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Table 1. Specifications
Frequency Fits Waveguide Size Flange Power Length Height Depth Weight
Model Range (GHz) : UG Capacity™ . .
(in} (EIA) (in} |(mm}| (i) [{mm) | (nd [{mm)] {0 | (kg
(3824 | 3.95-5.85 2x1 WR187 | 407/U° 15 31-5/8 {803 3-5/8 |245 T.3/4 197 25 11.3
J382A 15.3-8.2 1-1/2%x3/4 | WR137 | 441/U° 10 25 635 7-7/8 1200 6.3/16 {157 i4 6.3
H382A 7.06-10.C 1-1/4x5/8 | WRL12| 138/U 10 20 508 T-15/16] 202 6-1/2 |165 i2 0.4
X3824 [8.2-12.4 1x 1/2 WRO0 | 135/U 16 15-5/8 | 397 7-5/8 164 4-11/18| 119 5 2.3
P382A | 12.4-18.0 0,702 x 0.391 | WR62 ; Cover (Al) 5 12-1/2 318 7-3/4 197 4-3/4 121 5 2.3
K382A'| 18.0-26.5 1/2x 1/4 WR42 | 597/U 7-5/8 194 §.1/8 1156 4-3/4 121 1.4
R382A%} 26,6-40.0 0.360 x (220 | WR28 | Cover {Al) 6-3/8 | 162 6-1/8 | 156 4-3/4 121 3 1.4

Incremental Attenuation Range®: 0-50 dB.
Residual Attenuation® : Less than 1 dB.

Inciudes calibration and frequency response.

*Power handiing capacity, watts, average eontinuocus dudy.
! Gircular flange adaplers available: HP 11515A {UG-425/U).
2Circular flange adapters available: HP 115164 (UG-381/U)

Refiection Coefficient: Less than 0.07 (1.15 SWR), entire yange of attenuation and frequency.
Incremental Attenuation Accuracy: 2% of the reading in dB, or 0.1 dB, whichever is greater.

3 Circutar flanges.
4New ferminology for “Calibraled Attenuation Range.”
SNew terminology for “Insertion Loss.”

1. DESCRIPTION.

2, Model 382A Variable Precision Attenuators are
designed for use in waveguide systems operating in
the 3.95 - 40.0 GHz range. Each model of the 382A
series provides calibrated attenuation of from zero to
50 dB atany frequency within the rated waveguide band,

3. Attenuation is read directly on the dial. Residual
(attenuation at zero setting) is lessthan 1 dB over the
waveguide range. Backlash is less than 0.3 dB at
50 dB. The SWR is low and variation of phase with
setting is practically negligible.

4. INITIAL INSPECTION.

5. MECHANICAL CHECK. I damage tothe shipping
carton is evident, ask that the carrier's agent be
present when the instrument is unpacked. Inspect the
instrument for mechanical damage suchas scratches,
dents or broken knobs. Also check the cushioning
material for signs of severe stress {compacting),

6. PERFORMANCE CHECK. The electrical perfor-
mance of the 382A should be verified as soonas
possible affer receipt. A performance check suitable
for incoming inspeciion is given in Paragraphs 31
through 51.

7. CLAIM FOR DAMAGE, ¥ the 382A is mechani-
cally damaged or fails to meet specifications on
receipt, notify the carrier and the nearest Hewlett-
Packard office immediately. (A list of field offices

is at the back of this note.) Retainthe shipping carton
and the padding material for the carrier's inspection,

8. HANDLING.
9. CARE OF FLANGES,

10, Take care to prevent damage to the face of the
coupling flanges. Any scoring of the mating surfaces
tends to increase the separation of the flange faces
and will cause increased leakage and loss, particu-
larly where a current maximum and voliage minimum
occur atthe flange. When storing the 382A, be sure to
replace the flange covers to preclude damage to the
flanges.

11, AVOID VERTICAL SHOCK.

12. When shipping or handling a Model' G, H, or
J382A in a manner which will subjectit {o shocks ina
verticalplane, always set the attenuation dialto zero.
With the dial atzero, danger is minimizedthatvertical
shocks will cause the attenuator flag to move down-
ward, releasing tension on the drive cable. When the
tension is released, the drive cable can jump out of
the grooved portion of the drum, in which case the
flag will be positioned approximately half-way between
the scales. If this should occur, the trouble is eagily
remedied: remove the cover and slip the cable back
into itg groove on the drum. The accuracy of the
attenuator will not be affected in any way.
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13. OPERATION.

14, ALIGN FLANGES.

15, The height of the Model 382A should be adjusted
carefully so that precise alignment will be obtained at
the coupling flanges to prevent undue strain on one
flange while the other is unsupported. Ascrew ateach
corner of the base will enable height and leveling ad-
justments to be made. When the instrument is sup-
ported at both ends, asin permanent ins{allations, the
feet or base may be removed altogether, if desired
(K or R bands).

16, DO NOT FORCE DIAL STOPS,

17, When setting atienuation do not force the dial
against the mechanical stops at the ends of the atten~
uvation range. Forcing the dial can change the
calibration.

18, SETTING ATTENUATION,

19, Attenuation is set by the knob and read directly
on the dial. A white background strip moves behind
the dial window to select the range to read {not on
K, or R band). Read only the range with the white
background, The MAX setting gives the maximum
attenuation - at least 70 dB at all frequencies.

20. PRINCIPLES OF OPERATION.

21, Basically the attenuator consigts of three sections
of waveguide in tandem. In each section a resistive
{ilm is placed across the guide as shown in Figure 1.
The middle section is a short length of round guide
whichisfree o rotate radially with respect to the two
fixed end sections, The end sections are rectangular-
to-round waveguide transitions in which the resistive
films are normal to the B field of the appiied wave.
The construction is symmetrical and the device is
bidirectional .

y g//i? 2
Eoose S Eowy

Ecsosms

£ £ il
Es;w’, ids

ATTENUATION = 20 to0 c0s's = 4606 05 4

Figure I. Attenuation Principle
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22. When all films are aligned, the E field of the
applied fieldis normalto all films. Whenthis occurs,
no current flowsinthe films and no attenuationoccurs.
Ifthe center film is rotatedto some angle 8, the £ field
can be considered to be splitintotwo orthogonal com-
ponents: E sin & in the plane of the {ilm, and E cos 8
af right angles fo if. The E sin § componeni is ab-
sorbed by the film, while the E cos § component ori-
ented at an angle & with respect to the original wave,
is passed unattenuated to the third section. When it
encounters the thirdfilm, the E cos 8 sin 8 component
is absorbed, and the E cos2 8 component emerges at
the same orientation as the original wave.

23. The attenuation is thus ideally proportional only
to the angle to which the center film is rotated and is
completely independent of frequency. In dB termsthe
attenuation is equal tc 40 log cos .

24, Maximum attenuation of the attenuator exceeds the
50 dB calibrated range by at least 20 dB but the char-
acteristicsinthis range are not controlled. Theoreti-
cally, the aitenuator is capable of very high atienua-
tion. In practice this property is modified by the fact
that the resistive film in the middle section cannot
completely absorb the E sin 8 component. Hence, a
small leakage component is passed to the ouiput, For
high attenuation above 50 dB, the leakage component
begins to approach the magnitude of the desired output
of the atlenuator. Ultimaie attenuation of this device
thus becomes limited by the attenuation of the center
rotating {ilm which is 70 dB or more.

25, The accuracy of the attenuator doesnotdepend on
the siability of the resistive films; as long as their
aiftenuation is high and remains high, performance is
not affected,

26. SOURCES OF ERROR.

27. One of the principle sources of error in the
Model 382A is internal reflections and finite atienua-
tion in the center film. Refleciions are minimized by
tapers on the films and careful design of the transi-
tions and choke joints. The center film attenuation is
made as greal as possible, consistent with lowreflec-
tions and reasonable length and is at least 70 dB.
Since this attenuation does vary with frequency il is
not possible 1o calibrate the instrument all the way to
80° rotation {maximum aftenuation). A margin of
about 20 dB is necessary to maintain accuracy, so
calibration is carried to 50 dB.

28. Another principle source of errorishigher-~order
mode propagation in the circular waveguide., The
other modes (TMp; and TEg;) can exist in addition to
the wanted TEy; mode, The TMg; mode is equally
attenuated at all angles of the center section but can-
not be attenuated completely. The TEaq mode should
not be excitedif the choke sections and transitions are
perfectly aligned. In practice, however, the choke
sections are not perfectly maiched at all frequencies.
Therefore, above cutoff of the TEg; mode, in the top
one-quarter of the frequency band, some sharp reso-
nances could occur unless these modes are suppressed.
Polyiron grooves are added in the center section fo
overcome these scurces of error,
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Table 2, Test Equipment Required

Model 382A

The following are test instruments and accessories required
for performance checking. Test instruments other than those
listed may be used provided their performance equals or ex-
ceeds the Critical Specifications.

Instrument Type

Critical Specifications

Recommended HP Model

Sweep Osciliator*

Frequency: band of 382A

Internal AM: 1000 Hz square wave
Leveling:
Sweep Ouiput: for recorder

0.5 dB from external signal

8690 series

1000 Hz Filter

Oscillator used

Directional Couplers (3) Coupling: 10 dB =0.4 dB 752C

(1 with ealibration curve) Directivity: 40 dB

Calibraled Variable Attenuator | Attenuation: 0 {o 50 dB 382A
Insertion Loss: < 14dB
SWR: < 1.15 over entire range

Crystal Detectors (3) Frequency: band of 382A 4244
Response: flat, no tuning

SWR Meter Frequency: 1000 Hz 4156F
Input Impedance: 200K chm
Output; compatible with Recorder

WG-Coaxial Adapter SWR: <1.25 281A

X-¥ Recorder with Compatible with SWR Meter and Sweep 70358

Waveguide Short

Fregquency: band of 382A

9204, B, X923A in X-~band

Moveabie Load

Frequency: band of 382A
SWR: <1.01

914A /B

*May need additional TWT Amplifier depending upon band, output, sensitivily of detector, etc, A TWT
Amplifier should not be used unless necessary due to increased noise level.

REMGTE PEN LIFT

RECORDER
CUTPUT

SHR METER fr

| % HK RESISTOR
(BUILT I 41583

]
y

- CRYSTAL : Y
X-Y RECORDER St FROM SWEEP
DETECTORS ¥ : N
SWEEP CALIBRATING X-1 RECORDER
0SCILLATOR VARIABLE
ATTENUATOR
l" ALC VTS
0,,,»"?:’i 1S0LATOR E%}L '
o Lurp O } f~- CALIBRATE -a~#~Wf}ww» SHORT
WG - COAX 1008 DIRECTIONAL COUPLER
ADAPTER
e) p 3 SLIDING
0 ¥ e LOAD

X-Y RECORBER

TEST 3824

%
IF SWR METER HAS SWITCH, SET MTR
DAMP SWITCH TO OUT

Figure 2. RF Pre-Insertion - X-Y Recorder Setup for p Tests
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TABLE 3. TEST CARD
Hewlett-Packard Model 382A
Instrument Serial No Date
Test Performed By
Description of Test Test Limits
Standing Wave Ratio _SWR S 115

Residual Atienuation

Attenuator Calibration

29. TEST CARD.

30. Table 3 cutlines the test procedure necessary to
determine if the Model 382A meets specifications.
Space is provided for recording the test results.

31. PERFORMANCE TESTS.

32. Perform the following tesis as Incoming Inspec-
tion test, whenever repair work has been done on the
attenuator, or whenever the performance of the
attenuator is suspected.

33. STANDING WAVE RATIO.

34. This test will obtain the SWR by measuring the
reflection coefficient and calculating the SWR. Con-
nect the instruments as shown in Figure 2.

35. Procedure forusing this set-up consists of
shorting the output (100% reflection) and then drawing
a calibration grid of traces on the recorder arcundthe
expected value by varying the calibrating attenuator.
For instance, i a reflection coefficient of 0,10 is
expected, a calibration trace for this value at the
frequencies swept by the sweep oscillator can be
obtained by setting the calibrating attenuator to 20 dB.
Attenuation values for seiting the returnlossby means

Residual Attenuation S 1.0dB

10 dB +{0.2 dB - mismaich error)
20dB "
30 4B "
40 dB "

50 dB "

of the calibrating attenuator for other reflection co-
efficients may be obtained either by means of areflec~
tometer calculator (obtainable from your local HP
field office) or from the expression:

Return Loss (dB) = -20 iogw ¢

The negative sign in this expression merely indicates
that this attenuation is a loss.

36. The effect of reflections from the load may be
minimized by moving the load through at leasta
half-wavelength rapidly to presenithe maximum
possible signal io the indicator at any {requency.
However, the speed of moving the load must not be
faster than the X-Y recorder can respond. When
using this technique, the fact that the signal goes
beyond the limits does not necessarily mean the
attenuator is outl of specifications (the reflections
from the load and the attenuator may have added).
The true value is the average of the small signat
(fine grain) variations in the trace.

3%. Set calibrating attenuator to zero and replace
short with terminated attenuator to be tested. Trigger
final sweep which will be the SWR versus frequency
characteristics of the attenuaior under test.
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38. Bince we wish to determine if the SWR is below
1.15, we can calibrate the reflectometer for this value
and check that the atienuator under test stays below
that value for all freqguencies within its rated band.
Fromarefleciometfer calculator we obtain for
SWR = 1,15 a refurn loss of 23.1 dB.

39. With the use of the reflectometer calculator
{obtainable from your local HP field office or from the
factory} the errors of sucha set-up can be determined
and faken into account, The return loss of a SWR of
1,15 is 23,1 dB, but taking into account the ambiguity
due to the directional coupler directivity, the adjusted
return loss setting will move to the lower end of the
ambiguity limit: 24.5 dB. One more possible error
that must be takeninto accountis the calibration error
of the attenuator setiing the value of the return loss
(specifications call for 12% or 0.1 dB whichever is
greater). Thisfigure willincreasethe ambiguity limit
by 2% to 25 dB. There could be ¢ne more error
involved in this measurement, namely the multiple-
mismatch error duetothe change of attenuator setting
of the Model 382A attenuator with respect to the
detecior and the auxiliary arm of the directional
coupler. This error canbe neglectedif at least 10 dB
of attenuationis left always in the aftenuator since the
phase and magnitude of the reflection coefficient of the
rotary-vane attenuator will not change appreciably if
it is held above 10 4B at all tlmes.

40, Forthe above reasons we will have to seta return
loss of 25 dB for a SWR of 1.15. The procedureis as
follows:

a. With the instruments connected as in Figure 2,
the calibrating atienuator set to 35 dB, and the short
connected, run a slow trace, If a moveable short is
used, rapidly phase the shori while sweeping. The
average of the fine grain vartation of the trace is the
calibration curve.

b. Disconnect the short used for calibrating.

¢. Connectone arm of the Model 382A under test to
the setup where the short was originally connected,

d. Set the calibrating Variable Attenuator to 10 éB.

e, Connect a moveable load to the other port of
the attenuator,

f. Setl the Model 382A under test for 0 dB
attenuation,

g. Trigger the sweep again. Thisisthe test trace,
If this trace approaches the calibration trace, phase
{spin) the load rapidly during this trace to record all
possible phases of the source andload mismaich. The
actual test traceis the average of the fine grain vari-
ation of the recording. This procedure will balance
out the source and load mismatch errors. Note, how-
ever, that this procedure does not correct for other
system errors. :

h. Repeat this measurement with the attenuator
under fest set to 10, 20, 30, 40, 50 dB and MAX atten-
uation, The SWR must remain less than 1,15 (25 dB

Model 3824

return loss calibration line) throughout the frequency
range of the attenvator under test. If any of these
traces go through the calibration line the aftenuatior
may or may not be out of specifications depending
upon how the exira reflections in the system combine.
Tc determine the true SWR at these doubtful frequen-
cies use the single frequency SWR test which follows.

i. Connect the other port of the attenuator to the
fest setup and repeat steps d through h. If the SWR
is out of specifications check for warped, broken,
burned or wrinkled resistive cards. Check for silver
paint or foreign material in rotary choke joints.

41. Single Frequency SWR Test, Theswepifrequency
SWR test is preferred since it will show narrow out-
of-specification bands which may be missed with spot
checking by means of this single ireguency method.
However, if equipment for sweep testing is not avail-
able or if doubtful frequencies showup in sweep-
{requency testing use the following test:

a, In the setup of Figure 2 connect a slotted line
and SWR Meier between test setup and 382 under test.

b, Adjust carriage for maximum voltage on SWR
Meter.

¢. Adjust sliding load for maximum voltage on
SWR Meter,

d. Repeat sieps b and c since they interact.
e. Set GAIN on SWR Meter for a meter reading of 1.0

f. Move carriage to minimum voltage position
(maximum SWR).

g. Move sliding load to maximum voltage {minimum
SWR), Do NOT readjust carriage.

h, Read SWR on meter. This is the tree SWR of
the 382 with the load reflection cancelled out. How-
ever, any possible reflections from other components
of the system are not cancelled,

42. RESIDUAL ATTENUATION.

43, This test measures the minimum loss introduced
into a system by the use of the Model 382A Variable
Attemator under test. Using the setup of Figure 3
proceed as follows:

4. Remove the test Model 382A from the setup and
connect together,

b, With Sweep Oscillator set for single frequency
operation at one end of the Model 382A band adjust
Variable Attenuator to obtain SWR Meter reading of
3 dB on any convenient range, Sweep 382A frequency
range and make X.Y plof, This plot represents 1 dB
insertion loss (residual attenuation),

¢. Atfrequency usedin step b and without changing
SWR Meter range, adjust Variable Attenuator to obtain
SWR Meter reading of 2 dB. Sweep and make X-Y
plot. Thisplot represents zeroinsertion loss
(residual atienuation).
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SWEEP
0SCILLATOR
R_F
XTAL  SwWPR{ &
' - CRYSTAL
A BETECTOR
| —)
REMOTE WG-COAY 100 DIRECTIONAL |

PEN LIFT

T ADAPTER
X-Y RECORDER

COUPLER

TEST Ap 382

CALIBRATE

EK OHM RESISTOR

] RECORDER
OUTPUT
(BUILT 1 4I5E) A

g |iswawereR™

GRYSTAL
BEYECTOR | PP

VARIABLE
ATTENUATOR

E —— : § LOAD
HOB DIRECTIONAL
GOGPLER

-+
IF SWR METER HAS SWITCH, SET
MTR DAMP SWITCH TO OUT.

Figare 3. Residual Atftenuation Setup

d. Without changing Variable Attenuator seiting
from step ¢ insert Model 382A under test. Set
Model 382ZA under test to 0 attenuation. Sweep and
make X-Y plot. This X.Y plot should be between the
calibration plots.

44. The following test determines that the attenuator
isfunctioning at all frequencies and not just at the test
frequencies. If the attenuator does not attenuate at
certainfrequencies (moding) spikes will appear onthe
attenuation curve., To obtain this curve proceed as
follows:

a. Connect instruments as shown in Figure 4,
b. Set 382A under test to 50 dB,

¢. Sweep aline for the entire frequency band of the
Model 382A under test, There should notbe any devi-
ations from this curve such as spikes, etc. I such
deviations exist change the center-gsection and retest,

45. BACKLASH,

46. Backlash must be checked before the calibration
on the attenuator since any calibration done will be
nullified it excessive backlash exists. To check back-
lash proceed as follows:

a. Connect instruments as shown in Figure 3.

b. Set the Model 382A undertest to the 50 dB cali-
bration mark.

¢. Set Variable Attenuator for a reference or the
SWR Meter.

d. Move dial to the right and then back to 50 dB.
Read SWR Meter,

e, Move dialtoleft andthen back to 50 dB., In both
this step and the preceeding step the deviation of the
meter {from the reference peint should not exceed
0.2 dB.

f. I excessive backlashisfound, refer to Figure 5
and complete the rest of the procedure. If the back-
lash is within specifications the remainder of the
adjustmentsin this paragraph need not be performed.

g. Check the position of the Ring Nut. It should be
backed off approximately 1/4 turn from snug against
the bearing.

h. Adjust the Worm Gear Tension Adjusiment
Screw to minimize backlash.

i. Adjust the Worm Gear Thrust Adjustment Screw
to minimize backlash,

If an adjustment is made for backlash check the dial
positioning using the procedure of Paragraph 47.

47. SETTING THE DIAL,

48. The dial will need reseiting if a new dial is in-
stalled, if the stops have been forced hard, or if the
dial has slipped. To reset the dial connect as in
Figure 3 and proceed as follows:

a. BSet signal scurce to lowest point of Moedel 3824
frequency range. Adjust the output RF signal for
1000 Hz square wave modulation,

b. Set Model 382A under test to dot which appears
at approximately 47 dB onthe atténuator dial, Adjust
the Model 382A padding attenuator for a reference of
1 dB on the 50 dB range of the SWR meter,
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X-1 RECORDER
1

x

RECORDER
QUTPUT

1'% §HM RESISTOR

? 7~
*
SWEEP i SWR METER
GSCILLATOR
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REMOTE ~COAY
PER LIFT zigGAg?ﬂ waac%;linpgic{réouu TEST Ap3824

i
XY RECORBLR

#*
IF SWR METER HAS SWITCH, SET
MTR DAMP SWITCH TO OUT.

Figure 4, Moding Test Setup
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Figure 5. Backlash Adjustments
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c. Set Model 382A dial to dot which appears
approximately the same distance on the other side of
the MAX indication. The SWR Meter reading should
not have changed more than 0.2 dB.

NOTE

If a double peak in maximum attenuation
occurs, the resistive center card has been
installed with the emulsion side reversed.
Refer to the replacement procedure for cor-
rect installation procedure.

d, Hadjustmentis necessary, loosen the setscrews
and the dial hub clamping screw {see Figure 5) in the
dial hub. Adjust the dial so the difference in power
level between the two dots is 0.2 dB or less as indi-
cated on the SWR Meter. This aligns the dial to the
angular position of the center section. Tighten cap
screw, Allen setscrews, and recheck.

49. ATTENUATOR CALIBRATION,

50. Calibrate 10 dB System Error. Since we are to
calibrate the attenuator in 10 dB steps we must first
calibrate the 10 dB atienuator on the SWR Meter. To
dothis we substitute a calibrated Directional Coupler.
Proceed as follows:

a. Connect the instrumenis as shown in Figure 6,

b. Remove the Model 382A under test and reconnect
the system (marked "CALIBRATE" in Figure 6).

¢. Setf Variable Attenuator to 41 dB.

d. Peak SWR Meter for maximum signal with
1000 Hz square wave modulation at one of the calibra-
tion {requencies of the calibrated Directional Coupler.
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e. Set SWR Meter to the 40 dB range and set to a
reference point about mid-scale onone of the expanded
scales. Be sure this is well within the square-law
region of the detector {(see HP Journal July'886,
Vol 17, No. 11, pp 9-13).

i. Connectinput and auxiliary output of Directional
Coupiler at the point marked "CALIBRATE" in Fig-
ure & {terminate main line with matched load).

g. BSet the SWR Meier 0 50 dB range,

h., Read SWR Meter and determine attenuation
change from reference reading. Subtract the calibra-
tion value. The remainder (withthe appropriate sign)
ig thetruevalue of the SWR Meter 10 dB range attenu-
ation. Record this value and use it as the corrected
reference point for all measurements at thisfrequency.

b1. Calibrate Model 382A. The Model 382A can now
be accurately calibrated since the error in the system
i8 known, Proceed as follows:

a. Remove the Directional Coupler used as a stan-
dard and replace it with the Model 382A under test
set to 0 dB.

b, Set SWR Meter to 40 dB and set o a reference
point at the mid-scale on one of the expanded scales.
The Variable Attenuator remains set at 41 dB as in
the previous procedure.

¢, Increase dial sefting of Model 382A under test
exactly 10 dB and set SWR Meter {o 50 dB gain.

d. Read the error considering the range switching
error determined in the previous procedure. Error
{between steps or cumulative) mustnot be greater than
+(0,.2 dB - mismatch error).

* I
SR
METER
SWEEP
05¢ILLATOR
o CALIBRATED j"m'
! ERYSTA : :: §L9AU
TSTAL O 1GOB DIRECTIONAL | .~
L AL DETECTOR \\ I /E/, J
w7 \
A
— ] & Jo— " CALIBRATE ™ CRYSTAL
Pawm »Avgpcmg 1008 DIRECTIONAL VARTRBLE DETECTOR
B APTE COUPLER ATTENGATOR

10
X-Y RECORDER

Figure 6.

TEST Ap3B2A

*
IF SWR METER MAS SWITCH,
SET MTR DAMP SWITCH
TS 0UT,

Attenuator Calibration
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. Set SWR Meter to404dB gainand Variable Atten-
uator toroughly 31 dB. Setareference onan expanded
scale as previously, taking into account the cumulative
error. Repeat steps ¢ and d.

f,. Set SWR Meter to 40dB gainand Variable Atten-
uator to roughly 41 dB. Set reference on an expanded
scaleaspreviously, takinginto account the cumulative
error. Repeat steps c and d.

g. Set SWR Meter to 40 dB gainand Variable Atten-
uator to roughly 51 dB. Set reference on an expanded
scale as previously, taking into account the cumulative
errocr. Repeat steps ¢ and d.

L. Repeat Paragraphs 50 and 51 for all calibrated
frequencies of the Directional Coupler standard.
Apply calibration corrections to the results obtained.

52. This procedure tests the Model 382A with the

" maximum accuracy. However, if a calibrated coupier
is not available or if a simpler procedure is desired,
the Model 382A may be calibrated directly against an
SWR Meter, This method has additionzl errors due
to not being referred to a standard, having cumulative
errors due to the SWR Meter attenuator, and due to
the non-linearity of the crystal bui may be used as a
rough check.

B3. MAINTENANCE.

54. No maintenance is reguired on the Model K382A .
or the R382A, On ofher models, the only mainienance
required is occasional lubrication of the bearing sur-
faces. Thewormandworm gear, ball bearings. gears,
flag shaft, and the ends of the center section {see Fig-
ure 5}should be lubricated with a light grease such as

Lubriplate #105V made by Fiske Brothers Refining Co.

Newark, New Jersey, and Toledo, Ohio,.

5 REPLACING THE DIAL

[wii
o

n
'33

Align the “0” placement on dial with “Max”.

57. RESISTIVE CARD REPLACEMENT
PROCEDURE.

58. Resistive cards can be replaced quicklyand easily
in HP Models G382A, J382A, H382A, X3B2A, and
P382A Broadband PrecisionWaveguide Variable Atten-
uators by following these procedures, Models K3824A,
and R382A, should be refurned to the faciory for re-
pair. The attenuation accuracy of your HP Model 382A
is directly dependent upon the conditionof its resistive
elemenis, These elements are composed of precisely
cut mica cards overlaidwith anevaporated metal film.
Accuraey is impaired if the card becomes damaged or
the metal film is burned. The attenuating characteris-
tics of the instrument then no longer follow the mathe -
matical law for the attenuator.

Model 382A

59. Replacement of the damaged cardsand calibration
of the attenuator will restore the instrument to the
specifications published for the unit.

50. Installation requires only disassembly of the end
or cenier section {as necessary}, positioning of the
replacement resistive element card, reassembly of
the unit, and calibration.

61. For your convenience sfock numbers of replace-

able parts for your HP Model 382A Variable Attenuatlor
areincluded according to frequency band designations,

62. CARD REPLACEMENT PROCEDURE,

NOTE

To replace only end-section card, complete
steps a(l), (5}, (8); e(1)-(10); a(3)-(5), (7).

a. To Dismanile:
{1} Remove dial knob and dust cover {see
Figure T}.

{2) Turn dial fully clockwise. Note: Center card
passes thru the horizontal and meets a stop
approximately 1/32 of an inch beyond this
point (as measured at edge of card).

{3) Noteposition of flag with respectto dial. The
flag should be at the bottom of travel and the
dial "0 {zero) should be to right of the center
line.

(4} Loosen clamping screws on flag drive cable,
Free flag.

(5) Drive locator pins to center of unit with punch.
See Figure 7. Note: In some models the
drive pin is an integral part of the casting.

- If pins are not visible from the outside, dis-
regard step 5.

(6} Remove the 8 screws holding the end section
in place. Remove end section,

(7) With dial set to "0" (zero) marktop of center
section as shownin Figure 7, Remove center
section through end section opening.

NOTE

In the G, J, and H band models the cenier

section can be removed only by removing the

right end section.

b. Center Section Resistive Card Replacement:

(1) Removeflagcable from centfer section. Clean
section, Drivelocator pins from center sec-
tion, Mark the position of the cable clamping
device.

{2} Remove ring nut {lock nut) and rubber "0O"
ring from center barrel.
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HP Model 382A Attenuator Assembly Detail

Figure 1.
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REMOVE EXISTING SILVER
PAINT.

APPLY SILVER CONDUCTIVE
PAINT HERE —

Figure 8. Application of Conductive Silver
Figure 8. Removal of Existing Silver Paint Paint to Center Section

INSTALL RESISTIVE CARD
IN GROOVED HALF RECESSED
gagnox 1/32" FROM EITHER

RESISTIVE CARD MAY
BE OF EITHER TYPE

USE DRIVE PINS AS

GUIDES WHEN RE -

ASSEMBLING HALVES
RO

Figure 10. Installation of Resistive Card in Center Section
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(3)
4)

()

(6)

@

(10)

(11)

Remove screws and separate halves,

Refer {o Figure 8, Remove silver paint in
card recess with acetone. This operation
must be thorough, Any old paint left in recess
may cause bowing of card. Noie: Only one-
hait of cenfer section is recessed for
receiving attenuator card,

Apply conductive silver paint (Handy and
Harmon No. 169, HP Stock No. 86010-0006)
along the edges of the center section halves
as shown in Figure 9.

Install center card with emulsion side wp
{deposited side) in the recessed center sec-
tion half as shown in Figure 10, Note: To
identify the emulsion side, scratch the ex-
treme edge (that portion which will be covered
by conductive paint), The emulsion side when
scratched will become transparent.

Replace drive pin in marked half of center
section toc act as guides. This is the half
marked in step a(7). Replace top half of
center section. Seat drive pins with pliers,

Install screws in one side of barrel with screw
heads on marked center section half,

Tighten center section screws beginning in
middle and working toward each end.

Install screws on opposite side of barrel with
heads in same direction asin step (8). Leave
this side loose,

Check card for wrinkles., If péssib}.e, comn
pare with one known to be good.

APPLY CONDUCTIVE SHVER
PAINT AS INDICATED BY

HEAVY LINE ONLY.
RO

Figure 11,
to Choke Joint of Center Section

Application of Silver Paint

REMOVE EXISTING
SILVER PAINT m,

(12)

(13)

(14)
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Figure 12, Removal of Silver Paint
from End Section

Remove excess wrinkles by tapping center
section with plastic hammer on untightened
seam. H wrinkles still exist, repeat with
opposite side loose, Do not remove pins; just
loosen screws. Note: Steps (5) thru (12)
must be completed before silver paint dries

{approximately 1/2 hour}.

Refer to Figure 11, Apply conductive silver
to seams of choke joint on ends of center
section,

IMPORTANT: Paint these ends well, Failure
{0 do so will cause excessive insertion loss,

Replace "O" ring and ring nut. Small OD
should be outboard on ring nut.

c. End Section Resistive Card Replacement:

(1)

1.

Remove bearing ring and choke joint (light
press fit).

NOTES

Choke joint may be part of end section.

In this case the choke joint cannot be removed.

2. On "G" band unit, the chokes are held in
place with screws.

{2)

(3)
(4)

Drive locator pins from end section (see
Figure 14),

Remove screws and separate halves.

Refer to Figure 12, Remove silver paint
from both halves with acetone.
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(5) Apply conductive silver paint along the inner
edges of the end section halves as shown in
Figure 13,

{8) mstall end card withemulsion (deposited) side
up in recessed half of the end section as shown
in Figure 14,

() Replacetophalf, Seat drive pins with pliers,
{8) Install screws with heads up.

{9) Check card for wrinkles., If necessary, re-
move wrinkles as described in step b{12).

{10) Install choke and/or bearing ring, Make sure
paris are properly seated,

Agsembly:

{1) Turn dial fully clockwise.

(2) Imsert barrel so center card is rotated
1/32 inch beyond the horizonial as noted in
step a(2).

(3) Replace end section drive pins from end
section side,

APPLY CONDUCTIVE SILVER

Figure 13.

Application of Conductive Silver
Paint to End Section

63.

Model 382A

{4) 'Tighten end sections,

{5} Do nol adjust screws on the flat springs of
rear bearing block,

(6} Adjust ring nut (lock nut) on center barrel
until snug. Then back off 1/8 turn,

(T} Check backlash by applying inward pressure
ontheknoh end of the shaft. The shaft should
move freely and spring back to its original
position,

(8) Attach flag cable.

(8) Lubricate worm gear {recommended lubri-
cant: Mobilux No. I, Mfg. by Mobil Oil Co.,
or Moly Grease, HP Stock No. 6040-0012}.

DIAL CORD REPLACEMENT,

(1) With dial set to 50, run cable through lug on
center secticon and clamping screw.

(2) Position flag behind 50 and tighten clamp
screw.

INSTALL RESISTIVE CARD

INGROOVED HALFAPPROX >
gf,,d' FROM FLANGE
D. /

N

USE DRIVE PINS AS
GUIDES WHEN RE ~

ASSEMBLING HALVES.
RO

Installation of Resistive Card
in End Section

Figure 14.
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64._ REPLACEABLE PARTS LIST
65. Introduction

66. This section contains information of replace-
able parts for servicing HP Model 382A.

67. Table 4 lists replaceable parts in alphanumeri-
cal order of their reference designators. Miscel-
laneous parts are included at the end of the list.
Detailed information includes the following:

a. Reference designator.

b. Fuli description of the part,

¢. Manufacturer of the part in a fivedigit
code; see list of manufacturers in appendix.

d. Part number check digit (CD).
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e. Hewlett-Packard part number.

f.  Total quantity used in the instrument (TQ
column),

g. Recommended spare quantity for com-
parative maintenance during one year of isolated
service (RS col.}.

h. See Figure 7 for pictorial key to Ck Ref.
Item numbers Hsted below.

88. Ordering Information

69. To obtain a replacement part listed in Table 4,
order the part by the HP part number and Check
Digit (CD). To order a part that is not listed, speci-
fy model and complete serial number of instru-
ment, a description of the part and its function and
location. Address order to your nearest Hewlett-
Packard Field Office,

See following for G, I, J, P, X, K, and R bands.
Table 4. Replaceable Parts List

Ck Ref . *

Hem ' Description My, HP PartNo. | CDd | TO* | RS*
1 Flag Shaft, Freq. Bands: G, H, J, P, X 28480 X382A-5 T 1 1
2 Flag Assembly, Freq. Bands: G 28480 G382A-T 9 1 il

H,d 28480 J382A-20 4 1 0
P, X 28480 X382A.3 5 1 G
3 Black Shield, Freq. Bands: G,H,J,P, X 28480 X3824-40 0 1 1
4 Window, Freq. Bands: G,H,J, P X 28480 X382A-41 0 1 0
5 Attenuator Housing
Freq. Bands: G Moss grey finish 28480 00382-20015 6 2 0
H,J Moss grey finish 28480 00382-20017 8 2 0
P, X  Moss grey finish 28480 00382-20019 G 2 0
6 Center Section (with Resistive Card)
Freq. Bands: G 28489 G382.95E 0 1 0
H 28480 H382A.95E 5 1 0
J 28480 J382.95E - 0 1 0
P 28480 P382A-95E 0 1 0
X 28480 X382-95E 2 1 0
7 Rubher “O” Ring
Freg. Bands: G 02286 0900-0005 5 1 0
H,d 02286 0900-0062 2 1 O
P, X (2286 0900-0001 1 1 i
*See introduction to this section.
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Table 4. Replaceable Parts List (Cont’d)
Ck Bt Description Mir* | HPPartMo. | CD | TO* | RS*
8 Ring Nut
Freg. Bands: G 28480 G38B2A-6 6 1 0
H,J 28480 J382A.3 3 1 0
P X 28480 X3B2A-T 9 1 0
g Ball Bearing Center Barrel
Freq. Bands: G 21335 1410-0025 1 2 0
H,J 21335 1410-0020 6 2 0
P X 21335 1410-0014 8 2 0
16 Bearing Ring
Freq. Bands: G 28480 (G382A-21 6 2 0
H 28480 H382A-5 6 2 0
J 28480 J382A.21 6 2 0
P 28480 P382A-5 1 2 0
X 28480 K382A-14 3 pA 0
11 Choke Flange
Freq. Bands: G 28480 G382A-22 8 2 0
H 28480 H382A-6 7 2 0
J 28480 J3B2A-24 2 2 0
P 28480 P382A-6 2 2 0
X 28480 X382A.42 2 2 0
NOTE: When replacing the end section having the
choke as a part of the end section, both the end sec-
tion and the choke flange must be ordered. In the
case of the HP Model G382A, a choke plate HP Stock
No. G382A-22 must also be ordered and installed,
12 End Locator Pin
Freg. Bands: G, H,J 28480 5020.0317 1 4 1
P, X 284890 1480-0015 6 4 1
13 Cover
Freq. Bands, G Moss grey finish 28480 00382-20022 5 1 0
H,d Moss grey finish 28480 00382-20024 7 1 0
P, X Moss grey finish 28480 00382-20026 9 1 0
14A End Bection {without Resistive Card}
Freg. Bands: G Moss grey finish 28480 00382-60001 4 2 0
H Moss grey finish 28480 00382-60003 6 2 0
d Moss grey finish 28480 00382-60005 8 2 0
P Moss grey finish 28480 00382-60007 2 i 0
X Moss grey finish 28480 00382.60009 2 2 0
ki (4 28480 00382-20007 6 2 0
R 28480 00382-20014 5 2 0
*See introduction to this section.
#*These instruments aze of different design and thiese are the only paris recommended for field yeplacement.
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Table 4. Replaceable Parts List (Cont’d)
Ck Rt. Description Mfr* | HPPartNo. | CD | TQ* | RS*
14B End Section (with Resistive Card)
Freq. Bands: G Moss grey finish 28480 00382-60002 b 2 1
H' Mossgrey finish 28480 G0382-60004 7 2 1
J Moss grey finish 28480 00382-60006 9 2 1
P Moss grey finish 28480 00382.60008 1 2 1
X Moss grey finish 28480 00382-80010 5 2 1
HkE 28480 00382-60012 7 2 H
ER 28480 00382.60011 6 2 i
15 Dial Knob, Freq. Bands: G, H,J, P, X 28480 0370-0038 9 1 0
NOTE: See note under item 11.
16 Worm Gear Shaft
Freq. Bands: G 28480 (G382A-8 8 1 0
H,J 28480 J3B2A-5 5 1 0
B X 28480 X382A.8 0 1 0
17 Dial Collar, Freq. Bands: G, H,J, P, X 28480 X382A-18 1 i 0
18 Dial, Freq. Bands: G, HJLP X 28480 J382A-23 0 1 1
19 Worm Gear Tension Adjustment Spring
Freq. Bands: G, H,J 28480 J382A-8 0 1 0
P, X 28480 X382A-10 5 1 G
20 Worm Gear Thrust Adjustment Spring
Freq. Bands: G, H,d 28480 J382A.9 9 1 0
P X 28480 X382A-10 5 1 0
21 Offset Gear, Freq. Bands: G, H,J, P, X 28480 5020.0248 7 1 0
22 Stop Gear, Freq. Bands: G, 1, J,P, X 28480 X382A-36 9 1 0
23 Ball Bearing, Rear Worm Gear Shaft
Freq. Bands: G, H,J 21355 1410-0012 6 1 0
P X 21335 1410-0007 9 1 0
24 Rear Bearing Mount
Freq. Bands: G, H,J 28480 J382A-8 6 1 0
P, X 28480 X382A.9 8 1 0
ITEMS NOT SHOWN IN FIGURES 5 AND 7.
25 Resistive Card, End Section
Freq. Bands: G 28480 G382A-3 3 2 1
H 28480 H382A-4 5 2 1
J 28480 J382A-14 1 2 1
P 28480 P382A-3 9 2 1
X 28480 X382A.24 4 2 1
*8Bee introduction to this section.
**These instruments are of different design and these are the only parts recommenﬁed for field replacement.
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Table 4. Replaceable Parts List {Cont’d)

ci;jfﬁf' Description Mir* HP PartNe. | GD | TO* | RS*
ITEMS NOT SHOWN IN FIGURES b & 7 {Cont’d)
25 Resistive Card, End Section {cont’d)
Freq. Bands: #*K 28480 K382A-21B 7 2 i
R 28480 K382A-21R 4 2 1
26 Resistive Card, Center Section
Freq. Bands: G 28480 G382A-2 2 2 2
H 28480 H382A-3 4 2 2
J 28480 J382A-13 9 2 2
P 28480 P382A-4 0 1 1
X 28480 X382A-43 4 1 1

*8ee introduetion to this section.

**These instruments are of different design and these are the only parts recommended for field replacement.

APPENDIX
CODE LIST OF MANUFACTURERS

The following code numbers are from the Federal Supply Code for Manufacturers Cata-
loging 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. Manoufacturer Address
02886 Cole Rubber and Plastics Inc. Sunnyvale, Calif,
21335 Fafnir Bearing Co., The New Brifain, Conn.

28480 Hewilett-Packard Co. Palo Alto, Calif,



CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications af the time of shipment from the
factory, Hewlett-Packard further certifies that its calibration measurements are traceable to the United States National
Bureau of Standards, to the extent allowed by the Bureau's calibration facility, and to the celibration facilities of ather
International Standards Organization members.

WARRANTY

This Hewlett-Packard instrument product is warranted against defects in material and workmanship for a period of one
vear from date of shipment, During the warranty period, Hewlett-Packard Company will, at its option, either repair or
replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by HP. Buyer shall prepay
shipping chargesto HP and HP shall pay shipping charges to return the product to Buyer. However, Buyer shali pay all
shipping charges, duties, and taxes for products returned to HP from another country.

HP warrants that its software and firmware designated by HP for use with an instrument will execute its programming
instructions when properly installed on that instrument. HP does not warrant that the operation of the instrument, or
software, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inaéeduate maintenance by Buyer,
Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental
specifications for the produet, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE ANDEXCLUSIVE REMEDIES HP SHALL NOT BE
LIABLE FQR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES,
WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE

Product meaintenance agreements and other customer assistance agreements are available for Hewlett-Packard

products,

HEWLETT-PACKARD SERVICE OFFICES

To obtain servicing information, contact the nearest Hewlett-Packard Sales and Service Office in HP Catalog, or

contact the nearest regional office listed below,

UNITED STATES

NO. CALIFORNIA {San Francises Areaj
333 Logue Ave,
Mt View, CA 94043

S0, CALIFORNIA (Los Angeles Area)
Instrument Hepair Center
1421 8 Manhattan Ave.
Fuilerton, A 92631

GEGRGIA
450 Interatate N. Parkway
Atlanta, GA 30348

TLLINOIS
52681 Tollview Dr,
Rolling Meadows, TL, 60008

NEW JERSEY
W. 120 Century Rd,
Paramus, NJ 37652

AUSTRALIA
Hewlett-Packard Australia Ltd.
31-41 Joseph Street ’
Blackburn, Victoria 3130

Ea

CANADA
Hewlett-Packard (Canada} Ltd.
6877 Goreway Drive
Mississaugsa, Ontario
Canada L4V 1MB

ITALY
Hewlett-Packard ltaliana S.p.A.
Via G. Di Vittorio, ¢
20083 Cernasco
Sul Naviglio (MD

FRANCE
Heawlett-Packard France
Quartier de Courtaboeuf
Boite Postale No, §
91401 Graay Cedex

GERMAN FEDERAL REPUBLIC
Hewlett-Packard GmbH
Vertriebszentrale Frankfurt
Bernerstrasse 117
Postfach 560 140
D-6000 Frankfurt 58

NETHERLANDGS
Hewlett-Packard Henelux NV
Van Heuven Doedhartlaan 12§
.0 Box 667
NE-Amstelvesn 1154

UNITED KINGDOM
Hewlett-Fackard Ltd
King Sireet Lane
{iB-Winnersh, Wokingham
Herks. RG11 BAR

AFRICA, ASIA, CENTRAL AND
SHUTH ARERICA

Hewlett-Packurd Intercontinental
F200 Hillview Avenue
Palo Alto, ©A 94304

Manual Part No. 00382-90037
Microfiche Part Mo, 00382-90038

HEWLETT
PACKARD

Printed in U.S.A.





