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CERTIFICATION

The Hewlett-Packard Comipany certifies that this instrument was
thoroughly tested and inspected and found to meet its published
specifications when it was shipped from the factory. The Hewlett-
Packard Company further certifies that its calibration measure-
ments are traceable to the US. National Bureau of Standards to
the extent allowed by the Bureaw's calibration facility.

»

WARRANTY AND ASSISTANCE

All Hewlett-Packard progucts are warranted against defects in
materials and workmanship. This warranty applies for one year
- from the date of delivery, or, in the case of certain major,compo-
nents listed in the operating manual, for the specified period. We
will repair or replace products which prove to be defective during
the warranty period provided they are returned to Hewlett-
Packard. No other warranty is expressed or implied. We are not
liable for consequential damages.

Service contracts or customer assistance agreements are available
for Hewlett-Packard products that require maintenance and re-
pair on-site.

For any assistance, contact your nearest Hewlett-Packard Sales and
Service Office. Addresses are provided at the back of this manual.
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General Information

Model 415E

Y A}
Figure 1-1. Model 415E SWR Meter
Table 1-1. Specifications

Sensitivity:  0.15 uVems for fullscale deflection at Recorder Output: 0 to 1 Vdc into an open circuit
maximum bandwidth (1 uVrms on high impedance from 1000 ohms source impedance for ungrounded

crystal input) . recorders. Output connector, BNC female.
Noise: At least 7.5 dB below full scale at rated Amplifier Output: 0 to 0.3 Vrms (NORM), 0 to 08
sensitivity and 130-Hz bandwidth with input Vrms (EXPAND) Into at least 10,000 ohms for un-
J terminated in 100 or 5000 chms. Noise figure less grounded equipment. Output connector, dual banana

than 4 dB. '
Range: 70 dB in 10- and 2.dB steps.

Accuracy: t0.05 dB/10-dB step; maximum cumulative

A error between any two 10-dB steps, $0.10 dB; maxi.
mum cumulative error between any two 2.dB steps,
$0.05 dB. Linearity: $0.02 dB on expanded scaies,
determined by Inherent meter resolution on normal
scales,

Input: Unbiased low and high impedance crystal (50
to 200 and 2500 to 10,000 ohm optimum source
impedance respectively for low noise); biased crystal
(1V into 1K); low and high curmrent bolometer (4.5
and 8.7 mA t3% into 200 ohms), positive bolometer

. protection. Input connector, BNC female.

Input Frequency: 1000 Hz, adjustable 1%. Other [(re-
quencies between 400 and 2500 Hz available on
speclal order. :

Bandwidth: Variable, 15 to 130 Hz. Typically less

than 0.5-dB change in gain from minimum to maxi-

mum bandwidth.

jacks, v

Meter Scales: Calibrated for square-law detectors.
SWR: 1 to 4, 3.2 to 10 (NORM); 1 to 1.25 (EX-
PAND). DB: 0 to 10 (NORM); O to 2.0 (EXPAND).
Battery: change state.

Meter Movement: Taut-band suspension, individually
calibrated mirror-backed scales; expanded dB and
SWR scales greater than 4-1/4 inch (108 mm) long.

RFI: Conducted and radiated leakage limits are below
those specified in MIL-1-6181D.

Power: 115 or 230 volts +10%, 50 to 400 Hz, 1 watt.
Optional rechargeable battery provides up to 36
hours continuous operation.

Weight: Net, 9-1/2 Ib (4,3 kg), 11 b (49 kg) with
battery.

Options:

01, 001. Rechargeable battery installed.
02, 002. Rear-panel input connector in parallel with
front-panel connector.
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Ge'neral' Information
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SECTION |

GENERAL INFORMATION '

1-1. INTRODUCTION

1-2. The Model 415E Standing Wave Ratio
(SWR) Meter is a highgain amplifier, tuned to an
audio frequency, with a square-law calibrated
meter-readout. The Model 415E is designed for
use with square-law detectors in the measurement
of SWR and power. In addition, becausé of high-
sensitivity and narrow bandwidth, it can be used
as a null detector for audio-frequency bridges.
The Model 415E is shown in Figure '1-1. Operat-
ing specifications are given in Table 1-1.

1-3. THe Model 415E is designed to operate a a
mean frequency of 1000 Hz, with a variable
bandwidth of 15 to 130 Hz. Operating center
frequency' and bandwidth are both adjustable at
the front panel. The amplifier gain is only slightly

J

changed: due to change in bandwidth (typically ,/

tess than 0.5 dB). In addition to the meter’
readout, provisions have been made on the rear
panel to connect to external readout devices.
Two outputs are available: an ac amplifier output
is provided to allow using the Model 415E as a
high-gain (126 dB) ampliffer and a dc recorder
output is provided to permit obtaining a
permanent record of the measurement data.
Either or both of these rear panel outputs can be
used without affecting instrument - meter
operation provided no spurious signals, spch as
power line ground voltages, are introduced by the
addition of external readouts. This can be
checked by noting the reading on the meter both
with and without the external readouts
connected. If the meter readings change,
additional voltage is being.introduced from the
external readout.

/
!

14. INSTRUMENTS COVERED BY MANUAL
’ []

"Ni.. This manual applies directly to the Model
415E SWR Meters having serial numbers prefixed
990 (first group of numbers of serial number). If
the serial prefix on your instrument is other than
990, there are differences between the manual and
yous instrument which are des¢ribed in a Manual
Changes sheet+included with the manual. If the
Manual Changes sheet is missing, the information
can be supplied by your nearest Hewlett-Packard
Sales and,Service office (see list at rear of this
manual). The manual change sheet may also in-
clude an “ERRATA" section which describes
manual correction information which applies to
the manual for all instruments including instru-
ments prefixed 990.

1-6. INSTRUMENT OPTIONS

/
1-7. This manual provides operating and servic‘ng
information for the standard Model 415E. In addi-
tion, operating and servicing information for Model
416E instruments with Options 01, 001, 02, and
002, described below, is also included.

a. Option 01, 001. Factory installed, 24-volt
rechasgeable battery capable of supplying up to 36
hours continuous operation of the Madel 415E. If

" not initially installed as an option, the same bat-

tery is available on order from Hewlett-Packard
(see paragraph 2-23).

b. Option 02, 002: Additional input connec-
tor on rear pane] wires in parallel with the fropt'
panel INPUT connector. If not initially installed as
an option, the connector-cable assembly is avail-
able on order from Hewlett-Packard (see paragraph
2-23). ‘

1-1/1-2
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Model 4168

Installation

SECTION NI}
INSTALLATION

2-1. INITU}L INSPECTION

i

2-2. Mechanical Check

2-3. 1f damage to the shipping carton is evident,
ask that the darrier's agent be present when the
instrument is unpacked. Inspect for mechanical
damage, such as scratches or dents. Also check
the cushioning material for signs of severe stress
(compacting).

24, Electrical Check

2-5. The electrical performance should be veri-
fied as soon as possible after receipt. Refer to the
Performance Test for further instructions.

26. Claim for Damage

2-7. If there is mechanical damage or the instru
ment fails to meet electrical specifications upon
reciept, notify the carrier and your nearest
Hewlett-Packard office immediately (a list of
offices ,is at the end of this manual). Retain the
shipping carton and the padding material for the
carrier's inspection,

2.8. INSTALLATION

2-9. The Model 4156E is fully transistorized;
therefore no special cooling is required. However,
the instrument should not be oper, ted where the
ambient temperature exceeds 55°C (140°F).

2-10. Rack Mounting

2-11. The Model 415E is a submodular unit that
when used alone can be bench mounted only,
However, when used in combination with other
submodular units it can be bench and/or rack
mounted. The HP combining case and adapter
frame are designed specifically for this purpose.

2-12. Combining Case. THe combining case is a
full-module "unit which accepts varying combina-
tions of submodular units. Being a full-module
unit, it ean be bench or rack mounted analogous
o any full-module instrument.

2-T3. Adapter” Frame. The adapter. frame is &
rack frame that accepts any combination of sub-
modular units. It can be rack mounted only.

2-14. Three-Conductor Power Cable

‘2-l15. To protect operating personnel, the Na.

tional Electrical Manufacturer’s Association

" (NEMA) recommends that the instrument panel

and cabinet be grounded.. All Hewlett-Packard
instruments are equipped with a three-conductor
power cable which, when plugged into an appro-
priate receptacle, grounds the instrument. The
offset pin on the power cable three-prong con-
nector is the ground wire,

2-16. To preserve the protection feature when
operating the instrument from a two-contact
outlet, use a three-prong to two-prong adapter
and connect the green pigtail on the adapter to
ground,

2-17. PRIMARY POWER REQUIREMENTS

2-18. The Model 415E cah be operated from an
AC or DC primary power source. The AC source
can be either 115 or 230 volts, 50 to 400 Haz.
The DC sourge is a 24-volt rechargeable battery.
The rechargeable battery is supplied with Option
01, 001 instruments only.

2-19. For operation from AC primary power,
the instrument can be easily converted from 1156
to 230-volt operation. The LINE VOLTAGE
switch, 81, a two-position slide switch located at
the rear of the instrument, selects the mode of
AC operation. The line voltage for which the
instrument is set to operate appears on the slider
of the switch, A 1/16-ampere, 250-volt fuse is
used for both 116- and 230-volt operation.

CAUTION

To avoid damage to the instrument,
set the 116 — 230-volt switch for the
line voltage to be used before con-
necting the power cable.

2-20. Initial Battery Check

2-21. The following- applies to Option 01, 001
instruments or instruments that have field-
installed batteries, When the battery is used as
the power source for the first time, perform the
following steps:




Ins tion '- ‘ -

a. Connect Model 415E to AC source. Set
POWER switch to CHARGE ahd charge battéry
" for a minimum of 16 hours or overnight,

NOTE

The battery can be maintained in the

- charging statet indefinitely without
damaging the battery. It will assume
its" full capacity, 1.26 ampere hour,
and no more. )

b. Set POWER switch to TEST position, the
meter needle indication should be within the
BAT CHARGED area {see Figure 3-1).’

2-22, INSTALLING "BATTERY AND INPUT

CONNECTOR

2-23. Available from Hewlett-Packard are parts
required for modifying any Model 415E to cor-
respond to those instruments with Option 01,
001 and/or Option 02, 002. A rechargeable Bat-
tery Installation Kit, HP Part No. 00415-606,
contains the battery and necessary hardware for
installation (corresponds to Option 01, 001).
Installation instructions are detailed in Appendix
I at rear of this manual. To obtain the parts re-
quired for an input connector on the rear panel
(corresponding to Option 02, 002), order by HP
Part Number as found in Table 6-1 (listed under
option 02, 002). Instructions for installationy of

this additional connector are detailed in
Appendix I at rear of this manual.

2-24. STORAGE ANP SHIPMENT

2.25, Shipping Environment

2-26. This instrument contains components

which may be famaged by extremely low temper-
atures or water. Do not ship or store this instru-
ment in temper._tures below —40°C. Allow the
instrument to warm up to at least 0°C before
attempting operation. This instrument will oper-

L4

2-2

Model 416E

ate in any humidity up to 95% at +40°C, but

protect it from condensation when taking a cold
instrument into a warm room by providing insul-
ation (such as a blanket). '

2-27. Packaging ‘

2.28, Using Original-Type Packaging. The same
type containers and materials used in factory
packaging can ‘be obtained through the Hewlett-
Packard offices listed at the end of this manual.
If the instrument is being returned to Hewlett-
Packard for servicing, attach a tag indicating the
type of service, required, return address, model
number, and full serial number. Also mark the
container FRAGILE to assure careful handling. In
any correspondence, refer to the instrument by
model number and full serial number. '

2-29. Using Other Packaging. The following
general instructions should be used when repack-
aging with commercially-available materials: g,

a. Wrap the instrument in heavy paper or
plastic. (If shipping 40 a Hewlett-Packard bffice,
attach a tag indjcating the type of service re-
quired, the return address, model number, and
ful] serial number).

b. Use a strong shipping container. If a carton
is used, a double-wall carton made of 350-pound
test material is adequate).

c. Use enough shock-absorbing material (three-
to four-inch layer) around all sides of the instru-
ment to provide firm cushion and prevent move-
ment inside the container. Protect the frosd panel
with cardboard.

d. Seal the'shipping container securely, and
mark it FRAGILE to assure careful handling.

e. In any correspondence, vefer to the instru-
ment by model number and full serial number.

et ————— e = -
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SECTION Il

Operation

N

OPERATION

+

3-1. INTRODUCTION

3-2. This section contains information and pro-
cedures for operation of the Model 415E (from
either AU or battery power source) in making
SWR and attenuation measurements. Also ‘in-
cluded 'is information on slotted line techniques,
and a discussian of Model 415E noise perform-
ance with various source impedances and noise
effect on meter indication,

3-3. FRONT AND ‘REAR PANEL FEATURES

34. Figures 3-1 and 3-2 identify by number the
front and rear panel features of the Model 415E.
The descriptions are Feyed by number to the
figurey. Further informaiion regarding the various
settings and uses of the « mtrols; indicators, con-
nectors, and adjustments 1. included in the pro-
cedures of this section. [nformation on the
battery is found in paragraph 3-6.

3-5. GENERAL OPERATING AND MEASURE-
MENT CONSIQ‘ERATIONS.

3-6. Battery Operation

3-7. The Model 415E may be operated from a
battery instead of the 115- or 230-volt AC supply
(see paragraph 2-18). Battery operation requires
some slightly different précedures to prolong
battery life and ensure proper results. The re-
chargeable nickel-cadmium battery is faetory in-
stalled If ordered as Option 01, 001 (see para-
graph 1-7). The same battery may be ordered and
installed later. To obtain this battery, order !IP
Part No. 00415-606, Rechargeable Battery Instal-
lation Kit.

3-8. Initial Battery Use. When the Model 415E
is to be battery operated for the first time, per-
form the following steps: |

- a. Switch the Model 415E POWER switch to

“BA'F’I‘ERY/TEST position and note meter pointer

indication: A meter pointer indication in the
BAT CHARGED area indicates the internal bat-
tery properly charged and ready for use. A meter
pointer indication to the left of the BAT
CHARGED area means that the battery must be
charged as described below.

b. Connect the Model 415E to AC power
source. Set *POWER switch to BATTERY/
CHARGE and charge the battery for a minimum
of 16 hours or overnight.

c. After at least 16 hours of recharge time,

switch POWER switch to BATTERY/TEST posi-
tion and check battery charge. If the battery
charge indication 1is still unsatisfactory, see
Troubleshooting in Section V. .

3-9. Optimum Battery Usage. It is
mended that the Model 416E be operated by the
battery for up to eight hours, followed by 16
hours of recharge. If continuous battery opera-
tion is required for more than eight hours, the
recharge time should be double the operating
time. Continuous battery operation is possible for
up to 36 hours but this must be followed by a
prolonged recharge period.

3-10. B&tt\E?I\Stomga. Storage of the battery at
or below 70°F is best. Extended storage at high
temperature will reduce the cell charge but not
damage the battery if the storage temperaure is
less than 140°F. It is suggested that the battery
be charged after removal from storage and before
using the Model 415E for battery operation.

311,

3-12. The 415 SWR Meter audioc amplifier has
high sensitivity to low\level signals, such as
ground lcops. Ground loops occur when instru-
ments are connected to 415E and grounded
through power cords or rack mountings. The
presence of ground loops can be detected by
meter indications with no input at high-gain set-
tings or by beats (a periodic waver) of the meter
needle. Ground loops can be minimized in the
following ways: '

Ground Loop Currents

a. Operate at as high a signal level as the
measurement will permit.

b. If ground loops occur, minimize them by
changing all possible ground leads for the least
beating in the measurement indication.

. In difficult cases run separate ground leads
to one central grounding point. Often, ground
loops give trouble when the current from more
than one instrument flqws through the same wire.
Current through a common impedance causes the
potentiai on both ground terminals to vary as the
current {rm one instrument varies.

3-13. Bandwidth and Frequency Selection
3-14. Two front panel adjustments are provided

recom-

\

to optimize operation of the Model 415E tuned

» 3-1
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FRONT PANEL

12B

sf oorab R

POWER. Selects desired 415E power source.
BATTERY/CHARGE position allows internal
battery recharge when power cord is g‘onnected to
AC line, :

LINE/CHARGE. Indicator lights when power i3
in LINE/ON or BATTERY/CHARGE position,

INPUT. Female BNC INPUT connector.

INPUT. Set input of 415E either to XTAL
IMPED or BOLOMETER. If set to XTAL IMPED
select either HIGH or LOW impedance [for un-
biased crystals or BIASED for crystals that re.
quire bias.

FREQ. Adjustment allows center {requency total
variation of 70 Hz. If range is not great enough,
refer to Changing Operating Frequency in Section V.

RANGE.DB. Gain control adjustable in 10dB
steps.
EXPAND (NORMAL). Offset switch which

permits (ull-scale expansion of any 2 dB sector of

147

®@ 066 00

12A
Pk A N " .

/

unexpanded meter reading. Set to [ligure corres-
ponding to lowest dB reading of the expanded
sector desired as read gn the lower dB scale.
When expanded, read value on upper dB scale and
add number of dB on EXPAND dial to reading.

BANDWIDTH. Allows adjustment of bandwidth
from 15 to 130 Hz.

GAIN. Allows initial meter reference setiing with
a controt range of at least 10 dB.

VERNIER. Provides fine adjustment of GAIN
control meter settings.

Mechanical zero adjustment allows exact setting
of meter needle to 2 dB on the upper dB (EX-
PAND} scale.

BAT CHARGED. With POWER switch set to
BATTERY/TEST, a meter needle indication with-
in the BATTERY CHARGE area on the meter
face {indicated by 12A) shows that internal
battery is charged sufficiently for proper instru-
ment operation. (Option 01, 001 only.)

Figure 3-1.

Front Pane! Features
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REAR PANEL

L TR U AT TR R 2 A T ——

INPUT.

Additional input connector {(wired in
parallel with front panel connector) Supplied as
Option 02, 002 for 415E, only upon request.

RECORDER. Rear panel recorder output fur-
nishes an output (rom 0 to 1 volt de with internal
resistance of 1000 ohms and provides & con-
venient means of obtaining a permanent record of
measured data. Any recorder with an impedance
of 1000 ohms or greater may be used. Recorders
with lower than 1000 ohms impedance will load
down the output giving a lower than true reading.
For proper operaticn, the recorder output ground
{(BNC shell) must be connected to a floating
ground.

AMPLIFIER OUTPUT, The rear-panel amplifier
output furnishes an output for 0 to 0.8 volt rms
into an impedance of 10K chms or greater. The
Mode! 415E will supply up to 126 dB of voltage

%

AMPLIbILA
OurrurT

P PR Y T AT T T b e e

™

118/210¥ 210% 48 440~
iva maAl

L e it i Aoy

gain. For proper operation, the ground terminal
(black) must be connected to a floating ground.
With the EXPAND switch set to NORM, a full-
scale meter reading will result in a 0.3 volt rms
output signal, and a minimum scale reading (10
dB) will result in approximately 0.02 Vrms. With
the EXPAND switch set to any poslition except
NORM, a full-scale meter reading results in a 0.8
volt rms output and a minimum scale reading (2
dB) results in 2 0.5 volt rms output signal. A zero
input signal results in a 0 volt output signal.

LINE.
ceptacle,

Three-conductor ac power cord re-

o FUSE. Contains power line fuse {1/16 amp).

1/16A. Slide switch to allow 115- or 230-volt ac
operation.

Figure 3-2. Rear Panel Features
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amplifie‘r. The FREQ (frequency} contrel allows a
total variation of 7% of the center tuned ‘fre-
quency. ‘When more than one Model 415E is in-
cluded in the same measurement setup, the vari-
able tuned frequency is used to set all the instru-
meénts to ‘the exact frequency modulating the
source. The high sensitivity and narrow band-
‘width of the amplifier make the Model 415E

valuable as » meter-indicating null detector for

dudio frequency bridges. The BANDWIDTH
adjustment varies the tuned filter bandwidth from
15 to 130 Hz. A narrow bandwidth is best for
low level signals as this improves the signal to
noise ratio. A wide bandwidi: would find more
use in fast sweep rate measurements.

SWR MEASUREMENT EQUIPMENT AND
TECHNIQUES

Equipment

3-1b.

3-16.

3-17. A typical setup of equipment used in SWR
measurements is shown in Figure 3-3. The signal
source is usually square-wave modulated at 1000
Hz since other modulating waveforms often cause
undesirable frequency modulation of the source.
Harmonics from the source sometimes cause
trouble and can be eliminated with a low-pass
filter.

3-18. The detector should be a square-law device
(output voltage proportional to RF power input}
such as a barretter or a crystal diode operated at

wi

HP MODEL 415E

SIGNAL
GENERATOR

OETECTOR LOAD
1 UNDER TEST

BT ™

I
L SLOTTED LINE L

Figure 3-3. Typical SWR Measurement Setup
34
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low signal levels’aThe meter of the 415E is cali-
brated for square-law detectors. Crystal diodes are
normally more sensitive than barretters but bar-
retters are square-law over a wider dynamic range.
Both types of detector normally maintain accur-
ate square-law response up to at least full scale
deflection with the RANGE-DB switch set to the
30 dB position and coarse GAIN at maximum. {1
mVrms since wave of 2.2 mV peak-to-peak square
wave causes full scale deflection on HIGH XTAL
IMPED position. On other positions of INPUT
switch, 0.1 mVrms sine wave or 0.33 mV peak-to-
peak square wave causes fullscale deflection.)
Above this level these detectors should be indi-
vidually checked for departure from square-law
behavior or manufacturer’s data should be con-
sulted.

3-19. A short-circuit termination is useful in
establishing reference positions along the trans-
mission line and in measuring transmission line
wavelengths.

3-20. Slotted Line Probe Penetration

3-21. A general rule in slotted line measurement
is to use minimum probe penetration that still
picks up adequate signal to measure. The probe
couples to the transmission line as a shunt ad mit-
tance which increases (disturbing the transmission
line more} as the probe penetrates farther. To
find out whether a given probe penetration is too
great or not, measure SWR, then change probe
penetration and remeasure SWR. If the second
reading is different, the probe is penetrating too
far and loading the transmission line significantly.

3-22. GENERAL TURN-ON PROCEDURE

3-23. Figure 34, General Turn-On  Procedure,
gives the turn-on procedure prehminary Lo mak-
ing either SWR or power measurements. Do this
procedure before proceeding to measurements.
Scale functions are also indicated on Figure 3-4.
Familiarity with these functions is necessary be-
fore making measurements.

3-24. USE OF CRYSTAL DETECTORS

3-25. The input impedance of Model 415E must
always be higher than the outpui or source im-
pedance of a bolometer or crystal detector con-
nected to the INPUT connector (see paragraph
4-21 for discussion). For low output impedance
devices, such as 100 to 200 ohm detectors use
415A XTAL IMPED/LOW switch position. For
high output impedance devices, such as HP
Models 420B, 423B, 424B, or 786D, use 415E
XTAL IMPED/HIGH position. If improper input
impedance is selected, the crystal detector may
depart from square-law for which 415E is cali-
brated. Paragraph 3-27 gives method of checking
and calibrating a detector for square-law response.
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Operation

§ TURN-CN PROCEDURE . o,

SCALE FUNCTION
EXPANDED 4B
EXPANDED SWR
NORMAL SWR (LOW)
NORMAL SWR(HIGH)

NORMAL dB

o Set POWER switch to OFF. Meter pointer
should rest at 2 on the 0 to 2 dB EX-
PAND scale (if not, refer to paragraph
5-10 and mechanically zero meter).

o Set POWER switch to LINE/ON (or
BATTERY/ON]}.

NOTE

If set to BATTERY/ON refer to
paragraph 3-5 and check battery
potential.

o Set INPUT to desired input impedance.
See Specifications for details.

CAUTION

Do NOT switch to BIASED XTAL or
BOLOMETER when using a crystal
that does not require bias. The crystal
may be damaged.

o Connect audio source to INPUT (i.e.,
crystal detector, bolometer, audio oscil-
lator, ete.).

AdijSt modulation frequency of input sig-
nal to approximately 1000 Hz,

Adjust RANGE-DB, GAIN, and VER-
NIER controls and the amplitude of the
input signal for a convenient meter refer- .
ence near mid-scale. RANGE-DB indicates:
gain, not attenuation.

Adjust FREQ -control for maximum meter
pointerYJeflection. '

Adjust BANDWIDTH control: fully
counterclockwise rotation is minimum
bandwidth and fully clockwise rotation is
maximum bandwidth.

NOTE
A narrow bandwidth is usually
best for low level signals; 30 Hz
is convenient for most CW ap-
plications; and & wide band-
width is usually best for fast
sweep-rate measurements.

Figure 34. General Turn-On Procedure

3.6
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MEASURING SWR

TOP CENTER
SCALE SCALE

1. Set EXPAND switch o TO NORM.

2. Adjust slottedline carriage for a maxitnum (lo
the right) SWR Meter deflection. Change RANGE.DB

switch o and CAIN controls 9, o if neces-
sary, to maintain an on-scale meter Indication.

3. Adjust GAIN VERNIER control @) for a SWR
Meter indication of 1 (upper numerals on center scale).

4. Adjust sliottedline carriage for a minimum (to
the left) SWR Meter deflection.

a. For SWR between 1.25 and 3.2 read upper
numerals on center scale.

b. For greater resolution of SWR less than 1.25,

(1) Set NORMAL-EXPAND switch o to 0
dB.

BOTTOM
SCALE

{2) Adjust slotted-line carriage for a maximurm

meter indication. Adjust GAIN VERNIER control
for a SWR Meter indication of 1.

(3) Adjust slotted-line carriage for a minimum
{to the lef) meter deflection. Read SWH on lower
numerals of top scale.

c. For SWR greater than 3.2 (meter indication to
left or off scale),

{1) Rotate RANGE-DB switch o one posi-
tion clockwise and read botitom numerals on cenler
scale,

(2) It SWR indication is greater than 10:1
(meter indication off scale to left) rotate RANGE.DB
switch o one more position clockwise, read upper
numerals on center scale, and multiply reading by ten.

If meter indication is still off scile to the
left, rotate RANGE-DB switch o one more position

clockwise and read lower numerals on center scale
{SWR 32 to 100).

Figure 3-5. Measuring SWR

3-6
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3-26. CHECKING SQUARE-LAW RESPONSE

3-27. Increase the power level to the crystal
detector by known incremen \Qng/not.e detector
response on 416E. :

NOTE 7 /

A deviation in square-law reponse
may be due to excessive RF power
to the crystal detector (see operating |
literature for specified response char-
acteristics of crystal detector in
use).*

3-28. SWR MEASUREMENT RRbCEQURE

3-29. Moderate SWR. Refen;to Figure 8.3 for a
typical SWR measurement setup. The scales of
the 415E are calibrated to read standing-wave
ratio directly. Figure 34 illustrates the function
of each individual scale. Refer to Figure 3-5 for
further operating information.

v

3-30. High SWR. High standing wave ratios
(greater than 30, or sometimes 10) present prob-
lems because’of excessive probe penetration (to
lift the minimum above the nqise level) and de-
parture of detector behavior from square-law.
Both problems are lessened or eliminated by
measuring only the standing wave pattern near
the voltage minimum, where probe loading effects
are least disturbing.

3-31. Twice-Minimum Power Method. The basis
for this method {and the Ten-Times Minimum
Power Method) is the fact that for a high SWR,
the standing wave patiern approximates a parab-
ola in the vicinity of a voltage minimum. The
slotted line carriage must have a good scale or
dial indicator. Measure the distance (A X) between
positions on the standing wave pattern where the
voltage is 3 dB above the voltage at the mini-
mum. Also measure the transmission line wave-
length Ay (standing wave pattérn minima are one-
half wavelength apart and the sharp minima re-
sulting from shortcircuiting the transmission line
are easy to locate accurately}). Compute the SWR
from the followinF' formula:

SWR = Ag/naX

3-32. Ten-Times Minimum Power Method. An-
other convenient level above minimum method to
use for computing SWR is a level 10 dB above
minimum. The separation (AX) between these
positions should be put in the following formula:

SWR = 3g/maX

For standing wave ratios as low as 15 to 1, the
accuracy of this method is within one percent.

*For further information, see “Microwave Meagursmenia by
Edward K, Ginzton, pp 142-3, McGraw-Hill Book Co., N.Y.C.

QOperation

“

3-38. SWR Measurement-Sources of Error, Sev--
eral possibilities have already been mentioned:
excessive frequency modulation of source (smears
out sharp, deep nulls of high SWR pattern),
harmonics of signal frequency from source, de.
parture of detector from square- -law behavior, and
excessive probe penetration. Also reflects in the
transmission line between the slotted line and
device being measured must be minimized.

334, POWER MEASUREMENT PROCEDURE

3-35. The 415E 'will measure only relative power
and voltage since the gain of the 4156E can be
adjusted by the GAIN control. Fxgure 3-8 shows
a typical test setup for measuring attenuation.
The 416E may be used for high-resolution inser-
tion-loss measurements by inserting the device to
be measured between the signal source and the
detector while ‘noting the change in dB indi-
cation. The continuous coverage of the EXPAND
scales allows any attenuation measurement to be
made to greater resolution on the EXPAND scale,
For accurate results, both the singal source and
the detector should be well matched. Impedance
match of source and detector can be improved
with padding attenuators, isolators, or tuners (CW
only). Gain can be measured in a slmila.r manner
by, inserting the device to be measured in place of
the attenuator.n Figure 3-6. To measure loss or
gain refer to Figure 3-7.

3.36. SYSTEM ERRORS

3-37. Errors occur when making measurements
on lower 415E ranges due to noise. For con-
venient reference, a graph (Figure 3-8) is shown
to allow correction to the meter reading for any
given measurement. To use this graph, make a

-

i

e
HP MODEL 41%E
SIGNAL
SOURCE
D ® @
[ [ ‘ Q o

IMPEDANCE MATCH
&-— HERE
e

ATTENUATCR @&+—@ DETECTOR

Figure 3-6. Attenuation Measurement Setup
3-7
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l.t MEASURING POWER i

N
The Model 415E will measure only relative power, not absolute power, since the gain of the 4156k
1s adjustable. To measure gain or loss refer to Figures 3-3 and 3-4 and then proceed as follows.

1. Set EXPAND switch o to NORM. meter mdication. Do Not ouch GAIN controls
| . . 1f the meter needle 1s off scale, ro
2 With the detector (see Figure 3.6) con- tate RANGE-DB  switch o until meter
nected directly to the signal source, set meter needle comes on-scale.
indication to a reference reading on the
bottom scale by means of the GAIN controls 4. Add, algebraicaily, the difference be-
0‘,'9. ' tween the two readings and the difference
\ between the two RANGE DB switch o set-
3. Connect the device to be tested between tings. This sum 15 the gain or loss aof the
_the signal source and the detector and read measurement
/ Figure 3-7. Measuring Power (1 of 2}
3-8




Model 415E

Operation

EXPAND Scales

5. With EXPAND switch @@ set to

NORM, read the meter needle on the bottom

scale. Determine in which 2-dB segment

8 j.e., 0to 2dB, 2to 4 dB, 4 to 6 dB, 6 to
8 dB or 8 to 10 dB, the needle lies.

6. Rotate EXPAND switch @ out of
NORM and to the lowest dB reading of the
2-dB segment determined in step 5.

7. Read the meter needle on the top scale
and add the setting of step 6 to the observed
value. When reading expanded scales the right
end-scale value will be the same as the setting

MEASURING POWER

The expand scales erpble you to expand any 2-dB sector of the normal scales to the full width of
the meter scale for greater resolution. To use the expan?ed meter scales proceed as follows: -

-

4

in st%p 6 and the left end-scale value will be-2
dB higher,

Examples: Vo
NORM
Bottom EXPAND Top
Scale = Switch +| Scale
Reading Reading Reading
1dB 0dB 1dB
3 dB 2 dB 1dB
5dB 4 dB . 1dB
7 dB 6 dB 1 dB
a9 dB 8 dB 1 dB

Figure 3-7.

¥
signal measurement, then turn RF power source
off or disconnect detector from RF source and
note average meter reading due to noise. The dif-
ference between these two readings is used to
obtain the proper correction factor from Figure
3-8. For example, assuming an average noise level

MEASUREMENT ERROR (DB)

2 4 3 ] 0 12
SIGNAL PLUS NOISE MINUS NOISE ALONE {DB)

Figure 3-8. Meter Noise Correction Curvel

Measuring Power (2 of 2)

7

v
v

of 9.6 dB and a measured signal level of 3.5 dB,
the difference is 6 dB. Refer to Figure 3-8, where
6 dB corresponds to an error of 0.1 dB. This cor-
rection factor is always added to the measured
signal. Hence, 3.5 + 0.1 = 3.6 dB, corrected

meter reading. \

3.38. MODEL 415E NOISE FIGURE™ ./ |

3-39. Figure 3-9 illustrates a typical value of
Noise Figure that would be encountered in a
Model 415E. The following example of Model
415E noise figure measurement is presented to
illustrate the particular cunsiderations that must
be made to calculate instrurnent noise figure,

a. Calculate the meter indication when a 5000
ohm resistor is connected as a source, assuming
the Model 415E is noiseless (0 dB noise figure),

b. Any excess indication!of 415E meter is
then one-half its noise figure.

c. Calculation example:

1. Assume 415E with controls set for the
following conditions, XTAL IMPED HIGH (input
impedance 200K), 1 uVrms sine wave at input
causes full scale deflection (0 on 0 to 10 dB
scale), 130 Hz bandwidth at 3 dB points (1.5 dB
points on Model 415E meter which is calibrated
for square-law. Noise equivalent bandwidth is »/2
times 3 dB bandwidth.)

3.9
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9 INPUT SELECTOR AT HIGH
3 . _IMPEDANCE PGSITION

NOISE FIGURE

1250 2300 3000 10K S0g
IOHMS == |

SOURCE | MPEDANCE (R,)
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T 7

o WBUT SELECTOR AT LOW
‘ IMPEDANGCE POSITION

NOISE FIGURE

25 30 w00 200 400
{OHMS —= |
SOURCE (MPEDANCE (A}

Figure 3-9.  Noise Figure Curves

o
A

2. The open-ircuit noise voltage across a
5000 ohm jesistor at 295" K {22°C) in a band-

width of (130 times n/2) Hz is as follows:

Vn =2 \/ffﬁ

" Model 415E

Va=2v (138 x 10-17) 295 (130 x n/2) (5000)
Vh=0129 x 10-% pvolts = 0,129 uV

3. The 0.129 uV open circuit voltage is
reduced to 0.126 uV by the 200K ohm input Ye-
sistance of the 415E which is assumed to be
noise{efs. ' )

4. 0.126 .V is 18.0 dB below 1 uV but
square-law calibrated meter of the 415E, set as
above, would indicate one-half of 18 dB or 9.0

. dB below full scale. Also, since the 415E meter is

average-reading and calibrated to read rms value
of a sine wave, it reads 1.05 dB below the rms
value of Gaussian noise. Therefore, the 413E
reads one-half of 1.05 dB or 0.525 dB less than
9.0 and the 416E would read 9.525 dB with a
5000 ohm resistor conpeécted to the input as
described. Hence, a 7.525 dB (9.525 + 2) meter
reading indicates a 4 dB noise figure.

3-40. SPECIAL APPLICATIONS

3<41. The Model 415E is equipped with outputs
which allow applications other than as a meter
indicating device for SWR or attenuatfon.

3-42. The Mode! 415E 1s especially useful as a
tuned amplifier in a measurement setup using an
oscilloscope and a sweep oscillator. Sweep speeds
may be increased (over the speeds using a ratio
meter in a refllectometer system) and the Modei
415E, used as a high gain amplifier, provides the
required sensitivity.* The AMPLIFIER OUTPUT
{ACY 18 often more useful for this purpose than
the RECORDER OUTP (DC) since the DC
output s filtered to redute ripple and 1ts re-
sponse is too slow to make full use of maximum
bandwidth.

|

3.43. On extreme sensitivity oscilloscope  set-
tings, the 1000 Hz frequency of the 415E may
feed through, obscuring the true wndication. A
1000 Hz filter s needed in this case, as shown In
Figure' 3-10. This filter should be installed be-
tween the output amphifier QL2, Q13, and the
Adfpower switch assembly. Note that the 1 uF
capacitor €26 15 A3C26 on the A3 circuit hoard.
it replaces a 6.8 uF capacitor. Also note addi-
tional 50 uF capacitor across the meter to
smooth out any nipple.

*See HP Appheation Note 65

-
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Principles of Operation

SECTION IV
PRINCIPLES OF OPERATION

ﬁl. GENERAL

4-2. The 415E is a highgain tuned amplifi
which tgkes an input from a bolometer, crystal,
or any audio source, amplifies it and applies it to

¢t
4

At

a meter calibrated for use with squarelaw detec-
tors. With bolometer or biased crystal operation,
the Model 415E supphes the appropriate bias cur-
rent. Figure 4-1 is a block diagram which illys-
trates instrument operation. {Refer also to the

Figure 4-1.

INPUT }
AlSI
I T v (O[RANGE-DB .
‘ ' o
INPUT ' ' ATTEN INPUT FINE 2™aTTEN 2™ EXPAND
>——te—a._toe{ RANGE AMPLIFIER [ GAIN  |=—{ RANGE |+ AMPUFIER [~ ATTEN |—
T A28 A3Q1-Q4 ; CONTROL A2sl A305-Q6 A252
(O [VERNIER L
INPUT COARSE .
TRANS GAIN o
T CONTROL -
i - 7 .
- t
O - )
1 e $R3
[ 4 —I ; P e £100K
D Il - - - - 3
IL - e BANDWIDTH | §¥ A3R3 4
i b NORM L I0K1
. - [ i
/ .
N
Wi 1 w
L ! O [EXFARD ) Y
LR ) i e Y
' :
I, & ‘. \“/ I
i I FINAL AMPUFER |
ER AMPLIFIER A308/09
A3O0-13
e o Tu
\
NOTES ! AJgLNtE?ER
DARK LINES REPRESENT AC SIGNALS { A3QT
FLOW PATH WHILE LIGHT GRAY LINES AMPLIFIER
REPRESENT HC SUPPLY AND SIGNAL —< DUTPUT .
FLOW PATH : 5
f - e <[ Sl \

Block Diagram
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Principles of Operation

schematic diagrams, Figures 5-10 and 5-11 which
fold out of the manual for easy reference.

4-3. INPUT CIRCUITS

4-4. The input voltage is first routed through
INPUT switch, A1S1. In the HIGH position it is
applied directly to the first section of the range
attenuator, A2S1. When the INPUT switch is set
to any other position'but HIGH, the input signal
passes through transformer T1 whose turns ratio
provides a 50 tg 1 impedance transformation,
converting a 50 t& 200 ohm source to 25600 to
10,000 ohms (which is the range of best noise
figure for the INPUT AMPLIFIER).

4-6. Range Attenuator

4-6. The signal from AlSl is fed to the first
section of the RANGE-DB switch, A2S1, and
then to the input amplifier. The second section
of A2S1 is located between the input amplifier
and the second amplifier. The RANGE-DB switch
positions are marked in 10 dB steps.

4-7. Input Amplifier

4-8. After passing through the first section of
the range attenuator, A2S1, the signal goes to the
input amplifier (A3Q1/Q2/Q3/Q4) which consists
of four transistors in cascade. The input signal is
applied to the base of A3Q1 and the final ampli-
fier signal iy taken from the collector of A3Q4.
The GAIN dnd VERNIER controls are associated
with this amplifier and vary its gain over a range
of more than 10 to 1. GAIN control R1, the
coarse control, is 8 260K ohm variable resistor
which adjusts the amount of negative feedback
from the collector of A3Q4 to the emitter of
A3Q1. VERNIER control, R2, is a fine gain con-
trol and changes gain by inserting 0 to 5000
ohms in series with the output signal.

4.9, Second Amplifier

4-10. Transistors A3Q5 and A3Q6 amplify the
signal from the second section of the range atten-
uator. AC feedback provides gain stability and
high input impedance. The output of the ampli-
fier is applied through the EXPAND attenuator
A252, to the third amplifier A3Q8 and A3Q9.

4-11, Expand Circuit

4-12. THe function of the EXPAND switch
A2S2, is to allow any signal level to be measured
on an expanded scale with continuous coverage
while maintaining the original reference level.
Expansion is accomplished by applying a precise
amount of DC-offset current from A3Q17 to the
meter and simultaneously increasing the signal to
the third amplifier. This increased gain allows a 2

4-2

Model 415E

dB change in signal level to deflect the meter
across its full scale. The offset current places the
zero signal indication off scale to the left.

4-13. FREQUENCY SELECTIVE CIRCUITS

4-14. The frequency response of the third ampli-
fier, A3Q8 and A3Q9, is shaped by negative feed-
back. The feedback path includes a Wien-bridge
and amplifier A2Q7. At the null frequency of the
Wien-bridge, the negative feedback path is open
*and the gain of the amplifier is maximum. Off

center-frequency the negative feedback through—

the Wien-bridge reduces gain. The amount of the
off” resonance gain reduction depends on the
setting of the BANDWIDTH control, R3.

4-15. The Wien-bridge is adjusted for a sharp
null at center frequency with BRIDGE STABIL-
ITY ADJUST A3R29. Actually, this control is set
for a very slight bridge unbalance to produce just
enough positive feedback so that signal current to
the base of A3Q8 is supplied mainly by A3Q7.
Thus, ab resonance, negligiblgesignal current flows
through BANDWIDTH contfdl, R3, and gain is
independent of its setting. Center frequency is set
by varying resistors R4 and R56 (these resistors
are ganged and comprise the front paneli FREQ
control).

4-16. FINAL AMPLIFIER

4-17. The output amplifier consists of four tran-
sistors. The two output transistors, A3Q1l2 and
A3Q13, operate us a push-pull class B amplifier
with both cellectors AC grounded. The emitters

' of these transistors are tied together and the AC

amplifier output is taken from this point through
a coupling capacitor, A3C28. Large negative feed-
back makes the gain of the outputAsfoplifier very
nearly unity. The® AC output voltage is developed
across resistor S3R51: the current through
A3R51 is supplied by A3Q12 and A3Q13 con-
ducting, one at a time, on alternate half cycles
(Class B operation) and the output signal sine
wave is a composite of this half-cycle operation.
In addition, the collector current of A3Q12 can
drive the meter directly. No rectifier diodes are
needed. This meter driving current is filtered by
capacitor A3C26 and passes through the meter
and a 1000 ohm resistor, R6, to develop a DC
voltage for the recorder output.

4.18. G‘ROUND LOOPS

4-19. The grounding technique used in the 415E
consists of an input connector ground, a circuit
board ground, and output connector grounds,
These are floating grounds that are tied together
and isolated from chassis ground except for a
46.4 ohm resistor, R7, and a 0.05 uF capacitor,
C1, connecting ground and chassis. A solid con-

LS

.
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nection to chassis-orearth ground permits
troublesome ground loop currents to flow causing
erroneous instrument operation. For this reason,
connecting grounded instruments to the 415E
output connectors can cause erroneous readings.
Most recorders and oscilloscopes that might be
used with the 415E outputs have differential
inputs available with neither side grounded (see
paragraph 3-11),

4-20. INPUT IMPEDANCE

4-21. The Model 415E is designed to have an
input impedance much higher than that of any
crystal detector or bolometer normally used with
it. This results in lower noise figure and the high-
est possible input signal to the 41BE. For ex-
ample, with the 416E INPUT switched to LOW,
the input impedance is approximately 2000 ochms
while the output or source impedance of a
bolometer is approximately 200 ohms.

4-22. This high input impedance effectively
nearly doubles the output voltage of a source
compared with an amplifier which matches the
source resistance. It should be emphasized that
the transformer turns ratic in the 415E is chosen
for lowest noise figure rather than to match
impedances.

4.23. INPUT BIASING

4.24. When the 415E input switch is set to one
of the biased positions $XTAL IMPED/BIASED,
or 4.5 MA or 8.7 MA), a bias source is connected

series with INPUT connector. An emitter fol-
ldwer, A1Ql, in this bias current provides bolom-
eter protection by limiting transients when a
bolometer or crystal detector is connected or
disconnected. Three calibrated levels of bias are

Principles of Operation

available: 1 ‘volt into 1000 ohms (XTAL IMPED/
BIASED), or 4.6 ma and 8,7 ma into 200 ohms,
selected with the INPUT switch, Al1S1. These
bias levels are set within t3%, by adjusting the
DC voltage potential of the sositive power supply
with resistor SSRb64. A single adjustment suffices,
since one percent resistors accurately determine .
the ratios between the three bias levels. The posi-
tive DC voltage is typically 13.2 volts DC but
may be as low as +12 volts 1)C or as high as +14
volts DC for proper adjustmet t,

4.25. POWER SUPPLY

4-26. The regulated power supplies are fed by
either an internal battery, BT1 (Option 01, 001
instruments only), or a conventional AC supply
consisting of transformer T2 and rectifier diodes
A3CR4 and AJ3CRS5. The power supply must
provide two regulated outputs: +13 volts and
—1.71 milliamperes offset current. The voltage
reference diode A3CR10 (temperature compen-
sated by diodes ASCR7 and A3CR8) and transis-
tor A3Q17 form a constant-current source to
provide the offset current. The voltage reference
diode A3CR10 and transistor A3Q16 form a
shunt-type regulator maintaining a nominal —7.5
volts.

4-27. In the LINE/ON position, ‘about; 3 ma
trickle charge is supplied through A3R62 to the
battery BT1 (Option 01, 001 only). U the
POWER switch is set to BATTERY/ON position,
battery current passes through diode A3CR6 to
the regulators. The BATTERY/CHARGE position
allows recharging of the battery by placing
A3R32 and A4R2 in parallel. About 20 ma to 30
ma then flows to the battery depending upon the
charge ;,condition of the battery.

4-3/44
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Maintenance

* SECTION V
’ *MAINTENANCE

5-1. INTRODUCTION

5-2. This section provides instructions for per-
formance testing, calibrating, troubleshooting and
repairing the SWR Meter.

6-3. PERFORMANCE TESTING

5-4. Purposa. The procedures listed in Table
5-2 check 416E performance for incoming inspec-
tion, periodic evaluation, calibration, and trouble-
shooting. The tests can be performed without
access to the instrument interior. The specifi-
cations of Table 1-1 are the performance stand-
ards.

5-5. Test Equipment Required. The test instru-,
ments and accessories required to make the per-
formance checks are listed in Table 5-1. Test
instruments other than the ones listed can be
used provided their performahce equals or ex-
ceeds the Minimum Required Specifications.

5.6. Isolating Attenuator. In order to obtain
accurate results when checking the Model 415E,
it is necessary to maintain some attenuation
between the source and the INPUT to compen-
sate for a source impedance different from the
calibrated attenuator used. The attenuator recom-
mended for test and adjustment and performanceé
testing has an impedance of 50 ohms. Therefore,
a 5 to 10 dB, 50 ohm attenuator is suggested to
be placed between the oscillator and the attenua-
tors used in the test setup (Table 5-2). If a sep-
arate attenuator is not used, then one of the
Model 355 Attenuators may be left in the setup
set to 5 or 10 dB, or use an impedance matching
transformer.

5.7. CALIBRATION
5-8. General

5.9. The following procedures outline the adjust.
ments necessary to calibrate the Mode! 415E. The
actual adjustments should be made only when it
is determined that the instrument is not operating
propetly. To determine proper performance, see
Table 5-2. If the instrument fails to meet any of
the given limits or indications, refer to the
troubleshooting paragraph 540 for possible
causes and corrective action. This procedure is
sequential to some extent. The bias supplies
should be set before any attempt to adjust the
amplifier. Also check the mechanical meter ad-

justment before checking any indication on the
Model 415E meter.

NOTE

To avoid errors due to possible
ground loop currents isolate the
Model 415E from ground used for
other messuring instruments, It may
be necessary to use adapters to un-
ground all instruments except the
Model 4156E, :

5.10. Mechanical Meter Adjustment

6-11. When the meter is properly adjusted, the
pointer rests over 2 on the 0 to 2 dB scale, when
the instrument is (1) at normal operating temper-
ature, (2) in its normal operating position, and
(3) turned off. Set the pointer as fo to ob-
tain best accuracy and mechanical stability.

NOTE

If meter pointer " adjustment is
changed, EXPAND tracking (para-
graph 5-16) must be checked and ad-
justed, if necessary.

a. Tumn igstrument off.- ™

b. Rotate mechanical zero-adjustment screw
clockwise until meter pointer is to left of 2 (on
the 0 to 2 dB EXPAND scale) and moving to the
right toward 2.

c. Continue to rotate adjustment screw clock-
wise; stop when the pointer is exdctly on 2. If
the pointer overshoots 2, repeat steps b and c.

d. When the pointer is exactly on £, rotate
the adjustment screw approximately 16 degrees
counterclockwise. This is enough to free the ad-
justment screw from the meter suspension. If the
pointer moves during this step, repeat steps b
through d.

5-12. Bias/Power Supply Adjust

6-13. This adjustment sets the bias supply cur-
rent and voltage levels which are supplied to the
INPUT connector for use with bolometers or

iased crystal detectors. This adjustment is ac-
c %‘%hed by adjusting the potential of the posi-
tive power supply to an optimum value, The
positive DC power supply is typically set to +12
volts or as high as +14 volts DC.

6-1
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Table 5-1. Recommended Test Equipment (1 of'2)
Instrument Recommended
Type Minimum Required Specifications USE/Check Model
Audlo Osclilator \F‘nquency Rang';: 400 to 2500 Hz All  Performance HP 200CD

Distort less than 1%

e

Accuracy, t3%
Outpuaxo volts Into 600 ohms
n

Tests

Ele‘;tronlc Frequency Range: 400 to 2500 Hz Frequency and HP 5512A (or
Counter Accuracy: %1 count $0.01% Bandwidth 5212A)

AC Voltmeter Voltage Range: 0.1 to 1 volt Sensitivity  and HP 400H
Accuracy: t1% of full scale Nolse
Frequency Range: 400 to 2500 Hz
Input Impedance: 10 megohms "

DC Voltmeter Voltage Range: 10.1 to £30 volts Sensitivity and HP 412A ({or
Input Impedance: 10 megohms Noise and Gen- 3440A with

Bandwidth: Adjustable from 40 kiz
to 400 kHz
Sweep Time:
msec/cm
Input:  AC coupled, floating (non-
grounded)

0.2 msec/em to 5

t roubleshooting

Accuracy: £1% of full scale eral Purpose 3443A plug-in)
Circuit Vollage
Checks
Attenuator Vari- Range: at least 130 dB in 10 and } EXPAND and HP 355C Iand
able dB steps RANGE atten- 355D, with
Accuracy: Calibration must be uator accuracy calibration
" known to $0.02 dB for 1 dB steps error chart
to t0017 dB fdr first 20 dB step, /
$0.03 dB for second 20 dB step, /
and $0.06 dB for subsequent 20 dB
steps.
s
Feed-Thru Termi- Value: 5000 ochms Naoise Shielded body:
nations Accuracy: 10% HP 11523-600
N Resistor:
HP 06835125
Value: 100 ohm Noise HP 10100B
Accuracy: 10% (10100B)
Value: 50 ohm EXPAND and HP 10100A
Accuracy: 10% RANGE atten-
¢ uator accuracy
. Oscilloscope Vertical Sensitivity: 0.2 mV/cm up General purpose HP 140A (osci-
to 20 Viem check and lloscope  with

HP 1420A
{time base plug-
in) and HP
1400A  (differ-
ential amplifier
plug-in)

Adapters and
Cables

BNC Femaleto-Female Adapter (one
required)

All Performance

HP 1250-0080-9
(UG-814/UN)

BNC td Dual Banana Adapter Post All Performance HP 10110A
{two required)
Male-to-Male BNC 50 ohm cable (one Bandwidth HP 10502A
required} :
5-2
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i
Table 5-1. Recommended Test Equipment (2 of 2)
Instrument ‘ Recommended
T?(pe . Minimum Required Specifications +  USE[Check Model
Dual Banana+o-Dual Banana Plugs on ;| All performance “HP 11000A
2-50 ohm cable (one required) checks
Dual Banana-to-BNC Male (two re- Performance HP 110C1A
quired}
Straight-through Voltage Probe (thin, (General purpose HP 10026A
flexible probe with small push but- use with oscil-
ton pincer jaws). Shunt capacity of loscope
150 pF - terminated in shielded
dual banana piug.
a. Remove top and left side covers. d. Turn 415E on and set INPUT switch to

b. Connect a dual banana plug-to-male BNC  ghou13 pe between 1.80 and 1.68 volts DC

connector. Connect a 200 ohm resistqr between st ti : : o
terminals of dual banana plug and connect to :;.c e;ssaays,tla(da_]el‘les E?:&elg-;n)?d: with veriable reyis

INPUT.

BOLOMETER/8.7 MA. The DC voltmeter rea?g :
If

c¢. Connect a DC voltmeter across the 200 e. Switch 415E INPUT switch to BOLOM-
ohm resistor. ETER/4.6 MA. The DC voltmeter should read
L {
'S .
400H
ELECTRONIC COUNTER AC VOLTMETER

L1 [

200CD
AUDIO OSCILLAT

AI1SE
@ _ 355¢C 3880 !

ATTENUATOR ATTENUATOR
© O |

at
Sal A AN T\ e —
?’éE FE‘T‘SLE 30 Ok Posrrowmw
FEMALE FEED- THRU € :9’
BNC TERMINATION

-Figure 5-1. Test Setup
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Table §-2. Performance Tests (1 of 5)

1. SENSITIVITY: 0.15 pVrms at maximum bandwidth (1 zVrms on HIGH\xpedance erystal

input):
Procedure N Readings
a. Connect equipment as shown in Figure Min . Actual Max

5-1 (omit 365D attenuator),
0.15 Vrms

b. Set 415E to NORM, 0 dB, LOW, ON,
with GAIN, VERNIER, and BANDWIDTH 1.0 Vrms
controls full clockwise.

¢. Set audio oscillator to 1000 Hz.

d. Adjust 415E FREQ to peak meter w
(needle to right).

e. Adjust oscillator output for 0 dB 415E
meter reading.

1

| f. The AC voltmeter should read 0.15 volt
i rms or less. (This corresponds to a sensitivity
of 0.15 uV rms or greater on 60 dB range).

A g. Switch 415E INPUT to HIGH and adjust
- oscillator output for 0 dB 415E meter reading.

h. The AC voltmeter should read 1.0 volt
ruis or less. (This corresponds to a sensitivity
of 1.0 uV rms or greater on 80 dB range.)

2. NOISE. At least 7.5 dB below full scale at rated sensitivity and jmaximum bandwidth with
inp&terminated in optimum source jmpedance.

Procedure Readings

a. Connect equipment as shown in Figure Min Actual Max

5-1 {omit 355D from setup).
(High) ~7.2 dB

b. Set 415E to NORM, 0 dB, HIGH and
ON with GAIN, VERNIER, FREQ and BAND- (Low} —7.5dB
WIDTH controls full clockwise.

c. Set 355C to 0 dB and tune oscillator to
peak 415E.

d. Adjust oscillator output for 1.0 Vrms,
AC voltmeter reading.

e. Adjust 416E GAIN for 0 dB meter read-
ing and remove connections from 416E.

{. Connect special 5000 ochm feedthru term-
ination to INPUT (see Procedure 6 of this
table).

5-4
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Table 5-2. Performance Tests (2 of 5)

g- Set 416E RANGE-DB to 60. The average
noise level indicated by meter pointer should
be at least 7.5 dB down from 0 on the 0 to 10
dB scale.

h. Switch INPUT to LOW and repeat steps
b and c above,

i, Adjust oscillatot output for 0.5 Vrms AC ™
voltmeter reading.

J. Adjust 415E GAIN for 0 dB meter read-
ing and remove connections to 415E.

k. Connect Model 10100B feedthru termi-
nation to INPUT.

m. Repeat step g above. The average noise
level should be 7.5 dB down from 0 on 0 to .
10 dB scale.

3A. RANGE ACCURACY: 10.05 dB/10 dB step; maximum cumulative error +0.10 dB

Procedure Readings
a. Connect 415E as shown in Figure 5-1 :
(omit counter and AC voltmeter). . Min Actual Max
f r
b. Set 415E to ON, LOW, 0 (RANGE-DB), 9.95 dB 10.05 dB
0 (EXPAND), with GAIN full counterclock-
wise. : 19.9 ,dB 20,1 dB
¢. Set 355C to 5 dB and 355D to O and 29.9 dB : 30.1°dB
adjust oscillator frequency for peak 415E .
meter reading. 39.95 dB : 40.06 dB
d. Adjust oscij]ator output and 415E VER. '
NIER for 1 dB meter reading on 0 to 2 dB 49.9 dB 60.1 dB
scale. 59.9 dB 60.1 dB

2. Switch 365D to 20 dB and 415E
RANGE-DB to 10. The 415E meter reading
should be 1.0 t0.05 dB (see Note 1).

f. Switch 355D to 40 dB and 415E to 10.
415E should read 1.0 t(0.1 dB.

g. Switch 355D to 60 dB and 415E to 30.
415E should read 1.0 t0.1 dB.

» h. Switch 355D to 40 dB and set 415E
GAIN control' to minimum. Adjust oscillator
for 1.0 reading on 415E meter. Switch 415E
to 40 dB and 355D to 60. 415E should read
1.0 £0.1 dB. -

i. Switch 355D to 80 dB and 415E to 50.
415E should read 1.0 :0.1 dB.

j- Switeh 355D to 100 dB and 415E to 60.
415F should read 1.0 +0.1 dB.

6-6
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Table 5-2. Performance Tests (3 of 5)

38. EXPANDED RANGE ACCURACY: Maximum ¢umulative error between any twoe 2 dB steps:
. #0.05 dB accuracy on any { to 2 dB scale: tP.O -dB

Procedure: Readings
a. Set 415E as in steps a and b of proced- Min Actual Max
ure 3A above.
: 0.48 dB : 0.62 dB
b. Set 355D to 10 dB and 356C to 0 dB.
(See Note 1.) 0.98 dB -~ 1.02dB
c. Aﬂust oscillator output and 416E VER- 1.48 dB 1.52 dB
NIER fdt 0 dB meter reading on 0 to 2 dB )
scale. 1.98 dB 2.02 dB
/ d. Switch 355C from 0 to 4 dB in 1 dB 1.956 dB 2.056 dB
steps. The Model 415E meter reading should
be as given below: 3.95 dB 4.05 dB
Model 365C Model 415E 5.85dB ~ 6.056dB
1dB 0.&:0.02 dB 7.95 dB 8.05 dB
U
2 dB 1.0 £0.02 dB . F)
3 dB 1.5 +0.02 dB "
4 dB 2.0 :0.02 dB

J e, Change 355C to 0, adjust 200CD for
416E reading of 1.0 on 0 to 2 dB scale.
Change EXPAND to 2 and 355C to 4. The
Model 415E should indicate 1 t0.05 dB on 0
to 2 dB scale.

[. Change 355C to B dB and EXPAND to
4. The 415E should read 1 £0.056 dB.

g. Switch 356D to 20 dB and 355C to 2
dB and EXPAND to 6. The 415E should read
1 £+0.05 dB.

h. Switch 355C to 6 dB arid EXPAND to
8. The 415E should read 1 t0.05 dB.
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Table 5-2. Performance Tests (4 of 5)

4. INPUT FREQUENCY: 1000 Hz, adjustable 7% (+35 Hz)
A

Procedure Readings

a. Connect equipment as shown in Figure Min Actual Max
5-1 {omit 355D and AC voltmeter from setup). .
1020 Hz - -
b. Set 355C to 10 dB.

‘ - — e 980 Hz

c. Set 416E to LOW, ON 0 (EXPAND),
with GAIN, FREQ and VERNIER full clock- Actual Actual Diff
wise,

d. True oscillator to peak 415E (meter
needle to right). Record counter reading. '
Difference = >70 Hz

e. Turn FREQ full counterclockwise.

f. Tune oscillator to peak 415E. Record
counter reading. The difference between the
recorded frequency readings of steps d and f
must be at least 70 Hz and 1000 Hz must fall
between the two frequencies.

5. BANDWIDTH: Variable 15 to 130 Haz.

Procedure Readings

a. Connect equipment as shown in Figure Actual — Actual = Difference (<15 Hz)
5-1 (omit 355D and AC'voltmeter).

#+ —_—

b. Set 415E to LOW, ON, NORM, 0
(RANGE-DB), with GAIN and VERNIER full Actual — Actual = Difference (>130 Hz)
cilockwise.

¢. Turn BANDWIDTH full counterclock-
wise.

d. Tune oscillator to peak 415E,

e. Switch 415E EXPAND to 0 and retune
oscillator to be sure that 415E is peaked at \ i
center frequency. ,

f. ‘Adjust GAIN control for a 0 dB meter
reading.

g. Tune oscillator slightly off tuned fre-
quency causing meter reading to drop to ex-
actly 1.5 dB and record counter reading.

h. Tune oscillator back to tuned frequency
and then off to other side of tuned frequency
causing meter reading to drop to exactly 1.6
dB. Record ¥ot

Thoky g
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Table 5-2. Performance Tests (5 of 5)

Model 415E

i. The difference between the readings of
steps g and h should be 15 Hz or less.

j. Tune BANDWIDTH full clockwise and
retune oscillator for peak 415E meter reading.

k. Repeat steps f, g, and h above.
m. The difference between the recorded

frequency readings, this time, should be 130
Hz or greater.

for part numbers).

6. SPECIAL 5000 OHM FEEDTHRU TERMINATION: In order to measure the 415E operating
noise level, a special load must be used to terminate the INPUT in its optimum source impedance.
For the LOW impedance INPUT, the HP Model 101E)OB (100 ohms} should be used. For the HIGH
impedance INPUT, a special 5000 ohm termination must be built as detailed below (see Table 5-1

cedure

a. Refer to cut away view to left. Unscrew
male BNC and lockwasher from housing by
using a 3/8-inch open-end wrench and holding
housing either in a vise or with gas pliers.

NOTE

If gas pliers are used housing
should be protected with tape or

heavy paper.

b. Solder 5000 ohm :10% 1/4W resistor to
BNC.

c. Let resistor cool, then check resistance
from male BNC pin through resistor; resistance
measured should be t10% that indicated by
the coding.

d. Replace lockwasher and male BNC.
e. Check resistance from male-to-female

BNC center conductor; resistance should be 0
or a few tenths of an ohm,

NOTE

RESISTORY

LOCK Wa SHER\

=1 NN

ONTACT SPRING

NEil

MALE 8NC
1230 - 0095

SOLDER THESE
POINTS

® LESISTOR VALUE: 30,100, OR 3K OHM AS REQUIRED
NOTE: ENTIRE ASSEMBLY MiNUS RESISTOR IS AVAIL ABLE

AS 11523-800.

,
The attenuators used for checking 415E RANGE and EXPAND attenuators must be
calibrated and an error chart used. Calibration requirements are given in Table 3-1.

LOCK WABHER

I |

FEMALE BNC
1250-023%1

HOUSING
3020-321%

5-8
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between 093 and 0.87 volt DC. If necessary,
adjustment is made with AJRb54.

f. Remove 200 ohm resistor from adapter and
replace with a 1000 ohm 1% resistor. Switch IN-
PUT switch to XTAL IMPED/BIASED. The DC
voltmeter should read between 1.03 and 0.97 volt
DC. If necessary, adjustment is made with
AJR54.

/

g. Since one adjustment sets the bias level for
all three of the bias supplies, measurement steps
d, e and f must be repeated after any adjustment
is made,

h. Remove DC voltmeter leads from 415E
INPUT connector and measure DC potential at
BATT + terminal of 415E circuit board assembly
{circuit board socket and terminals are located
beneath instrument top cover). DC potential
should be between +12 and +14 volts (typically
+13.2 volts DC).

NOTE

For all DC voltage measurements,
voltmeter common lead should be
connected to black terminal of rear
panel AMPLIFIER QUTPUT connec-
tor. This is instrument ground.

5-14. Stability Adjust

5-15. This adjustment sets the 415E so that a
change in operating bandwidth will not affect any
meter reading by more than 0.5 dB.

a. Turn 415E on and set as follows:

INPUT . . . . oo HIGH
RANGE-DB . . . . . . .. .. .. 0dB
EXPAND . . . . . .. ... . NORM
GAIN . . . . .0 full CW
BANDWIDTH . . . .. . .. .. full CW
FREQ . . . . .. approximately centered

b. Connect an audio oscillator to the INPUT

of 415E and adjust the output frequency and.

amplitude for & nearly fullscale reading.

¢. Adjust 415E FREQ control to be sure that
instrument is' tuned to center frequency of input
signal (maximum meter pointer deflection toward
right side of instrument}.

d. Switch EXPAND switch to 0 and using the
GAIN control, set a reference of 1 on the 0 to 2
dB scale.

e. Turmm the BANDWIDTH from fully clock-
wise to fully counterclockwise and retune. The
meter reading change should not be more than
0.5 dB.

f. If the change in.meter reading is greater
than 0.5 dB, adjust A3R29 (see Figure 5-9) and

Maintenance

repeat step e until the meter reading change is
less than 0.5 dB.

6-16. Expand-Normai Adjust

5-17. The meter, M1, requires a special offset-
current supply when using an EXPAND switch
setting other than NQRM. This current supply
provides the zero reference signal to the meter
and is adjusted as follows:

.

a. Perform steps a j"th'rough d of Procedure 3B
in Table, 6-2. .

b. If the meter tracking error is greater than
t0.02 dB, adjust A3Rb57 (see Figure b-9) and
repeat measurement until meter tracking error is
less than +0.02 dB.

5-18. REPAIR AND REPLACEMENT

5-19. Certain procedures and precautions must
be {ollowed when repairing or replacing any com-
ponent of the Model 415E. Most of the amplifier
and power supply circuit components are located
on the etched circuit board. Instructions for
working on the etched circuit board are summar-
ized in paragraph 5-20. Always disconnect the AC
or battery power before replacing or soldering
any parts. Instruction for removal and replace-
ment of switches is detailed in paragraph 5-27.

5-20. ETCHED CIRCUITS

5-21. The etched circuit board in the SWK
Meter is of the plated-through type consisting of
metallic conductors bonded to both sides of in-
sulating material. Soldering can be done from
either side of the board with equally good results.
Table 5-3 lists required tools and materials. Fol-
lowing are recommendations and precautions
pertinent to etched circuit repair work.

a. Avoid unnecessary component substitution:
it can result in damage to the circuit board and/
or adjacent components.

b. Do not use a high-power soldering iron on
etched circuit boards. Excessive heat may lift a
conductor or damage the board.

c. Use a suction device (Table 5-3) or wooden
toothpick to remove solder from component
mounting holes. Do not use a sharp metal obfect
such as an awl or twist drill for this purpose.
Sharp objects may damage the plated-through
conductor,

d. After soldering, remove excess flux from
the soldered area and apply a protective coating
to prevent contamination and corrosion. See
Table 5-3 for recommendations,

5-9




Maintenance

Table 6-3. Etche

rcuit Soldering Equipment

Model 415E

tion components {e.g.,

0
Item _Use Specification Item Recommended
Soldering Tool Soldering Wattage Rating: 37.5W Ungar No. 776 Handle with
Usoldering Tip Temperature: 750 — Ungar No. 1237  Heating
800°F Unit
Tip Size: 1/8 inch OD
Soldering Tip, Soldering Shape: chisel Ungar No. PL113
general  pur- | Unsoldering Size: 1/8 inch
_pose
De-soldering aid | Unsoldering multiconnec- Suction device to remove | Soldapuilt by the Edsyn

molten solder from connec-

Company, Arleta, Calif.

ing

tube sockets) tion
Resin (flux) sol- | Remove excess Mux from Must not dissolve etched circuit | Freon
vent soldered area before ap- base board material or con- | Acetone
plication of protective ductor bonding agent Lacquer Tlunner
coating. Isopropy! Alcohal {100% dry)
Solder Component replacement hoin (flux) core, high tin con-
, Circuit board repalr teny  (60/40 tin/lead), 18
Wiring gauge (SWG) preferred
Protective Coat. | Contamination, cv.rosion Good electrical insulation, cor- | GE  Dri-Film 88, General
ing protection after solder rosion-prevention  properties Electric  Co., Silicone

Products Dept, Waterford,
N.Y.

b

5-22. Component Replacement

a. Remove delective component from circuit
board.

b. Remove solder from mounting holes using
a suction desoldering aid (Table 5-3} or wooden
toothpick.

c. Shape leads of replacement component to
match mounting hole spacing.

d. Insert component leads. into mounting
holes and position component as original was
positioned. Do not force leads of replacement
component into mounting holes. Sharp lead ends
may damage plated-through conductor.

NOTE

Axial lead components, such as resis-
tors and tubular capacitors can be
replaced without unsoldering. Clip
leads near body of defective com-
ponent, remove component and

& straighten leads left in board. Wrap
leads of replacement component one
tum around original leads. Solder
wrapped commection and clip off
excess lead.

5-10

5-23. Etched Conductor Repair. * A broken or
burned section of conductor can be repaired by
bridging the damaged section with a length of
tinned copper wire. Allow adequate overlap and
remove any varnish from etched conductor before
soldering wire into place.

5-24. Transistor Replacement

a. Do not apply excessive heat. See Table 5-3
for soldering tool specifications.

b. Use a heat sink such as pliers or hemostat
between transistor body and hot soldering iron.

c. When installing a replacement transistor,
ensure sufficient lead length to dissipate heat of
soldering by maintaining about the same length
of exposed lead as used for original transistor.

5-25. Diode Replacement

5-26. Solid state diodes are in many physical
forms. This sometimes results in confusion as to
which lead or connection is for the cathode (neg-
ative) or anode (positive), since not all diodes
are marked with the standard symbols. Figure 5-2
shows examples of some diode marking methods.
If doubt exists as to polarity, an ohmmeter may
be used to determine the proper connection. [t is

»




Model 514E

DIQDE SYMBOL

ANQDE —im e CATHODE

1 |
i g

carnooe/ H

T A
\\CATHOD:::i‘-J

CA‘I’HODE

Figure 5-2. Examples of Diode Marking Methods

necessary to know the polarity of the ohm lead
with respect to the common lead for the ohm-
meter used. {For the HP Model 410B Vacuum
Tube Voltmeter, the ohm lead is negative with
respect to the common; for the HP Model 412A
DC Vacuum Tube Voltmeter, the ohm lead is
positive with respect to the common.) When the
ohmmeter indicates the least diode resistance, the
cathode of the diode is connected to the ohm-
meter lead which is negative with respect to the
other lead. “

NOTE

Replacement instructions are the
same as those listed for transistor
replacement.

5-27. Switch Repair or Replacement

'5-28. The EXPAND and RANGE switches are
on the same assembly, as are the GAIN and
VERNIER controls. These assemblies, along with
the POWER switch and the INPUT switch, may
be removed by first taking off all instrument
covers and using the applicable instructions which
follow.

Maintenance

5-29. Gain/Vernier. Refer to Figure 5-3 and the
schematic diagrams for component identification
and location.

a. Loosen setscrews in knobs and remove
from shaft.

b. Loosen and remove shaft nut from front
panel.

c. Pull assembly back and out of instrument
removing lock washer and grounding lug from

shaft. Also remove white GAIN/VERNIER in-
struction plate from front panel.

d. Unsolder cannecting wires. Mark each to
indicate whigh lugs to resolder wires to.

e. Replacement is reverse of removal.

5-30. RANGE-DB/EXPAND. Refer to Figure
5-3 and the schematic diagram for component
identification and location. :

a. Loosen setscrews in knobs and remove
from shaft.

b. Loosen and remove shaft nut from front
panel.

¢. Loosen the BANDWIDTH potentiometer to
allow the switch assembly to be pulled free of
the front panel.

d. Unsolder connecting wires. Mark each to
indicate which lugs to resolder wires to.

e. Replacement is reverse of removal.

5-31. INPUT. Refer to Figure 5-3 and the
schematic diagrams for component identification
and location,

a. Loosen setscrews in knob and remove from
shaft.

b. Loosen and remove shaft nut from front
panel,
¢. Pull switch assembly free from front panel

and unsolder connecting wires. Mark each to in-
dicate which lugs to resolder wires to.

d. Replacement is reverse of removal.

5-32. POWER. Refer to Figue 5-3 and the
schematic diagrams for component identification
and location,

a. Loosen the two nuts holding circuit board
in place and remove circuit board from instru-
ment.

b. Loosen setscrews in knob and remove from
shaft.

511
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Model 41HE

Figure 5-3. Switch Component Location

¢. Loosen and remove shaft nut from front
panel.

d. Pull switch mssembly free from front panel
and unsolder connecting wires. Mark each to i
dicate which lugs to resolder wires to.

e. Replacement is reverse of removal.

5-33. Maintenance of Options 01, 001 and 02
002

5-34. Operating instructions for Model 415K in-
struments With Option 01, 001 (internally in-
stalled battery) and/or Option 02, 002 {rear panel
input connector) are found in Section IIl. Para-
graph 1-6 explains what is covered by these two
options. Installation and removal instructions are
given in the appendix at the rear of this manual.

5-36. CHANGING OPERATING FREQUENCY

5-36. In general, the frequency of the 415E can
be changed over a range of 400 Hz to 2500 Hz

6-12

with no degradation of performance. Operation at
frequencies from about 300 Hz to 10 kHz can be
achieved with some loss of gain and a poorer
noise figure. Note also that the attenuator of the
415E is precisely calibrated only at 1 kHz; this
calibration should hold up to 10 kHz. However,
it is possible that some inaccuracies of the ex-
tremely precise attenuator may occur. Changing
the frequency of the 415E SWR Meter is rela-
tively simple. Refer to Figure 5.-11. This sche-
matic contains the frequency determining bridge
of the 415E.

5.37. For small changes of the center frequency
(+25%) it is possible to change only the value of
A3R34 and A3R33. The values of these two re-
sistors are equal and are selected so that the
correct frequency occurs when FREQ control R4
is in the center of its range. To make it easier to
select precise values, the printed circuit board has
mounting holes to connect two resistors in par-
allel for each of A3R33 and A3R34. In this way,
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padding resistors can be used to make the precise
values required.

5-38. For larger frequency changes, it will also
be necessary to change the values of A3C16 and
A3C19. The frequency is inversely proprotional
to the value of these capacitors. For a frequency
of 10 kHz, change the value of these capacitors
from 0.01 4F to 0.001 4F. Use 1% mica capaci-
tors; this is important so that the capacitors will
be matched. If capacitors with poorer tolerances
are used, try to select a pair with identical capaci-
tances, Select new values for A3R33 and A3R34
to trim the frequency to the exact value.

5-39. The e of A3C18 must also be changed
to optimize thh' amplifier feedback for the new
frequency. Thel value of this capacitor for a JO
kHz bridge uency should be about 180 pF. A
10% mylar £apacitor is suitable for this capacitor.

540. TROUBLESHOOTING
5-41. Locatjpg Trouble

5-42. Always start locating trouble with a
thorough visual inspection for burned-out or
loose components, loose connections or any con-
ditions which suggest a source of trouble. Check
the fuse to see that it is not open.

5-43. [f trouble cannot be isolated to a bad

component by visual inspection, the trouble '

should be isolated to a circuit section. Isolation
to a circuit section can be accomplished by using
the waveforms (Figures 54 through 5-7) and
using the front panel performance tests {Table
5-2).

5-44. Power Supply Trouble

545. Correct operation of the power supply is
vital to proper operation of the SWR Meter.
Noise or variation in the regulated voltages causes
erratic ingtrument operation. Noise or variation in
the offset current supply causes erratic Qpétat.ion
when the 415E is used for expanded operation
(i.e., EXPAND control set to any position other
than NORM). Refer to paragraph 4-25 for a dis-
cussion of power supply operation.

5-46. Component Trouble Isolation

5-47. The following procedures and data are
given to aid in determining whether a tfansistor is
operational. Tests are given for both in-<circuit

1
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and out-of-circuit transistors and should be useful
in determining whether a particular section
trouble is due to a faulty transistor of an asso-
ciated component.

5-48. In<Circuit Testing

5-49. The common causes of transistor failures
are internal short- and open-circuits. In transistor
circuit testing the most important consideration is
the transistor base-emitter junction. Like the
control grid of a vacuum tube, this is the opera-
tional control point in the transistor. This junc-
tion is essentially a solid state diode. For the
transistor to conduct, the diode must conduct;
that is, the diode must be forward biased. As
with simple diodes, the forward bias polarity is
determined by the materials forming the junc@on.
Use the transistor symbol on the schematic dia-
gram to determine the bias polarity required to
forward bias the base emitter junction. If the
transistor base-emitter diode (junction) is forward
biased the transistor conflucts. If the diode is
heavily forward biased, the transistor saturates.
However, if the base emitter diode is reverse
biased the transistor is cut off {open). The volt-
age drop acrods a forward baised emitter base
diode varies with transistor collector current. For
example, a germanium transistor has a typical for-
waftd bias, base emitter voltage<of 0.2 — 0.3 volt
when collector current is 1 — 10 ma, and 0.4 —

0.5 volt when collector current is 10 — 100.ma. 4

In contrast, forward bias voltage [or silicon
transistors is about twice that for germanium
types; about 0.5 — 0.6 volt when collector cur-
rent is low, and abeut 0.8 — 0.9 volt when col-
legtor current is high.

v
5-50. When examining a transistor stage, first
determine if the emitter base diode is biased for
conductor (forward biased) by measuring the
voltage difference between emitter and base.
When using an electronic voltmeter, do not meas-
ure directly between emitter and base; there may
be sufficient loop current between: the voltmeter
leeds to damage the transistor. Instead, measure
each voltage separately with respect to a voltage
common point (e.g., ghassis). If the emitter base
diode is forward biased, check for amplifier
action by short-circuiting base to emitter while
observing collector voltage. The short-circuit elim-
inates base emitter bias and should cause the
transistor to stop conducting (cut off). Collector
voltage should then shift to near the supply
voltage. Any difference is due to leakage current
through the transistor and, in general, the smatler

/
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this current, the better the transistor..lf collector CAUTION
voltage doef not change the transistor has either / Most ohmmeters can supply enough
. . . . /
an emitter collector shor’t__-c_:__xrcult or emitter base current or voltage to damage a tran-
?pen-cucmt. e . sistor. Before using an ohmmeter to
. ! : measure transistor forward or reverse
" 561. Out-ofCircuit Testing Q- \ resistance, check its open-circuit volt-

age and short-circuit current output
on the range to be used. Open-circuit
voltage must not exceed 1.5 volts
and short-circuit current must be less
than 3 ma. See Table 5-5 for safe
, resistance ranges for some common
1 ohmmeters.

. 5-52. e two common causes of transistor
“. _ failuré internal short- and open-circuits.
Remove the transistor from the circuit and use an
ohmmeter to measure internal resistance. See
Table 5-4 for measurement data. '

Table 54. Qut-of-Circuit Transistor Resistance Measurements

T TR T A P g e .

Connect Ohmmeter
Measure
+ Positive Negative Resistance
Transistor Type Lead to Lead to {Ohms)
emitter base*# 200 — 250
8mall Signal ¥
- . emitter collector 10K — 100K
PNP Germanium ey
. emitter base* 30 - 50
Power
emitter collector several hundred
base emitter 1§ - 3K
Small Signal bl
collector emitter very high (might
\ read open)’
NPN Silicon
’ base emitter 200 — 1000
Power
collector emilier High, often
greater than
IM
+To test for transistor action, add collector-base short. Measured resistance should decrease.

4
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Table §5-5. Ohmmeter Ranges for Transistor Resistance Measurements -
R
¢ — Lead
\ Safe Open Circuit Short Circuit .
Ohmmeter Range(s) Voltage Current Color | . P_olu'ﬂ;y
HP 412A Rx 1K 1.0V 1 ma *
Rx 10K 1.0V 100 pa Red +
HP 427A R x 100K 1.0V 10 pua Black -
\ Rx IM 1.0V 1pa
! Rx 10M 1.0V 0.1 La
HP 410C Rx 1K 1.3v 0.57 ma
Rx 10K 1.3V 57 ua
R x 100K 1.3V 5.7 ua ed ¢
Rx 1M 1.3v 0.5 ua A -
%x 10M 1.3v 0.06 pa
L
HP 410B R x 100 1.1V 1.1 ma
Rx 1K 1.1V 110 pa
Rx 10K 1.1V 11 a Black +
R x 100K 1.1V 1.1 pa Red S
Rx 1IMe 1.1V 0.11 ua
Simpson 260 R x 100 1.6V  lm Red - +
. Black -
Simpson 269 Rx 1K 1.6V 0.82 ma Black +
' : Red =
Triplett 630 R x 100 1.5V '3.25 ma Varies with serial number
! Rx 1K 1.5V 325 ua »
Triplett 310 Rx 10 1.6V 750 ua
R x 100 1.5V 15 ua
7T
(
n,
L :
/ L}
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’ .‘h
XA3 PIN 7 XA3 PINS
IMV P-P - I,3MV P-P
{BANDWIDTH RN —-24VDC

4OKHZ, SWEEP:- {SWEEP: SMSEC/CM)

SMSEC/CM)

XA3 PIN 6 XA3 PIN
1.3MV P-P 763 p,_p4
-24vDC +14vDC

(SWEEP: 5MSEC/CM {SWEEP: 5MSEC/CM

:33 ;n; 3 XA3 PIN |
. BMV PP
; +14VDC -12.8vDC
(SWEEP:SMSEC/CM} (SWEEP: SMSEC/CM
;:'%p.PNpg il )Z(A'i PIN 9
- IMV P-P
+13.2vDC  —12.8vDC

{SWEEP: SMSEC/CM | (SWEEP: SMSEC/CM

\ 5
MEASUREMENT CONDITIONS (unless otherwise noted)®

a. Model 415E set to HIGH, NORM, RANGE 0, BANDWIDTH clockwise, FREQ centered,
GAIN and VERNIER counterclockwise, LINE/ON.

b. Model 140A with 1420A and 1400A set to 0.2 msec/cm, AC, 400 Hz, and appropriate
vertical sensitivity.

¢. Model 200CD oscillator set to about 1000 Hz, and for 0 dB Mudel 415E meter reference.
d. Model 412A DC voltmeter set to appropriate range.

*All measurements made with respect to 415E common (black terminal rear panel AMPLIFIER
OUTPUT connector).

Figure 54. Power Supply Waveforms (AC Operation Only)
5-16
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L]

XA3 PINS

i 0.6MV PP
{ BANDWIDTH: 40'KHz) {~13vDC)

{ BANDWIDTH: 40 KHz)

XA3 PIN 6 ﬁ% ‘;'.';‘:4

WI'; z—vPDc ¥ +3.2/0C

- 1e. BANDWIDTH: 4 0KHz;
(BANDWIDTH:40 KH2) ¢ 9

SWEEP: BMSEC/AM)

-~

XA3 PIN3

{
xas ot €
P L)

IMV P-P . e 0.8MV P.
+13.2vDC ' & —12,6VDC
(BANDWIDTH: 40 KHzZ; {BANDWIDTH: 40 KHz;
SWEEP: SMSEC/CM) SWEEP: IMSEC/CM)

XA3 PIN 2

. 0.8MV p-pP
+13.2vDC
{BANDWIDTH:40 KHz,
SWEEP. IMBEC/CM)

MEASUREMENT CONDITIONS (unless otherwise noted)*

a. Model 415E set to HIGH, NORM, RANGE 0, BANDWIDTH clockwise, FREQ centered,
GAIN and VERNIER counterclockwise, BATTERY/ON.

b. Model 140A with 1420A and 1400A set to 0.2 msec/em, AC, 400 Hz, and appropriate
vertical sensitivity.

c. Model 200CD oscillator set to about 1000 Hz, and for O dB Model 415E meter reference.
d. Model 412A DC voltmeter set to appropriate range.

*All measurements made with respect to 415E common (black terminal rear panel AMPLIFEIR
OUTPUT connector).

Figure 5-5. Power Supply Waveforms (Internal Battery Operation Only)
517




Mainténance Model 415E .
. " N y

1000 CPS gf\asuslg _tp'r

g‘ap\? TP.SAGNAL 40KHZ BANDWIDTH
: +2.6V0C

XA3 PIN 21 XA3 PIN 16

3TNV P-P iTOMY P-P

/

PR/

XA3 PIN
IOMV P-P
' }
Ao e B xa3 PIN B

+2.6vDC 8 0.9V P-P

)ﬂ

MEASUREMENT CONDITIONS (unless otherwise noted)*

a. Model 415E set to ON, HIGH., NORM, RANGE 0, BANDWIDTH clockwise, FREQ centered,
GAIN and VERNIER counterclockwise. {

b. Model 140A with 1420A and 1400A set to 0.2 msec/cm, AC, 400 Hz, and appropnate
vertical sensitivity.

c. Model200CD oscillator set to about 1000 Hz, and for 0 dB model 415E meter reference.
d. Xodel 412A DC voltmeter set to appropriate range. '

#All measurements made with respect to 416E common (black terminal rear panel AMPLIFIER
OUTPUT connector).

Figure 5-6. Signal Flow Waveforms {Input to Amplifier OQutput)
5-18
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sensitivity.

OUTPUT connector).

,a“_;- K
AMPLIFTER
oUTPUT
2.5V P-p °

(EXPAND: O)

»

RECORDER
QUTPUT
T2MY P-P
+1.0vDC

XA3 PIN 18
0.28v P-P
+1.4vDC

XA3 PIN 14
0.25%V P-P
+1.4vDC

MEASUREMENT CONDITIONS (unless otherwise noted)*

a. Model 415E set to ON, HIGH, NORM, RANGE 0, BANDWIDTH clock\;."ise, FREQ centered,
GAIN and VERNIER counterclockwise.

b. Model 140A with 1420A and 1400A set to 0.2 msec/cm, AC, 400 Hz, and appropriate

c. Model 200CD oscillator set to about 1000 Hz, and for 0 dB model 415E meter reference.

d. Model 412A DC voltmeter set to appropriate range.

*All measurements made with respect to 415E common (black terminal rear panel AMPLIFJER

§ (40KHZ BANDWIDTH)

RECORDER
QUTPUT
0.2V P-P
+1.0vDC

(EXPAND: O}

AMPUFIER
UTPUT
.9V P-P

’

XA3 PIN I3
3.8MV P-P

+1.1vDC

XA3 PIN 12

0.6MV P-P
{BANDWIDTH 40 KH2)
+1.1vDC

Figure 5-7. Meter and Output Woveforms
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1

5.

0.

Reslstance in chms, "K" indicates thousands ol ohms and ""M" indicates millions of ohms.

Capacitance in microfarads unless otherwise indicated, “pf" indicates micro-microfarads.

/
O

rTT
W ——

el

"NOM" indicates positive DC power supply voltage is nominai and may vary lrom nominal
value by t1 vdc (see Paragraph 4-24 INPUT BIASING).

O

14

screwdriver adjustment
panel gontrol

ol

rear panel designation

front panel designation
4

circuit assembly borderline
A
switch assembly outline

CW indicates movable contact position at clockwise rotation limit of control
shalt (shaft viewed [rom knob or slotted end).

indicates socket connections of plug-in assembly

indicates plug-in socket pin number

!

Voltage regulator (breakdown) diode.

encloses wire color code, Wire color code same as resiator code. First
aumber identilies ground color, second number identifies wider strip, third
number Identifies narrower strip. E.g., denotes white ground, yellow
wide atripe, violet narrow stripe.

520
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Figure 5-9 A3 Circuit Board Component Location for instruments Prefixed 545

and up.

See Appendu ! for Component Location of Instruments Prefixed 530-.
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|

F @D yoas

(PINIT)

REFERENCE DESIGNATIONS

NO PREFIX | Al ASSY A3 A3SY
Al-4 MCI-C3 A3CI-8,30-33
At AICRI A3CRI 2, 4-10
Ci-4 AlQ ANGI-4, 1417
psi AIRI-7 AJRI-16, 52-60
£y , AlS)

34, 43,J8 A2 ASSY A4 ASSY
R1,2,61,62 |AZRI-8 AAR|,2

$1 AZ%1 A4SI

T, T2

y

+ 13V REG (NOM)

A4 POWER SWITCH

—

{PART 3

T ok |

’

OF 31}

~
~ §i

TC AIR3

. 4'" "‘;'J'\f'}“l"
";,,fw'” "“f.i* GRS
BET

— TO A252

]

NQOYES:
. SEE FIGURE 5-9

Figure 5-10. Power Supply end Input Circuit
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AMP
>4

CD!ELTI@
| @
[£]

LE@ |

A2 RANGE/

EXPAND ASSY
(PART 4 OF 4}

-

TN | awpLiFiER |
1

e

A4 POWER SWITCH ASSY
IPART | OF 4)

FROM FROMW
BT —» BT| —a
POSITIVE — 4 NEGATIVE — —
»
REFERENCE DESIGNATIONS
NQ PREFIX A2 ASSY A} ASSY
A2-4 A2RS -6 AMIC-29
42,4 A2352 A303-13
i A3ICAY
R3-T A4 ASSY AJMRIT-3|
A4R3 4
A454
/
i e - )

1.71 MA YO
AV(PIN T)
O, )
hY
R& ¢ J4
L
k@D -=—~
[ {ﬂECORDE;}
RT 4 it
464}
=

Figute 5-11. Qutput and Meter Circuit
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SECTION VI

Replaceable Parts |

»
L]

REPLACEABLE PARTS

6-1. INTRODUCTION

6-2. This section contains information for order-
ing replacement parts. Table 6-2 lists parts in
alpha-numerical order of their reference desig-
nators and indicates the description and HP part
number of each part, together with any applic-
able notes. Table 6-2 alsu provides the following
information on each part:

a. Description of the part (see list of abbrevia.
tions, Table 6-1).

b. Typical manufacturer of the pdrt in a five-
digit code; see list of manufacture‘in Table 8-3.

c. Manufactirer’s part number.

d. Total quantity used in the instrument (TQ
column).

s

6-3. Miscellaneous parts are listed at the end of
Table 6-2.

64. ORDERING INFORMATION
6-5. To obtain replacement parts, address order
or inquiry to your local Héwlett-Packard field
office (see list at rear of this manual for ad-
dresses). Identify parts by their Hewlett-Packard
part numbers.
6-6. To obtain a part that is not listed, include:
i '

a. Instrument model number,

b. Instrument setial number.

c. Description of the part.

d. Function and location of the part.

6-1°

i-
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Replaceable Parts
Table 8-1. Reference Designators and Abbreviations
7
- REFERENCE DESIGNATORS
A = sssxmbly F = fuse P = plug I v = vacuum tube,
B = motor FL = Filter Q » transistor neon bulb,
BT = battery J = jack R = resistor . photocell, etc.
[ +] = cupacitor K = relay RT = thermlstor VR = voltage
. cr * goupler L = inductor K] = pwitch regulator
CR = diode LS a Joud speaker T = transformer w = cahle
DL = delay line M = meter T8 = terminal board X = pocket
D3 » daevics sgnaling {lamp) MK = micyophons by = test point Y = crysial
E = mise electronic MP = mechanical part U = integrated circuit FA = tuned cavity,
! - network
. ABBREVIATIONS
A = amperes H = hearies NIG = normally open RMO = rack mount only
A¥C = sutomatic fysquency HDW = hardware NOM s pominal RMS = root-mean suare
control HEX = hexagonal NPO = negative positive RWY = ravearse working
AMFL = amplifier HG - mercury zero (zaro tem- voltage
\ HR » hour(s) perature coel- s-B = glow-blow
BFO = baat frequency oecilla- Ha = Herta NPN ficleal) gcu - porew
tor = negative-positive E = selenlum
BECU = beryllium coppar r = intermediate freq nesgative SE = section{s)
=;l = binder head :;‘lcl’g - lh:mhd NRFR = ?otfr!clsmmlnded gIEMICON = semiconductor
= bandpass s [negndescent ot field re- = gilicon
BRS-, = bram INCL = |neclude(s) placement SIL = gilver
BWO “ = backward wave oscilla- INS = Insulation(ed) NSR = pot separately SL = glide
tor INT = internal replaceabls PG » spring
SPL = gpecial
cCw Soch osD = order b = Stainle
CER . cmm'ﬁc i K = kilo = 1000 :":"'P:“'“ g.:r - fpln ﬂn': e
CMO = cabinet mount only OR = oval head STL = steel
ggar = coelficlent LY = laft hand ox = oxide
. " common LIN = linear ta
COMP = composition LK WASH = lock wasner P ok eweun TA : tantatum
COMPL = complete LOG = jogarithmic Laper PF = pleofarads = 10°12 ;gl. : time delay
CONN = connector LPF = low pass filter farsds THD - toggle
cr = cadmium plate PH BRZ = phosphor bronze tread
L ]
g:r'r m“’;?’ fube M milli = 10°3 PHL = ghﬂm" ;IOL - :f:;':’:::-
- - - -
8 PV = peak Inverss TRIM -
DEPC = deposited carban =:'? FLM : ::S"‘ﬂﬂ voltage TWT - ::::""l‘l:l; wave
DR = drive nn‘ ox - meull‘h: oxide NP = :::::-nmtm- tibe
. FR * manuiacturer
- el MH - P/O » pan of
:;“%i; - 'ml"tlmmui " mul,\'r - :::ll.:\{;:‘x POLY = polysitrens H = micro = 1078
EXT = external MOM = momentary FORC - parceluin
. MOS = metalized POS = positionis) VAR ~ variable
» farsds substrate POT = potentiometsr VDCW = dc working v
rd = flat head :30 = mounting ll:"l" pa :;lu-:;'-o'wll ‘
FILH ~ Filister head = “mylar™ .
PWY = peak working voitt W/ = with
rxXp = fixed 'Y -
age walty
. - vl w -
o - giga (109) NiC o e chosed AECT = rectifier v e invers
ax = germanium - RF = radio frequancy -
NE neon ww wirewound
gkn . "'”'m,,,,(,,, N1 PL = nickel plate RH - mr:dhf;;d or WwI0 = without
‘ '
{
:
v
\
»
o
1
6-2
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Tabie 6-2. Replﬁceable Parts

_Replaceable Parts

Mfr
Reference lHP Part Number| Qty Description M¢r Part Number
Designation Coda
1
Al c0al3-401 1 SHITCH ASSYIINMUT 20480 00415401 ,
AlCl 0180-0104 2 C1FXD ELECT 0 UF 208 &vOCH 28400 GL80-0108 . i
AlC2 Cle0~0143 3 CIFKD MY 0,001 UF 10T ZOOVDCH 4209 192910292-9T3 “J-
ALCY 01 80-0106 CaFXD ELECT #0 Uk 0% &vOCH 20480 0100-0104
aicny 1901-002% 6 DICDE IS ILICON LOONA/LY or1ed 0 1387
AlQl 1094-00 71 12 FSTMISL NPN(SELECTED FAON 2M3TO4) 18480 1854-00T1
ALRL o0T5T-0314 1 RIFED NET FLM 42.2 Ohm 1K L70¢ 28480 0r97-0314
ALNZ 0T 57-0439 2 RsFXD MET FLM ».0LK OHM 13 L/8d taabo QT37-041%
AlRS crsr-ozac . AsEXD MET FLW 1% OKM LE L/ow 28480 071370200
AlRa Q698-0C 84 1 RIFXD MET FLN 2.19K OHAM 18 1/0W 20480 C490-0004
AlRs CI51-04%) 1 RIEXD MET FLA 24,3k QM 1S L/AN 28400 A75T1-0491L L
AlRs 157-0199 . RIFXD MET FLA 21.3% OHM IR L/0W 18420 C 01970199
ALRT TST-0443 1 RIEXD MET FLM 11.0K OHM 1t L/sw 29480 01510443
AiRn 0e98-3432 1 NTFXD MET FLM 147% DHA 1K L/0W 10480 0e08=3492
ALS1 3100~ 1808 1 SHITCHIROTARY sanc 3100-1803 .
F¥) 0041%-602 1 SWITEN ASSYIRANGE 284100 Q0419-402
ARL cote-sile 1 RaFxS FLN 102K ONM 0,258 L7049 [Ty} Gava-alie
A2n2 0498-0109 2 NIFXD MET FLM 18.2K. OMA 0.23% L/8W 0 06v4-410%
A2R) Cava-6111 F] MIFXD MET FLM L.B2K OHN 0.25% L/8W 28440 o4sg-4113
e oe9a-ell2 2 REFXD FLN 202 OMM 0,25 L/0W 28440 0498-4112
ARS c698-610% - RIFKD MET FLN LB.2K OHMM 0.23% L/ow 20420 uu—mlm
A2Re [T TETITE | ASED MET PLM 5,025 OHN 0.235% L/ 28400 4113 \\
aadt Cads-slil 1 RIFXD FLN 102 ONM D.25% L/8W 28480 osn-nu
Azas 98-8110 1 RIFXD FLN 20.2 OWlt 0,253 L/0u 28480 0498-4110
e 98- 3444 2 NIFZD WET FLN 314 OHN IS 176w 28400 0698- 3444
» -
AuL0 0&94-3331 1 REEZD MET PLN T45 OHM 0.5% 1/78W FT Y L] 0498-3531 '
ALl Ca98-3530 1 R:EXD MET FLM 4T0 DHM 0.51 1/0W 28480 0d%8-3330
A2RLZ 0698-3329 1 ALFXD RET ELM 297 OHN 0.93 L/0W 28420 0490-3329
AZNLY ﬁu-uu i NIEXO MET FLN 18T.) OHM 0.3% L/ow 18400 0694~3327
A2uLs \ 99-4112 RIFXD FLN 202 OHM D.258 170 28440 Os98-4112 .
[YLTEY Ca98-344 ) F R1FXD MET FLM 215 OHM LY L/oW 28480 [TL TR TR Y ‘
AMLs P 0e9s-3529 1 NIFX0 MET FLN 110 OHM 0.58 L/ew 20480 0e98-352% &
Al 11501804 1 SHITCHIROTARY 28480 3100~ 1L80e
A3 COAL 5803 1 B0ARD ASSYCANPLIFIER 20400 00415-40%
AL 01e0-015% 1 CIFA0 ELECT 2.2 UF 20T 20vOCM 56289 uoousxoozou-on
.
A3C2 0180-013% ' CtFRD ELECT 2.2 UF 208 XOVDLw 62 8¢ 1900223 R0020A2- VS
A s QLA0~0148 1 C1FXD WMICA 22 PF 3% 18480 0140~0143
AJCh 1L80-DL18 3 C1PRD ELECT 4.8 UF 103 15VDCY Sazav 13004 832901502-0Y3
A3 0140-0139 1 C1FXD MY 0.0033 UF 1O 20AVDEM 6199 192931292973
A3Ca 01%0-0121 H C:FaD CER 0.1 UF +80-208 Bovicw 34289 5C0815-CnL
ajcr 0140-0192 1 CiEXD MICA &% PE 52 28400 0140-0192
Y 0140-02¢7 L CiFXD MICA 330 PP.ST - 28400 a140-0207
A9 aLs0-0139 CiF20 ELECT 2.2 UF 20T 20V0CW [TSTT] 150D2 25X00204 2=07S
43C10 ol s0-2917 3 CoFXD CER 0.0% UF +80~201 100VDC Y all TYPE TA
AN 0L&0-0133 CiFXED MY 0.0C) UF 10X ZoOvOCW 16209 1929 10292-PT3
a3l oleo-za17 CIFXD CEN 0.03 UF- +80-2QL 100 VDCK s4all TYPE 1A .
AL} 0160-01%) CiFX0 MY 0,001 UF 1% 200vOCu 6209 192710292714
AICLA 0l $0-0L Te 1 CsFXD CEA Q.47 UF +J0-2491 23vDCw PT S L) SCLLOTS-CmL
ALY QL 80-01%3 CiFRD ELECT 2.2 UF 20¥0Cw 6189 1350022580020421-0Y3
ASCLe 0ls0-212¢ H cirxo NICA 0.01UF L% 04062 ADAIGFLOIFIC
A3 cilo-o1ss CrFXD ELECT 2.2 UF 20% 20vDCw 56249 L5002 25 KQQ20A2-DY S
ALY 0160-2223 1 C1FID NICA 1400 PF 3% 28400 01a0~2223
AKL9 Cled-2129 CiFXD WICA 0.0LUF 1% 04062 RONIOFLOIF I
A 0140-0149 CiPRD ELECT 2.2 UF 208 ZOVOCW 4209 1500225200 1042-0Y3
43C2) ALao-2917 CIFND CER 0.03 UF +80-20% 100Y0CH saall TYPE T4
IY1+7] 9180-010% . CoFxD ELECT SEMI-POLAMIZED SOUF 23VDGW Sazee 034lls
A 2) CL40-T1Te 1 CiFxD MICA LOO PF 2% 28490 Qle0=01 e
ASC2N 0L40-019% CIFRD ELECT 2.2 UF 208 20vOCH 62 59 1500229 %0020A1-0V%
ALY 31L80-0108 C1FXD ELECT SEMI-POLARIZED SOUF 23VOCW 56204 D341l4
43C2s 0L80-0L1s CtEx0 ELECT 4.8 UF 108 3SVOCH 56289 15004 052903382078
At cLeG-013% CeFRO BLECT SENI-POLARIZED SOUF 25YDCW se2ne 03alle
AN 0140-0i1s CLFXD ELECT #.8 UF 10T I5V0CH a8y 1500645 290358 2-0Y3
A3C29 €180-0109 C1FXD ELECT SEMI-POLARILED 30uF 23vDCM e1a% D3alle
AJCIO 01480-0030 1 CHEXD ELECT 40 UF «73-158 30VOCH 20480 0180-003%0
AL 0140-013%% CrpaD ELECT 2.2 UF ZOS 20VDCM Se2e% 15002 29K002042-0Y%
AN 64 10-0Ces i CtFXD WY Q. 1UF 20X S0WDCW 4411 «01PE STYLE 3
A3 0180-2930 1 CIFXD CER 0.0l UF +80-20% 100VDCMW nalLd T
A 9G1-0029 DICOECSILICON L0OMA/LY 01243 fD 2387
2 01-0028 DIDOE:SILICON LOOMAZLY 071243 FO 2387
ABCA3 1901-0Q2% DIGCEISILICON LoOmasly 072Ny *0 21187
ASCAS 1901~0013 < 2 DIQDEISILICON 100MA 130wy 0T24) FDliee
AMCAS 1991 -0¢33 DICOE:SILICON 1OOMA 1AGHY [3FT%) D349
AN 1901-002% DIDOEYILICON 100MA/ 1Y o128y 70 2347 :
ANCn} 1910-09L 4 ? DIGDE ICEAMANIUN LOONAZ 0. B3Y QP IV a3 Di3sl
AJCAN 1910-0014 DIDDE:GERMANIUN LOOMAJO.83Y 40PIX 1113, D234} \
See introduction to this section for ordering information
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Repiacsatls Parts g Model 415€
. Table 6-2. Replaceable Parts
Reaference . Mfr
HP Part Number| Qty Description Mfr Part Number
Designation Code
ANAY 19¢1-0023 DJOODE 1S ILICON LO00NASLY 1263 D 2387
AMALY 1901-004 8 1 QIODE 1 BREARDONN &.81Y 33 Q4713 SLLOPI9-13a
AN} 14340011 TSTR13] aupnd SELECTED FRCR INITOA) 28480 L834=00T1
A2 1mi-oon L TSTAI3L mPNiSELECTED FROM IN)TO4) 480 1854-007T1
A3 La%e~0oT1L 18T} un[uucun FACA INn3TOA) 28480 18%4-0071
AMGS Ht+0amn TITAIS] RPR{SELECTED PACA IN3T04) 18480 18%4—-0aT1
A% 1854~0071 TSTRIS] NPNISELECTED FRON 2:}1&0 28480 18%400T1
Adde HI+-0oN. TSTRIS1 WPN{SELECTED FRGH In3ITO4) 48 18340071
AT 1834-00T1 TSTRIST MPMISELECTED FROR INM3ITOA) 18440 L834=04aT1
AJQe 1340071 TSTR23) WPni SELECTED FRAOM IK3ITO4) 18480 18%54-00T1
ANy 1830020 L] TSTASS] PP (SELECTRD PROM INITOD) 40 18350920
AL O 18330820 TSTRASL PNPISELECTED FAOM IM3FOL) 18680 1833-0020
AXLL LES4=0CTL TSTRLL] NPNISELECTED PRON INITOS) 18400 14%—0QT)
AWILE uir-oalo TSTRIS] PRPISELECTED FROM 2N3102) 19480 1993-0010
AMLD 1854-0071 TSTH13] NPNISELECTRD FAOM INITO4) P{LY [] 18%4-00T)
AM4 18340€0) 1 T3TR0S) WPW{SELECTED FRON INLITLL) 18480 1 9%94-000)
4313 18330420 TATR131 PP (SELECTED FROM IN3T02) 18400 1830020
A3QLe LE30-0Ca2 . 1 TSTRIGE ALLOY JumCTiON 01298 GA I8T
AMLT 1834001} TSTRIS| WPNISELECTED FAOR 2N3T04) 28400 1%~ 00T
AR L 07910443 3 RIFXD MET FLM LOOR Db 1S L/0W 284 M O I~04b%
A2 Cav8-3180 ( ’ RIFED MET PLA 444K OM 1T L/0W 18480 0e 98- 1200
ALY arsr-aLee RiFAD MET FLM 21.% OnM 13 |/ 06 18480 O F-alM
AN Cav9-0002 3 RIF2D MET FLA 444 ORN LT L70W 18480 04980082
AILS a157-0439 APAD MET FLM 4.01K OnM 1S L70w 184100 AMT-0439
AMLS CaTE-2443 k RiPKD MET FLN 348 OHA LS L/0w 18480 0a¥e- 3443
Al arsr-aley RIFAD RET FLA JL.% OWm LT L/78NW 18440 anmr-glm
AJrS CaS8~3100 RIFXD MET PLA 444K OnM 1T L/8W 8400 0698~ 32180
ALY QA%-0a02 RiFXID RET FLM 484 OMM 13 L/70W 28440 Q4 te-0082
AMLO (13454 H AP XD WET FPLA ZLIR OHM 1T L/8M 8440 0498 1454
ALY Ars1-0aas RiFED RET FLA 1004 OnM kT L/0w 18480 Q13 7-04e%
"

AMILZ Cate-3180 ) R1FXD MET FLA 3j.8K ONM 1T 1/ 0w 20440 Da98~ 3140
ALY 0at6-313% 2 RAPKD RET FLA 4. b4K OHA LT J/0M 18480 coTe- 5133
AMLA 0737-0442 . t NIFED MET FLA LO.OK OMM 1S L/ &M 10480 0r37=-0ha2
ALY 07370280 AIFZD MET FLM LK OMM LS L/8w 18480 ars’-02e0
AMUis ’ aT57-01%% RAFID MET FLA Z).%0 OWM LE L/ 8% 19400 orst-giee
AMALT 1 Qisr-o2ag ALFXD MET FLm IR OHW 1 X L70w 28400 orr-02e
AMLS Ca98-2280 RIFAD MET FLM ada% Ord LL /80w 18400 0698 3240
1YL " 0498-3240 RIFZID RET FLA sdaK DHM LR L/8w 10480 0698- 3260
AJMZO Cat-3160 RiEXD MET PLA JL 6K OHM LU 170w 8400 Cavd- 5140
AM2L Cat8-3441 W1F20 MET FLA IS OHM LR L/EW HL T LIRS TTY)
A2l CT1-Ca00 1 WrFaD AET FLM Y09% Orev LS L/0W 28480 arsr-oaan
AMZ3 81910442 RIFAD MET FLM 10.0K Owm LS L/AW 164 80 01%7-0482
AMIs LI3T=-01%Y AP AD KET FLA 21.3K Onm 11X L/ W 8480 arsr-o1m
AJAZS 0137-0401 ) ASERD MET ELA 100 Owm IR 1700 28400 0I%7-0401
AM2Is aTeT-0442 RifaD MET FLA LO.OK OHM 1S L/8w 13480 oT181-0442
AJALY Q131-04d4 1 RIFAD MET FLA 90.9% OMN LR i/8w 28400 O3 7-00a4
A2 CT37-Gadd t REFED MET FLA 3,41k OMG LT /8w 18480 019 b 0ANE
AMLY d100-1811 ] RIVYAA wm 300 OHM 3% TYPE H 1w t4s40 2100-14L1
43000 aTIT-0442 REFRD MET FLM L1O.ON OMM LE L/ 8w 28480 OrST-0adl
AMABL 0at8-3240 AIPED RET FLM SeaR Qred LS /0N 28440 Ok 98- 1260
AMUM {31 B P{T] RAPAD MET FLA eask Ot 1L L/70u 204900 OeIn- 1143
AMI) Gavs-3001 2 NIFaD FLA LS. K OHA S L/ 20480 Oa 8 3001
A 34 cavs-300i RiFAD FLN L3.2R OnM 1B 1/8w 28440 Oe 98- 3001
AJADS [T T ] \ AIFAD MET FLA 20.TK -Onil 1T L7oW 284100 [T I B TYY)
A Cist=Cnan 1 KiFAD MET PLA J2.0% OHR 1T 1/ 0w 284 80 013 7- 0aed
AR oave-31a2 2 AIFA0 MET FLM SaodA OMM X L/0W 218400 0698- 3162
AJARS Cava-31al RiFAD AET FLA sh.4K OHM 1T /0w 20490 0498- 1142
FITE]) 04v8-0C W2 RIFAD MET FLRM A&4 Ond LT L/8uw 284100 069 8-0042 N
AMAQ cTs1-0d74 1 RsFED RET FLM #1.% OnM LR L/wow 218480 ors-021e
YY) FACTOMY SELECTED PART
ASRA) Or131-0aad WiFtd RET FLM LO.OR CHA 1T LASW 28400 Q797-0anl \
AMAAY (av0-1240 . RIFED MET FLM 444K OnM LS 1/0W 194100 0a98- I1e0
AA)D ‘Ca8-3437 1 ReFXD MET FLA JL6Kk Qre LR L/7OW 28400 - ST LY
AMAas Cat8-3434 MEID RET FAM 213K Onm LR (/0w 2104 40 DeTs- 145
A4S 0731-0443 R1FAD MET FLM [OOR OMM LT i/0W 26400 A 1-04es
AMeS Cat-0Ce2 RIFRO NET FLM 4as Or LS 1/ 0N 18480 06eve-0082
ARt QrsT-01 9y RIFAD MET FLR 21.5K OHA LE 1784 184400 ors7-019%
A CaT18-0082 RIFED MET FLN 4ah ONW IR 1/ 00 18400 0&99-0042
AN Y CA%8-3444 RIF0 mET FLm 316 Ot 1% (/8w YD 048~
AN 9797-0401 RIFZ0 NET FLA 100 OMM 1S L/ 8w 70480 013 1= 0401
AL 0T34l \ RIPED WMET FLA 14T D94 1% (/0w 28410 0498~ 3438
AN Ca98-31%3 H ALPAD MET FLA 383K OWA (S 1708 18400 0498~ 31%)
AMS GrIT-04ad NIFAD MET FLA 10.0K MM LT L/70W 18440 A737-0442
A4 Fi00-1813 \ AryAR COMP IR OHA 208 LN 1/5¢ FLTY T 2100~ 1413
AJnSS CTI7=004) 1 NAPAD RET FLm B.23% CHA IS (/aw 18480 OIS I-044l

v, )

Ser Introduction to this section for ordering information
. o iy,
o4
r 4
»
- .
’
— [ . A"




Model 4156 Replaceable Paris
Table 6-2. Replaceable Parts
Mt )
. r '
Reference |.o purt Number Oty Description Mtr Part Number
Designation G Code
ASe CavE-313%% RIFED RET FLR 4,048 DM LR 178N 8480 oatd-11%%
AMS1T 2100-14112 1 RIvAR COnP 300 Owim 208 LN L/3M 28480 2100= 1412
[XTR Y] case~319%) RIFED RET PLA 3.8 Onm IR L/Wn 18a00 oh98-313)3
AJMSY 013T7T-0442 MLFXD MET FLA 10.0x OWm LR L/8W 18480 01370442
AMa0 0st8-31 80 RtPXD MET FLA 316K OMM AT )70 F{ LY ] 0h9-3180
AMal OTST-0482 1 RIFZID MAT FLA 13.08 Ond LS L/ 0N 18440 QIsr-0aa
Ab Q4L 3-e08 1 SHITCH ASSYrPOMER 28400 Qdajs~sie
AsllL 098-31sl 1 RifED WET FLA 38.05 OWiN 10 L/ 8N 18480 Oavs-3181
AR 0a98-344é [} AP MET FLN 383 OMd )% L/ 18480 Oh2i-3444
AMR) Cats-3158 [} NSFED MET FLM L4.TX OHB LY L/8w 10480 Qat8-11%
Asily CTIT=004 1 A:PLD NET PLN 1625 O4N 1% L/0W 18480 QTST 00T
Aesl 3100-(0Q7 suiTCHIADOTARY 289480 3100~ 1407
[] CHASS]S PARTS
[ 1] 1420-0C0Y 1 BATTEAY I RECHARGEABLE 24V L.2%AM 20480 1420-000v
arl {oPtiON 01 OMLY)
cl CL%0-0C9% d CiFaD CER 0.0% UF +30-208 [0QVYDCH L 1T %1 ] TA .
[# 01 30-0C% CIFRD CER 0.0% UF +410-2CX 100VDCw LITIY ] 14
[} qi30-0119 H CrFaD CER 2 X 0.01 UF 200 230MVAL %189 SOL 21 9A-CON
[ 1} ol 30-01ly CUFX0 CEA I I 0.01 UF J0% Z3QWVAL 38249 IHCZ1I9AZ-COH
1 Y L4%90-04%1 ] LIGHTINDLICATOR, WHITE 18440 14%0-0491
FlL 2118-001 1 1 FUSEI1CARTRIOGE 3 AG L/16 AMP J3Qv HAN T491% 312082
Ji 123%0-0118 3 CONNECTON: BNC 18931 2008 1281
a2 1910-000a 1 SINMDING POST ASSYIBLALE INILLATOR 18480 1310-0004
42 13100007 ] BDINMDING POST ASSYIAELD 184480 L410-000T
42 0340-0C4e 1 INSULATCRIBF DOUBLE 1m0 0340—-0084
F¥) C3I40-00%0 1 INSUL ATORIBILNDING POST DOUSLE {2y i 3340~ 00%0
43 11%1-23%7 [} SOCHET: 3—PIN MALE POMEN RECEPTALLE [P2E1] ML -10)
J4 12300118 COMNECTOR Y BNC 4931 Taun 1291
3 12%-0148 COMNECTORI BNC FL13 1Y 1840 1281
Nl L 20-0392 1 RETER 28400 L20-0192
LY} 2100-1497 1 ATVAR COMP 2500 10T 20CMLDG 15k (MM20B 28400 2100~ 157
[¥] PART OF N1
LB 2100-1%M 1 RIVAR COMP |0OK DM 10T 20 CEMLOG §3M 18480 210013718
Ra 21001317 1 RiIVAR WM DUAL 1200 OmA 1O LIN TANDER 284100 too-1%11
A3 PART OF A4
ha Qrsr1-0280 AFXD MET FLM Ik OnM LR 1/0m 18480 oM -0240
nt (699-4037 1 AIFXD MET FLM 45,4 OMm 1T L/6w 20440 0498-4011
AB MNOT ASS1GNED
[ 1Y) MOT ASSIGNED
Adl QT3 1-0401 RIFXD MET FLN 100 OHM I3 1L/ 0w 18480 QIS1-0AC)
Aol CT37-049} AsFXD AEY FLA 100 OM4 1T 1/0W 28480 orsr-omgl
51 310L-1234 1 SwiITCHaSLIDE DPOT 2309 1A-L2A2
r *L00-0 392 ) TRAMSFORNEN t PONER 18480 +100-0392
AAD 128l-0112 i COMNECT ORI PRINTED CIACUIT 22-CONM 218480 L29%1-0572
AF 1 F400—-0C04 1 FUSEHOLDERIEXTRACTOR POST TYes Tivls 2014
MISCELLANEOUS
004 L4400 1 SATTERY IMSTALLATION KIT F{ LY 1] Q041 3-408
TNCLUDES SARPLE PARTS AS INSTALLED
METH OPTION Ol AND L4) &-12 HEX NUTS
FOR MOUNT ING
Q4] 3-Co3 1 DlaL ASSYIENFAND 1800 00413003
I3 10-QCn2 1 KNOB tRED W/ARAOQW 3/&" OO0 170" SHAFT Fd ¥ 1+ QI -00ad
CYIg=0Cae 1 EMDB IADUND BLACK 0.213%0% Ol4 SMAFT 18480 0310~-3049
aITQ-a1Le 1 KENOB {BLK BAR W/AAROW 1,00 DA 28480 A¥r0=g 1}
C3rg-o10s 1 K NOA 18480 03110-0104
MI0-134 ] CABLE ASSYIPOWER, DETACHABLE ro903 RHS-TO4]
OPT] Ok3
QPTLON O
- 14 20-9009 Bu. TTEAY IRECHARGEABLE 249 1.2%AH 8480 1420- 0G0y
0041 %004 L COVER IBAFTERYIOFrT O]} 20480 0041 %-008
2420-0001 ] MUTINER 37 NP 32 K 5/18 W/LOCKNASHER Tela9 Qsbe
NOTER SEE WNISC. SECTIONM FOR BATTERY
ENSTALLATION KIT STOCK MUMBERY
OPTION 021 tJ9)
QOALS-a0 T i CABLESPECIAL PURPOSE ELECTLOPY 02) 2480 o414 0T
C3I40-0024 1 TERMINAL VSOLDER LUG )/B™ STUD e ) =0
12300001 1 COMMECTORIAF BNC BULLHEAD MOUNT JAlK 24480 11%0-0001
1420-0¢01 NUTIHEX 3T NP #=32 X 3/1& W/LOCKWASHER Taiem o808
WX-0i00 1 MASMERIFLAT FOA #6 SCREM 00904 [:1.1+}
Jasazodla H WASHERERTAUDED F|BER Q49948 [+F.Te)
$080-2701 i SAlM YERNIER FRAME P LY I S8h0-07H1
S10L-00572 1 SWITCH:BIAS (SPECIAL HQ5) s JlLoi-001%2
$920-070% I METER TRim (TOF RAJL) FILT N 3020-079%
1120=-151% 1 METER (SPECIAL HDY) .10 1120-1914
Q0415-007 1 BRACKEET SHIELD FOR POWER Sw|ICH Tislo 9eni5-007
7120-211%9 1 NAME PLATE SERFAL ALY L Ti2o-134%y
See introduction to this section for ordering Information
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Replaceable Parts Model 415€
Table 6-2. Replaceable Parts

Refarence |, . Mfr

Retarence |p part Number| Oty Deascription Mfr Part Number

Designation Code

>
* CABINET PARTS

[} 3040-0703 1 PRAME ASSYié 1 LL M 10480 $040-0103

2 1490~G032 1 STANO1TILT HALP-RODULE 20480 L440-0032

3 $040~0100 1 HlnGE 18480 $040- 0T

L) 3040-AT28 1 POOT ASSYVNALF ROOWLE 16480 Sos0-0120

3 10%13-003 1 PAREL BRALSET " 18480 aguLy-00%
2310~0€1 8 F] SCREMIFH JLOT OR =32 X 0.9 LG 00000 asd

) 3000—0 193 H slof COveR 28480 3Q00-0103
23710-0020 } LEREWISST FH PHIL DA -3 & 3/ 00oua a1 1]

] $040-0120 1 COVERIMALF-RECESS TOP 18480 1080-0 120
1310-00L & 2 SCAEWIFLAT MO PHIL DR 32 8 /1% LG 00000 osD

) $000-0717 l COVERIMAL F-ROGULE SOTTOM 18400 $00C-07L !
13100014 SCREMIFLAT MO PHIL DR - 32 ® 3/716% LE [LLY.1 [T.1]

* 00A13-00012 H PAREL TREAR 10400 004 1%-00a12
13100013 SCAEMIPN SLOT DR =32 & 0.37%° LG 00460 ;L 1)

10 tosl%-002 1 PANZL tFRONT 18480 0Q41%-002
23104002 i SCABMIFKM SLOT DR #-37 X 0.87%° LG 00000 080

(R je78-01eY 1 METER TRIM: TGP RATL 1isb0 4020-070%

12 gaa1Y-001 ' NCALN YERNMTERTPLATE FTLY T TSR LY

[ 3] 1980-at01 3 “GAIN VERNIEA™ PLATE THIM 8O BLALH JA RN I 19ng 00l

L] 1110-8192 } “ETER 18480 SELEALT]

rl
See Introduction Lo this -cl}un tor ordering information
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Model 416E

Replaceable Parts

Table 6-3. Code List of Manufacturers

The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1
(Name to Code) and H4-2 (Code to Name) and their latest supplements.
Code Code 3
No. Manufacturer Address No, Manufacturer Address
00000 US A, Common . Any Supplier of US.A. 56289 Sprague Electric Co. N, Adams, Mass. 01247
01285 Texas Instruments Inc. 70903 Belden Corp. . . ... Chlcago, I11. 60644
Semiconductor Components 768916 Littlefuse [ne. . Des Plaines, Il 60016
Division . . . .. .. Dallas, Texas 75231 78189 Shakeproof Divislon
04713 Motorola Semiconductor Dlinois Tool Works . . Elgin, Ill. 60120
Products Inc, . Phoenix, Ariz. 85008 799683 Zierick Mfg. Co. Mt. Kisco, N.Y. 105498
07263 Fairchild Camern and 82389 Switcherafl Inc, . Chicego, Ii. 60630
Instrument Corp., Semiconductor 84411 TRW Capacitor Div. Ogallala, Neb, 69153
Division . Mountain View, Cal. 84040 91418 Radio Material Co. . . Chicago, Ill, 60648
24931 Specialty Connector 93332 Sylvania Electric Products
Co., Ine. . . . . Indianapolis, Ind. 46227 Inc., Semlcodncutor
28480 Hewlett-Packard Co. . Palo Alto, Cal. 94304 Division . . .. .. Woburn, Mass. 01801
<
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Maodel 41B6E

|
— \

The 416E-Option 01, 001 instrument consists of
a standard Model 416E SWR Meter with a bat-
tery installed allowing either AC Line- or
portable-operation of the instrument. The 415E
Option 02, 002 instrument consists of a standacd
Model 415E SWR Meter with a rear panel INPUT
connector installed and wired in parallel with the
front panel connector. Either INPUT connector
may be used at any one time. A Model 416E
which is designated as 415E-Opgion 01—02 or
Option 001002 is merely an instrument with
both the rear panel connector and the internal
battery installed, Paragraph 3-6 explains operation
of the instrument with a battery installed.

A list of component parts required for/or in-
cluded with installation in your instrument is
included in Table 6-2 of this manual. Instructions
for installation or remmoval of either or both of
these instrument options are given below.

INSTALLATION PROCEDURE
1. Option 01, 001 *

a. Set POWER siwtch to OFF and remove
power plug from'415l§\.

BATTERY
BTl -

APPENDIX |
OPTION 01, 001, 02 AND

~

FhaY

b. Remoye top and bottom instrument covers.

¢. Refer to Figure 1-1 which shows the cover
and battery disassembled and install from bottom
of instrument into the top deck.

NOTE

The battery should be installed so
that the two battery terminals are
toward the top and front of the
instrument.

d. Using the four retaining nuts, fasten ‘the
battery cover tightly in place.

. CAUTION |

Do not short battery terminals at
any time as this may cause battery
cell damage.

e. Using a low-heat soldering iron (see Table
5-3), solder a red lead wire (No. 22 gauge,
stranded) between the plus battery terminal and
the circuit hoard socket terminal marked
BATT +°

f  Solder a black lead wire (No. 22, stranded)
between the negative battery terminal and the
circuit board socket terminal marked BATT —.

g. Removal is the reverse of installation.

2. Option 02, 002

a. Refer to Figure I-2 which shows tHe proper
assembly of the rear .panel connector and cable

assembly.
-
i
| SOLDER ODEL 413
‘ ERE REAR PANEL
- SOLDER HERE
. ___ BATTERY @
cover NUT TERMINAL
LG
SHIELDED LOCK BNC
CABLE WASHER WASHER CONNECTOR
v - o
Figure I-1  Battery -Cover Assembly / Figurg I-2. Connector Asaembiy.
' . . e
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Appendix 1

b. The shielded cable ground'for .he rear
panel connector must be connected to the front
panel INPUT ground to minimize noise pickup
and signal reference problems.

¢. The center conductor must be connected to
RANGE-DB switch, A181, at the same point as
the green wire leading to the front panel BNC
input connector.

MAINTENANCE OF THE RECHARGEABLE
NICKEL CADMIUM BATTERY

The maintenance of the rechargeable Nickel Cad-
mium battery poses two problems, both of which
pertain to recharging the battery.

The first problem concems damage to the battery
because of improper maintenance. Damage during
operation and storage will reduce the number of
charging cycles and therefore the life of the
battery. .
The second problem concemns that of %nnal
runaway. As the Nickel Cadmium battery heats
due to the charging current, the battery terminal
voltage drops. The charging current will then in-
crease il the rechargirig circuit consists of a con-
stant voltage source. This thermal runaway will
result in destruction of the battéry. This problem,
however,” is alleviated in Hewlett-Packard instru-
ments because a constant current source provides
battery recharge.

[-2

Model 415E

Maintenance of the Nickel Cadmium battery can
be summarized with several do not's.

1. Do not allow the battery to discharge
below 6 r 5 cell battery (1.2 volts por
cell). This will prevent reverse charging of one or
more cells.

2. Do not fast charge for periods exceeding
75 hours because excessive heat generated may
shorten battery life. Typical charging rates are a
trickle charge of 4 mA to 7 mA and a fast charge
rate of 16 mA to 18 mA, where applicable. The
battery may be charged at a trickle rate indef-
initely. N

3. Do not charge the batteries in an &n,
vironment with temperatures above 90°F (35°C)
or below 32°F (0°). Whenever possible charge the
battery at moderate temperatures (70°F t10°F,
21°C t5.6°C). Operation of the battery in the
same moderate temperatures as for battery charg-
ing will provide maximum performance.

s
4. Do not store the battery at Len{peratures
above 122°F (50°C) or below —4°F (—20°C).
Prolonged starage (90 days under ideal condi-
tions) may require three to five charge-discharge
cycles to reach full capacity.

5. Do not short-circuit the battery because
the exceedingly low internal resistance will allow
discharge at extremely high current levels. This’
will result in battery damage.
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APPENDIX 11
- MANUAL CHANGES

To adapt this manual to instruments with Serial Numbers listed in the table below, make the indicated
manual ehanges,

Information for edapting this manual to instruments with' Serial Numbers not listed in the table below
may be included in a yellow MANUAL CHANGES insert supplied with this manual. Information about
Serial Numbers not covered in any of these ways can be obtained from the nearest Hewlett-Packard |

.

office. ¥
.y
— Serial Prefiy or Number _______ Make Manual Changes — Serial Prefix or Number Make Manual Changes ——,

719- 1 ’

545- 1. ¢ ,

530- 1, 2, 3 ’

I

CHANGE 1 _ |
Tahle 6-2 ’ I

Changs D51 te HP Part Noo 1450-0048; 1. Lamp ntwn 28480; 1450-0048.

Change J3 t® HP Part No. 1251-0148, 1; Connector! power 3-pin male; 82389; 606-3.

Change St oo HP Fart No. 31010033, 1, Switch: shd DPDT; 82389; 11A-1242. .

Change power cable (muscellaneous parts) to HP Part No. 8120-0078; 1; cable: power 7. p ft; 70903,
KHS-7041

CHANGE 2 .

L3
’

Table 6 2 f

Change A3CT to HP Part No 01600174, C f’((}/(er 047 uF +80 20% 25 Vdcw 56289; 5C11B7S-
ML

Change AZRZ2 to HP Part No 0698-3260, B fxd met fim 464K ohm 1% 1/8W; 28480 0698-3260.

CHANGE 3

Page 5 21, Figure 59
Replace wnLh I‘lgure (i

Page 5 21, Figure 510 N
Change A3R6 nonunal value to 215 ohms

Page & 23, Figure 511

Change ASR33 and AJIR34 nomunal values to 154K ohms

Change AJRZL nominal value to 316 ohms.

Table 6-2

Change A3HGE to HP Part No. 0698-3441. K. fxd met flm 215 ohms 1% 1/8W; 28480; 0698-3441.
Change A3R21 to HP Part No. 0698-3444, R fxd met im 316 ohm 1% 1/8W; 28480; 0698-3444.
Change ASR33 and A3HR34 te: HP Part No. 0698-3540; R fxd met flm 15.4K ohm; 28480; 0698-3540.

l1-1
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MANUAL IDENTIFICATION

Model Number: 415E
; ' Date Printed:  July 1971
Part Number: 00416-90009

a
»

;
This supplement contains important information for comrecting manual errors and for adapting the manual to
Instruments containing improvements made after the printing of the manual.

L

To use this supplement: | ' f
Make all ERRATA correcu:i'frs
Make all appropriate serial fumber related changes indicated in the tables below.

—. Serial Prefix or Number .._....__"h.lu Manual Changes .—, = Serial Prefix or Number —— Make Manual Changes —
1143A | S é
\
o
/ o~ !
)

» NEW ITEM
ERRATA

Page 6-5, Table 6-2:
Change DS1 to AP Part No. 145004 19 (description remains the same). 3
P Delete T1 and add the following: -
T1 9100-0392 TRANSFORMER INPUT 28480 9100.0392
T2 9100-0393 TRANSFORMER: POWER 28480 9100-0393

Back Cover ¢
Delete Microfiche number, (Correct microfis he number wlll be found on title page.)

CHANGE 1 .

Page 6-6, Table 6-2:
Add the [ollowing note Lo Replaceable Parts as an ai! n explaining the 415E color scheme.

NO1E

This change Implements a different color scheme for the standard instrument, Colors prior
to this change are now available as options. Refer to the listing below,

415E STANDARD - Indicates color scheme for the 115E beginning with lhlsﬁ:hange. (Includes
MINT GRAY front panel and OLIVE GRAY cabinet.)

415E OPTION A85 - Indicates LIGHT GRAY front panel,

416E OPTION X95 - Indicates color scheme for the 41“51:. prior to this change. (Includes
LIGHT GRAY front panel and BLUE GRAY cabinet.)

v NOTE

'
Manual change afpplements are revised a3 often as necessary 1o keep manu s a3 current and scculdte as possible.
Hewletl-Pachard recommends that you periodically request tihe. latest edition of iris supplement. Fyee copies are available
trom all HP olfices. When requesting copies quotle the manual identification informat 0 from your supplement, or the model
aumber and print date trom the title page of the manual r ¢

GES

February 20, 1973 . HEWLETT E PACKARD

Printed in U.S.A.
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CHANGE 1 (cant'd)
Change Hﬂ)h.tt No, Eo’oo-moa to: -

HP Pert No. 5000-8565 SIDE COVER (OLIVE GRAY) {(STANDARD)
HP Part No. 6000-0703 SIDE COVER (BLUE GRAY) {(OPTION X85)

Change HP Part No. 5060-0720 to:
HP Part No. 5060-8577 COVER:TOP (OLIVE GRAY) (STANDARD)
HP Part No. 5060-0720 COVER:TOP (BLUE GRAY) (OPTION X95)

Change HP Part No. 50000717 to:
HP Part No. 5000-8583 COVER:BOTTOM (OLIVE GRAY) (STANDARD)
HP Part No. 50000717 COVER:BQ’I‘I‘OM (BLUE GRAY) (QPTION X95)

Change HP Part No. 004¥5-002 to: .
HP Part No. 00415-00013 PANEL:FRONT (MINT GRAY) (STANDARD)
HP Part No. 00415-002 PANEL:FRONT (LIGHT GRAY) (OPTION A85, X95)

Change HP Part No. 5020-0705 to:
HP Part No. 5020-7634 TRIM:METER (MINT GRAY) (STANDARD)
HP Part No. 5020-0705 TRIM:METER (LIGHT GRAY) {OPTION AB5, X95)

™~

I T
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