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Section 1 T.O. 33A1-3-T1-1
Introduction

i Figure 1-1. Echo Box TS-488A/UP
i
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Faragraph 1-1to 1-10

SECTION |

GENERAL DESCRIPTION

1-1. GENERAL.

1-2. This handbook contains operating instructions
for Bcho Bax TS-488A/UP manufacturedby Aermotive
Equipment Corporation, Kansas City, Missouri and is
issued as one of four basic handbooks covering the
equipment. The other three handbooks are: Hand-
book of Service Instructions (T.O. 33A1-3-71-2);
Handbook of Overhaul Instructions(T.O0. 33A1-3-71-3);
and Dllustrated Parts Breakdown (T.O. 33A1-3-71-4).
1-2./
’rﬂ: i od

1-3. EQUIPMENT SUPPLIED.

1-4. The complete equipment consists of the items
listed in Table I.

1-8. DESCRIPTION, (See figure 1-1.)

1-6. The complete equipment is housed in a metal
carrying case with a removable cover. The pick-up
antenna, antenna mounting bracket, wrenches, trouble
shooting chart, and interconnecting cable are all
mounted to the inside of the cover. The instrument
controls and indicators are exposed when the cover is
removed. Thetop of the instrument servesasa control
panel and contains the controls and indicators nec-
essary for operation of the echo box. The controls
andindicatorsare: TUNING control, two FREQUENCY
indicator dials, METER SENSITIVITY control, DB in-
dicator dial, CRYSTAL TUNING control, and Output
Meter. In addition, the control panel contains a halder
for spare JAN-IN23B crystals and the echo box IN-
PUT connector for connectingthe echobox to the radar
directional coupler or to the pick-up antenna. The
pick-up antenna is used to pick up transmitted energy
from- the radar and reradiate the energy from the echo
box back to the radar.

1-7. PURPOSE OF EQUIPMENT.

1-8. Echo Box TS-488A/UP is a portabletest instru-
ment which operates over a frequency range of 8990
to 9610 megacycles and is used to check the perfor-
mance of X-Band radar equipment that operates with-
in this frequency range. The echo boxis usedto check
the over-all radar system performance and to make
the following radar equipment checks:

a. Comparative measurement of average power out-
put of radar transmitter.

b. Frequency spectrum of radar transmitter.
c¢. Radar transmitter for multiple moding.
d. Radar transmitter for frequency pulling.

e. Speed of recoveryof radar T-R box and receiver.

1-9. PRINCIPLE OF OPERATION.

1-10. R-f energy from the radar equipmentunder test
is taken from the radar directional coupler or picked
up by the pick-up antenna and fed intothe echo box re-
sonant cavity. The energy is stored in the resonant
cavity in the form of damped oscillations, Some of the
energy from the resonant cavity is rectified and me-
asured in the echobax output meter. The meter serves
as a visual tuning indicator for the echo box resonant
cavity and also provides a comparative power output
measurement for the radar transmitter. The re-
maining énergy is allowed to discharge from the re-
sonant cavity back into the radar receiver. The shape
and character of the pattern on the radar indicator re-
sulting from the energy returned by the echobox shows
the condition of the radar receiver.

TABLE 1
EQUIPMENT SUPPLIED
Quantity Name Army/Navy Type Designation
1 Echo Box (including the following items) TS-488A/UP
1 Pick-up Antenna AT-68/UP
1 Antenna Bracket
1 Interconnecting Cable CG-92A/U
1 ‘ Trouble Shooting Chart
2 Wrench
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Paragraph 2-1 to 2-2

SECTION I
OPERATING PROCEDURES

2-1. OPERATING CONTROLS AND INDICATORS. 2-2. Table II contains a list of the operating con-
(See figure 2-1.) trols and indicators and their functions.
TABLE II
OPERATING CONTROLS AND lNDléA‘l‘ORB
Index No. Name Function

1 METER SENSITIVITY Control Operates an attenuator inthe meter output cir-
cuit of the resonant cavity toreduce amount of
r-f energy fed tothe meter circuit andthus re-
duce the output meter readings. Minimum at-
tenuation is in the circuit when the control is
in the full clockwise position.

CAUTION

Never leave the METER SENSITIVITY con-
tral in the full clockwise position. Always
return the control to the full counterclockwise
position (maximum attenuation) after use.
This precaution may prevent damage to the
instrument caused by the application of an
unknown amount of power.

2 Output Meter Serves as a tuning indicator and also pro-
vides a comparative output measurement for
the radar transmitter. The meter scale is
calibrated in microamperes.

] DB Indicator Dial Indicates attenuation in the output meter cir-
cuit. The dial is calibratedin decibels in one
decibel graduations from gero to 235 decibels.
Thedial isdrivenbythe METER SENSITIVITY
control.

4 TUNING Control Operates a piston within the resonant cavity to
tune the cavity by changing its dimensions.

$ FREQUENCY Indicator Dials Indicates the frequency of the resonant cavity.
Consists of two dials driven by the TUNING
control. The two dials are divided into two
calibrated scales. The top dial indicates fre-
quency in 10 megacycle intervals. The bottom
dial is divided into large intervals indicating
one-half megacycle and into small inte

indicating 0.1 megacycle. :

6 CRYSTAL TUNING Contral The CRYSTAL TUNING coatrol is the crystal
extractor. The control adjuststhe position of
the crystal rectifier which results in an in-
crease or decrease in the output meter re-
ading. (Always adjust for maximum meter
reading.)
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Section 11
Oaragraph 2-3 to 2-6

Figure 2-1. Echo Box TS-488A /UP Operating Contrals and Indicators

2-3. CONNECTION OF ECHO BOX TO RADAR
EQUIPMENT DIRECTIONAL COUPLER.

2-4. Radar systems in general are equipped with a
directional coupler in the transmissionline to the an-
tenna. R-f energy can be abstracted from the wave
guidetransmission line through the directional coupler
for test purposes. U the directional coupler has a
coupling loss of 20 to 25 decibels, it will be well
suited for ringtime observation. The echo box may
be connected to the radar directional coupler by con-
necting the interconnecting cable between the direc-
tional coupler and the INPUT connector on the panel

of the echo box.
E CAUTION ;

Be sure toturn the echo box METER SEN-
SITIVITY control to the full counterclock-
wise position (maximum attenuation) before
turning the radar equipment on.

2-5. USE OF PICK-UP ANTENNA AT-68/UP.

2-6. For day-to-day radar performance checks, the
echo box should be connected to the radar directional
coupler, however, the pick-up antenna enables periodic
checks to be made through the radar antenna, which
take into account the loss in the antenna transmission

line. If the pick-up antennais to be used, select a lo-
cation for the antenna where maximum energy will be
received from the radar antenna. Avoid locations
where interference patterns are formed by large re-
flecting surfaces. Decide on a fixed antenna location
for each type of radar and adhere to it in all tests.
In this way the results of the tests will be directly
comparable. Set the antenna up as follows:

a. Connect the pick-up antenna to the echo box by
using the interconnecting cable provided.

b. Attach the antenna bracket to the antenna and se-
cure to a smooth surfaceby means of the suction cups
on the antenna bracket.

Do not place the echo bax where it will be ex-
posed to strong radar r-f fields while in use.
Never locate the echobox in the direct antenna
beam.

c. Place the radar equipment in operation and allow
it to warm up.

d. Position the radar antenna so that there will be no
extraneous echo signals which may interfere with the
measurement of ringtime,
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2-7. OPERATION FOR OVER-ALL PERFORMANCE
TEST OF RADAR SET (RINGTIME MEASUREMENT).

2-8, The over-all performancetest of the radar con-
sists of measuring the radar ringtime. The ringtime
measurement is a measure of the transmitter power,
the receiver sensitivity, and the efficiency of the r-f
system.

2-9. PRELIMINARY OPERATIONS.

a. Place the radar equipment in operation and allow
ittowarm up to its normal operating temperature.

b. Turn off any anti-jamming provisions and sen-
sitivity time control on the radar.

c. Check the calibration of the radar accurate rang-
ing circuits.

d. Check to be sure that the radar antenna is not
directed towardnearby reflecting surfaces which could
cause the trancmitter frequency to be pulled.

2-10. OPERATION FOR TEST.

a. Turn the echo box METER SENSITIVITY contral
counterclockwise to the maximum db attenuation po-
sition.

b. Connect the INPUT jack of the echo bax to the D
jack of the radar directional coupler using the inter-
connecting cable provided with the test set.

c. Adjust the echobox METER SENSITIVITY coatrol
for about 15 db attenuation.

d. Adjust the echo box TUNING and CRYSTAL
TUNING controls for maximum indication on the echo
box output meter. Keep the meter reading on scale by
adjusting the METER SENSITIVITY control.

Medium Gain

T.O0. 33A1-3-71-1

bvv VY

¢ cavrion i
Always be very careful notto damage the cry-
stal or meter. The meter must never be al-
lowed to go off scale under any circumstances.

e. Adjust the sensitivity of the radar indicator to
that used in normal operation.

{. Set the METER SENSITIVITY control at 25 d and
note the ringtime on the radar indicator to the nearest
50 yards.

NOTE

It is important to know that the trace cbserved
on the indicator is from the echobox resonant
cavity and that it is not distortedby real target
echoes whenaringtime measurement is made.
This can be checked by manually varying the
frequency adjustment of the radar receiver lo-
cal oscillator. Varying the local oscillator
will cause the ringtime indication to change
in range on the indicator while the real target
indication will change only in amplitude on &
type A scope or in intensity on a PPI scope.
If echoes are being received and they inter-
fere. with ringtime observations, change the
position of the radar antenna to correct the
condition.

g- Repeat every ringtime measurement at least four
times and retune the echo ° ¥ from time to time by
adjusting the TUNING and C..:STAL TUNING controls
to be sure that it has not become detuned as a result
of a2 small radar transmitter frequency drift.

h. Compare measurement cbtained with corres-

ponding values on previous tests to determine the over-
all performance of the radar equipment.

Low Gain

Figure 2-3. Ringtime Indications on Type-A Indicator
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2-11. RINGTIME MEASUREMENT ON A TYPE A
RADAR INDICATOR. Ringtime measurements on a
type A indicator are best made with the radar antenna
not moving. The appearance of good ringtime patterns
caa type A indicator areillustratedin figure 2-2. The
receiver gain should be set so that the “grass” il
noise is one-quarter to one-third the total saturated
signal height on the indicator. Setting the gain too
high or too low may make it difficult or impossible to
read the ringtime with any accuracy. Rt is essential
that grass be present. The point at which the pattern
disappears into the grass caused by background noise
is independent of the indicator gain setting within fairly
wide limits when the ringtime is correctly read. In
the event that no grass can be seen on the indicator,
the radar receiver is not working properly and should

be repaired. Refer to the appropriate radar main- .

tenance handbook for the necessary information to re-
pair the radar receiver.

2-13. The exact end of the ringtime occurs at the
farthest point to the right at which the top of the grass
is noticeably above the general signal level of the rest
of the grass. Do not judge ringtime by the bottom of
the grass, nor by the end of the saturated portion of
the ringtime because these itemsare influencedby the
receiver gain setting and other factors.

2-13. RINGTIME MEASUREMENT ON A PLAN
POSITION INDICATOR (PPI). Ringtime measurements
canbe made on a PPI scope either with the antenna ro-
tating or stopped. The receiver gain should be set at
at a minimum and the indicator intensity adjusted so
that thereisa very slight radial trace on the PPI.
After theintensity has been adjusted, the receiver gain
should be increased yntil the PPI screen seems to be
sbout half covered with flecks of snow.

2-14. Good ringtime patternsare shown in figure 2-3.

Pattern A shows correct results when the echo box is
connected to the radar directional coupler and the radar

Pattera A

Section I
Paragraph 2-11 to 2-18

Figure 2-4. Ringtime Indications on Plan
Position Indicator, Antenna Stopped

antenna is rotating. Pattern B shows correct results
when using the pick-up antenna with the radar antenna
rotating. Figure 2-4 showsthe ringtime pattern which
results when the radar antenna is not rotating. If the
pick-up antenna is being used and the radar antenna is
not rotating, the radar antenna must be positioned for
maximum ringtime as indicated on the PPI scope.

2-15. Care should be taken in determining the end of
the ringtime signal. The end is not at the point where
the bright or saturated part of the signal ends, but
where the outer portion of the signal disappears into
the background noise or “snow.” Therefore, when
reading ringtime on a PPI, be sure to readto the last
point at which the snow isunusuallybright, not just to
the end of the salid portion of the display.

Pattern B

Figure 3-3. Ringtime Indications on Plan Position Indicator (PPI), Antenna Rotating



Section II
Paragraph 2-16 to 2-19

2-16. RINGTIME MEASUREMENT FACTORS. The
following factors may affect the ringtime measure-
ments:

a. The performance of the radar set.

b. Certain other constants of the radar set, such as
the pulse length and receiver band width.

c. The ringing ability of the particular echo box at
the frecuency of the particular radar set.

d. The ringing ability of the echo box at a specific
temperature and particular horizontal operating po-
sition.

e. The attenuationbetweenthe echo box and the radar
set resulting from couplingloss of the directional
coupler and the loss in the connecting cable.

2-17. Ordinarily none of the above factors change ex-
cept the performance of the radar set. The ringtime
may, therefore, be noted from day to day as an index
of this performance. When a radar set under test
shows a ringtime less than normal, it is an indication
that the service rangeisbelownormal. No precise re-
lationship between loss in ringtime and loss of range
can be givenbecause of the differentbehavior of various
kinds of targets and the very large effect of the weather.
Table Il showstherelative lossin the effective range
of the radar equipment as compared with the small loss
in the observed ringtime.

TABLE I

LOSS IN RADAR RANGE AS SHOWN
BY LOSS IN RINGTIME

Corresponding Approximate
Observed Ringtime— Operation Range -
Percent of Normal Percent of Normal
100 100
95 80
90 70
85 60
80 50
70 30
60 20
50 15

2-18. I the radar transmitter power output is satis-
factory when checked in accordance with instructions
in paragraph 2-20 but ringtime is low, the radar re-
celving system is the probable suurce of trouble.

[

T.O. 33A1-3-71-1

2-19. VARIATION OF RINGTIME WITH TEMP-
ERATURE. The electrical resistance of the resonant
cavity changes with a variation of temperature causing
a slight variation in the “Q” of the cavity which, in
turn, alters the ringtime. The ringtime increases at
low temperatures and decreases as the temperature
rises. In general, to adjust the measured value to a
standard condition, a correction factor can be applied
as shown in Table IV. Even under extreme changes
of temperature, the variation of ringtime is relatively
small so any large change in observed ringtime in-
dicates that the variation is probably in the perfor-
mance of the radar equipment. When this occurs,
service the radar receiver in accordance with the
appropriate radar handbook of maintenance in-
structions.

TABLE IV
TEMPERATURE CORRECTION OF RINGTIME

Temperature To Correct to Standard
Centigrade| Fahrenheit Multiply Ringtime by

—40 —40 0.89

-29 =20 0.91

-18 0 0.93

-7 +20 0.95

+4 + 40 0.97

+16 + 60 0.99

+21 + 170 1.00

+ 27 + 80 1.01

+38 + 100 1.08

+49 + 120 1.05

+ 54 + 130 1.08

Since the echo box radiates on an extremely
narrow frequency band as compared with the
spectrum of the transmitter, do not attempt
any alignment of the radar receiver i-f stages
by means of the echo from the echo box. If
such alignment is attempted, the receiver band
width may be narrowed. If the receiver band
width is reduced, there will be an increase in
the ringtime indication, however such i -f align-
ment will actually impair the perfcrmance of
the radar set.
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3-30. OPERATION FOR COMPARATIVE POWER
CHECK OF RADAR TRANSMITTER.

NOTE

Inorder to establish a standard by which to
compare power output, steps a. through d. of
the following procedure should be performed
when the radar set is knownto be in excellent
operating condition.

a. Set up the echo box and complete the operations
described in paragraph 2-9 of this section.

b. Adjustthe echobox TUNING and CRYSTAL TUNING
controls for maximum indication on the echo box out-
put meter. Keep the meter reading on scale by ad-
justing the METER SENSITIVITY control.

¢. Adjust the METER SENSITIVITY coatrol until the
output meter indicates 10 microamperes.

d. Recordthedial settingof the METER SENSITIVITY
control in the radar log book or any form used for

keeping records.

¢. Compare the METER SENSITIVITY control setting
recorded with the established standard of previous
tests. This compéarison shows whether or not the ra-
dar transmitter is radiating its normal amount of

power,
NOTE

If the METER SENSITIVITY control is ro-
tated clockwise toward gzero to restore a low
meter reading to 10, the radar power has de-
creased approximately by the number of &
that the control was movedtobringthe reading
back to 10.

2-21. SPECTRUM ANALYSIS,

2-22. Radar transmitters dAre designed to transmit
short square pulses of r-f energy. This r-{ energy is
not all concentrated at a single frequency but spreads
out over aband of frequencies. The principal band
width is about 2/L megacycles wide and centered about
the nominal frequency. (L is the transmitter pulse
width in microseconds). Beyond this principal band
are weaker side lobes. This band of transmitted fre-
quencies is known as the transmitter spectrum. Ex-
amination of the spectrum with a view to determining
the condition of the transmitter is known as spectrum
analysis, When this test is properly performed and
the results are correctly interpreted, the spectrum an-
alysis will disclose troubles which may otherwise be
difficult to locate.

NOTE

Freaquency measurements may be made to
within £ 8 megacycles at normal temperature
and humidity with the echo box. Frequencies
60 megacycles apart may be read to within
21.5 megacycles.

Section II
Paragraph 2-20 to 2-24

2-23. OPERATION FOR SPECTRUM ANALYSIS.

a. Place the radar equipment in operation and allow
it to warm up to its normal operating temperature.

b. Check to be sure that the radar set antenna is not
directed towardnearby reflecting surfaces which could
cause the transmitter frequency to be pulled.

¢. Turn the echo box METER SENSITIVITY control
counterclockwise to the maximum db attenuation po-
sition.

d. Connect the INPUT jack of the echo box to D jack
of radar directional coupler using the interconnecting
cable provided.

e. Adjust echo box TUNING and CRYSTAL TUNING
controls for maximum reading on echo bax output
meter. Keep meter reading on scale by adjusting
METER SENSITIVITY control.

f. Adjust METER SENSITIVITY control until the out-
put meter indicates 18 microamperes.

g. Check to see that echo box is tunedto transmitter
(maximum on meter when TUNING control is rotated
through resonant point).

NOTE

Do not disturb the METER SENSITIVITY con-
trol setting from the position established in
step {. above.

h. Turn the TUNING control slowly from below re-
sonant to well above resonance and record output meter
reading and frequency every 0.5 megacycle or less.

NOTE

Cover the frequency range desired by turning
the TUNING contral in the samedirection, not
by turning it back and forth. In this way error
due to any backlash in the dial gearing may be
minimized.

i. Make a graph or chart with output meter readings
plotted against frequency in megacycles. The resulting
graph should resemble one of those illustrated in
figure 2-5. .

2-24. ALTERNATE METHOD FOR SPECTRUM
ANALYSIS. A second method may be used when a par-
ticularly good spectrum with small side lobes produces
meter deflections too small to be easily readable. In
this case the fallowing procedure may be used:

a. Retune the echo box to resonance and adjust the
METER SENSITIVITY control to a value between §
and 10 divisions on the output meter and make note of
the value for later use.

b. Turn the TUNING control slowly in steps of one
megacycle from the resonant point to a point well off
resonance.

7
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c. At each megacycle interval, adjust the METER
SENSITIVITY control to obtain the reference value
selected in step a. above.

d. Record the METER SENSITIVITY control settings
together with the corresponding frequency settings.

e. Restore the METER SENSITIVITY control to its
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original setting, retune the echo box to resonance and
proceed as in steps b, through d. above except detune
in the opposite direction.

f. Make a graph or chart with METER SENSITIVITY
control readings in d plotted against the TUNING
control settings in megacycles. The resultant graph
should be similar to that shown in figure 2-5A.

20
8
6
1 —] A\
. I
q
;lo
s ° ]
2
‘ /
-
2 /P\
1A N\
LR AAI 'mllll' 1AAALRARAARAARARRARAARAR
TUNING DIAL SETTING
B-FAIR SPECTRUM
2
.
.
" I/
e

METER READING
o 3
b
m—

[
o \ |/

J / -
2

b /V

\A0A0RAAAI 1ARAARARRAAAS RAARIARARI LS
TUNING DIAL SETTING
D-POOR SPECTRUM

Figure 2-5. Transmitter Spectrum Analysis Diagrams
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Figure 2-6. Normal and Multiple Traces

2-25. ANALYSIS OF RESULTS. A radar transmitter
in good working condition should give a spectrum curve
similar tofigure 2-5A or 2-5B. Good curves are those
in which the two halves are symmetrical and the min-
imum points are well defined on both sides of the main
peak. A curve without deep minima (see figure 2-5C)
indicates that the transmitter is frequency modulated
during the pulse. This may be caused by a poorly
shaped high voltage transmitter firing pul se whose
sides are not steep enough or does not have a flat top.
Frequency modulation may also be causedby a trans-
mitter tube which is unstable or one which is operated
with improper voltage, current,or weak magnetic field.

2-26. When the spectrum is extremely irregular as
shown in figure 2-5D, it is an indication of severe fre-
quency modulation. This will probably cause trouble
in the receiver automatic frequency control circuits
as well as a general loss in signal strength. When the
spectrum has two large peaks cuite far apart, it is an
indication that the transmitter is double moding. This
can be causedbybad standing waves in the transmission
line or a bad transmitter tube. This faulty spectrum
can often be improved by removing the cause of the
standing waves such as a faulty line connection, a bad
antenna rotating joint, or obstructions in the line. If
double moding continues, try replacingthe transmitting
tube.

2-27. In the caseofa good or fair spectrum curve with
sharply defined minima on both sides of the main peak,
the distance between the two minima indicates the du-
ration of the transmitted pulse. Since the duration of
the pulse determines the distribution of power in the
sideband frequencies, the pul se length may be found
from the spectrum graph. The procedure is to de-
termine the distance in megacycles between the min-
ima on either side of the main peak and then apply the
following eguation:

Pulse in = 2
microseconds distance in megacycles
between minima

2-28. Any great change in the spacing in megacycles
of the minima of the spectrum from the known standard
or that obtained with another radar set of the same
type indicates an improper pulse duration. The shorter
the pulse, the wider the frequency band which the sig-
nals occupy. This shows on the graph as a wide span
between the minima of the curve. An abnormally nar-
row spectrum shows the transmitted pulse is too long.
Such a pulse could result in a long ringtime and high
power reading on the echo box output meter thus false-
ly indicating superior radar system performance.

2-29. TEST FOR UNSTABLE RADAR OPERATION.

2-30. Unstable operation of a radar transmitter may
be caused by misfiring or multiple moding. It may al-
80 be caused by fluctuation of local oscillator voltages
or by AFC (automatic frecuency control) jitter. This
test requirestheuseofa type A indicator. If the radar
eouipment under test does not contain an A indicator,
a synchroscope such as TS-239/UP must be used.

2-31. OPERATION FORTEST FOR UNSTABLE
RADAR OPERATION.

a. Perform the operations described in paragraph
2-9.

b. Observe the ringtime patterns on the A indicator
or synchroscope. Refer to paragraphs 2-10 through
2-15 for ringtime measurement.

2-32. ANALYSIS OF RESULTS. If the radar trans-
mitter is operating normally, a ringtime pattern
similar to that in figure 2-6A should be obtained. If
grass appears at part or all of the bottom of the ring-
time trace, as shown in figure 2-6B, the transmitter
is misfiring or double moding. If a multiple decay line
is present, which may have a twining motion, look for
improper connections or ripple on the local oscillator
heater supply. If a jittery multiple decay trace is
present, having one or two alternate positions, listen

)
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Figure 2-7. Transmitter Frequency Pulling on PPI Screen

forarcing in the r-f transmission line. If a fuzey
multiple decay trace is present, check to see that the
echo box is in exact tune. If a jittery multiple decay
trace is present, having many positions all close to-
gether, suspect AFC jitter. Refertoappropriate radar
manual for corrective measures.

2-33. TRANSMITTER FREQUENCY PULLING OF
RADAR WITH PPI INDICATOR.

a. Turn off the automatic frequency control on the
radar receiver.

b. With the radar antenna stopped in a direction
inwhichthereare no obstructions, adjust the TUNING
control on the echo box for maximum deflection on the
echo box output meter.

c. Allow the antenna to rotate and observe the ring-
time pattern on the PPI screen.

NOTE

I nearby echoes are causing trouble, reduce
the sensitivity of the radar receiver with the
receiver gain control.

2-34. ANALYSIS OF RESULTS. If the transmitter is
operating normally, a good ringtime pattern similar
to that shown in figure 2-3A willbe seen. If thereare
blank spaces on the PPI screenor ringtimeis reduced
on certain azimuths as illustrated in figure 2-7A, the
transmitter is being pulled off frequency. A further
indication of freguency pulling may be noted on the
output meter. I the transmitter is being pulled off
frecquency, the echo box output meter will fluctuate as
the antenna rotates. A check on the amount that the
transmitter frequencyis being pulled may be made by
measuring the frequency on those azimuths where

10

transmitter frequency pulling is suspected and com-
paring with the previous frequency settingon the echo
box

.

2-35. The frequency pulling may be caused by a bad
rotating joint in the r-f transmission line or by a re-
flecting surface near the antenna. Refer to the ap-
propriate radar handbook for detailed information to
correct the trouble.

2-36. AUTOMATIC FREQUENCY CONTROL CHECKS.

2-37. CHECKING AFC OPERATION. Whenthe radar
transmitter frequency i8 being pulled as shown in
figure 2-TA, it is important to know whether the re-
ceiver local oscillator is followingthe frequency shift
to keep the receiver in tune. Check AFC as follows:

a. Set up the echo box as for transmitter frequency
pulling test in paragraph 2-33.

b. Stop the antenna on an azimuthwhere the ringtime
pattern isbroken and retune the echo bax with the
TUNING control for maximum indication on the out-
put meter.

c. Turn on the radar automatic frequency control and
rotate the radar antenna,

d. Examine the ringtime pattern onthe PPI indicator.

2-38. ANALYSIS OF RESULTS. Ifthe ringtime is
now good on the azimuth on which the echobox was re-
turned, the AFC is in operation on that azimuth and
the local oscillator is following the frequency pulling
of the transmitter. The ringtime may now have de-
creased on those azimuths where it was originally
good as illustrated in figure 2-7TB. If the AFC does
not follow, the frequency pulling may be excessive or
the AFC may be defective.
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NOTE

If the ringtime is considerably decreased at
certain azimuthsand the AFC does not follow,
the radar must be considered inoperative at
those azimuths and should be so reported un-
til repaired.

3-39. CHECK FOR AUTOMATIC FREQUENCY CON-
TROL LOCKING. The following procedure will show
whether the AFC is locking on the proper frequency.

a. Stop the radar antenna and tune the echo box with
the TUNING control for maximum output indication on
the echo box output meter.

b. Turn off the AFC at the radar receiver and man-
ually tune the local oscillator for maximum ringtime.
This puts the receiver local oscillator in proper tune.

c. After the local oscillator hasbeen manually tuned,
turn the AFC switch on.

2-40. ANALYSIS OF RESULTS. If the ringtime de-
creases even slightly when the AFC switch is turned
to the on position, it is an indication that the AFC is
locking on the wrong frequency or failing to lock at
all. Refer to the appropriate radar manual for in-
formation to correct the condition.

3-41. RECEIVER AND T-R BOX RECOVERY TIME
CHECKS,

3-42. PROE!DURE FOR T-RBOX CHECK. This
test procedure reauires the use of an A type indicator
or a synchroscope such as T8-239/UP if the radar
system does not contain an A -scope.

a. Stop the radar antenna and tune the echo box for
maximum deflection on the output meter to obtain a
good ringtime pattern suth as curve E in figure 2-8.

b. Gradually reduce the radar receiver gain or de-
tune the echo box if echoes do not interfere.

A-SCOPE

Paragraph 2-39 to 2-42

Figure 2-8. Measurement of T-R Recovery Time

c. A pattern such as curve D in figure 2-8 having
the same relative shape as E will result. Further
slight reduction in gain will produce a curve similar
to curve C which will once again haye the same shape
as curve E,

d. Continue reducing gain (or detuning the echo box)
until a change occurs in the slope of the curve as
shown in curve B.

e. This point of change marks the T-R box recovery
time of the radar set. For proper operation the T-R
box recovery time should be 1500 yards or less. For
recovery time of the particular radar being tested,
refer to the appropriate radar handbook.

f. If the gain control is reducedstill further (or echo
box detuned further), .a greater distorted pattern
should appear such as curve A of figure 2-8.

g. When the above procedure does not produce a

PPI

Figure 3-9. Measurement of Receiver Recovery. Time
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series of curves similar to those infigure 2-8, giving
a T-R box recovery point, and ifthe ringtimeis short,
it is possible that the T-R recovery time is much too
high (greater than ringtime). If this condition exists,
check the T-Rbox in accordance with appropriate
radar manual.

2-43. RECEIVER RECOVERY TIME CHECK.
NOTE

The T-R box must be working properly during
the following test procedure.

a. Detune the echo box s0 that it has no effect on the
radar equipment.

b. Adjust the radar receiver gain so that about
one-quarter inch of grass is showing on the A-scope
or, if a PPI indicator is being used, the receiver gain
should be adjusted so that the noise trace is low.

T.O. 33A1-3-71-1

Cc. Stop the radar antenna and tune the echo box to
resonance while cbserving the indicator screen.

2-44. ANALYSIS OF RESULTS. If the receiver re-
covery time is normal, the noise or grass will appear
immediately after the end of the ringtime trace. The
amplitude of the noise shouldbe equal to that cbserved
when the echo box was detuned. If the receiver re-
covery is slow, the noise will be weak and will not ap-
pear for some time after the end of the ringtimetrack
as shown in figure 2-9. In extreme cases of receiver
non-recovery, the normal background noise may not
reappear on the indicator at all, Slow receiver re-
covery is usually an i-f or video defect and will make
the radar receiver susceptible to jamming. I slow
T-R box recovery or slow receiver recovery is found,
adjustment or repair of the radar set is necessary.
Consult the appropriate radar maintenance har--book
for detailed instructions.

SECTION 1l

OPERATING CHECKS AND ADJUSTMENTS

3-1. CALIBRATION OF ECHO BOX.

3-2. In order to establish the ringtime that may pe
expected of each echo box, perform the tests described
in paragraph 2-7 on any radar with which the echo box
is to be used and whichis regardedtobe in normal op-
erating conditions as determined by tests made with
Radar Test Set TS-147/UP or equivalent. The echo
box thenbecomes a convenient standard with which per-
formance checks can be made cuickly.

3-3. RADAR PERFORMANCE RECORD.
3-4. Since the echo box isused for comparative tests,

it is necessaryto keep a permanent record of the per-
formance of every radar installation showing the re-

sults of each test performed. Such a record serves
as a life history of the radar system and tends to show
up any progressive deterioration in performance. The
record becomes a useful guide in locating defective
apparatus or improper adjustments in the radar sy-
stem. Figure 3-1 is a sample of such a record.

3-5. The performance of individual echo box test sets
will vary both in ringtime and power readings. Once
a record of measurements has been made with the
echo box and its accessories, keep the unit together.
If any parts such as the pick-up antenna, crystal rec-
tifier, connecting cord, etc. are interchanged or re-
placed, check the echo box against previous measure-
ments and, if necessary, make a new record with the
new combination.

4-1. There are no provisions for emergency op-
eration of the echo box due to eqguipment failure.

12

SECTION IV
EMERGENCY OPERATION




T.O0. $3A1-3-T1-1

RADAR PERFORMANCE CHECK SHEET

Rodar Model
Test' Set Serial

Serial

Location

measured conditions

Orignal ringtime on this radar under

yds.

OSSERVED
DATE | TIME | pneTIME

RADAR
PERFORMANCE

ECHO BOX METERS

METER
READING

METER
SENSITIVITY
]

CHECKED
ay

db. down

db. down

db. down

db. down

db. down

yds
yds.
yds.
yds.
yds.
yds

db. down

[

db. down

db. down

db. down

db.down

db. down

db. down

db.down

db.down

db.down

db.down

db.down

db.down

db. down

db.down

" db.down

db.down

db.down

db.down

HHHEEHEEEHRHHEHEHE

db.down

Figure 3-1. Sample Radar Performance Check Sheet
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