark 5, N J.
Fiar within 3 db from 10
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DESCRIPTION

IE

Ourput voltages
~ MARKER OUT

+TTRIGGER OUT
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2 yolis peak open circui; 57K
ohms minimum ioad mmpedance.
100 volis peak: 2,000 ohms max-

imum 1aternal i;‘npmimm e,

k. loput sensitivity
cycles to 6 megacycles Lo T
and voliage limits s i Foal
per second, ' Signal Voles Peak Volts
{. Transients response . . . ... ... 0.06 microseconds rise P vReRe
g. SUuAre Wave response . . .. .. . Less than 10 percent _ Min. hax.
tlt for 50 cycles  square vV INPUT 0.1 rms® | 150 rms® | 000
WAV S, . ;
“ V INPUT with attenu-
fo Polariey o .. . ..o oo oo Positve for upward de- with arteny ‘ " A Ny
flection. Nepative for ator probe I rms 500 peak 564
e YV INPUT with de-
downward deflection. e .
; ; . " tector probe 125 peak S04
i, loput impedances CF PROBE with
VINPUT ..o { megohm parall | e ca |
igmjg;} m paralleled by thode follower probe 0.1%5 rms* > rms® 560
uf. . e .
YV INPUT with external adapter . 75 chms M Dil{}i{:T SOV peak %{nﬁ)
H DIRECT 75V peak S
V INPUT with 10:1 attenu- EXT SYNC 0% peak 100 peak 500
atorprobe . ... ... 1o o b Topes '
p : :sﬂeg@l;ms paralleled EXT SYNC with attenu-
y 15 uuf. 51} :
. — be .05 peak | 500 peak 500
V INPUT with derect b 20,000 5 pe ator pro .
s cerector probe 000 ohms paralleled 7 AXIS INPUT +1.0%peak| +50%peak | No DC
by 7 uaf, N
CF PROBE with cathode ‘ *= Volis per inch
follower probe . . . .. . ... ... 8 megohms paralleled ‘: 2 [. Sweep time . .. ... ... I to 100,000 microseconds per
by 10 uuf. ' inch continuously adjustable.
Y DIRECT .. .. . . e e 4.9 megohms paralleied M. Sweep CuHcuit . . .. .. . o Triggered or periodic
by 20 uuf. n. Calibration. . . ... ... 0 to 1 volis peak 1o peak of
HOUIRECT ... oot 3.9 megohms paraileled line frequency flat-topped wave
by 20uuf ‘ for calibraiting signal amplifier.
FEXTSYNC - o 0 o v e e o e o 1.5 megohm paralleled ‘ 0. Timing markers . . .. .. Synchrontzed with sweep and
by 25 uuf ? available ai intervals of 1, 10
- EXT SYNC -7 o e 1.5 megohm paralleled o and 100 microseconds,
by 75 uuf. p. Trigger pulse output . . . 100 volts peak, 1.5 microsecond
LAXISINPUT ... .. ... ... 680 chms paralleled by pulse, having a rise time of 0.5
20 uuf, : : microseconds, Kepetition race
ORIGINAL ORIGINAL 17
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continuously variable from 40 to
5000 times per second.
g. Sweep delay and
cXpansion . . .., .., .. Allows any 10% of trace 1o be

expanded by a factor of 9,
r. Cathode ray tube: ’ e

Screen diameter ., | . | . Three inches, 114 inches toral
.,, deflection, ¥ inch for pulse,
CRT eype .. L, ... .. JAN 3WP1

t. GENERAL ELECTRICAL CHARACTERISTICS OF OSCIL.
LOSCOPE 05-57/U5M-38 (See figure 4-22, Biock Diagram)

@ VERTICAL DEFLECTION CHANNEL - The vertical de-
ﬂec'uon channel consists basically of a broad-banded amplifier
having relatively flar frequency response from 10 cycles to 6 mega-
cycles per second permitting the display of a large variety of wave-
shapfﬁ& with little distortion, Sufficient attenuation and gain con-
trol is included in this amplifier to permit the application of sig-
nal§ in a wide range of magnitude. The circuit is arranged so that
periodic, non-periodic, and random recurring waveshapes can be
observed. When desired, the amplifier can be disconnected and
COH{]&C[iOﬂ made directly to the vertical deflection plate: of the
cet. The peak to peak voliage value of signals in the vertical chan-
nel can be measured by comparison with an internally generated
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calibrated voltage. The signal for display is applied to the ver-
tical chaanel at V INPUT jack J102. Attepuaror AT101,V MULTI-
PLIER, is a six-position step attenuator controlling the input sig-
nal level to the Preamplifier circuits which include amplifier V101,
and one-half V102 connected as a cathode follower to match the
input impedance to Delay Line DL101. The calibrated comparison
voltage, variable from 0 to 1 volt amplitude by the CAL VOLTS
controf is introduced to the veriical channel oaly when the CAL
switch 5102 is set in ON position. The second wiode section of
V102 is used to amplify a portion of the signal for use in synch-
ronizing the sweep circuit. The delay line delays the signal in the
vertical channel for approximately 0.4 microseconds; thus allow-
ing the sweep to start slightly ahead of the vertical deflection.
The Cathode Follower V103 circuit properly terminaves the delay
line and includes the continucusly variable conuol V GAIN 7% R123.
The signal is further amplified by the Vertical Driving Amplifier
V104, to drive the push-pull Vertical Outpur amplifiers V165, V106,
The vertical output is fed to the vertical deflection plates of the
cathode ray tube V107. The input circuit to the vertical deflection
plates includes the vertical positioning control V. POS and also
the facilities for making direct connections.

b. HORIZONTAL DEFLECTION -~ The primary purpose of the
internal sweep circuits is to develop a horizontal deflection volt-
age that varies linearly with time. Specialized circuits are includ-
ed that control the sweep duration, repetition rate, and aliow synch-
ronization with signals from various souwrces.

(1) HORIZONTAL OUTPUT AMPLIFIER -- This amplifier
converis the positive going linear voltage ocutput from the sweep
circuits to a push-pull voltage which is applied to the horizontal
deflection plates of the cathode ray tube. The sweep veltage input
to this stage is clamped by V125B so that the horizontal deflec-
tion starts at the same point for all sweep waveforms and repeti-
tion rates. The horizontal positioning control H. POS is conpected
in the ,f;lamp circuit.

(2) GATE GENERATOR - This generator is a balanced
multivibrator, using one-half of V121 and one-half of V122, and is

ORIGINAL 2-1



