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CERTIFICATION 

The Hewlett-Packard Company certitres 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 certitres that its calibration measurements 

are traceable to the U. S. National Bureau of Standards to the extent 

allowed by the Bureau's calibration facility. 

WARRANTY AND ASSISTANCE 

All Hewlett-Packard products are warranted against delects i n  

materials and workmanship. This warranty applies lor one year from 

the date 01 delivery, or, in the case 01 certain major components listed 
in the operating manual, lor the specified period. We will repair or 

replace products which prove to be delective during the warranty 

period. No other warranty is expressed or implied. We are not liable 

(or consequential damages. 

For any assistance contact your nearest Hewlett-pu.ckH.nl Sales and 

Service Office. Addresses are provided at the back o( this manual. 
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Model400GL Section I 
Paragraphs 1-1 to 1-9 

SECTION 
GENERAL 

1-1. DE S C R IP T I O N .  

1-2. The -hp- Model 400GL is a versatile instru­
ment designed for measuring ac voltages from lOOp. V 
to 1000 V rms, over a frequency range of from 20Hz 
to 4 MHz. The instrument has eight voltage ranges, 
divided in steps of 20 dB each, to correspond withthe 
20 dB logarithmic meter scale. A 100 kHz low pass 
filter is provided to reduce the effect of high frequen­
cy noise signals, when low frequency signals are 
being measured. The filter is effective on all volt­
age ranges, but is especially useful on the more sen­
sUive ranges. 

1-3. The Model 400GL may be used as a wideband 
ac amplifier, with a maximum open circuit gain of 
80dB. The instrument has an ac output of 1 V rms 
(for full scale meter deflection) into an open circuit, 
or O. 5V rms into 600 ohms. The output is propor­
tional to the meter indication on the voltage scale. 

1-4. See Table I-Ion next page for specifications. 

1-5. ACCE S S O RIES. 

1-6. Accessories available with the Model 400GL 
are the Model 1l074A Voltage Divider Probe with 
Model 10111A banana post-to-BNC Adapter, and 

Figure 1-2. Model 11074A Voltage Divider Probe 
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INFORMATION 

Model ll076A Instrument Case. See Figures 1-2 
and 1-3. The specifications for the Model 1l074A 
are listed below: 

Input Impedance: 10 megohms shunted by 10 pF 
Division Ratio: 10: 1 
Division Accuracy: ±2% 
Bandwidth: DC to 10 MHz 
Maximum Input Voltage: 1000 V rms 

1-7. I N S T R U ME N T  A ND M A N U A L  

I DE N T I F I C A T I O N .  

1-8. HewleU-Packard instruments are identified by 
a two-section, eight-digit serial number (OOO-OOOOO). 
If the first three digits of the serial number on your 
instrument do not agree with .those on the title page 
of this manual, change sheets supplied with the manu­
al will define differences between your instrument 
and the Model 400GL described in this manual. 

1-9. U the first three digits of the two-sectioneight­
digit serial number are prefixed with an E or G, your 
instrument was produced in Europe. An EOOO-OOOOO 
serial number indicates that the instrument was 
manufactured in England; a GOOO-OOOOO serial number 
indicates that the instrument was manufactured in 
Germany. 

Figure 1-3. Model 11076A Instrument Case 
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Section I 
Table 1-1 

Model 400GL 

Table 1-1. SPECIFICATIONS 

ACCURACY (% of reading): 

1 mY - 1000 Y* ranges: 

20 Hz 40 Kz 500 kHz 2 MHz 4 MHz I :to.4dB I :to.2dB :1:0.4 dB +0.2 dB 
-0.8 dB 

100 p.Y range: 

30 Hz 60 Hz 

:1:0.4 dB :1:0.2 dB 

100 kHz 

+0.2 dB 
-0.8 dB 

500 kHz 

* For input voltages greater than 300 volts, the high 
frequency range is limited to 100 kHz. 

VOLTAGE RANGE: 100 �V to 1000 V full scale, eight 
ranges. 

FREQUENCY RANGE: 20 Hz to 4 MHz. 

CALmRATION; Responds to average value of input 
waveform; c:alibrated in rms value of a sine wave. 
Linear dB scale, 100 dlvisions from - 20 to 0 dB. 
Logarithmic voltage scale; 0 dB = 1 V. 

NOISE REFERRED TO INPUT (1000 ohm termination): 

Range Filter In Filter Out 

1 mV - 1000 V < 5 p.V < 30 p.V 

100 p.V < 5 p.V < 15 �V 

Note: Noise adds to the signal approximately according 
to the relation: 

Reading = �(Signal)2 + (noise)2 

Page 1-2 

RECOVERY FROM OVERLOAD: < 2 sec for 80 dB 
overload (1200 V max input). 

mPUT IMPEDANCE: 

Resistance: 10 MO, all ranges. 
Capacitance: < 30 pF for 100 p.V to 100 mV ranges. 

< 15 pF for 1 V to 1000 V ranges. 

AMPLIFIER AC OUTPUT: 1 V rms open circuit (for 
full scale deflection), proportional to meter 
indication on voltage scale. Frequency response 
20 Hz to 4 MHz on 1 mV to 1000 V range; 30 Hz 
to 100 kHz on 100 p.V range. 100 kHz filter in 
the "in" !X)sition on 100 p.V range. 

AC POWER: 115 or 230 volts ± 10%. 50 to 400 Hz. 
5 watts. 

EXTERNAL BATTERY OPERATION: Tenninals are 
provided on rear panel; positive and negative 
voltages between 35 V and 55 V are required; 
current drain from each battery is approximately 
45 mA. (External switching and on/off monitoring 
should be used for battery operation). 

WEIGHT: Net 6Ibs (2,7 kg); shipping 8 Ibs (3.6 kg). 

OVERALL DIMENSIONS: 6 1/2" high; 5 1/8" wide; 
11 11/16" deep. 

01799-1 



Model 400GL Section n 
Paragraphs 2-) to 2�2) 

SECTION 11 
INSTALLATION 

2-1. I N T R O DU C T I O N .  

2�2. This section contains information and instruct­
ions necessary Cor the installation and shipping of the 
Model 400GL voltmeter. Included are initial inspec� 
tion procedures, power and grounding requirements, 
installation information, and instructions Cor repack� 
aging for shipment. 

2-3. I N I T I AL I N SPE C T I O N .  

2�4. This instrument was carefully inspected both 
mechanically and electrically before shipment. It 
should be physically free of mars or scratches and 
in perfect electrical order upon receipt. To confirm 
this, the instrument should be inspected Cor physical 
damage in transit. Also check Cor supplied access­
ories, and test the eJectrical performance of the in­
strument using the procedure outlined in Para­

graph 5�5. If there 151 damage or deficiency, seethe 
warranty on the inside Cront cover of this manual. 

2-5. POWE R REO U I RE ME N T S. 

2�6. The Model 400GL can be operated from any 
source of 115 or 230 volts at 50 to 1000 cycles or from 
two 35 to 55 volt batteries connected to the rear panel 
BATTERY terminals. The 115/230 V slide switch on 
the rear panel selects the desired line voltage. Power 
dtssIpation is 5 watts maximum. 

2-1. G R O U N D I N G  R EOU I R E M EN T S. 

2-8. To protect operating personnel, the National 
Electrical Manufacturers' Association (NEMA) re­
commends that the instrument panel and cabinet be 
grounded. All Hewlett-Packard instruments are equip­
ped with a three-conductor power cable which, when 
plugged into an appropriate receptacle, grounds the 
instrument. The offset pin on the power cable three­
prong connector is the ground wire. 

2-9. To preserve' the protection feature when oper­
ating 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. 

2-10. I N S T AllAT I O N. 

2�11. The Model 400GL is fully tranSistorized; 
therefore, no special cooling is required. However, 
the instrument should not be operated where the am� 
blent temperature exceeds 550 C (1310F) or the re­
lative humidity exceeds 95%, 

2-12. BENCH MOUNT£NG. 

2-13. The Model 400GL is shipped with plastic feet 
and tilt stand in place, ready for use as a bench 
instrument. 

2�14. RACK MOUNTING. 

2-J5. The Model 400GL may be rack mounted by us� 
ing an adapter frame (-hp� Part No. 5060-0797). The 

01799-J 

adapter frame is a rack frame that accepts any com� 
bination of submodular units. The adapter frame Is 
used only for rack mOWlting. For additional infor­
mation, address inquiries to your -hp- Sales and 
Service oUice. (See Appendix B for office location. ) 

2-16. COMBINATION MOUNTING. 

2-17. The Model 400GL may be mounted in combin­
ation with other submodular units by using a Combin­
ing Case (-hp- Model1051A or 1052A). TheCombining 
Case is a full�module unit which accepts various 
combinations of submodular units. Being a full­
module unit, it can be bench or rack mounted and is 
analogous to any full-module instrument. 

2-18. REPACKAGING F O R  SHIP M E N T .  

2-19. The following paragraphs contain a general 
guide for repackaging of the instrument for shipment. 
Refer to Paragraph 2-20 if the original container Is 
to be used; 2-21 if it is not. If you have any ques� 
tions, contact your local -hp- Sales and Service Office. 
(See Appendix B for office locations. ) 

--------- NOTE ----------

If the instrument is to be shipped to 
Hewlett-Packard for service or repair, 
attach a tag to the instrument identifying 
the owner and indicating the service or 
repair to be accomplished; include the 
model number and Cull serial number of 
the instrument. In any correspondence, 
identUy the instrument by model number, 
serial number, and serial number pre­
fix. 

2-20. If original container is to be used, proceed as 
follows: 

a. Place instrument in container. If original 
container is not available, a suitable one can 
be purchased from your nearest -hp- Sales 
and Service Office. 

b. Ensure that container is well sealed with strong 
tape or metal bands. 

2-21. If original container Is not to be used, proceed 
as follows: 

a. Wrap instrument in heavy paper or plastic 
before placing in an inner container. 

b. Place packing material around all sides of in­
strument and protect panel face with card­
board strips. 

c. Place instrument and inner container in a 
heavy carton or wooden box and seal with 
strong tape or metal bands. 

d. Mark shipping container with "DELICATE 
lliSTRUMENT", "FRAGILE" etc. 

2-1 



Section m 
Figure 3-1 
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400GL Scale: Indicates magnitude of applied signal in 
volts and dBm. 

INPUT Terminals: Connects signal to be measured to 
400GL. 

RANGE Selector (SI): Selects full scale reading of 
meter. Dbm reading on scale adds algebraically to 
dB setting of RANGE selector. 

100 KHz LP FILTER Switch (S2): Switches 100 KHz 
filter either in or out of circuit. 

CD Line ON Toggle Switch (83): Applles primary power. 

CD 
® 
® 

LINE Indicator Lamp: Indicates application of primary 
power. 

115/230 Volt 8lide Switch (84): Sets 400GL to operate 
from either 115 V or 230 V. ac power source. 

Primary Power Connector: Connects primary power to 
400GL. 

FUSE: Protects instrument against current overload. 

AC OUTPUT: Ac amplifier output; output impedance is 
600 n. 

BATTERY VOLTAGE Terminals: 400GL may be pow­
ered by connecting two 35 to 55 volt batteries to these 
terminals. 

Figure 3-1. Location of Controls and Indicators 

Model 400GL 
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MODEL 400GL Section m 
Paragraphs 3-1 to 3-7 

SECTION III 
OPERATING INSTRUCTIONS 

3-1. INTROD U C T I O N. 

3-2. This section contains instructions and infor­
mation necessary for the operation of the 400GL AC 
Voltmeter. Included is identUication of controls, in­
dicators and cOlUlectors, turn on procedures, and 
operating instructions. 

3-3. C O N T R O L S ,  IND I C A T OR S  AND 
C ONN E C T OR S .  

3-4. Each control, indicator, and connector on the 
400GL is identUied and described in Figure 3-1. 

3-5. TURN O N  P R O C E D U R E S .  

a. If line voltage is used, ensure that the 115/ 
230 Vac switch (located on the rear panel) is 
in the correct position. Set the line ON 
toggle switch to the ON position. The LINE 
lamp will glow. indicating that line power is 
applied, 

b. II batteries are used, connect two 35 to 55 
volt batteries as shown in Figure 3-2. The 
line ON switch is not 1n the circuit when bat­
teries are used, therefore an external DPST 
switch should be used to provJde a means for 
disconnecttne the batteries when the instru­
ment is not in use. 

BATTERY VOLTAGE 

35-55 ..1 35-55 
+ 

t--- ___ 

J

I SI 

_ 1 ' + I' + 
82 81 

(35-55V) (35-55V) 

Figure 3-2. External Baltery Connection 
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3-6. 08 ME ASURE MENTS. 

a. Perform the steps listed under Paragraph 3-5. 

b. Set the meter RANGE switch to the approx­
imate range of the voltage to be measured. 

DO NOT APPLY MORE THAN 1200 
VOLTS TO INPUT. DO NOT OVER­
LOAD THE . 1 MV THROUGH 100 
MV RANGES WITH MORE THAN 300 
VOLTS AT FREQUENCIES BELOW 
300 KHz OR WITH MORE THAN 64 
VOLTS AT FREQUENCIES ABOVE 
300KHz. IF ANY OF THESE OVER­
LOADS ARE EXCEEDED, THE IN­
STRUMENT MAYBE DAMAGED. 

c. If the signal to be measured is a frequency 
less than 100 kHz, the 100 KHz LP FILTER 
may be switched in to filter out all frequency 
components above 100 kHz. 

d. Connect the signal to be measured to the 
INPUT terminals. 

e. The dB measurement is equal tothe algebraic 
sum of the meter indication and the RANGE 
setting. For example: iI the RANGE setting 
is +20dB, and the meter reading is -3dB, 
the actual dB measurement is +17dS. 

3-7. A C  V O L T AG E  M E A S UR E M E N T S. 

-------- NOTE --------

Since the 400GL is average re­
sponding and rms calibrated, any 
distortion will affect the accuracy 
of the measurement. Table 3-1 
shows the error s caused by 
distortions. 

3-1 



Section m 
Paragraph 3-8 and Tables 3-1 and 3-2 

Table 3-1 

Effect of Distortion on Average Responding Meter 

% ERROR 
(* Fundamental) 

HARMONIC %DISTORTION 
MAX. MAX. 

POSITIVE NEGATIVE 

Any even O. I 0.000 
0.5 0.001 
1.0 0.005 
2.0 0.020 

Third O. I 0.003 0.033 
0.5 0.168 0.167 
1.0 0.338 0.328 
2.0 0.687 0.667 

Fifth 0.1 0.020 0.020 
0.5 0.101 0.099 
1.0 0.205 0.195 
2.0 0.420 0.380 

*Depends on phase relationship between harmonic 
and fundamental. 

a. Perform steps a through d of Paragraph 3-6. 

b. The meter w111 indicate the rms voltage amp­
litude of the sinusoidal input signal. 

3-8, W I D E  B A N D  A C  A M P L I F IER, 

3-2 

EXTREME CARE SHOULD BE TAKEN 
TO AVOID COMMON GROUND PATHS 

Model 400GL 

BETWEEN THE INPUT AND OUTPUT 
SIGNALS. BECAUSE OF THE HIGH 
GAIN OF THE INSTRUMENT ON THE 
MORE SENSITIVE RANGES (80 DB ON 
• 1 MV RANGE, ETC.), COMMON 
GROUND PATHS CAN CAUSE OSCIL­
LATIONS AT HIGHER FREQUENCIES. 

a, Perform the steps listed in Paragraph 3-5, 

U. Set the nletec RANGE tiwitch to the approxi­
mate range of the input signal. 

c. When signals of frequencies less than 100 kHz 
are being amplified, the 100 KHz L. P. FIL­
TER may be switched in to reduce high fce­
quency noise and lessen the possibility of 
oscillations. 

d. Connect the input signal to the INPUT term­
inals, and connect the load to theAC OUTPUT 
terminals. 

e. Table 3-2 shows the gain factor for each 
range of the 400GL, into an open circuit. 

Table 3-2. AC Amplifier Gain Factors 

RANGE GAIN RANGE GAIN 

1000 V -60dB 100 m V  +2OdB 

100 V -40dB 10 mV +40dB 

10 V -2OdB I mV +60dB 

IV OdB .1 mV +80dB 

01799-1 
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Figure 4-1 
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Model400GL Section IV 
Paragraphs 4-1 to 4-19 and Figure 4-2 

SECTION IV 
THEORY OF OPERATION 

4-1. G E N E R Al. 

4-2. The 400GL is a solid state, average respond­
ing, rms calibrated ac voltmeter. It may also be 
used as a wide band ac amplifier, with switchable 
gain and switchable bandwidth. Refer to Figure 4-1 
for a functional circuit diagram of the instrument. 

4-3. BLOCK D I AG R A M  DES C R I P T I O N . 

4-4. The voltage to be measured Is applied to the 
input attenuator, where it is either attenuated by 60 
dB. or coupled directly to the preamplifier. The 
preamplifier provides lOdB of gain for the input 
signal and applies it to the post attenuator. The sig­
nal goes from the post attenuator to the 100 KHz Low 
Pass filter, which may be switched in to limit the 
bandwidth to signals from 20Hz to 100 kHz. The meter 
amplifier then amplifies the signal, couples it to the 
meter bridge, and supplies a signal to the AC OUT­
PUT terminal. The meter bridge rectifies the ac 
signal and applies it to meter M 1, V/hich indicates 
the rms value of the input voltage. The meter bridge 
also provides the ac feedback to the meter amplifier. 

4-5. SCH E M A T I C  T H E O RY. 

4-6. Refer to Figure 6-3 for the following discuss­
ion. 

4-7. INPUT ATTENUATOR. 

4-8. The input aUenualor consists of an rc voltage 
divider and two reed relays. On the . 1 mV through 
100 mV ranS-es, reed relay AIKl is eners-ized by 
-26 V from wafer (A) of the RANGE switch, SI, rout­
ing the input signal directly to the preamplifier. On 
all other ranges, the -26 V is applied to relay AIK2. 
When AIK2 is closed, the input signal is attenuated 
60dB by the rc divider and coupled to the preampli­
fier. 

4-9. PREAMPLlFlER 

4-10. The preamplifier is a three stage ac amplifier 
that amplilles the signal from the input attenuator by 
10dB. It also functions as an impedance matcher to 
match the high impedance of the input attenuator to 
the much lower impedance of the post attenuator. 

4-11. Capacitor A2C5 blocks dc transients and 
couples the ac signal to the preamplifier. The input 
signal is limited to 5.4 volts peak-ta-peak by diodes 
A2CR2 and A2CR4, which are biased at +2. 7 V and 
-2.7 V respectively, by zener diodes A2CRl and 
A2CR5. A field effect transistor, A2Ql, is used as 
the input stage of the preamplifier because of its low 
noise characteristics and high input impedance. The 
signal is taken from the drain of A2Ql and is further 
amplified by A2Q2 and A2Q3. 

4-12. Feedback from the emitter of A2Q2 bootstraps 
the value of A2R9, the drain load of A2Q 1. Feedback 
from the source of A2Ql bootstraps the input imped­
ance of the preamplifier and keeps it at a high level 
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over all ranges of inputs. Gain stability and linear­
ity of the preamplifier are maintained by feedback 
from the emitter of A2Q3. A2R6 provides a bias 
adjustment for the field effect tranSistor, A2Q1. 

4-13. POST ATTENUATOR. 

4-14. The post attenuator is a precision resistive 
voltage divider that operates as a function of the 
RANGE switch. On the lowest voltage range, the 
signal from the preamplifier is applied through two 
resistors (SIRl and SlR17)tothe 100 KHz LP FILTER, 
and receives no attenuation. A precision resistive 
divider circuit provides signal attenuation in progres­
sive steps of 20dB for the seven higher ranges. 

4-15. 100 KHz LOW PASS FILTER. 

4-16. The 100 KHz LP FILTER is a O. 01 J.LFcapaci­
tor (S2C 1) which may be switched into or out of the 
circuit by switch 82. When the filter is in the circuit, 
the bandwidth of the instrument is from 20 Hz to 100 
kHz. If the filter is switched out of the circuit, the 

bandwidth is increased to 4 MHz. Refer to Figure 
4-2 for a graph of the filter attenuation character­
istics. 

-'0 

-.0 

10KHZ 

I , 

--

2 
100KHZ 

I J </56789{ 

s:3d 

2 
I"'Hz 

J </"6789) 

I'.. 

Figure 4-2. Filter Attenuation Characteristics 

4-17. METER AMPLlFIER. 

4-18. The meter amplifier is a four stage, direct 
coupled voltage and power amplifier. The first stage 
is a differential ampliIier, A2Q 10 and A2Q12, which 
amplilies the difference between the input signal and 
the feedback signal on the base of A2Q12. The three 
other stages of amplification are provided by A2Q 11, 
A2Q13, and A2Q15. 

4-19. The ac feedback from the meter bridge isad­
justable at 4 MHz (A2C36) and 400 Hz (A2R62) on the 
-4OdB range. On the-80dB range, A2R64, A2R6?, 
and A2R68 are switched into the circuit to increase 
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the gain of the amplifier by IOdB and to allow a 400 
Hz gain adjustment to be made. 

4-20. The de feedback from the collector of A2Q 15 
is adjustable at 20 Hz (A2R59) on the -40dB range. 
A2R58 is switched into the circuit on the -80dB range 
to provide a feedback adjustment at 30 Hz. These 
adjustments provide overall amplifier gain stability 
for the entire voltage and frequency range of the in­
strument. 

4-21. A2Q14 isolates the At: OUTPUT circuit from 
the meter amplifier and the meter bridge. It is an 
independent current source which will supply a signal 
to the OUTPUT terminal that is identical to the sig­
nal applied to the meter bridge. That is, for a 1 V 
rms signal for full scale meter deflection, A2Q14 
will provide a 1 V rms signal at the AC OUTPUT 
terminal, into an open circuit. 

4-22. METER BRIDGE. 

4-23. Refer to Figure 4-3 for a simplified diagram 
of the metering circuit. 

4-24. The meter bridge is a full wave rectifier that 
converts the ac signal from the meter amplifier into 
dc. It supplies current to drive the meter and pro­
vides an ac feedback signal to the meter amplifier. 

4-25. Transistor A2Q 16 provides a large output im­
pedance for the meter amplifier, and is the current 
drive source for the meter bridge circuit. The col­
lector output of A2Q 16 is applied to the meter bridge, 

___________ METER INPUT - AMPLIFIER 

A2R61 

A2R70 A2R72 

A2R71 

-26V 

Model400GL 

and is rect1f1ed by diodes A2CR22 and A2CR23. The 
ac components of the bridge signal are coupled into 
the feedback loop by capacitors A2C38 and A2C39. 
Transistor A2Q17 bootstraps the resistance ofA2R69 
to a high value, so that current is driven through the 
bridge, keeping the meter circuit response linear to 
large variations in signal amplitude. 

4-26. The meter, Mt, is a current drivendevicethal 
utilizes a taut-band movement. It responds to the 
average V'dlue of the reclified meter amplifier output, 
which is proportional to the rms value of the sinus­
oidal signal being measured. The meter indicates 
the rms value of the input signal in volts and dB. The 
meter scale is calibrated so that OdB corresponds to 
t volt. The meter is protected from circuit tran­
sients and overloads by capacitor Cl. 

4-27. POWER SUPPLY. 

4-28. The power supply provides both a positive and 
negative 26 V regulated output. It may be operated 
by external batteries (+35 V to 55 V and -35 V to 55V) 
or line power (115 V or 230 V, 50 Hz to 1000 HZ). 

4-29. The line input is converted to dc by a diode 
rectifier network consisting of A2CR6 through 
A2CR9. The positive output of the rectifier is applied 
to series regulator A2Q4, which regulates the +26 V 
supply. Control transistor A2Q6 has a constant emit­
ter reference voltage supplied by zenerdiodeA2CRl3. 
Capacitor A2C 16 couples any change in the +26 V output 

CURRENT OURING POSITIVE HALF CYCLE :=:::.:: 
CURRENT OURING NEGATtVE HALF CYCLE .. 

-26V 

AC FEEDBACK 

4-2 

Figure 4-3. Simplified Diagram of Metering Circuit 
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to the base of A�6, which w1ll supply a signal pro­
porUonal to the change In output voltage to A2Q5. 
A2Q5 will then amplify the signal and couple it to the 
base or the regulator A2Q4, causing it to regulate the 
output by either increasing or decreasing conducUon. 

01799-1 

Section IV 
Paragraph 4-30 

4-30. The -26 V supply is regulated in the same 
manner, the only difference being that the control 
transistor A2Q7 is referenced to the +26 V output, in­
stead or the zener diode. 
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Table 5-1. Test Equipment 

INSTRUMENT REQUlltED 
TYPE CHARACTERISTICS 

AC Voltmeter Accuracy: 0.2% at 400 Hz 
Calibrator Range: 5 m V tol V 

Test Oscillator Output: 5mVto l V  
Frequency Ranfi

e: 20 Hz to 4 MHz 
Distortion: < 1.(l 
Flatness: "'.25% 

AC/DC Volt- Volts Accuracy: 2% 
meter/Ohm- Ohms Accuracy: 5% 
meter 

Resistor Fxd. 100 KO :1:1% 

Resistor Fxd. 200 KO ±1% 

Terminating Feed-through, 50 n impedance 
Resista.nce 

Crystal Socket Size: 1/2 Inch 
(with Ter-
minals 
shorted) 

VOLTMETER CALIBRATOR 

hp 738BR 

0 

0 

� 0 <0 
'T 0 0 00_ 

" 
TEST OSCILLATOR 

hp 652A 

.@@D@ 
• 0 O·O�� 

0 

u 

�on FEEO-Ti'1f1U TERMINATION 
hPII0488 

.� .... �_.O \ ... _______ 

USE 

Performance Checks 
and calibration 

Performance Checks 
and Calibration 

Troubleshooting 

Performance Checks 

Performance Checks 

Performance Checks 
and Calibration 

Performance Checks 
and Calibration 
(Shortlng Test 
Points) 

" r-, 
• I 
• , 

: ll-o.! I L_J 

Figure 5-L Accuracy and Frequency Response Check Setup 

5-0 

ModeI400GL 

RECOMMENDED 
MODEL 

-hp- Model 738BR Volt-
meter Calibrator 

-hp- Model 652A Test 
Oscillator 

0' 
Combination -hp-

Model 739AR Fre-
quency Response Test 
Set and -hp- Model 
200SR Oscillator 

-hp- Model 427A Volt-
meter 

-hp- Pari No. 0757-
-0465 

-hp- Part No. 0757-
0128 

-hp- Part No. t 1048B 
Feed-through Termi-
nation 

-hp- Part No. 1200-
0026 

hp400GL 
AC VOLTMETE R 

� 
u. : � � 
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SECTION V 
MAINTENANCE 

5-1. I N TRODUCT I O N .  

5-2. This section contains maintenance and service 
in!ormation for the Model 4aaGL AC Voltmeter. In­
cluded are Performance Checks, Alignment and 
calibration Procedures, and Troubleshooting Pro­
cedures. 

5-3. T E S T  EQU I P M E N T  REQ U IR ED. 

5-4. The equipment required to properly maintain 
the 400GL is listed in Table 5-1. The table lists the 
type of equipment to be used, the specification re­
quirements. and the recommended commercially 
available test equipment. 

5-S. P ER F O R MA N C E  CH E C K S .  

5-6. The follOWing Performance Checks compare 
the 400GL with its accuracy specutcaUons (Table 1-1). 
These checks may be used for incoming inspection. 
periodic maintenance. and for specification checks 
after a repair. A highly accurate and stable voltage 
reference that is variable from 2a Hz to 4 MHz is 
required for the performance checks. The -hp- 738BR 
Voltmeter Calibrator produces a 40a Hz signal that 
is within less than a. 2% of the indicated output. The 
-hp- 652A Test Oscillator can be referenced to the 
output of the 738SR and can be adjusted to within 
a. 25% of the set reference voltage from 20 Hz to 4 
MHz. 

5-7. If the -hp- 652A Test Oscillator is notaVllilable, 
the -hp- 739AR Frequency Response Test Set and 2aaSR 
Osclllator combination may be used. This combi­
nation can be adjusted to within a. 5% of a set voltage 
reference from 20 Hz to 4 MHz. (The -hp- 739AR, 
-hp- 200SR, and -hp- 738BR are available in a rack 
mounted configuration designated -hp- K02-738BR 
VTVM calibration System.) 

5-8. The following procedW"es specify the use of the 
-hp- 652A and the .hp- 738BR. If the K02-738SR 
calibration system is used, follow the same general 
procedW"es. 

5-9. Figure 5-1 shows the test setup for using the 
-hp- 652A and -hp- 738BR combination. Figure 5-2 
shows the test setup for using the K02-738BR VTVM 
Calibration System. 

--------- NOTE ---------

The -80dB (a. 1 mY) range of the 4aOGL 
may be checked for accW"acy by verifi­
cation of the additional IOdB of gain that 
is provided by the meter amplifier on 
that range. In order to verily the gain, 
the top cover of the instrument must be 
removed to gain access to TPI through 
TP4. 
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5-10. TOP COVER REMOVAL. 

5-11. To remove or replace the top cover, follow 
the procedures outlined in Paragraph 5-25. 

5-12. ACCURACY AND FREQUENCY RESPONSE 
CHECKS. 

5-13. The accuracy and frequency response checks 
compare the 4aOGL with its accuracy specifications 
over the entire frequency range of the instrument. 

5-14. Connect the voltmeter calibrator and the test 
oscillator to the 400GL as shown in Figure 5-1. An 
external switch (S I )  should be used to facilitate 
switching from one test instrument to the other. 

5-15. ·4OdB RANGE. 

a. Set 4aaGL RANGE switch to -40dB (lOmV) 
and set laO KHz L. P. FlLTERswitchtoOUT. 

b. Set switch SI to position A. 

c. Adjust voltmeter calibrator for a 5 mV rms 
output, at 400 Hz. 

d. Note 40aGL meter indication. If meter indi­
cation is not within tolerances listed in Table 
5-2. perform the meter calibration (Para­
graph 5-30). 

e. Set switch SI to position B. Set test oscil­
lator to 400 Hz, and adjust amplitude controls 
untll 400GL meter indication is t.he AAme �R 
in step d of this paragraph. Set a reference 
on meter of test osclllator, and use ampli· 
tude controls to maintain the set reference 
whenever frequency of oscillator is varied. 

f. Repeat step d of this paragraph for each fre­
quency listed in Table 5-2. 

5-16. -2ad8 RANGE (-8OdB RANGE CHECK.) 

a .  Set 4aOGL RANGE switch to -2adB (laOmY), 
and set laO KHz L. P. FILTER switch to OUT. 

b. Set switch SI to position A. 

c. Adjust voltmeter calibrator for a la mV rms 
output, at 400 Hz. 

d. Short TPl to TP4, and short TP2 to TP3. 
(A shorting device, such as a crystal socket 
with its terminals shorted together, should 
be used to avoid pickup of noise.) The meter 
should indicate -IOdB ±C. 2dB. verifying the 
additional ladS of gain that is provided by 
the meter amplifier on the -SOdS range 
(a. I mY). Note meter indication. 

e. Set switch SI to position 8. 

5-1 



Section V 
Paragraphs 5-17 to 5-19 and Figure 5-2 

OSCillATOR 
hp 200SR 

VTVM CALIBRATION SYSTEM 
hp K02-738BR 

Model 400GL 

*(§)@ O �  
fREQUENCY RESPONSE 

TEST SET 
hp 739AR 

@ @  Bo ,on FEED-THRU 
A 

" 
, -, 

hp400Gl 
C VOLTMETER 

6 
� 

VOLTMETER CALIBRATOR 
hp " •• R 

..... . 0 0  

� 0 
!,l' 

@ 

10 
0 0 

TERMINATION 
hpll04Bfl 

� - - - - - - • 
I n 

A i I lL 
� 

0 0 $  

Figure 5-2. Alternate Accuracy and Frequency Response Check Setup 

f. Set test oscillator to 400 Hz, and adjust amp­
litude controls until 400GL indication is same 
as In step d of this paragraph. Set a refer­
ence on meter of test oscillator, and use 
amplitude controls to maintain set reference 
whenever frequency of oscillator is changed. 

g. Set test oscUlator to each frequency listed in 
Table 5-2, and observe the 400GL meter in­
dication for each different frequency. If each 
meter indication is not within the tolerances 
listed in Table 5-2, perform the Meter Cali­
bration (Paragraph 5-30). 

h. Remove shorting device from test points. 

5- 17. OdB RANGE. 

a. Set 400GL RANGE switch to OdB (1 V). and set 
100 KH.t L. P. FILTER switch to OUT. 

b. Set switch 81 to position A. 

c. Adjust voltmeter calibrator for a O. 5 V rms 
output at 400 Hz. 

d. Note 400GL meter indication. If meter indi­
cation is not within tolerances listed in Table 
5-2. perform the meter calibration (Para­
graph 5-30). 

e. Set switch SI to position B. Set test oscil­
lator to 400 Hz. and adjust amplitude controls 
until 400GL meter indication is same as in 
step d of this paragraph. Set a reference on 
meter of test oscillator, and use amplitude 
controls to maintain set reference. whenever 
frequency of oscillator is changed. 

£. Repeat step d of this paragraph for each fre-

5-2 

quency listed In Table 5-2. 

5-18. RANGE TRACKING CHECK. 

5-19. The following procedures arc us!!d. to verify 
the tracking accuracy of the 400GL on two voltage 
ranges. over the entire frequency range of the in­
strument. Use the test setup shown in Figure 5-1 
for the range tracking check. 

a. Set 400GL RANGE switch to -20dB (lOamY). 
and set 100 KHz L. P. FILTER switch to OUT. 

b. Set switch SI to position A. 

c. Adjust voltmeter calibrator for a 30 mY rms 
output, at 400 Hz. 

d. Note 400GL meter indication. If meter indi­
cation is not within tolerances listed in Table 
5-3. perform the meter calibration (Para­
graph 5-30). 

e. Set switch SI to position B. Set test oscil­
lator to 400 Hz. and adjust amplitude con­
trols until 400GL meter indication is same al; 
in step d of this paragraph. Set a reference 
on meter of test oscillator. and use amplitude 
controls to maintain the set reference when­
ever frequenc y  of oscillator is varied. 

f. Repeat step d oC this parab'l'aph for each fre­
quency listed in Table 5-3. 

g. Set switch SI to position A. 

h. Adjust voltmeter calibrator for a 1 5  mY rms 
output at 400 Hz. 

L Repeat steps d, e, and f of this paragraph. 

j .  Set 400GL RANGE switch to OdB (l v). 
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Table 5 2 Meter CaUbration Tolerances - . 

-40 dB RANGE 
-20 dB RANGE 

OdB RANGE (-8OdB Range Check) 

FREQ. 
METER 

FREQ. 
METER 

FREQ. 
METER 

INDlCATION(dB) INDlCATION(dB) INDICATlON(dB) 

MIN. MAX. MIN. MAX. MIN. MAX. 
20 -6. 4 -5. 6 30 -10.4 -9. 6 20 -6.4 -5. 6 

40 ·6. 4 -5. 6 60 -10.4 -9. 6 40 -6.4 -5. 6 

400 -6. 2 -5. 8 400 -10. 2 -9.6 400 -6.2 - 5. 8 

1000 -6. 2 -5. 8 1000 -10.2 -9.8 1000 -6.2 -5.8 

10 K -6. 2 -5. 8 10 K -10.2 -9.8 10 K -6. 2 -5.8 

100 K -6. 2 -5. 8 100 K -10. 2 -9.8 100 K -6. 2 -5.8 

I M  -6. 4 -5.6 300 K -10.8 -9.8 I M  -6. 4 -5. 6 

2 M  -6. 4 -5. 6 500 K -10.8 -9.8 2 M  · 6.4 -5. 6 

4 M  -6.8 -5.8 4 M  -6. 6 -5.8 

-Table 5 3 Range Tracking Tolerances 

-20 dB RANGE OdB RANGE 

30 mV INPUT 15 mV INPUT 0. 3 V INPUT 0. 15 V INPUT 
FREQ. METER METER METER METER 

INDICA T10N(dB) INDICATION(dB) INDICATION(dB) INDICATION(dB) 

MIN. MAx. MIN. MAX. MIN. MAX. MIN. MAX. 
20 -10.9 - 10. 1 -16.9 .16.1 -10.9 -10. 1 - 16. 9 - 16. 1 

40 -10. 9 - 10. 1 -16.9 -16. 1 -10.9 -10. 1 - 16.9 - 16. 1 

400 -10. 7 -10. 3 -16. 7 -16. 3 -10. 7 -10. 3 - 16 . 7  - 16.3 

1000 -10. 7 -10. 3 -16.7 .16.3 -10. 7 -10. 3 - 16. 7 - 16. 3 

I K  -10. 7 - 10. 3 _16.7 -16. 3 -10.7 -10.3 - 16. 7 - 16.3 

100 K -10. 7 -10. 3 -16. 7 -16. 3 -10. 7 -10. 3 - 16 . 7  - 16 . 3  

I M  -10.9 -10. 1 -16. 9 -16. 1 -10.9 -10. 1 - 16 . 9 .  - 1 6 .  1 

2 M  -10.9 -10. 1 -16.9 -16. 1 -10.9 - 10. 1 - 16 . 9  - 16. 1 

4 M  -11. 3 -10.3 - 17 . 3  -16. 3 -11. 3 -10. 3 - 17. 3 - 16.3 

k. Set switch SI to position A. deflection of 400GL at 400 Hz. 

I. Adjust voltmeter calibrator lor a O. 3 V rms 
output at 400 Hz. 

m. Repeat steps d, e. and I of this paragraph. 

n. Set switch SI to position A. 

o. Adjust voltmeter calibrator lor a O. 15 V rms 
output at 400 Hz. 

p. Repeat steps d. e, and I 01 this paragraph. 

5-20. INPUT IMPEDANCE CHECK. 

5-21. INPUT RESISTANCE CHECK. 

a. Connect 50 0 output of test oscillator to 
4OOGL. 

b. Set 4QOGL RANGE switch to OdB(1V). andset 
100KHz L. P. FILTER switch to OUT. 

c. Set test osclllator outputfor lull scale meter 
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d. Connect resistor Rl between test oscillator 
and 400GL as shown in Figure 5-3. (RI .-
200 KO). 

e. 400GL meter indication should not drop more 
than O. 2 dB from full scale. This verifies an 
input resistance of 10 MO. 

5-22. INPUT CAPACITY CHECK. 

a. Connect test oscillator and resistor RI to 
400GL as shown in Figure 5-3. (RI :: lOO 
KO). Connect resistor lead directly to GR 
connector. 

b. Set 400GL RANGE switch to OdB (IV). and 
set lOO lO{z L. P. FILTER switch to OUT. 

c. Set test OSCillator output for full scale de­
flection of 400GL meter at 400 Hz. 

d. Increase frequency of test oscillator unt1l 
400GL indication drops to -3dB. This should 
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TEST OSC1LLATOR 

hp 652A 

hp400Gl 
AC VOLTMETER /o\ � E1  @ ��6 0 - 0 .  0 � 

�----.��:;;-'t::���R�'��-;�o11 50.n :r.£ O-THAU • • 
T[AMINATlON 

hp 110488 

Figure 5-3. Input Impedance Check Setup 

occur at a frequency of 106 kHz or greater. 
verifying an input capacity of 15 pF or less on 
the OdB range. 

e. Set 400GL RANGE switch to -20 dB(I00 mV). 

f. Set lrequency response test set output lor lull 
scale deflection of 400GL meter at 400 Hz. 

g. Increase frequency ol test oscillator Wltil400 
GL indication drops to -3 dB. This should 
occur at a frequency of 53 kHz or greater. 
verllying an input capacity of 30 pF or lesson 
the -20 dB range. 

specify the use of an -hp- 738BR Voltmeter calibra­
tor and an -hp- 652A Test Oscillator. However. an 
-hp- K02-738BR VTVM caUbration System may be 
substituted if the same general procedures are 
followed. If the instrument cannot be properly ad­
justed. refer to Paragraph 5-41. Troubleshooting 
Procedures. Refer to Figure 5-4 for the location of 
internal adjustments. 
5-25. COVER REMOVAL AND REPLACEMENT. 

5 - 2 3 .  A L I G N M E N T  A ND C A L I B R A T I O N  
P R O C EDUR E S. 

5-26. Removal of the top cover exposes circuit areas 
for routine checks and adjustments. Removal of the 
bottom and side covers exposes circuit areas for 
operations such as soldering and component replace­
ment. 

5-24. The alignment and calibration Procedures 
should be performed only if it has been determined 
by the Performance Cheeks that the 400GL is not 
within specifications. The following procedures 

AIC2 
100KHz CAL 
ODB (IV) 

• ...,....._100 

1111'11 
400lU CAL 

ooa (IV) 

® 

A2R6 
81AS AOJ 

G 

" 

A.�A59 
20Hz CAL 

-400B (IOMvl 

5-27. TOP OR BOTTOM COVERS. 

a. Remove screw at rear of cover; also remove 
two su-ews on side of top cover. Slide cover 
about I 1nch to rear. and 11ft it of1. 

A2R58 
)OH� CAL -80DS (.IMV) 

A2f162 
400Hz CAL 

-400B nOMV) 

112R6B 
400Hz CAL 
-8008 (.IMV) 

TP4 TPI A2C36 
4MHz CAL 

-4008 (lOMV) 

o o 

'" 

Figure 5-4. Location of Internal Adjustments 
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b. To replace cover reverse the removal 
procedure. 

5-28. SIDE COVER. 

5-29. Remove the four screws from side cover, and 
lift it off. 

5-30. METER CALIBRATION. 

5-31. The following procedures are used to adjust 
the gain of the meter amplifier on two voltage ranges 
at five different frequencies. Proper gain adjust­
ments will assure accurate meter indications over 
the entire voltage and frequency range of the instru­
ment. Use the test setup shown in Figure 5-1 for 
the meter calibration. 

5-32. Meter CaUbration, -40dB RANGE. 

a. Set switch SI to Position A. 

b. Set 400GL RANGE switch to -40 dB (10 mV), 
and set 100 KHz L. P. FILTER switch to OUT. 

c. Set voltmeter calibrator for 10 mV output at 
400 Hz. 

d. Adjust A2R62 for a 400GL full scale meter 
indication. 

e. Set switch SI to Position B. 

f. Adjust test oscillator for a 400GL full scale 
meter indication at 400 Hz. Set a reference 
on meter of test oscillator and use amplitude 
controls to maintain reference Whenever fre­
quency or oscillator is changed. 

g. Set test oscDlator to 20 Hz. 

h. Adjust A2R59 for a 400GL full scale meter 
indication. 

1. Set test oscillator to 4 MHz. 

j. Adjust A2C36 for a 400GL full scale meter 
indication. 

5-33. METER CALIBRATION, -SOdS RANGE. 

---------NOTE: ---------­

The -SOdB range meter caUbratlon is 
performed on a higher range. This is 
done by shorting test points which pro­
vide the amplifier witb the additional 
10dB or gain Uat normally is switched 
in only on the -8OdB range. 

a. Set switch SI to Position B. 

b. Set 400GL RANGE switch to -40dB (10 mY) 
and set 100 KHz L. P. FILTER swttchtoOUT. 

c. Set test oscillator to 400 Hz. and adjust for a 
400GL meter indication of -lOdB. 

d. Short TPI to TP4 and short TP2 to TP3. 
(This increases the gain of the meter amp­
Hfier by IOdB. as if the instrument were 
on the -8OdB range. ) 

e. Adjust A2R68 for a 400GL full scale meter 
indication. Remove shortlng device from 
test points. 
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f. Set test oscillator to 30 Hz. and adjust for a 
400GL meter indication of -lOdB. 

g. Short TPl to TP4 and short TP2 to TP3. 

h. Adjust A2R58 for a 400GL full scale meter 
indication. 

5-34. ATTENUATOR ALIGNMENT. 

5-35. The following procedures are used to properly 
align the input attenuator of the 400GL at both high 
and low frequencies. Use the test setup shown in 
Figure 5-1 for the attenuator alignment. 

a. Set switch 51 to Position A. 

b. Set 400GL RANGE switch to OdB (1 V). and set 
lOO KHz L. P. FILTER switch to OUT. 

c. Adjust voltmeter caUbrator for a 1 volt out­
put at 400 Hz. 

d. Adjust AIR7 for a 400GL full scale meter in­
dication. 

e. Set switch 81 to position B. 

f. Set test oscillator for a 400GL full scale 
meter indication. at 400 Hz. 

g. Set test oscillator to 100 kHz, maintaining 
a constant amplitude. 

h. Adjust AlC2 for a 400GL full scale meter 
indication. H more than a 0 . 2  dB adjust­
ment is needed. repeat the 400 Hz adjust­
ment. 

5-36. A2Ql BIAS ADJUSTMENT. 

5-37. A2R6 provides a bias adjustment for field 
effect transistor A2Ql. 

a. Monitor voltage at junction between A2R5and 
A2R3 with a dc voltmeter. 

b. Adjust A2R6 for a +6 V  ( - 6  V for Ser. No. 
below 737-00456) indication at the junction. 

5-38. REPLACEMENT OF A2C37·. 

5-39. The value of A2C37 is individually selected 
to compensate for varying circuit parameters with­
in the instrument. Certain Model 400GL instru­
ments may not have a capacitor in this location. 

5-40. H an instrument cannot be properly calibrated 
on the -4OdB range at 4 MH:t, A2C37 should be 
changed. Increase the value of A2C37 if the instru­
ment meter indication is high and cannot be adjusted 
low enough; decrease tbe value of A2C37 if the in­
strument .:;neter indication Is low and cannot be ad­
justed high enough. 

5-41. T R O U B L E S H O O T I N G  P R O C E D U R E .  

5-42. H the 400GL is operating improperly. it either 
needs to be calibrated or has a circuit that is mal­
functiOning. Troubleshoot the instrument only after 
it has been determined that the mailWlctlon cannot be 
corrected by performing the Alignment and calibra­
tion Procedures in Paragraph 5-23. 
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Paragraph 5-43 to 5-49 and Tables 5-4 to 5-7 

Table 5-4 Troubleshooting Guide 

MALFUNCTION INDICATION 

Instrument will not operate on line voltage. and 
LINE ON lamp will not light. 

Instrument will not uprange above -20dB (lOOm V). 
but works on -20dB range and below. 

Instrwnent will not downrange below OdB(1V). 
but works on OdB range and above. 

Voltage at A2R8 cannot be properly adjusted. 

No voltage at A2Ll. 

Power supply output unregulated. 

No ac output. 

Instrument operates improperly with inputs 
above 100 kHz. but works with inputs of lower 
frequencies. 

Instrument will not operate properly on -SOdB 
range (0. I mY). 

Meter deflection on all ranges with no input. 

Meter remains at zero with any input on any 
range. 

5�43. When a malfunction occurs, remove power 
from the 400GL and visually inspect for loose or 
broken wires and connectors. Also check for over­
heated or loose components and similar conditions 
that could be a source of trouble. 

5-44. The checks outlined in this section were not 
desIgned to measure all circuit parameters. but to 
localize the malfunction. Therefore, it is probable 
that addit1ona.l checks and measurements will be re­
quired to completely isolate the faulty component. 

5-45. Refer to Table 5-4 for a list of possible mal­
functions and their probable causes. 

-----NOTE -----

All the voltage measurements in tMs 
section should be madc with the 400GL 
input shorted and the RANGE switch 
set to OdB (IV). 

5-46. POWER SUP PLY. 

5�47. Measure the power supply outputs at jumper 
wires 11 and 112 for +26 V and -26 V respectively. 
U both outputs are incorrect, first check the com­
ponents in the +26 V section of the power supply. be� 
cause the control transistor in the -26 V supply is 
referenced to the +26 V output. Consequently. if the 
+26 V becomes unregulated, the -26 V will also be 
unregulated. Refer to Table 5-5 for a list of check 
point voltages in the power supply. 

5-6 

PROBABLE TROUBLE 

Fuse Ft open. 

Relay A2KI stuck closed, or A2K2 stuck open. 

Relay A2Kl stuck open. or A2K2 stuck closed. 

Impedance Converter Circuit (A2Ql. A2Q2 and 
A2Q3). 

Jumper wire U broken. 

A2Q6, A2Q7 or Zener diode A2CR13. 

A2R33 shorted, or A2C26 open. 

Filter switch S2. 

Range switch SI. wafer D. 

A2Q15, A2Q16. A2Q17. 
A2C38, A2C39 or A2C40. 

capacitor Cl shorted. 

Table 5-5 Power Supply Voltages . 

CHECK POINT VOLTAGE 

Emitter Q4 +26. 0 V :t:l V 
Collector Q4 +41. 5 V :l:5 V 
Collector Q6 +27.5 V :l:l V 
Emitter Q8 -26. 0 V :t:l V 
Emitter Q9 -43.5 V :l:5 V 

5-48. AMPLlF1.ERS. 

5-49. Both the preamplifier and the meter amplifier 
are internally dc coupled. U the dc voltages anywhere 
in the amplifiers are incorrect. the amplifiers wUl 
not operate properly. Measure the dc voltages in 
the amplifiers at the check points listed in 
Tables 5-6 and 5-7. 

Table 5-6. Preamplifier Voltages 

CHECK POINT VOLTAGE 

Source Ql +2.3 V ±C. 5 V 
Drain Ql +17.0 V :1:2.0 V 
Collector Q2 +7. 5 V ±C. 5 V 
Collector Q3 +21.4 V :l:1.0 V 

NOTE: Preamplifier voltages are negative Cor 
Serial Numbers below 737-00456. 
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Table 5-7 Meter Amplifier Voltages 

CHECK POINT VOLTAGE 

Emitter Q10 -0. 64 V :to. 1 V 
Collector QI0 +9.20 V �. O V 
Collector Ql1 +0. 97 V ::Ml. 2 V 
Collector Q12 +22.00 V �. 0 V 
Collector Q13 +11.00 V ±1. 0 V 
Collector Q15 +2. 30 V ±O. 5 V 

5-50. METER BRIDGE. 

5-51. Measure the de voltages on the transistors in 
the meter bridge and compare the readings with those 
given in Table 5-8. Also measure the voltages atthe 
meter terminals. The meter should be !loating at 
approximately -9 volts, %2 volts, with respect to 
circuit ground. 

Table 5-8 Meter Bridge Voltages . 

CHECK POINT VOLTAGE 

Collector Q16 - 9  V :1'2 V 
Base Q17 _17 V ±1 V 

5 - 5 2 .  E T C H E D  C I R C U I T  B O A R D  R E P A I R .  

5-53. The Model 400GL uses plated-through. double­
sided. etched circuit boards. To prevent damage to 
the circuit board and components. observe the follow­
ing rules when soldering; 

a. Use a low-heat (25 to 50 watts) soldering iron 
with a small tip (1/16" to 3/32" diameter). 

01799-1 

Section V 
Paragraphs 5-50 to 5-53 and Table 5-8 

b. To remove a component. clip a heat sink (long 
nose pliers, commercial heat sink tweezers, 
etc.) on the component lead as close to the 
component as possible. Place the soldering 
iron directly on the component lead, and pull 
up on the lead. If a component is obviously 
damaged or faulty, clip the leads close to the 
component and then remove the leads from the 
board. 

EXCESSIVE OR PROLONGED HEAT CAN 
LIFT THE CmCutT FOIL FROM THE 
BOARD OR CAUSE DAMAGE TO COM­
PONENTS. 

c. Clean the component lead holes by heating the 
solder in the hole. quickly removing the sol­
dering iron, and inserting a pointed, non­
metall1c object such as a toothpick. 

d. To mount a new component, shape the leads 
and insert them in the holes. Clip a heat sink 
on the component. heat with the soldering 
iron, and add solder as necessary to obtain a 
good electrical connection. 

e. Cllp excess leads off after soldering and clean 
excess flux from the connection and adjoining 
area, using type TF Freon (-hp- Part No. 
8500-0232). 
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Paragraphs 6-1 to 6-2 

SECTION VI 
CIRCUIT DIAGRAMS 

6-1. INTRODUCTION. 

6-2. This section contains the schematic and com­
ponent location diagrams for the Model 400GL. 
Figure 6-1 shows a flattened view of the RANGE 
switch and part of the internal wiring data. Fig-

gure 6-2 shows the component location on the Al and 
A2 printed circuit boards, and the location of chassis 
components. Figure 6-3 is the schematic diagram 
of the 400GL. 

An explanation of terms and symbols used as 
reference designators is given below. 

REFERENCE DESIGNATIONS 
PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITH 

ASSEMBLY OR SUBASSEMBLY DESIGNATION(S) OR BOTH FOR 

COMPLETE DESIGNATION. 

COMPLETE 

ASSEMBLY SUBASSEMBLY COMPONENT DESIGNATION 

A2 NONE Q1 A2Q1 

A2 A1 R1 A2A1R1 

NONE NONE J1 J1 

AIIembly 
R.feren,. AII.mbly Au.mbly PMI N_ber 

Desigfl4li"" Name (""lJIdes A2Al sllbaIJembly) 

I
II "01 mO_I.d 0" 

PI"g P2 mOll",ed 0" Ass.mbly � , 
Auembly .A2 

or pMI of Ih. Ass.mbly BOllf'd x2 POWER -;c;,PLY ASSEM;L� (03460-6�;I;----' 
ladt l2 mOllfll.d 0" Chassis I J I 

or anolher AJlembly � 
I� �2 P2 I � 

I I I I 
/- Destifl4li"" of wir. 

I I Q I Au.mbly .A3, ladt l3 
I I I J2 Pi" 4 

Number indi&al.s pi" : 
I 

: 61 
A3J3-4 

of P2 and ]2 � I : 
�3�-+---I �SllbaJJembl'Y of A2 

I �OTo-CHOPPER OSCILLATOR-' 
�� 

Wir. Calor: Calor ,od. lam. as resil/or I \--�I'----r-l---'� 1
1 

,olor ,od.. PirSI ",.mber indital.s bas. I RI 
I ,olor, l",Ond ",.;"ber ind.",ifj.s wider slriP, I 

lhird "umber i"dktll.s ",,"ower llrip. Ey.let or ltandoff lerminal 
E.g. � denol.l WHT·RED·YEL ,,';'e. may or may "01 b. "umber.d 1 

6-1 

I : /1/ Pin may or -y "01 ,fvQ� . b. ",.mbered 

�)� 
. 1 I � pemaIe pi" ,,,,,,,.&tor 
l., I ona WHT·RED u';'. 
Male lllltldoff 
fJin ,O""edfN 

5TO-A-0114 
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Figure 6-1. 
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Figurcs 6-2 to 6-3 

--NOTES---
1. PARTIAL REFERENCE DESIGNATIONS ARE SHOWN. PREFIX 

'Nt!K ASSBMB:'Y OR SUBASSEMBLY DESJGNATION(S) Oft BOTH 
FOR COMPLETl': DBSJGNATION. 

2. COMPONENT VALUES ARE SHOWN AS HlLLOWS UNLESS OTMEH_ 
WISt: NCTrt:u. 

RliSISTANCE IN OHMS 

CAPACITAt-'C2 DI "'�CROFARAOS 
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"9 Ut:NOTES SlGrOAL COMMON. 

{. ______ D.:NOTES ASSEMBLY, 

DENOTES MAIN SJGNAL PATH, 

DENOTES FEEDIlJ.CK PATII. 

�. c:::::::J DENOTES FRONT PANEL NARKING. 

C:::J DI'I:NrrrF..'I RI'I:AR -P-A�RL ... ARKTHCo 

6. � ut:NCTn:l3 SCKEWUKII'l!:K AUJU�n. 

'. -M AVERAGE VALUE SHOWN, OPTIMUM VALUE SELECTED AT 
PACTORY. 
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Paragraphs 7-1 to 7-7 

SECTION VII 
REPLACEABLE PARTS 

7-1. I N T R O D U C T I O N .  

7 -2. This section contains lnformation for ordering 
replacement parts. Table 7-1 lists parts in alpha­
meric order of their reference designators and indi­
cates the descrlptlon, -hp- part number of each part, 
together with any applicable notes, and provides the 
following: 

a. Total quantity used in the instrument (TQ 
column). The total quantity of a part is given 
the Hrst time the part number appears. 

b. Description of the part. (See list of abbrevia­
tions below. ) 

c. Typical manufacturer of the part in a five­
digit code. (See Appendix A for list of manu­
facturers. ) 

d. Manufacturer's part number. 

7 -3. Miscellaneous pa.rts are listed at the end of 
Table 7 - 1. 

7-4. O R D E R I N G  I N F O R M A T I O N _ 

7-5. To obtain replacement parts, address order or 
inquiry to your local HewleU-Packard Field Office. 
(See Appendix B for list of office locations. ) Identify 
parts by their HewleU-Packard part numbers_ Include 
instrument model and serial numbers. 

7 - 6 .  N O N L l S T E D  P A R T S .  

7-7. To obtain a part that is not listed, include: 

a. Instrument model number. 

b. Instrument serial number. 

c. Description of the part. 

d. Function and location of the part. 

DEBKlNATORS 
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Section vn Model 400GL 
Table 7-1 

Table 7-1 Replaceable Parts 

REFERENCE -hp-
TQ DESCRIPTION MFR. MFR. PART NO. 

DESIGNATOR PART NO. 

Al 00400-66506 I Board: etched circuit lnput assembly 28480 00400-66506 
00400-66505 {below Serial Number 737 -00456) 28480 00400-6650 5 

AICI 0150-0012 I C: Ixd cer 0.01 j.lF ±20% 1000 vdcw 56289 29C214A3 
AIC2 0121 -0407 I C :  var trim 0. 7 to 3 pF 72982 536-016 
AIC3 0150-0093 C :  fxd cer 0.01 J.lF +80% -20% 100 vdcw 91418 TA obd 

A1C4 0140-0179 I C: fxd mica 1000 pF ±2% 04062 RDM 19FI02G3C 
A1C5 0140-0156 I C: fxcl mica 1500 pF ±2% 04062 ROM 19F 152G3C 
Ale6 0150-0093 2 C' hd .. pr 0_ 01 J.lF +80% -20% lOO vdcw 91418 TA obd 
AIKI 0490-0479 I Relay reed: high voltage Kl 28480 0490-0479 

0490-0478 (below Serial Number 737-00456) 28480 0490-0478 
0490-0195 {below Serial Number 628-oo151} 28480 0490-0195 

AIK2 0490-0343 I Relay reed: low voltage K2 28480 0490-0343 
AIRI 0757-0346 I R: fxd prec met lIm 10.0 n ± 1% 1/8 W 19701 MF5C T-O obd 

AIR2 0698-4128 I R, CxcI met flm 10.0 MO ±O. 25% 1/2 W 03888 PME70-T-2 ob<! 
AIR3 0684-2211 2 R: Ixd comp 220 0 ±IO% 1/4 W 01121 CB 2211 ob' 

AIR4 0698-4475 I R, fxd prec met Urn 9760 O ± I% 1/8 W 19701 MF5C T-O obd 

AIR5 0683-0625 I R, fxd comp 6.2 0 ±5% 1/4 W 01121 CB-62G5 ob' 

AIR6 0684-2211 n, fxd comp 220 O ± IO% 1/4 W 01121 CB2211 ob' 
AIR7 2100-1799 I R, var pot ww 500 n :ilo% 1 W 89709 2600 Series obd 

A2 00400-66504 I Board: etched circuit assembly 28480 00400-66504 

A2CI 0180-0100 10 C, fxd Ta. 4. 7 flF ±IO% 35 vdcw 56289 ISOD47SX903582 
A2C2 0150-0122 3 C, fxd cer O. 002 Jl F :i;20% 500 vdcw 72982 Style 801-000-YSS-

202M 
A2C3 0180-0119 I C, fxd Al elect I IlF +75% -10% 25 vdcw 56289 30D105G025BA2-

DSM 
A2C4 0180-0137 3 C ,  bd Ta. elect 100 J.I F 10 vdcw 56289 150DI07XooIOR2 
A2C5 0150-0084 I C ,  fxd cer O. 1 fl F  +80% -20% 50 vdcw 56289 33C41 obd 

A2C6 0160-2024 I C, fxd mica 75 pF :1:5% SOO vdcw 04062 RDM 15E750J5S 
A2C7 0180-0106 I C, fxcl Ta elect 60 $-IF 0t020% 6 vdcw 56289 150D606XOO06B2 

A2C8 0180-0100 C, bd Ta 4. 7 IJ.F :i;10% 35 vdcw 56289 150D475X9035B2 
A2C9 0140-0198 I C, bd mica 200 pF :i5% 04062 ROM 15F20lJ3C 
A2ClO 0180-0100 C, fxd Ta 4. 7 IJ.F :1:10% 35 vdcw 56289 150D475X9035B2 

A2Cll 0150-0122 C, fxd cer O. 002 j.lF :1:20% 500 vdcw 72982 Style 801-000-Y5S-
202M 

A2CI2 0180-0100 C, fxd Ta 4. 7 $-IF :1:10% 35 vdcw 56289 150D475X903582 
A2C 13, A2C14 Not assigned 

A2CI5 0180-0061 , C, fxd Al elect 100 Il F  +75% -10% IS vdcw 56289 30DI07GOlSDC2-
DSM 

A2C16 0180-0100 C, fxd Ta 4. 7 IlF :i1O% 35 vdcw S6289 150D475X9035B2 
A2C17 0180-1819 2 C, bd Al elect lOO J.lF +75% -10% 50 vdcw 56289 30D107G050DH2-

DSM 

A2C18 0150-0024 2 C, fxd cer O. 02 Jl F +80% -20% 600 vdcw 71590 841-000-Z5U-203Z 
A2C19 0180-0100 C, fxd'l'a 4. 7 IJ.F :1:10% 35 vdcw 56289 150D475X9035B2 
A2C20 0180-0061 C, fxd Al elect lOO IlF +75% -10% 15 vdcw 56289 30DI07G015DC2-

DSM 
A2C21 0180-lIU9 c: txcl Ai elect IOU 1J.1" +75% -10% 50 vdcw �6289 30DI07GO:)ODH2-

DSM 
A2C22 0150-0024 C, fxd cer 0.02 J.I F +80% -20% 600 vdcw 71590 641-OO0-Z5U-203Z 

A2C23 0180-0061 C ,  {xd Al elect 100 JlF +7S% -10% 1 5  vdcw 56289 30D1Q7G015DC2-
DSM 

A2C24, A2C25 0180-0100 C, fxd Ta 4. 7 #OF otol0% 35 vdcw 56289 150D475X903S82 
A2C26 0180-0058 I C ,  bd Al elect 50 J.lF +75% -10% 25 vdcw 56289 30D506G025CC2-

DSM 

A2C27 0150-0122 C ,  fxd cer 0.002 J.lF 0t020% 500 vdcw 72982 Style 801-0OO-Y5S-
202M 

A2C28 0140-0195 I C ,  fxd mica 130 pF :1:5% 04062 RDM 15F131J3C 
A2C29 0140-0190 I C, fxd mica 39 pF ±5% 04062 ROM15E390J3C 
A2C30 0180-0224 I C ,  fxcl Al elect 10 j.lF +75% -10% 15 vdcw 56289 30D106G0158A4 
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Model 400GL Section VU 

REFERENCE -hp-
DESIGNATOR PART NO. 

A2C31 0140-0208 
A2C32, A2C33 0180-013'1 
A2C34 0180-0100 
A2C3S 

A2C36 0121-0127 
A2C37 0160-0205 
A2C38, A2C39 0180-0393 
A2C40 0180-0100 
A2C41 0140-0149 

A2CR1 1902-0022 
A2CR2 1901-0044 

A2CR3 1901-0040 
A2CR4 1901-0044 
A2CR5 1902-0022 

A2CR6 Illru 1901-0033 
A2CRll 

A2CR12 1901-0040 
A2CR13 1902-3125 
A2CRI4, 1901-0040 

A2CR15 

A2CR16 1901-0040 
A2CRl7 1901-0040 

A2CR19 thru 
A2CR21 1901-0040 

A2CR22, 
A2CR23 1901-002'1 

A2CR24 1901-0040 
A2LI, A2L2 9140-0047 
A2Ql 1855-0033 

1855_0029 

A2Q2 1853-0036 
1854_0215 

A2Q3 1854-0314 
1853�0036 

A2Q4 1854-0039 
A2Q5. A2Q6 1854-0215 
A2Q'1. A2Q8 1853�0036 
A2Q9 1854�0039 
A2QI0 1854-0215 
A�l1 1853-0036 
AaG;! 12 thru 

AaG;! 14 1854-0215 
AaG;!15 thru 

A2Q17 1853-0036 

A2Rl 0698-4121 
A2R2 0757_0474 
A2R3 0686-3625 
A2R4 0698-3178 

A2R5 0698-4196 
A2R6 2100-0095 
A2R7 0686-2265 
A2R8 0757-0410 

A2R9 0757-0434 
A2RI0 0698-3510 
A2Rll 0698-4457 

Table 7-1 Replaceable Parts (Cont'd) 

TQ DESCRIPTION 

1 Co fxd mica 680 pF ±S% 
Co fxd Ta elect lOO IJ.F 10 vdcw 
Co fxd Ta 4. 7 IJ.F ±10% 35 vdcw 
Not autgned 

1 Co var air trim 1. '1 to 14. 1 pF 
1 Co fxd mica 10 pF ±5% 
2 Co fxd Ta 39 J.L F ± 10% 10 vdcw 

Co fxd Ta 4. 7 J.LF ±lo% 35 vdcw 
1 Co fxd mica 470 pF ±5% 

, Diode: 2.67 V ±IO% 
2 Diode: 5120 mA at ... 1 V 10 nA at 10Vreverse 

current 50 wtv 2 pF 
10 Diode: SI 30 wV 30 mA 2 pF 

Diode: 5120 mA ... l V 10 nA 10 V SO wiv 2 pF 
Diode: 2. 67 V ±IO% 

• Diode: Si 100 mA al ... l V 180 wlv 13 pF 

Diode: 5i 30 wV 30 mA 2 pF 
1 Diode: Si breakdown V 6.98 V ±2% 

Diode: 51 30 wV 30 mA 2 pF 

Diode: Si 30 wV 30 mA 2 pF 
Diode: 51 30 wV 30 mA 2 pF 

Diode: 5130wV 30 mA 2 pF 

2 Diode: Si 1 pF 10 wiv 
Diode: SI 30 wV 30 mA 2 pF 

2 Inductor: lxd 20 p.H ± 10% 
1 TSTR: SI 2N3684 

TSTR: F5035 FET·' (below Ser. No.737-
00(56) 

, TSTR: SI PNP 2N3906 
TSTR: SINPN2N3�04(b .. lowSer. No. 737-

00(56) 
, TSTR: SI NPN 2N3904 

TSTR: Si PNP 2N390e (below Ser. No. 737_ 
00456) 

2 TSTR: Si NPN 2N3053 
TSTR: SI NPN 2N3904 
TSTR: SI PNP 2N3906 
TSTR: Si NPN 2N3053 
TSTR: Si NPN 2N3904 
TSTR: SI PNP 2N3906 

TSTR: Si NPN 2N3904 

TSTR: SI PNP 2N3906 

5 Ro fAd prec met Um 11. 3 KO ±I% 1/6 W 
• Ro Ixd prec met flm 243 KO 1: 1% 1/8 W 

12 Ro bcd 3 . 60 kO ± 5% l/2 W 
2 Ro lxd prec met flm 487 0 ±l% 1/8 W 

5 R, fxd prec met Urn 1070 0 ± 1% l/S W 
1 Ro var pot cornp 100 KO :l3o% O. 10 W 
1 Ro Ixd comp 22 M n .5% 1/2 W 
1 R, Ixd prec met Urn SOl (11:1% 1/8 W 

Ro Ixd pree met flm 3650 {1 1/8 W 
2 Ro Ixd prec met Um 453 11 ±1% 1/8 W 
1 R, fxd prec met Um 576 11 ±l% 1/8 W 

Table 7-1 

MFR. MFR. PART NO. 

04062 RDM 1SF681J3C 
S6289 150DI07XOOI0R2 
56289 150D475X9035B2 

74970 189-505-5 
04062 ROM 15C lOOJ5S 
56289 150D396X9010B2 
56289 150D475X9035B2 
04062 RDM 15F471J3S 

04713 SZ10939-16 

0387'7 SG5178 oIxI 
03877 SG5050 ob<! 
03877 SG5178 obd 
04713 SZ 10939-16 

038'17 SG3396 obd 

03877 SGSOSO obd 
07263 ob<! 
Ol877 SGSOSO olx! 

0387'7 5G5050 obd 
Ol877 5G505O olx! 

03877 5G5050 obd 

73293 "bd 
03877 SG5050 ob<! 
99848 H51O'14020 
07256 FN576 
28480 1855-0029 

04713 SP5-3612 
04713 2N3904 obd 

04713 MPS6521-S 
04713 2N3906 

04713 2N3053 ob' 
04713 2N3904 ob' 
04713 2N3906 ob' 
04713 2Nl053 ob' 
04713 2N3904 ob' 
04713 2N3906 olx! 

04713 2N3904 ob<! 

04713 2N3906 obd 

19701 MF5C T-O olx! 
75042 CEA T-O obd 
01121 EB3625 
19701 MFSC T-O olx! 

19701 MF5C T-O obd 
11236 UPM70RE(-hp-)obd 
01121 EB2265 obd 
19701 MFSC T-O olx! 

19701 MFSC T-O "Ix! 
19701 MFSC T-O obd 
19701 MFSC T-O olx! 
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Section VU 
Table 7-1 

REFERENCE 
DESIGNATOR 

A2RI2 
A2RI3 
A2R14 
A2R15 
A2RI6 

A2RI7 
A2RI8 
A2R19 
A2R20 
A2R21 

A2R22, A2R23 
A2R24 
A2R25 
A2R26 
A2R27 

A2R28, A2R29 
A2R30 
A2R31 
A2R32 
A2R33 

A2R34 
A2R35, A2R36 
A2R37 
A2R38 
A2R39 

A2R40 
A2R41 
A2R42 
A2R43 
A2R44 

A2R45 
A2R46 
A2R47 
A2R48 
A2R49 

A2R50 
A2R51 
A2R52 
A2R53 
A2R54 

A2R55 
A2R56 
A2R57 
A2R58, A2R59 
A2R60 

A2R61 
A2R62 
A2R63 
A2R84 
A2R65 

A2R66 
A2R67 
A2R68 
A2R69 
A2R70 
A2R71 
A2R72 

7-' 

-hp-
PART r.;o. 

0757-0474 
0757-0434 
0698-4396 
0698-4121 
0757-0428 

0757-0808 
0757-0401 

0757-0794 
0698-4196 

0757-0434 
0757-0290 
0698-4121 
0757-0447 
0698-31�5 

0757-0434 
0698-3156 
0757-0794 
0698-4196 
0757-0474 

0757-0408 
0757-0434 
0757-0438 
0698-3156 
0698-3510 

0698-3438 
0698�4196 
0757-0401 
0757-0408 
0698-3156 

0757-0277 
OU7-0441 
0698-3157 
0757-0401 
0698-3156 

0757_0434 
0698-4121 
0757_0444 
0698-4121 
0757-0401 

0698-3438 
0698-3450 
0757-0408 
2100-0290 
0757_0277 

0698-3157 
2100-0240 
0757�0161 
0698-3434 
0757-0381 

0757-0384 
0'J57-0346 
2100_0277 
0698-4196 
0698-3450 
0'15'1-0290 
0698-3178 

Table 7-1. Replaceable Parts (Cont'dj 

TQ DESCRIPTION 

R, (xci prec met rIm 243 KfI otol% 1/8 W 
R, (xci prcc met Hm 3650 n otol% 1/8 W 

2 R, fxcl. prec met flm 80. 6 n oto 1% 1/6 W 
R' fxcl prec met Um 11.3 K Qotol% 1/8 W 

1 R, fxd prec 1620 n otol% 1/8 W 

1 R, fxd prcc met flm 301 {1 oto1'1! 1/2 W 
5 R: fxcl prec met flm 100 n +1% 1/8 W 

Not assigned 
2 R, fxd prec met flm 68. 1 fI d% 1/2 W 

R, [xd prec met rim 1070 fI d% 1/8 W 

R, !xcI prec met flm 3650 fI ±l% 1/8 W 
2 R, {xci prec met [lm 6. 190 n otol% 1/8 W 

R, {xd prec met Um 11.3 KO otol% 1/8 W 
1 R, fxd prec met flm 16. 2 KfI ±-l% 1/8 W 
1 R, txd prec met Hm 4640 n :tl% 1/8 W 

R, fxd prec met!lm 3650 n ±1% 1/8 W 
4 R, fxd prec met Urn 14. 7 KfI ±1% 1/8 W 

R, {xci prec met Urn 68. 1 n ±I% 1/2 W 
R, {xci prec met !lm 1070 n ±J% 1/8 W 
R, fxd prec met Urn 243 Kn otol% 1/8 W 

R, bd prec met {lID 243 n ± 1% 1/8 W 
R, {xci prec met Bm 3650 n :tl% 1/8 W 

1 R, fxcl prec met fim 5110 n :tl% 1/8 W 
R, fxd prec met Um 14.7 KfI ±1% 1/8 W 
R, fxcl prec met Urn 453 n ±1% 1/8 W 

2 R, f)l[d. prec met Um 147 Q %1% 1/8 W 
R, fxcl prec met flm 1070 () :t.l% 1/8 W 
R, [xci prec met Um lOO n :tl% 1/8 W 

2 R, [xd prec met tlm 243 n ± 11. 1/8 W 
R, f)l[d. prec met flm 14. 7 KO:tI1. 1/8 W 

1 R, fxcl prec met Um 49. 9 n ± 11. 1/8 W 
1 R, !xd prec met Urn 8250 n oto 1% 1/8 W 
2 R, fxd prec met Um 19. 6 Kn±l% 1/8 W 

R, fxd prec met flm 100 0 oto 11. 1/8 W 
R, (xd prec met Um 14.7 KO :tl1. 1/8 W 

R, !xd prec met flm 3650 n :t 11. 1/8 W 
R, fxd prec met £lrn 11. 3  KO otol% 1/8 W 

1 R, f)l[d. prcc met flrn 12. 1 Kn ±1% 1/8 W 
R, f)l[d. prec met tlm 11. 3 KO ",1% 1/8 VJ 
R, f)l[d. prec met flm 100 !l ±11. 1/8 W 

R, fxcl prec met Um 147 O ±I% �8 W 
2 R, fxd prec met Um 42. 2 KO.£.1 1/8 W 

R, {xci prec met flm 243 n ± 1% 1/8 W 
2 R, var ww lOO n :t2o% 1-1/2 W 

R, fxd prec met Hm 49.9 11 :tl% 1/8 W 

R, [xci prec met flm 19. 6·:n :tIll.. 1/8 W 
1 R, var ww 50 n :t20% 1�1/2 W 
I R, fxd prec met Um 604 n :tl% 1/8 W 
1 R, !xcl prec met !lm 34.8 n :t.l% 1/8 W 
1 R, fxd prec met flrn 15 n ±1% 1/8 W 

1 R, [xci prec met rlm 20 n ±1% 1/8 W 
1 "' (xci prec met nm 10 n ± 1% 1/8 W 
1 R, var comp lin 100 n ±20%- O. 3 W 

R, fxd 10'70 !l ± 1% 1/8 W 
R, [xd prec met Um 42.2 KO ±1% 1/8 W 
R, [xd prec met flrn 6190 !l oto 11. 1/8 W 
R, fxd prec met Urn 487 0 % 1% 1/8 W 

Model 400GL 

MFR. MFR. PART NO. 

75042 eEA T-O obd 
19701 MF5C T-O ob<! 
19701 MF5C T-O obd 
19701 MF5C T-O obd 
19701 MFSC T-O ob<! 

75042 CEe T-O ob<! 
19701 MFSC T-O .h<! 

75042 CEA T-O obd 
19701 MFSC T-O obd 

19701 MFSC T-O ob<! 
75042 CEA T-O obd 
19701 MF5C T-O ob<! 
19701 MFSC T-O obd 
19701 MF5C T-O ob<! 

19701 MF5C T-O obd 
75042 CEA T-O obd 
75042 CEA T-O ob<! 
19701 MFSC T-O obd 
75042 eEA T-O obd 

19701 MFSC T-O obd 
19701 MFSC T-O obd 
75042 eEA T-O obd 
75042 eEA T-O obd 
19701 MFSC T-O obd 

19701 MFSC T-O obd 
19701 MF5C T-O obd 
19701 MFSC T-O obd 
19701 MFSC T-O obd 
75042 CEA T-O ob<! 

75042 CEA T-O obd 
19701 MFSC T-O obd 
19701 MFSC 1'-0 obd 
19701 MFSC T-O obd 
75042 CEA T-O obd 

19701 MFSC T-O obd 
19701 MFSC T-O obd 
19701 MFSC T-O obd 
19701 MFSC T-O obd 
19701 MFSC 1'-0 obd 

19701 MFSC T-O obd 
19701 MFSC 1'-0 obd 
19701 MFSC 1'-0 obd 
11237 11. obd 
91637 Mf'-1/10-32 

19701 MFSC 1'-0 obd 
11237 11. obd 
19701 MFSC T-O obd 
75042 eEA T-O obd 
75042 CEA 1'-0 obd 

75042 CEA 1'-0 obd 
75042 eEA T-O obd 
11236 Type UPE8SCV obd 
19701 MFSC T-O obd 
19701 MFSC T_O obd 
75042 CEA 1'-0 obd 
19701 MFSC T-O obd 
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Model 400GL 

REFERENCE 
DESIGNATOR 

A2R73 
A2R74, A2R75 

Cl 

OSI 

FI 

LI. L2 
MI 
MPi 
MP2 
MP3 
MP' 
MP' 

MP' 
MP7 
MP8 
MP9 
MPIO 

MPI! 
MP12 
MPI3 
MPI4 
MP15 

MP16 
MP17 
MPIB 
MP19 

MP20 

MP21 

MP22 
MP23 
MP24 

MP25 
MP2B 
MP27 
MP28 
MP29 
MP'" 
MP31 

RI 

SI 

SICI 

-hp­
PART NO. 

0757-0474 
0757-0434 

0180-0060 

1450-0048 

2110-0017 

9140-0041 
1120-0928 
0340-0090 
0340-0086 
1510-0010 
1510-0011 
1400-0084 

0340-0087 
0340-0091 
1205-0033 

00400-00605 
0370-0113 

0370-0115 
1510-0035 
1510-0036 
0340-0099 
0340-0100 

0340-0109 
00400-05502 
00400-04102 

1440-0050 

1440-0049 

1440-0048 

5060-6020 
5060-0703 

00400-00210 
00400-00206 

5000-0703 
5000-0711 
1490-0031 
5060-0727 
5040-0700 

00400-00209 
5020-0704 

0687-3331 

00400-61904 

0160-0207 

SICRI. SICR2 1901-0040 

SIRl 0757-0167 
S1R2 thru S1R7 0698-4118 

SlR8 
SIR9 thru 

SIRI5 

SIRl6, SIR17 

01799-1 

0698-4117 

0698-4119 

0687-1501 

Table 7-1. Replaceable Parts (Cont'd) 

TQ DESCRIPTION 

R; lxd pree met flm 243 KO *1% 1/8 W 
R: fxd pree met flm 3650 n :1:1% 1/8 W 

1 c: fxd AI elect 200 jJ.F +75% -10% 3 vdew 

1 Lamp: pUot 1" red transparent 

1 Fuse: 15 A slow-blow 115 V - 230 V 

2 Induclor: (xd 30 n or less 2. 5 mH :1:10% 
Meter 

I Insulator: 2 hole front with locating key 
1 Insulator: 2 hole rear 
3 Binding post assembly: red 
2 Binding post assembly: black 
1 Holder: luse 

1 Insulator: 3 hole rear 
t Insulator: 3 hole front 
2 Heal disslpator: semiconductor for TO-5 

Shield: meter 
1 Knob: bar with one arrow 

I 
I 
I 
2 
I 

, 
I 
1 
2 

2 

I 

I 
2 
I 

2 
I 
I 
2 
2 
I 
1 

Knob: bar red w/ pointer 
Binding post assembly: black. 
Binding post assembly: red 
Insulator: single binding post 
Insulator: single blnding post 

Insulator: 6_32 nylon O. 437" 
Can: shield Input 
Cover: input attenuator 
Plate: handle plated steel 

Cap: handle brushed cadmium 

Strap: handle black vinyl 

Cover assembly: top 5 x 11 sub module 
Frame assembly: 6 x ii sub module 
Panel: rear 
(below Serial Number 943-01016) 
Side cover 6 x 11 sub module 
Cover assembly: bottom 5 x 11 sub module 
Stand: 1/3 module tHt 
Foot assembly: 1/3 module 
Hinge: mold 
Panel: front 
Meter trim: third module 

1 R: !xd comp 33 KO :1:10% 1/2 W 

Switch: assembly range 

I C: fxd my 0.01 JJ F :I:�% 200 vdcw 

2 Diode: Si 

1 R: fxd pree met lIm 143 n *1% 1/4 W 
6 R: fxd pree met flm 277.48 n :to. 1% 1/4 W 

1 R: fxd pree met Om 189.72 n :to. 1% 1/4 W 

R: fxd pree met Urn 410.26 n <10. 1% 1/4 W 

2 R: fxd comp 15 n :tlO% 1/2 W 

Seclton VD 
Table 7-1 

MFR. MFR. PART NO. 

75042 CEA T-O 
19701 MF5C T-O 

obd 
obd 

56289 30D207GOQ3CC2_ 

72765 

75915 

95265 
28480 
28480 
26480 
28480 
28480 
75915 

28480 
28480 
05820 
28480 
28480 

28480 
28480 
28480 
28460 
28480 

DSM 

599-124 

313. 150 

SA-2500-1 
1120-0928 
0340-0090 
0340-0086 
1510-0010 
1510-0011 
342014 

0340-0087 
0340-0091 
NF�207 
00400-00605 
0:J70�01l3 

0370-0115 
1510-003� 
1510-0036 
0340-0099 
0340-0100 

obd 

obd 

obd 

ob<! 

obd 

OOOLA 
28480 
28480 
12136 

212-160402-00-0 101 
00400-05502 
00400-04102 

12136 

12136 

26460 
28480 
28480 
28480 
28480 
28480 
91260 
28480 
28460 
28480 
28480 

Part 3 of 3 assy , 
1875-376-370 

Part 2 of 3 assy , 
1875...376_370 

Part 1 of 3 ass)' , 
1875_376_370 

S060-6020 
5060-0703 
00400 -00210 
00400-00206 
5000-0703 
SOOO-0711 
obd 
5060-0727 
5040-0700 
00400-00209 
5020-0704 

01121 ED3331 obd 

28480 00400-61904 

56289 192PI0352-pts 

03877 SG5050 

19701 MF6C T-O 
75042 oIxI 

75042 obd 

75042 olx! 

01121 EBI501 

obd 

obd 

obd 

7-' 



Mode1 400GL 

Tahle 7-1. Replaceable Parts (Cont'd) 

REFERENCE -hp- TQ DESCRIPTION MFR. MFR. PART NO. 
DESIGNATOR PART NO. 

S, 3101-0036 1 Swilch: toggle 3 amps 250 V AC-DC 88140 8928K61 

S. 3101-0033 1 Switch: slide 115/230 82389 HA-1009 ob<! 

Tl 00400-86901 1 Transformer 28480 00400-86901 

Wl 8120-1348 Cord: power, external 70903 obd 
8120-0078 (below Berml Numtler 943_0lUlti) 70903 obd 

J' 1251-2357 Jack: rear panel, power 28480 1251-2357 
1251-0148 (below Serial Number 943-01016) 26480 1251-0148 

MISCELLANEOUS 

0340-0039 2 Bushing: insulator 00866 HP-30ooT-l 
00400-61602 1 Cable 1: power 28480 00400-61602 
00400-61603 1 Cable 2:  meter 28480 00400-61603 

0340-0060 , Insulator; feed thru 98291 FT-E-15 oM 
0340_0060 7 Insulator: feed thru 92891 FT-E-15 obd 
0340-0059 2 Post: terminal 00866 obd 
0360-0435 4 Post: tenninal 00677 1012-3 obd 
0380-0059 1 Spacer: captive 00866 obd 
0380-0111 5 Spacer: captive 00866 0380-0111 

00400-01202 1 Strap: ground 28480 00400-01202 

7-6 



Model 400GL Appendix A 

CODE LIST Of MANUfACTURERS 
The [DHow,,. eode ... mbeU are from tbt Fe<leUJ SupplJ COIM tor Mawiactllr.u Catalofin« Ha.ncIl:ooU H4_1 
(Nam.. I/) <Code) and H4_1 (Code to Name) aDd their latest ",",pplem.nb:. Tbe dl.t, of �vl'ion and tbe date of the 
aupplem'nlLl vnd appear at the boll/)m of 1:lclI P"«e. A1phabeUcl.l eodoea ban bHn arldtrarllJ Uli(ntd to 
suppllerl not appear;", In !be H4 HandbookI. 

00'00 
oun 
OOIIl 

OIl" 
OOJl! 
OOH. 
QOlII 

g-g'I' 
UII' 
10111 
10111 

U. I. I. C..... .�, tI"li" of U. I. 
L1.Co, (Itel,o.iu 11 ... 1 M.n, �"'I'. p •• 

1'1' tIIW" ,u CO" . hth,I.,. N. f. 
C •• <o lOt. 0 ......... C ... . 
M .. ,_ .. I CIII •• , Clli •. 
L1,e .. I, •• C •. ,.t. V.II., IlL ... . M.f. 
C.,lot. 10(. C�.'" Hill. �. J. 

.... ,.". C." . UW Itd ... d, L1UI. 
AI,. I... Mw,n" I, PI. 
A","11 Rod .. C." . 8n.e. •. I. J. 
"''''''" h,,""il, LUO"""", I .... 

hllil,IOfI. 'il. 
OOlH SUI"" EItCI,;t Cl. PICUOI Oi •. 

001&5 
OOUl 

�." 
01001 

GIDot 

01111 
GillS 

DIIIl 
OIIU 

011" 
DIUt 
CIIID 

tlHO 
OltU 
tlll1 
Glm 

01116 
01"0 
DIm 

11111 
DIII� oml 
OJIOI 
Oll,1 
11I1I 
IlIlI 
01811 
Ut)! 

c., (01 .... " •• Cl. 
C.,I E.  Hol ... CO'D. 

1I1t .. 11� IOC. 

Plck •• " I. C .  
Cilr 01 l.d"I" , CII. 

lu hl.I". C.III. 
LI.I'I,III, _.J. 

G'''III [I"t". C •. C .... , .. , D,". 

Aid" P • .".". Co. 
All .. e,"I., Cl. 

tin., 10h.l'iOl. IIC. 
TU 1 •• lendo.I" •. IIC. 

ruu 10SU."01" loc., 

IhU •• fill •• M.V. 
8 .. C.II •. IInl. 
IIlt.,oh •. ",. 

a ... ,I, H.II •. C.tif. 
L ... dlll. Clht. 

r"I"'IO' P'odltto D". 0,11 .. , run 
H. All'"'' 1111. C.. AIlII.e •. 011. 
pud,c hll, •. lot. VII �" '. Clhl. 
C..eUI" 1'01. 1.1l Co. M,. hfk. t. V. 
A"'n' CliP. ...1I.,., Ill. 
PllU hl'''.'''1 Cl. So.11 CI,,". Clhl. 
FI"OIC,11 CO" . •  , h",CI SUII,H'I, N. Y. 
thlll,,1 1i,""'. IIC. LII' e .... ', N. J. 

C.I. R,�b.r I'd 1'1""'1 I'C. 1""",'"1. CIIII. 
hphuol·h'l Elretr •• ,e, Coil. B""�"", Ill. 
RI'" C." . •  1 A.'''tI. SI •• UII •• t., 

•• d l"It".I. 0... In.,,,IIt. t. J. 

HOP" " EI," ""o, c •. 
H.O •• , To.1 , D .. Cl. 
G. [ 1,.,eonGuel., P,.d. 
A, .. IIIC'"' ' ro.1 c •. 
(10'" COl' 
p",,, 1 .. 1 Co 
" "" "01 [IIIi"C CorP. 
P, .. toll Rt,,,," Cl . . 10< 
1111" C • •  a,." a". 

rll,,,11 PIUI 

I.C. 
011 SoJ" •• �. Cuo. 
So. f." .. I •. CIl.1. 

N, .. ,k. N . J .  
O.pl. !J" .... . N . Y .  

01,1 . . .  D�,. 
CI.,I ••• C.lor. 

loo hl.IOI, C.hl. 
t.l.olo.14. LIoU. 

c ....... It •. t. J. 

I. I. 

um •• o. C .... 
C4C!l T" "I Co.p L •• b"I_III., N. J. 
01051 A"o (1III, .. ,e IIC. G'OIl t.< •. I.Y. 
D'ln H,·O 0 .. ..... . 1 A.'.... 111.11. Bile'. I.C. 
OUSt 1' •• "" .. PlO" hU Cl. t,,,h"l, Ill. 
OUOI D,uc D .. ,., •• II ","I.It·Pock". Co. 

I'll. All., CII,I. 
OIHI S,I ..... [Iocl,,< Prod.<h, M,"._I .. 

D ... " 0.. Moo'II," YI ••• CI.il. 
DIUI 0,.," [01'. ,"c. C.Io .. c,r,. CIIII. 
DUll UI.'OI •. 11< . .  Su".,d"I., 1' •• 6. 0 ... 

Phe,,,. A'i .... 
OfIII f,IlIOO Cl .• I'� . .. ".,. a.". 

GIIIl 
011,. 
DUll 
�UIO 

Olt" 

A.llolI,. (I .. ,,,. Cl. 
5." ... . ". Cl. 
P'IC'''O' C.,I S''''I C •. 
P.M. MII" C •• , .. , 
C ....... I II " . So,,, .. Co. 

Clfl ... Ci". CIIi!. 
"'l�llh. Ill. 

"h ... C.I,. C.IoI. 
(1 11 •• 11, Cohl. 

'nl�h .. I .. , Ill. 

t. '"GIOWII", 111'1. 
OSOO' hll',.1I Cut", Plnun. IIC. 

ISlU 
OSIII 

OSll1 
oml 

C"POII.II Cor,. 
.. "i.I ..... (lIel'it C." . 

1,.,·Co.dICI" Olpl. 
un ... ". IIC. 
U •• " ell)ih C .. , . .  [1'<1. 

OSIII �" "lld. IOC. 
GIUl I.". EI,eho·Plu"" I.,. 

0001\-41 
R .. ,n. AD'" "" 

Ln Ao" I ... C.lil. n,n ••. Ill. 

Oio. 
h.I •• ",,', , •. 

hi UII •. C.lil. 

� .. ro'l. I.Y. 
C ... ,I '"k, C.ld. 

hu, .. II. Clm. 

uu, 
nU4 
UIlI 

OIlH 
Dill] 

omo uoo, 
uno 
O"'S 
OUDI 

05140 

O'SIS 

05115 
�1Il 
DUll 

uno 
01011 
0112. 
01111 
Ollll 

DIU' Ollll 
on� 
01151 
G126l 

aml 
ollll 

aIm 

011.0 
alln 
01'10 
Dllll 

01110 

0114� 
Dun 

Oil» 

0II�Z4 
01661 
01111 
01111 

01111 
DIIIl 

01914 
GIOli 
Otlll 
DlIU 
."" 
�]13 
IHm 

0"12 
1011' 

ID" I 
lOiU 
]1l3' 
Ilm 

lUll 
IllU 
11114 
Ill\) 

Coo •• PI .. II< 
lell EIIU" .. I !toO<. Cl. I h,U' Cololo Cl. 

TlU .. O,IiCll e. 

CI ... II.f. O�il 
.nU.,d, Ill. 

RI",. "';1111. Loo.l.lud. M. ,. 
lI.tro·TtI Cor,. Wtll�"'" t., . 
511.,,1 E'II"'II>" Co. �I�II C",. CIIII. 
,".oti.ld [" IO.or" , lle. .. •• 11'16. IIISI • 
80 .. ". Cl . .  Co> • •  , SII_ltI WIIII' C .. ,. 

• 'iGII",I. COU. 
R." I •• C." RH .... C,I" Clht. 
a.vu' M(l L .. ' 0,10,,1 Cl. RICh""', t. ,. 
£. I.A. P"",U Cl . •• Au"" C'iCl,o. Ill. 
A.II •• [I.elto"e H.,G .. ,. Co . .  IIC. 

�IO Ro,'.III. N . V .  
B .. d, [luhl"I , .. t" ... 1 C •. I.,. 

e ..... 1 O .. i.,. C • . •  IIC. 
c .. p ...... lit., A,i •. 0". 

,. .. , .. k. N.M. 
l.d,.oll.lit. I.d. 

��".i .. Aril. 
To"i.ll .. IItl. Co . . .. ,I c ••. 

V." .. AllOt. u." a". 
�.I." [It",,< C •. 
0" .1110 tl. 
T"",",., Ellw •• in C.ID. 
, .. hl.!o.1I Elttt", CO" . 

v .. h, •. c.I>1. 
SII Cfll.l. C.li •. 

Vu No" . C.LiI. 
P,,"dlu. Cllil. 

MI .... '.li., Mill. 

[I •• ,.. M.V. 
U,Y"'. N.Y. 

{11<ltOott hh 0". 
F.'Uh Co,.. 
C"CI·CII,h,k Co. 

S,hc," T'''''"II CUll. 
A .. ,I C .. ,. 

Clt, ,t .. <lost.,. CII'I. 

fl"<I"G C ••• " . IUt. 
� •• I,ud.tl •• D". 

W" .... I. AobU' Co. 
8i.leh. C .. p . •  n. 

C"II PI"'. N. Y. 
CII." Clt,. C.llt 

Cl!,. 
11.11",. Yi ... C.IiI. 

111 .... "1". Ill". 

1,101." [Iut. " ••. 11<., 
M •• l"., P.tIo. Clhl. 
Ill. YII. 0"'" .... 
110 .... ,1 V, ... C.hl. 

Tlnll,,1 .". �'''.ClI .... C" ." " .  N. I. 
BId .. , (11<1. C.. C""I •. In. 
CO'I; ... "I DI.itl C." . M.w!lo.,",. Cllil. 
R" I�'" 1111. Co. 

S •• ,,,O_.tiOl Oil. 
M •• '.II·Ple • .,d Co . •  

Wo .. hil VI •• , Cllil. 
80."00 RI_io Di •• 

U.I.  [1'"""'1 Ce. 
BhOI. OIL"" Cl. 
B"I.n hll.', Co. 

Rot .... '. M . J .  
L .. A ••• IOI. Cllil. 

, ..... , C.III. 

Nilll" flU •. O,mil. CI.,dl 
O .. "e! Fnlu •• C".. LI1 A"I"n, Cilil. 
B".lol Co . .  n. ItllI�"', C •••. 
SIIII e.'�I', � .. VIII.,. C.liI. 
In Cl .... [I, •• ", I ... PUni. O". 
N.l .... 1 RI'" LI� . ... . 

PI ... ". A,i,," 
P" ".I1, II.J. 

CU [lOCi'."" S •• " ..... el .. 
0,.,,10"1. a . . .  1 C. I. s. I.c. 

",.I·Roi. 
B.h". !tIll,> 0 ••. 
Tt"1 Capll,I .. Cl. 
TICI. 1IHl . .... All" Elltl. 
EIIWO AU .. lhOl. 11<. 
e , K C"Ullols lot. 
Wllltr, 8o1l1r, Cf. " 

L ••• U. 11 .... 
LI., Dut. 

CI ... llOd. 0 ... 
1I,I.u,lli., I.d. 

Cull 11011. c.m. 
M ... III. T .... 
h,b"l. CIIII. 

CI;" I., Ill. 
h.I ... lIOn. 

Cllld., Lld. TII.olo. om,i., C ... " 
Mo.oll •. Co ••. B.lld, C"P. 

Cu."l l""il", wut". C., •. 
In hl.IOI. clm. 

r.·hl . ... . Bllklll,. Clltl. 
e .. bo' .... o Co. 
CH.t a ..... 11<. 

N,II'" fill •. •. Y. 
811"', I ... 

C�."I. fllt,II . . .  t Clhl".i •. lu. 
s.. P .. u .... C.IiI. 

Ba, 11110 (Ittl,olie. C.'p. 
TeI.d,1I I" . .  lIi ....... Oh. 
Hi" .... $UI 

W.llh •. WIU. 
1'·110 AIt •. C.h'. 

0 .... ,. �llil. 
H .. in, N.'. 

IISH 
11111  

I1lH 
]1110 
nOlo 
!lm 
mu 
Inll 

Ilnl 
um 
!lISt 

UUI 
lmo 

12\$' 
UIO! 
mt6 
uus 

Itnt 
wn 
lIal 
]lOll 

lILt! 
llUS 
]1111 
U1Sl 
un. 
1$I'll 
mll 
1�191 
Iml 

mu 
Ism urn 
!SIOl 
11111 ]UlI 
1'11t 
lUSl 
lun 
I"" 

]6151 
lilO' 
11 I /1 
Im4 
IIm 

mu 
IIUO 
]UU 
]Iln 

llll! 
1111' 
11116 
11111 
mu 
]11)3 
]nn 
ItIIS 

moo 
1'1" 
IIIU 
IIlU 
lllU 

lliX 
llUS 
11120 
!lOll 
mll 
IIISS 

0 ..... (lut ... I •• I... CUll "'"". Cllif. 
C ... "I I .. " .... I C .... 1t,;elaGoel" 

01 •. , '.o •• elo GII., ..... t. �.J. 
..,.".1 Uttl ... lc. lit. a .... Plfk. Cllil. 
W.llh. IIC. 1'.10 All., Clh!. 
N'"'''' SI.le •• dotl.. c .. �"'. c .... 
P�illd.I,"I. Mlnlll Co. C •• _ .. , �.J. 
c •••• Nil. Cl., loc. S�ld, , ..... PI. 

CIU •• I.d. lu. 0 ... S, .... DI •. 

CI""III MII. Cl. 
El ... f.lI" CO" . 
".,,11 (!t<!Lit Cl . . Lld. 
11.1 .. [llet".i<1 ClIp. 
D.UI � .. IC0I6''''I lit. 
Dio"" {llellO,i" C .. ,. 
n .... IIO' 

AI�oq ... � •• , K. L1 . 
0, .... M.M. 

t. M t  ... , c .... 
To" '. J" '. 

Cllft. N . J .  
"'_,ot, hit'. C.IiI. 

Seoll.GII., A'i .... 
D.IIII. TII .. 

Ttl., ..... (CUHl 
II,GI"G·W"III 01 •. 

MU ... ,. G ..... , 
., Pltillt lah"';I1, I.c. 

"OIU CIl,. K ..... 
s •• ·T... Itoh" PilI. Clhl. 
CIILI. R .. "I .. Co.,. hOIlIl ... n. C.ItI. 
A •• "t .. C .. u ... I •. I... Co"h�ltl". 1' •. 
ITT 1 •• 'OO'-0Ito" A O i •. • 1 1.1. ToI.phI •• 

& Ttl.,,,,k COIP. t"l 1'''' eneb. n •. 
H •• I.II·�It'or� C •• p •• , LI .. I,"6. C.I •. 
C.,ullll.bl1" £Iltr". ell,. N .... t, �.l. 
C."'"I CII .. Ion. C ... iOI. M. Y. 
[t.n.o Cubl IIC. SI. G.b"ol, Clh!. 
Iilh,,' "'1. C.. h. 1111. ClliI. 
'U"" ElulI .. i .. Cl. hI ,"'I, N. V. 
I .... i .. eo.p. ""I'"dl'. CIIIt. 
UI"I.�I' ' .. �I., Cl. �. HolI,o • .-, C.lil. 
M,"O' E Ilet""'" 

e .. _ .. Cil" Llll llllld. N. V. 
A .... �. lOll. Co.,. L,U., ••• N. V. 
CUI.I!II'CI Cu .. NIU. Clltl. 
''''''t'' CtllOl, C.il b,i'l Co. 

FU"I Elul. 10<. 
A •• leo I". 
S�'o(O Piu MiCl C •• 
o .. ,·$pottll I ••. 
C •• p.lt, 0'0" C .. ,. 
B .. I. A","II h' c .. ,. 
Id .. 1 r, •• 11 .... c ... ... . 

SUII CIIII. c.hr. 
f ... "I .... Mill. 

n VI.o. Clli/. 
$p,." Piu. � . C .  

FIt.io,I ••. lIie •. 
L.�i. M. J. 

1'111'"1. Clhl. 

D, Jot IItl .. 0... 8,oou,0. N. Y. 
O.lco RI';. Oi •. • 1 G 11. C.... Kok .... Id. 
Th ..... 1iu !It. CIIIII '''., Cllil. 
T", .. Co.pu, W ... III. Vi ... Calil. 
C •• p .... 1I lit. 8IUd" •. � • .  
M .. '" �tlll P,.docl, Corp. Ak.". Oloil 
A'IIUn. ',u. IIC. � •. MolI,wo •• , CI!iI. 
•• C.U·EI,IH Cl. L1U.h,I.,. N.H. 
1' .... DU'IO '1<,(<< '0<. P •• o Alii. CI" I. 
C( .. , •• CII, . •  h •• ".hctll D". 

Pili ALII. Clllt. 
S'I •• tiCl CIf'. So"'''''< C.ht. 
T,·C .. wtl. CO .. lit. HolI;ltO". M.U. 
nt flocl. CliP. D,.. Du Pll; .... Ill. 
C"I .. 1."' .... 1. lIe. lit. .10<1. t. Y. 
VII", 1"",,,,'" 10<. 11.1 ..... 1' •. 
£01. 0.'0.1 ... C •.• lot. till;., ... , 0.1. 
O .... I II!I. Co. 11,1".\01, W". 
Tu a .. l" C." . •  N'''IIIi .. , CH .. ,I Di •. 

To'.'''''', � J. 
n .... A. (du .. l.d .. ",OI, Di •. "' 

L1ICIa.·EliIlO Co. '"10""1'. N.l.  
e"... a,ld.11 1'''', C.liI. 
lRC [1.eU .. icl H .... �II_,. N. ,. 
El."" MII. Cl. 1.1" ........ � ..... 
Ct .. "I AUII, .. Cft,. Pl,I" tl,hll, PI. 
EII< ..... , 11(. L ... ...... C • .,.. �. Y. 
fll ... Bu',I. Ct .. al NI_ a",,". C .... 
flUIul MlIIU." ,,"1 C.r,. N. CliCl, •• Ill. 
ruse .. C.". Id,uIPOIII. I.G. 
B,illlh R.6,0 [Itur .. ", Lld. tUIi'II� •. O . C .  
c . £ .  Llo, D •• " ,,, 
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CODE LIST Of MANUfACTURERS (Continued) 

I"SJ 
lUll 
11195 
lun 
lun 

Un! 

1"'1 
1I111 
una 
ml0 
10111 

lUll 
lUU 
Ul!5 

lUll 

11'U 
l'SU 
'OHO UIlo 
'1110 
.US! 
'''I' 
uu, 
nuo 

otl!i 
uOla 
SI"l 
S'/9O 
nou 
mll 
UI11 
lUll 
!n�t 
n", 
UIlO 
'0141 
'Ill! 

U I "  
Illll 
Inn 

,sail 

"m 
"lU 

lom 
"'" 
lam 

10111 
IDIIS 
IOU) 
10il, 
IUCJ 
lonl 
111101 
110U 
11041 

1111' 
lIn, 
IUU IIllI 
lUDO 

IH1' 
/lUI 
11111 
11401 
Hill I lOll 
11110 

11 1 " 
11 lOO 
II/DI 

AcId .... 

GIII .. I RId .. Cl 'ul , .... ,t, Mnl. 
Mu,o< I" . ,  Cl". 0". KIII'I.II., , ... 
' .. Ike IH $11 J." C'I,.lIln. Clhl. 
GM. h,,, .. ,,, Cl',. �r. Rlthllr, N.'. 
G".rl f'll C •. ,I A.I'i'", I.t. 

C.'PIC,N.lhll" Ct. 
M,.,lto' .. Ieb Co. 

Sp" .. hl," Mt,. C. 1ft<. 
" •• 1.11·,,, ... 6 c •. 
Ht, ... MII. Cl. 
1.,ln.tol S ... " I]IU Cl. 10<. 

G. E. 110 .... "1 To" D,pl. 
lul, ... 10 •. 
$1>"1'� C.,I ,,,0 •• ,. lid. 

C .. !lIItI. R.I. 
H.II;IIII. etl'l. 

Uot.llt'. PI. 
$lI.II.,d. C" n. 

Pol. Alt •. C.I,I. 
Ku,I'.'li. ".1. 

l,lII. F.I ... N.I. 
O .... b''' •• �, 

C"lUII, Ill. 

1I1.�tU"" 0.1."., C'I,do 
C •• "'lh., '.11. l M,II. lid. 

l .. ulo O.h,io. C.OIO. 
P . R .  M.III'I ' C. lot . l.d" •• �'lil. I" . 
Moth" ,1I I.d.ti"" " oil. CO. U'" . 0.10 
M,o"I". P,"eI.I •• h"iol'. I.,. �I"'. N . II. 
M ... , Co. C''''IO. Ill. 
C.A. h'l'lI C. E'I\'�"" C.I,. 
Ohil. MII. C. 5 ••• " . Ill. 
, ... ('1. , IUI. e.... 00,1.,1" •. , •• 
'.1".,. e",. e •• ,,,dll. Mill. '"''1''' lU, •••• I., , r .. 1. Co. 

So,lh" ru. PI. 
N'u .. ,." 'OWlI h�1 O'f. "1111 •. ,un. 
R .... e •• llol l., C.. '1I1.illl". U. 
So.�". C .. U", .. mll. lUll. 

5'-".10" YII. C.. hi ... N. C. 
S, ..... Elltl", C.. C�i('I', Ill. 
500.1", C." . EI.,II,d. R. Y. 
R.,I� ... C •. C .. ,,,till AU.fll •• • 

S,.I.n 0" 5 •. No ... II, C .... 
S, .. Id" 1 f," . C •.• ,... r. ..... t •. •. Y. 
$,111" (1"1,,. Cl. ...tb Ad,." MUI. 
Tolu CO" Toln, 0,,10. 
TI .... , hltl C. (Ii"b't •. N. I. 
1"�I.1I Elftl" .. 1 100t Cl. Ilo!H ••. Oli. 
U., •• �.,,<� •• d 1'1011. Di,. 01 

'"llIlbo'lt Ai, B .. " C •. Pilhb"lb. , •. 
U,,,,,"1 [1",". Co. 
• .,d·u •• "d (1"1,,. C •. 
... 1". [I"td. Cl .. lOC. 

0 ...... Min. 
Mt YIP ... , N.Y. 

... 1 .. ,ut I ... ... 10.· ... ". 

.,11 •• 1111. Co. 

M .... YOI'. R. Y 
NI .. ,,,. 1.1. 
CO" 'II, Ill. 

1I, ..... t. M"i'I ' MII. Co. 

All .. MII C •. 
AlII .. Co'''ol 

Re .. " 11 ..... D,w. 
SI. 'lit, ,11,". 
1I.,Uold. C .... 
Ru h'''. N.Y. 

AII .. I.I  Se',' P,,6,,1 C •. , lot. 
GIfOon CIl)'. N. Y. 

A.�I" . Olw. or Cbl,.11I eo,p. D,"" I. M,C". 
MI .. h, 1.0" hbbfl "'01. 11.. eIiClI', Ill. 
A.p"lI. C •. , IOC. u.; .. C,I,. N . I .  
ADC '"O'tll I" . 11, •• ",,111. Mill. 
B'II .. MII. Cf. CO" 'I" Ill. 
B"d [I.,,,o.,e CII', CI ... I .... OblO 
B".II<I R,," Cf. Ne. , .... N.'. 
Bill., [tUlh' Cl . .  I.,. E",. '". 
BUI •• G!,I 10'.' Di,. 0' 11''''1 Cl. 

01 r.... QllotJ. M.II. 
B,d Rod". lot. ',IIOUI.b" Oli. 
C.�i"dl. Ih,� ... It' C .. p. Cld,idl'. MIll. 
e •• lo< fill'.', Coo, PII .... . " . 1 .  
C"h,1I C •• doo." CII,. 

llOft.b", ' l . I . ,  M. Y. 
B ....... MII. 0 ... . , M,Il, .. ·[d" •• C •• 

C'''OI' C.odlu" C",. 
C.hl. 1J1i11 C • .  I.,. 
CH CO" . 
ITT Cu.o. (!ltl'" lot. 
C, ..... 0, •. A" .... c." . 
C . P .  CIlIt l Co. 

SI. l"ll, 11,. 
CI'UlO, Ill. 

'"o·R" If •. C.hl. 
[11""11. 10_. 

to. A" .I ... Clhr. 
I"�I' •• Clht. 

CI"'I" Ill. 
C.oUIIU D'w . •  r alU, U.iO" I",. 

Co ... rei.1 Plurl., Cl. 
CorllU .ilf C •.• Ht 
COl. Co,l C • .  , •• 

M,I" uUI. 'i!. 
C" ClI" Ill. 

• !. '"'. M. Y .  
P ...... ot •• R.I. 

ODOt�-1) 
... " •• : l,,,I. Itn 

1 I 1 U  
11I1� 

"n� 
Ill)' 
mll 
11,,6 

12695 
m,s 
121lS 
11'11 
/lilil 
'"51 
IHIl 
I]OU 
1]016 
IllU 

1l29l 

1HeS IllOI 
Ilsn 

unl 
IlUl 

11111 
I11U 
mu 
Illl6 
mu Il901 
1]951 
111" 
IU\S 
14151 
11,,, 

IU10 
ISOIl 
IS2'] 
IBIS 
Illl! 
Isua 
11911 
liOOS 
"'10 
lUll 

1&IIS 
1610] 
161H 
170'1 

I/OIS 
IIIll 

IIlIl 

IIll1 

11111 
Il1ll 
11290 
II'll 
IUSl 
II'll 
Ill!! lun 
IISIl 
11190 

....... 

C''''I. MIII.I." l'" •• ". C.le" I. Ill. 
e, ... . ," t.., "0.1" 11. J .... D; •. 

CI'ClII, Ill. 
Du' COIIIII C .. ,. M,dIIO', NIO. 
EIlCU. lib .. MII. Co . .  lit. 1,lh .. 't..:. C.OI. 
Dllhl"t C" I. 810.'1,., N. Y 
I.d, ... CIIIlII C�., .. (IUII",,' D,. 

K,"b,. � . I .  
Gon' .. I I"I' .... 1 COl •. 
�" •• 1111. C •. 

Co •. D;'.N'." ', •. 1. 
HII •• 04 H" lftll. Ill. 

H'II �. [�, loo. 

Gd .... C •. 
[1 .. 1" �IO' hi Clip. 
Rob.,1 M H,dl., C •. 
(". ToClIOI'I,,,1 �, ...... u, 
1111'" 1111. Cl . .  10<. 
H.M. HII�" Cl 
�.Ii,ol DIY . •  1 he� ... lOO" 

PI,I,dllp"" . '". 
C.'ClI •. Ill. 
UI"', ".J. 

ll! hl,ln. CIIII. 
I.t. (,il, , •. 

'''ot.tOl, Id. 
ClI�II •. Ill. 

I". 
F.IIIII ••. C.lil. 

H.I�" 'lod .. l. O"lli •• • , �.I�" 
Allt,,11 c. �,.,.'I Bu,". CIII!. 

A.,,, .. (I,el C.. lIiUsollll. l . I  . .  � . l .  
a"dl., �'.I' .. fo<lo' Cor,. RIO " ..... C ... . 
CIII", (Itll,,'. lOC. Utlll'l, c ... . 
e,l<I. f MII. C.. TIt.lll, •. 1. 
IltO'I' �. GI"III Cl .• Dn. MIl 

","UlII loc. Pt,tUtIUII, PI. 
f.'.1I1 �" .. P"hC!I r.c. CI"II', Ill. 
r"'III SU,"I MII. C.. C"'''lItl. Cli. 
CtUII! 104.,1"" C •. h. (11111. 01'0 
GUbll $IIUlftl I Tool C. Cu'to. Id. 
I f D  (1I�I'o" .. C." , B' .. �II •. � . l. 
1'".'"1' RI�io �II Co'P h. )Olt. CIII1. 
GII.'·P,. C�" . R,III.I,.IcI, �.J. 
�;I •• hl' I.c. �tpt .... � . I .  
I N .  " ''', .. d 5... .i'Unt". lun. 
t.d .. !".1 c ....... , C.'p. CI,c'I', Ill. 
R. f. �'o ... " O"" l .. . t A.' .... I· .. 'I 

[IICU ... U C .. ,. D",,,,, C'II E. f. 10'UO' Cl. "ncl. MII'. 
1,(lIlIli ... I Rnl,IIO" Cf. H,I." lpli', P •. 
Kt,'I'" CII'" " • . .  to,. $1. MIII'. PI. 
crs Ullbll l't. hnd"I,!. Ill. 
hlk. (ltelM C�'tOlIIt.. MI. v., .... �. Y. 
Lt.1 Elulll. MII. Co. Ckinl •. Ill. 
"11II.t.U. IOC. Dli PI.IIU. Ill . 
L .. , MII. e,. (Ill. , •. 
C . I .  Mllwed.1 s.o Fllnclstt. Cthl. 
GfO.,,1 1 .. 11 .... 1 CII, . .  lIiu •• t' Di .. I .. . 

u ..... N.I. 
I .... M,II •• YI,. C •.• 10(. IU",", 11 .... 
1 . 1  . •  ,1111 C.. lu A'ltl ... Clht. 
C"'''·MOII .... I. 0, •. 01 Ula.d c." 

(Uln., C.,p. So. lu.lIlO, Cllir. 
W,"ll", [11<111. Co. CI."I .. d. O.io 
N.h".1 U"OI Nlw",. N . I .  
0.1 M ... htl"I'1 C.. C" st,l l" '. Il l.  
n. B .. I" C." . ,  EI.<I".,.,.i<l DI •. 

N. HolI'''tI', C.hl. 
,."r" 11101.1, Cl. S .. (lIuileo, CII,I. 
,. ... 11'1. l.lI ..... 1 01d Etothoo" C., 

Sul_ P ....... , Clllt. 
" ;Iod.I,." Itlll IOd "" C .. ,. 

Pliltdllpll •. PI. 
� .. 'i<l" MI,hot ' r".dl, Co. 'on" 

& 8" .. r,,1I Diw. P,i"II� •. Ind. 
fR_ (I.tl ... i c  C.,." ."I, Oi.. Cud, •. N .  I. 
G ift " "  1 .. 1'  .... ' CO" . �,,'i!, .. D .. 

I ... �I'., N. Y. 
R""lInc. P,U"" Cl. NII"''''I. PI. 
RoU'"'''' CfI, . •  r C.hl. ""IOU. CIIlI. 
$Uk,p, •• r Oiw",,, • •  t Ill, .... Too' It, .. 

11,,, 
$'1011 11t,,,,o< C .... 
St"II,"·D ... I ••. 
hOC,IIII, lUlb., " od. 
H" PIO,·B"." I C •. 
fill., MII. Cl. 
SloC" .I. C,,� •• Cl. 
51'01111 n .. lI. c .. ,. 
T"." ... PlOd.d •. I.,. 
l" .. r ..... (01111111 

<,. 

EI"" Itl. 
So. B .... U", hu. 

N •• Y"k • •. Y. 
�,I ... , N. J. 
"'''''' . •. I. 
CI iClII. Ill. 

s .. F"ncl ... , c.lir. 
St. MOl, •• '1. 

• ,11 .... un. 
CI .. ,I .. I. Cbif 

hi G,I'iol, C.lil. 

IUU U,,,lt. c.. NO.I.n,II •. M .... 
19111 I.lfll ........ ro<_ Lo" r.lo .. C,t,. R_ Y_ 
"Ill VIIU, RHI. loc. "'UlOId. C .... 
IIl!1 ..... . 1. Co C" tlIO, Ill. 
'''11 C.,I .. ,."I·.", [1«,,. .. ,, C." 

H,t.�.I,lil. " . 
I"U 1,",,,, WII. CO" . Hu �le�.II., N . V .  
10011 MU" 0", .... . 1 5  ... '0" Clo" C •. 

Mwll1o ••• N . I .  
10120 Sd"i"" A lI.y " .� •• I I  Cl. (tilllll • •  N J .  
IGll1 [Iut .... ' 1011 •• 1" . .  A .... "II ... bl t ... , 

fob, 0111'., [lA SI •• �"'.·ltlll.IIO •• IIC. 
10201 u.I ... S",t ... 0,,_ M .... (1 .. 11 .. 1 .. Cor,. 

."holt.,., C .... 
IUU u.uo' T .... t ..... C.". NI, Yo'k, R.'. 
10UI O.I .. d ( ... 1.1. C"P. Colt'lo, Ill. 
10HI 10" .. r.'. R,.",,'., CI"1. 
'0'11 A.I. g". ot �n'IIIU. C.II,O .. Cl. 

lOll! 

ID�O! 
IDlll 

IO'U 

IO'Il 
11010 
1101] 
IIOU 
IUU 

l1Ut 
.IOU 
11111 
lino 

12011 
.IOU 

121/0 

1Il/l 
Inu 
IUU 

Iflit 
Ill" 
lUll 

'/lU 
11011 
1lO!1 
11035 

UIII 
IlIlI 
IllU 
11lIS 
IlllI 
UllO 
11111 
IlllS 
IJ!�I 

Il'�O 

11'" 
IlIll 
UH! 
IIl11 
um 
lUll 
11910 
1)1)1 
nlll 

'U14 

All 51f' '"do,l. 10<. 
A"" l.b,1 C •. 
H ... III.d C •. , il<. 
$1 ...... A"old. Cl. I ••. 
0, ... G" , C •. 
'01" .. "0 .. 1 l .. r" ... I, I.t. 
GII,I'1I C. 
T".t f" .. t .... ' c .. ,. 

e.I,Un. D.i, 

• ",UII" El ... 0.0. lilt .. I". 

0.1" .... Olli. 
M." •• lo. CIIit. 
11111 Hill, N.C. 

a .. I .. , W .... 
"'11f'. O�i. 

0" 0,". c .... 
L,C'''II, tll. 
VI"", C.IiI. 
tu . 

O" wlll., C .... 
.IIiI"I $pICltitlll .. 
101.".11".1 h.lIli .. Cl" . El III .. d •. C.lil. 
Ai'pu ElttllO.I<I, In. e,m',ldl', Mllyl .. d 
10", COIll.I,. D'w. 81'" 'Iilll COlp. 

CI'11l ,,,.111 .. Elttl,iC C •. 
IItIIlO'I, IItll. 

ndlo, lit. 
StIPI, ra .. u, I�t . .  C',"I M ... ,II 

[1,w,.OIw. Mf"lto. I.I. 
fIlU", Rt" I.I .. CII'. NI'''!I.. C .... 
Itllt" (IICUOII.' 1I, ••• i .. . , $" " 

C,,� .. Cl. 0. a.I,. PI. 
(,,,c�"d C .. "" ' 1111. COl,. 111'. ' 0,1 .... 
5" t .. 0... ,,,,,.,, M.I.  
Y'I'''' I., .. r" ... 10'. n,n .. i�i, C .... 
$,1" 01' {("II;' PlO'. IIC. 

Eltel, •• I. fob. Di."io. (opo.I,., " .  A'h .. CII,. E"I �"'I', h"I.OI. _ , I ,  
�"'1C.".It. r.,. Cii",I, Ill. 
M.r.11 I CIII,.I. lit. 5, .. ,., ,,,I .. 1t 

" ,Ihp!·AdWO ... C •• lrol Cl. 
hi"'" ' .. hcll C." . 
hUll WI,. C •.. lot. 
VI'I�' Elltl .. ", Ct. 
�"I .. III  C.'P. 
CIII fUI"" C •. 
"'" H"pl�h. B.II B."iol, 

Allllk". Mu._ 
1.11 ••. ill. 

lI.tl ... , Jil. 
'.oUtocl, M . ' .  

COltd.ll. Cllit. 
LOO hl,I .. , C.Ii!. 

CIII�rldll, Mill. 
lot. 
'flllb''''I' . •. M. 

Cunito, Dlf. 

tI, ,,, • •• , CIIII, "". 
V',I", (01. CtlP. 

1II1I;1111I. I.C. 

8UI" C", . .  RI . .... 0 ... 
"dUll COf,. 

lIS A.,o'n, C.hl. 
to".ln.lII. 1.1. 

h. B .. " 1.1. 
M,d,I." . Ill. 

R .... ' ... 
5.11'. �" ... H. 10'. 
lttk L.bl 
C .. IIII I .... C •. 
G .. ,tl '''0 .nd C.�I. C •. 

M ..... I 80 .... C�lit. 
a""I, •. N.'. 

,.llnllo·1 "'k, M .  I. 
C�I",O, UI. 

0 ... .. � •• "t1 C." . 8'0.11,.". M .... 
a ...... I. CliP. [loeu.,l. Toh Oh. 

�1.i.Ii'It, R.I. 
U.II. C ... ,fl C." . C ..... " ,,04. 11". 

... dlC hi . •  od MII· . I ... 
l." S""II' Cl. 

� .. U,I., R.Y. 
... tl •• III. Id. 

fUIU, M •. 
llti, 1.1. h' .... Io .. , 1"1. , �Id;' t,. A, .. [11<1101;" IIC. Gu.C u" . I. Y. 

$ .. ,,,,.iIU, Clllt. l. J �II"'" C� . . I.c. 
fRI C'pIt,r" 0". 
SI'U' '"Iin. lOC. 
h .. C .. M."i'l CO'U" 
A. I. eo,' C •. 
�." . •  '1 ..... 1 . '  C •. 

DIIIIIII. No'. 
1100.111101, lit. 

a ... t .. , M. I . 
5 .. f .. ocl ... , e,li/' 
Sill rlll' .. <I. e.hl. 
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CODE LIST OF MANUFACTURERS (Continued) 

IIUO 
al9!l 

lUll 
""I 

IUI1 
100U' 

lUll 'lOll 
IIlU 

11I1l 

SI'6' 

11930 

11140 

11220 

taua 

"m 
nll3 

&9&61 

90010 

!lOll! 

10'10 

UIH 
'll60 

'llIl 

91111 
"sa! 
um 
91"1 

!l11lI 
91111 

9111S 

'l!m 

'I'" 
'1110 

91367 

92601 

h,IIG �.,GI, 101, "'.GIO. COU. 
S ... lo" �,bO" Co. Clicl, •. Ill. 
F.I." 8""'1 Co. Loo A'lol ... C.101. 
C"II •• P,o".,," PIOG.el. C •. I.t. 

Chll,. H.i.M •• P •. 
P,." .... h�." PlO."" Co'p. 1).,1 •• , Oli. 
R.d,. C.,p . •  r A."I". EllCu •• lc 

C •• p. ' Dni, .. Oi.. H'''i" •• �.J.  
\uu, •• �II. C.. Cltnd.I •• C.lit. 
.11«. ,.d .. I,i.. A ••• ,i., C.lit. 
P�ilto Co'p ... li •• (Un>d.l, Oi.i,ioo) 

Llnsdlll, PI. 
'nl", fit,." �I.n P'odnls Co. 

YII 111.11 ' hili' Inc. 
1 •• f".ti''", C.lil. 
S .. f"nci.co. Clllt. 

To .. , Ill,. CO" . 
C"II"·H'�"". 1.1. 
Could·N.ti ••• i B'II,rlu. ru. 
G .. ,,"I Will., I". 

P, .. i •• o", R.I. 
LI,col •• Il l.  

SI. P.o!. lIi" •. 
BoIIII', N , Y .  

O.kl,.". Cllit. C",�" Eltllric Co. 
G.f. Olll"buh'l Corp. Sc� ••• <tld1. M . Y .  
U.,I.d T" .. lo" .. , Co. 
U"IU Shot lueli •• " CO'P. 
us R,bbo, Co. Con"." I ••. 

Cl".,., Ill. 
, Be"",. un. 

a PI"lics 
Punic. N J. PlO •. Il,�. 

Sa. Fllnti"o. Cllil. 
S.I •• Oi •. Sol ... MUI. 

B .. oI'l EOII .... I'I Co. 

ITT c ..... fletl. I.'., 
Con"O' !p"nl Ijll. c •. 
M,II" O,.l l NI"" I,II Co. 
ft.d,. tUI"i.l. c • .  
A'I.I I"" 
0.11 fl«l,ooi •• , I.�. 
E l " Coop. 
Cot,." WII. c •. lot. 
K f Ot,,'o, .. nl Co. 
Ij.lco Ijll. C •.. ,le. 

S .. F" oci.", c.m. 
fl Ijo.lt. Coli!. 

C�i"I', Ill. 
AI1I.b.I., Will. 
C.lu� ... Nib,. 

.ill .. Gro,", P •. 
II'lfilld. Will. 

R.dwo.d Cily. Cllil. 
C�i'"I •. Ill. 

HOnlj�.U I,. . . Wier. S.ilU Oi •. 

Nlh.·II1O'. Sp"'1 Co. 
T,,·Co • • •  ".' C" " 
(110" Opli<ll C •. I,c. 

F, .. ,,,I, Ill. 

Olkll.d. C.II!. 
Pub.dj, Will. 

Ro<h •• ler. N. Y. 
TI ... lil. 1 ... III.d Wi,. C •. I,c. 

IWC lj'I •• I«. C",. 
HoU., L'.p Co. 
$yl ... i. flo<l"t Pr.d, 

St., • ." "I" 0 ... 
RObb,n! & lIytll l.e. 

hUllOwo. N . Y .  

'''''ry LO'I I.I • •  d, ft. Y. 
KII"'y, �.J.  

10<. 
lob.". W.U. 

P.li .. d .. Par.< N I. 

aoou-I/ 
� .. , .. �: �P"1. JU, 

'3631 

Un9 

91111 
�"H 
'.'1( 

Ul11 

,.JlO 
'IJI� 

9Ua2 

un, 
'SOIl 

Ilm 
'ISH! 

'1111 

,116, 

'1115 

mu 
9131' 
'IUI 
9\112 

!1!1. 
91911 

96067 

" 0'1 

um 
96296 

,r;lU 

" uo 
mu 
96\01 

mll 

!lUll 
91.61 

mJ9 
91919 

91ga3 

...... 

.1 EIS . . .  ill COlp. 

.. 1.11 MI,. C •. 
�. V. Co.I,.I. 
Con".1 C.bl. Corp. 
Ph.lp' 0" 1' 

W'OIliold, Ok;. 
C.I .. , Cit,. [.Iil. 

Li.i'I.lon. N I. 
B.y ..... �. J . 

h,I., •• Co . .  Co.p. Di • . •  I.d. 
C •• p. Op."lio.. Q.i.c,. UII. 

$" .. t,h, EI.c!(O.". PlOd" I>, loc. 
Lo •• ',.', C.lo. 

" 1'" Eletl. Co'p, To'I·Sol lll., ".w" •. ft. I. 
C.'t; .. ·."lbl CO" . fl"lrOli<l Oi •. 

$ •• I� C, .. I .. COlp. 
.". CI.I� �r •• "'I., I.c. 
A.lo •• II, 1111101 PlOdoell Co. 

EIII p.l.n •• , N.J,  
Clnllll. PI. 

BollwOg�. Ill. 
8'.01;1, •. �. Y. 

,." .. Ier Prell.d AI�.i.u. CO" . 
" ""Ier. W, ... 

lj'I"CII!t Elttt", Co. C�iClIO. Ill. 
G'''IO A. Ph,lb"e' R .... "_ .... I.c. 

Alh .. PIO'",I> COIP. 
C.oI .. o.I.1 c ... o<t" Corp. 
L •• "oIt WII. Co., Int. 
�.I  .... I C .. I C •. 
V'I" ... . lot. 
C.,,, .. Coop. 
W.lh.d. 1111. C •. 
Arnol. ['1"'''''1 Co 
O.�. Ellcl", Co .. I". 
$ .. .0. WII. Co. 
, .. ko .. ., Co. 

BOII ... II .... 
O •• i •• fll. 

foo'''''. N . � .  
l··I I.lonG • •. Y .  

S •• " .... .  , •. 
B'idl.�"I, C •••. 
81 ... !,,1d. W. J. 

RoII"1 w ...... , Ill. 
WO""IO. Ill. 

fll .. h •• I.d. 
" '.'. Ill. 

CI"",o. Ill. 
lIi"o .... All.' . . ... 1 I.c. S ... , •• I., C.III. 
H" Q 0 ••• • 1 A"" •• Corp. 01 .... ". y_ 
T •• ,d" ••• ·II.i".", In.. lit. C" •• I. Ill. 
iolar Wlnolocl."., Co. Loo bl.lu. e.til. 
Wier ... ilch, Di •. • ! 111 •• _ _  H ... , •• II 

c .. lton Su .. C •. 
lIie" .... Anod.I .. , I"" 
E."I T" .. lo' ... Co. 
S •• F.,,".do EIIOI. MII. Co. 

n ..... I.d, I.,. 
I •• "trill RIlIt.i., Rlftl Co. 
A.lo .. ti, l Pro,i" .. lj'l. 
RIo. RII"I., C.IQ. 

f, •• ,.,1. Ill. 
C""" , Ill. 

h,li'II ... W .... 
O.�I .. G, Cllir. 

Sa. f'I" .d •• CIIII. 
l'·II'" N . Y .  
l"i'II ••. N .  J. 

E'III"O.d. W J. 
YOlk, ... N. Y. 

lIt1,. SV.tu loc, Arlll,· ... I, .. 
C"u •. Oi.. hw Ro,I.III. N . 1 .  

CoGe 
NO. IIM�li'IIJ'tf 

'11141 

9Il\! 

91120 

'1211 
nUl 
um 
9am 
'11lI 

R·T".<i •. I ... 
Robber hc'. Inc. 
Hul.tl·P"',,. Co. 

WiclOd.l. I.c. 
$1110<11. C.rg. 
Z"o WII. Co. 
Ele loc. 
G ... " l lIill. l.c. 

MOIII.I Di •. 

JoU" •• N. Y 
Clld .... c.li!. 

P."d ... , C.HI. 
So. P ... d .... Cllit. 

w •• aro .. el. N . T .  
Bu,blnl. CIIiI. 
Cllnl"G. Oli. 

[II<I".ICI 0 ... 
M;",II�.Ii •. Mi .. , 

911l. Plte. 0, •. 01 HI.I'"·PIeU,� Co. 
PII. �It •. C.lil. 

91811 No'" Hill. [I,wo.les, I .. , Glen Co .. , N. Y. 
'1911 1.1.".lio .. 1 E I"I".it R .... "h CO" 

B.,bi.,. Calil. 
'!10! Col .. b,. T«h, .. 1 COl,. Me. V,,,, N. Y. 
9!l1l VI,i .. Associ,les P.lo Allo, Clld. 
iU/1 All .. C" P. .,",�.'I", W .... 
99\1i W.",.II I.� . .  C.p.tol .. D... Mono .. i •• ClliI. 
11107 C .. llOl S",I'� Di ... , ••. C •• llOl. Co. 

.1 A .. ".. El S'lo.GO. C."I, 
9!101 0.1 .... Elocl, •• i,. Corp. £ .. 1 Ao",", H . � .  
91811 .,Ico C"gOl.I" . I.Gi .. lpolis. I.d. 
99911 8" .. on eo,p. "ipP'"1. M.l. 
!!!ll R •• bn.dl. I>e. B .. lo •. Will 
9U.I H,U ... £1 .. 1,,"«. Cor,. 

Sni, •• G"lo,lli.. El 11 •• 1 •• C,Ii'. 
"911 Tlt ... I." IOWuMOI C.'p. 0' C.", 

NnDUl1 PII'. e.I,I. 

THE FOLLOWING HP VENDORS H�YE NO HUMBER 
A$SIGNEO I� T H E  LATEH $UPPLEWENT TO THE  
fEDERAl $UPPl Y CODE fOR IIAWUHCTuRERI 
HAND800K, 

ODQ�F 
OOOOZ 
QCOA8 
0008B 

1IIl0CS 

OOOIl� 
COOMN OOOQQ 
000" 

ooon 

Mllco To,I .. d Di. l •• AOI.I ... C.Ioi. 
lilt .. L .. lh., P"d,cl. Co'p. H .... ,. H. J. 

Poe,i,; .. 1,,1 ..... t C .. p .... " C •. 
y .. N.V', C.lil. 

H •• I.It-PltkllG Co .• Col."do $I'ill' 
CololldO SI""II, Colo"., 

R.DD", f'l. , O ... lop ... 1 H.,.IId, Cllil. 
A "N" 0 WII. C.. Son J.It, Cllil. 
C.OUIO' O" lond. C.lit. 
C.liI."" E .. I ... LID. B" "'II •• , Cllil. 
$. K. S.,tn C.. LOS �'Itl", C.I". 
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HEWLETT • PACKARD , SALES AND SERVICE 

UNITED STATES 
........ 
�.o. 80. U01 
2003 ,,,d S!l<lnr W.,... s.w. 
N ... uwlIIl 3S802 
11-10 (205) NJ..4�tl 
TWJ;, 110.75-Z204 
.... IZOHA 
XIOt I'Iofth Scottsdole _Md 
s-ru .... 15251 
Tal, (i02) Ms-nol 
rwx.. tlo.'50-I2U 

nl1 h.1 �C>lGw", 
, ...... 15116 
Tth (502) 298·2313 
TWl\, �IIH52·1l6.2 

CA'-IFOfINI ... 
1130 [a,l 11<...,11 .... ,. A ... 
,.,._nell 
'tI, (11') 110.1000 

Hl\I 1.Inb ...... .... 1_ 
!tom R.w1JwMol 11601 
To" (21l) 111-121:2 
TWll> IIG-'1'1I-2170 

lIal [mu,cld ... Rold 
,.wl .uta 904303 
Tol, (415) l27-1i5OD 
TWl(, �1D-J1J..l2lO 

2591 Cori1blcl A .. n .. 
'-"-_ Hl21 
ToI, (tll) 4U·1461 
1Wl: '10.l&1·2O:n 

IOS$ SllltI ... Stllll 
_ ..... 92106 
rll, (714) 2U.aI03 
TWJ;, !U0-33S.2000 
CO'-OMOO 
11165 EIII PrentlcI 
1011_ 110110 
ltl, ()Cl]) nl·�55 
rwx.. '1D-93:;.o105 

CONNECTICUT 
_ T"'1and St, .. t 
,".t� 06101 
T.Il (lOl) 2O-HM 
TW.I:, 71�16 

CANADA 
... LlllIff ... 
1Itw111t.f'otlMll tea ..... l) llCl. 
IUI' I .. "" A ... 
.-
TI" (403) 412.$5&1 
TWJ[, 11(1..131·201 

111 llll A ...... 
_.lk 06l51 
Toll aw) 853-1251 
Twx. 11_11-3150 

OELAw ... R£ 
lMI K ...... tt l'lko 
WlIrI\ooiUoI 111101 
r.l, (lCI:2) us.a161 
1Wl: 510-G65-2214 

,�� 
'.0. 110. 545 
$oI1t1 106 
'"9/1.£. 2nd AWl""" 
1111111-1 ,,*-0 331$3 
To" 1:105) 1!>4"555 
TWl: IID-8oI3-111I2 

'.0. Box :10001 
IW ....... S1Itlu 12114 
III c-w..llh A ...... 
--
,." (lIQ!ilt.41·"70 
lWl. II00aso.oUl 

'.0. 80. 1121 
IUCII". It�� 331" 
CIO IWI� ..... . 
11. ,It ..... UI1l 
'"10 (Ill) JU�21l 
TWX: t1<H6J.1)H5 

GEOflGI ... 
�.O. 110. H:tM 
450 Inllrslatl /fortll 
,1,11_ 30321 
,el, (404) 4JlH111 
TWl: II<H&6-4190 

ILLINOIS 
5500 "owlld St,"i 
1II1l116O()7(I 
ToI: (3n) 6n-04Ol) 
1)1?;, �1D-22l-:IIi1l 

IIItlTtsH COLU ... IA 
IIowalt-heka'" tea_) U •• J04.IOl1 WHI __ 111 
- _ .  
hi: (!;OIl 1:ta-�1 
Tm, 610-f22·505lI 

INOI ... "'" (/112 MOI"",w. 01"1 .. 
I1II11Ufl'lI. 46205 
,., (3t1) sq .. ln 
TWI: 110."'1·3263 

lI)IJISIANA 
P.O. ,"':i6 
1M2 WillLlI\< _,""'" 
•• _ 700IiZ 
,., (_J nl-l201 
lWk 1lD-�S-$52' 

MARYLAND 
S107 Whltulolll hid 
hili ...... �U01 
'of, (JOI) !U4-5-'OD 
l'/IX, 71D-162-o15O 

'.a. 110. tlWS 
2 CIIole ClHlftY _oad 
_1 .. -
To" (:101) !NUl70 
TWl, 7lD-nl-lIIiI4 

w.ss.o.cHUS£nS 
32 HI"M" A ... 
l .. ] ....... rnl73 
TII: (6171 .'I·IKO 
lW�: 7lD-32H� 

MICHIQ,r,N rolS /IorIJIw .. I,," HII""'I, 
_111' *15 
Ttl: (31�l 3n·tlOCI 
00· D-21N$l2 

WlHHUOTA 
ZUt Uft,","rsI\y A .. _ 
11. Pal nu, " "  (112) IW5-MI 
T'I\'X, UO-56S-31� 

.. ISSOURI 
�OI WJ'oIfti"1 ""CI 
ill .... City IWlIC 
Tor. (l16) 13l·2445 
fIirk '1D-711·2OI1 

..... Nno .... 
Howlllt·Pat""" tt_I) 1I11. 
511  � ... _ Cl. 
.. -. 
Tfl, (204) 1 ... ,5&1 

CENTRAL AND SOUTH AMERICA 
... ItGENTIN ... 
IIowlltt·�otl.o'" .'U .. II ... 
S.A.C.I.I 
lIvlllI 1111· 3· 
I_" .1rI0 
Tat, 35-04J11. '5-06�1, 35-1)431 
rcltl., 012-l00ll 
CIOIt, H{W'.IoC1tHC 

...,,, 
1Io.lotl.f'ltbrd /la ',"sil 
!.I.C U"". 
� ... CofoIIIh 0Jc:1t PoliO. III .

... ,. .. . .. $, '"" 1H5Ol 
Ct�II' "£W,.\C� $lo ',uIO 

How1lt1·�lCu", /la 1'1111 
I.I.C. lldl. 
A .. nloll Fllnkl;" �.,,""It ... 
l'upO 203 
Ill .. J_ItI. ZC-3!. Cl 
Ttll 32·91ll 
"'It, H,""",.IoC1l 'Ie ill 1-.1 •• 

CHIL.E 
IIHlor Calclpl P. 
cum, UM2 
(111110 215 · Mlcl ... IOU 
$I.lIop 
Ill, U.a!lO. 4_ 

""'"'.� 
1 .. \I_Ix"'" 
M ... ,lk .... I..oq_'" l"" 

Lldl. 
c.""1I 7 .q.s9 
Aportldo AI,. 6217 
aocm. I D.L 
TII, 45-71-a1, 4WHI 
Coli'" MRI! 10",11 

COSTA IlICA 
tic. Allruo ... 11110. (;Y'dl," ...... rt ... nu 
� .. 
h1: 21 .... n 
CoD'-, 1iJ.I.'" SI" .Iosf 

ECU ... OOII 
UborIlo,kll dl RocIllJ'lnlfnlltll 
c,llo t.1,.qull 12* 
",t Olflce 80. 3119 
." 
T,II 12'96 
Cobl., IfOItVATM Qulto 

n. SolLYAOOII 
Uecb6n1t.l 
ANr\IdO !'eltal 1st' 
27 A .. nldl llotl. Ull 
.. -
T.t, 25-7$.50 
Cobl" [If.CTROHItA 

Sin Salvldo, 

GUATEMALA 
Ondlf ,1,1100111 .. Lltlft MllriCl 
...... II .... I� 
1 •. Coli •• D-H. lOIII l _laClty 
ToI, 21112 
Cob/e, OUU ",-, ..... 1. Cl\)' 

2112 SouI� lrenrwood BMI. 
R LUI. 63144 
reI, (31') 1162-5000 
lW);, 1110.16(1.1610 

HEW JEltH'r' 
W. 120 Cut...., _Md 
....... 0 07652 
Ttl: (lOll :MWOOO 
TWl: nO-flO-4t51 

1060 H. Ill .... HIlf\WIY 
CIInJ IIIU 01034 
'el, (6Ot) N1.cooo 
TWl(, 110-192 .. 945 

NEW .. EXICO 
P.O. Be" 366 
SIIIIorI C 
6501 lo", .. IouIHlrd II.L 
AlII., ....... '1I1)f; 
"I, (5(5) 2!5-5* 
TWJ:, .1D-.. II-IN5 

151 '«nU Ort .. 
la CrvcH _1 '"" (505) yt.2� 
TWlI, 1ID-1I3-05:.o 

NEW TotH( 
1102 Conlnl A�II\II 
AI.., lZ205 
r'l, (SII) 161-1412 
TWJ(, 71(1.441·&270 

121' CoIIIP"IIUI AoM 
hIAtt U11<l 
rill, (601) 754-0050 
rwx.. 510-2UoOIto 

11 W;llJtl"ItU SII .. ! 
PlIIIIdI ..... '- 12601 
rei, (gUl454-1l3O 
lWX, 51D-241-OO12 

III Soli"". 01"1 .. 
_"""oho, 14623 
ral, (lll) ns-t500 
rwx.. 510-25).51111 

NOVA SCOTl ... 
_tl.f'atbtd (CMHI) U'. 
214� Doo\ch 'tllta .. H. 
�"= 
.. -
T.I, (to2) U5-0S11 
TWl(: 6111-211 ...... 2 

.0= 
IIowll1l·hcl.o,d .. "lcl". S.A. 
dl C.Y. 
_ m  
Col. HI Villi 
", .. 10. 12, O.f. 
T,I,15-4$'" 

NICAUGU ... 
WakrIo To" . ;.  
Aparbdo I'osUI eu 
(dillclo Tar'" 
'-
T,I: 3-451.3-452 
c_, It<lUItAH "H'I"' 

'AN.u.lA 
ElI.I,6ftlcl 111001, S.A. 
P.O . .... 412. 
.... MonKI (.1 ...... No. 13·50 
lid," AIIIII 
- '''' 
ral, lOIJJ 
Clltll, UlClllOll Pi ...... CIl)' 

1025 lIortlll'" loul''',6 
"'Im, l_l lol ... IUJ6 
,.1, (5l1ll6t-MIiC 
TWX: 510-223-0111 

!iI5oI [;I.t NtI'-J R<*i 
",H_ Il2U 
101, (lIS) C!>4024M 
TW.I:, 71D-$(I�12 

NOInli CAIIOLIN.\ 
P.O . ... 51U 
I'll /tOft/I Malft 51'HI "Ick PlI.t 27162 
le!. (U') 112-4il73 
TW1(, 51D-.2I·1516 

OHIO 
25515 COftl1t Rldp Road 
CI ... II •• 4U45 
'"it (216) .lS-03OO 
TWl: 1I0-4.21·'I2!i 
:wISO SoIilll 0bI'- Or'"'" _ .. '" 
ri', ("3) 2"9100351 
lWX: 810-459--lt25 

OIlLAHO ..... 
2�19 Uftlttd rouM"t 80.11'"� 
.. 1 ....... Cltr1l112 
rll, (40') .... 2101 
TWl(, ttO-lJO.58li2 

�,� 
.,.,."11111 . .... ". Soolle 15& 
4415 S.W. Sdltll, fIftY _.,... 
� 11Z25 
'"" (503) m·lIl71 
lWII: 110-464-110) 

I"£NNSYLVAHI ... 
2500 NOli Sldt Ioull .. ,d 
..... H.1II1 15146 
rI!, (�121 211�12t 
TWl, 1I0.1t1·)65O 

o� .... 
_.II·�KkI .. (Conocll) U'. 
HO IMr fII •• ,11<1 
_., 
Trio ($13) 7n .. n, 
lWX, 51o.5U.I.5Z 

IIowllll·hcl.o,d (Co"ocIl) llCl. 
1415 Llw'"n<, Avt"ut WI" 
n,..N 
T.I, (411l 2411-111" 
rwx, 81o.e'2·UIZ 

.,,' 
FlfRlI'ldO (lOll I. 
A�"ldl Pltit TI\oIII" "19 
NI,"lIo,u 
Coll"" *1 
,-
rtl: !o034Ii 
ClDlr: IUE_U U ... 
I'UDtTO IIICO 
5M J ... VHtrofIi<., I..:. 
'.0. IIor 5117 
1'orIc. de l..., 1S4 
I'dl. 1·P\I. dt ,,-,,, 
Tel, (1M)7ZW3-42 
Clbll, SATRQ/lIC$ SI" JII"" 
Toll., SATIt<IM 1450 132 

URUGUAY 
Pobl. 'Ift .... SA 
eo.ertlol • IlIdulttlo.J 
A_Id. 110111 2In 
c.lIn. '" Cot, .. 370 
-. 
Ttl, 4O-Jl02 ...... , .... nl,," ... _�_ 

10·U II�.",,"I 
Kin, 01 ,,,, .. 11 I"""strlll PI" 
I"', I1 '''11.11 1940Ii 
Tth (115)l!I5-70QC1 
TWl( , "O",,'MHOJO 
RHOOE tSLAHO 
I1I Wll ... _ .... 
b.t_ ottll 
Tal. I4(lI) 434-n35 
..... 
'.0. lot 1210 
201 [ . •  ''PlhoI 'd. 
.le ....... 7'* 
rll, (2U) 231-1101 
lWII, II1D-161 .. 723 

�.O. a.. 22113 
4242ll1eilmonol Avtft .. 
M ... _ 11021 
ToI, (7n) "H4(l1 
TWII, III»II·2145 

GO't'£lIMI[HT cotmW:T orrrt£ 
225 lit.,. .. 'letlll! R ..... 
SM_'- 1.m T." (Sill t34-417\ 
TWII: '1D-111.1t11l 

"" .. 
U!IO Sou'h Nlln SII ... 
lilt .... CltJ .. U5 
Tth (1101)416·"" 
TWJ[, t1t).t25-56I1 

VIRGINI ... 
'.0. 10.6514 
2111 .s.t""u_ 
,- -
Tlh (703) 212-5451 
lWII: 11D-t56-0157 

W,uHINIITON 
43HOIIII /I.f. 
1011._ "* 
TII, (toe) 454-31111 
TWI: '1D-44J.2J03 

fOR U.s. MUS NOT 
LISTED: 
c.rtlltl till '111_ ,trite _,. 
a.t 1011' .11_, I:eorlll • . •  
/forth 1Io1�. CIIlf6rnlt . • .  
"'"II1II'" JIItw JtrMJ • • .  SR"e, 
1111001.. Th.lr ...np!111 M­

dll .... III 1I0locl lboo.. 

QU':.EC 
IIlwltll·',e .... ICaMoIII lid. 
215 "",,"0 1ou'1V1" Nollho CIIIn 
TII, (Sill '1I742J2 
TW.I:, IIo.en.1022 
rllll, 01·ZOI07 

�OR CANAOI ... N ... It£IoS NOT 
'-ISlID: 
CO"IHI H'Wllrt·�K"" O (�..,. 
Idol Lld. I" PoInll Clllre, ;1\ 
t. <_Ill, IdOIl.. U,1td 
_0-

YlNQUELA 
1I1.lltI·�at"nI 0. Vl1IIlUIll 
,,-
"",,11'" d" £Ill 109� 
ClllcllI. 
�-. 
TI(, 11 .... 0$. n.II.". 11 .... 15 
CMI" "rw�ACK Co.HH 

'011 .AII€AS HOT l..tSTI:o, 
CONT-'CT, 
"ewlltl·hCtI,d Inllf· ....... kH 
l2OO MIIMlw A .... 
hlllnl. Cllllornlo t4J04 
Tlh (415) la·1llOCI 
TWl: 1IID-37H2'1 
Clbl., It£Wf'AClt �11o .Ito 
TIIII, 034-,"1 
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EUROPE 
AUSTRIA 
U.II_ �mbH 
Wltsuocl'll,Ulche In.tr ...... tl 
R.""""�rdtp ... 5/3 
P,O. 1100 II 
ViflIu A·10i5 
Tlb 425111 
taIIll, lABORINSTlIUM[NT 

VII",," 
fll,., 75 162 

.!:LGtUM 
HlWlltt·I'K"rd _11/1 S.A. 
]U .... II .. r� d. So_Ill. 
...... 1. 16 
lib 12 n 40 
CIIII" PAlOB[N IIr.n.l, 
ToI .. , U 494 
I)ENMARK 
Htwl''''PklLord A./5 
�II�I"I , 
21100 _ 
1,1, (On 10 40 40 
tIIIlt, H[WPACl( AS 
re"., � 40 
" NLAND 
Mtwlllt_hchrd 0, 
GrldenlnU. 3 
H.llloll 20 
To" 51 � lA 
Clllle: IIEWPACl(OY·H.lllnIol 
fll .. , 12·156] 

FRANCE 
1I1"lltI·P.d.,d F,.,.cl 
00.,11 .. dl CO.,lIbotu' 
lOllt �.,.I' No. Ii 
�I o<u, 
TII, 920 UOI 
C.bl., H[WPACK 0, .. , 
Ill .. , 6004& H[WPAC� ORSAY 

IItw',U-pOC"'d f" nc' 
• Quol '"1 [\10;11 
61 I,.. s-
I", 42 53 45 
CoII'l: M£WPACK I,... 
Tilt" )1617 

GIRMANT 
H •• lolt·P.ourd V.rltllb.·G ..... H 
111l ... bu'llt"'t .... 30 
1 ... llo W 3O 
111::460 65/66 
Ttll., 11 J.C 05 

HtwIIII·houtd Vlrtfltb..cratlH 
H."'''''''" .,,I, .... 110 
703 ......... WO,,"mbo., 
Tt" 01031""11 
e.bl" M[PAI: AllII"I'" 

T.ln, 12 65 7:1'1 
H, .. loU·P."ILo,d v.rl.II� .. CmbH 
Aellt.bochllru .. n 
• lUll lid .. ., I 
T." U 52 :>II/�' 
Tilt<, '5 16 S13 

HIWII"·Pao",d V.rl.l,lIt-tIIIbH 
Mur1MI ..... tru .. 95 
5 ftMtfwl 5(J 
TII, 52 00 3Ii 
CaIIIo, HEW'ACI($A f,.�.rt 
T.Io" 41 32 41 

AFRICA, ASIA, AUSTRALIA 
ANGOLA C,",US 
1I10<1t. (""'flU U.�i" 1(not1o"lc. 

dl [qlrip • .","lo. Ukl.lI:o. It-liD _r A ...... 
... P.O. au 752 

• ..a dt a."bo .. _,iCOII •. � 
12·1" 11" 6212-7562. 

... ..... CogII: H(·I __ I l ... ,. 
CIllIt, 1[l(CTU lu....,. tTHIOplA 

AI';". Soll_t< • ",.",", 
AUSTRALIA Prldt. lid., Co. 

P. O. 10. 711 H, .. I.II,pocklrd Ault,.1I1 
�8/�' C,,"nlnlhlm SI. PI,. lid. 
.�"t _I U·26 Wel. SI,oo' T'� 1"nU 'I .. Itls, 3146 C,blt, ISACO AdcII� Vlel..-II 

lel, :HI.un (' IIn .. ) HONG KONG 
CIIIII' M£WI'AIID N.!boor.tII k1loo14! .. Co. (lIoftl Ko"l) lt�. 
f."., J102. ' , 0 . lIoo: '" 
1II"lttl.pk",d .... 1.'11. 

nil. PrIMI', 8ulldln. 

PIJ. lid. 
10. C�.r .. �"" 
HMI 1lH. Ii AIt"1Id1t SI.II' hi, 2401 .... 232135 

� ••• t NUl 206S CIIoIt, !CHMIDlCO 110 •• KOn, 
Ntw SoUI� Wilts 
T." U.1M-1i INOIA 
Clbl., HEWPARO S,d ... y Till Scllntlflc 'ft.I ....... 1lI 

Co" l •• 
..... I'''·'acl.l'4 ""0,,,11. 5. Tt/ .. _. s..,." ItoH "'. 1111. AI"""'" I 
'7 CIIu"",1I1 I ..... , .. , 2451 .... _I 5C112 CIIII,,, llCO 1I1.ohbaol 
SoIrI� Antrlll. 
''', 55.2_ Till Scltnliflc la.h .... ftl 
Cabll, "£WPAIID ..... 1.141 Co .• U. 

240, Of. Dld.�lul N"'On Ro.d 
M,wl.U 'aourd "".\flll. h_ , 

"r. lid. Ttl: X,2&ri2 
2"d "�Ot. $"110 U Cobll' S!CO 80mb., 
t_bl ..... .  UnClI",. lM "'ltntlt;.: 'nll.u ... oI 
IN _Ialdl T."x. !'e"1I. W.A. IOOO 

CO� Id. 
11, ,,,,,,,,,,,,,,. Eut 
- ,  

� .... TII, 2l-412t 
IJfo/18OI (I.drklll lkl. ClllII, SICO CIInrtII P.o . .... "I 
' .... 11 'ull.lI_. nteScltflllflc I_tlrlto., llII. 
SIIDII. Slrll' )0 . .. _I • ..., 
�- , ..... , 
To" �. T,j, t6l3t 
Coble: IIOTI'OINT Col_ C.bll, SICO M.d ... 

Ht .... tt·Paourd V..-I.ltllo-ClIIbH 
811 .. st'O�"'Ult 26 
2 HI"�1iH"J I 
Tt" 24 G5 51/52 
Clbl., HEWPACKSA HlftIII"', 
T.I .. , 1I 53 32 
IIowl.,,-P,,=u", v"tritll .. ; ..... H 
�1I1Ilf'I ... llt .... 13 
• IU ...... , 
T,I, 0111 n �, nm 
taIIll' It£WPACI'.SA .. Onc .... 
T.I .. , 524915 

GItEECE 
Koot .. K •• ." o.l. 
U, E.!l\Cu st.eet 
."'"ftO 125 
Tt" 230 JOI 
Cob", �AI(AI! AIIHI"" 
T.I .. , 21 "62 

IltnAND 
H''''"tt-hoUni lt�. 
:U' ''1lI Rotd 
...,., _ .. £lrlJl'l'rII 
Tt" SJc..p ]U.3"41 
C.!>II, H[Wf'I( SlouCh 
ToI .. , I4CIl 
ITALY 
IIowltlt·'"cu.d lull .... s.�.A • 
VI.lt lun1,i ... 4& 
�12S NIi. 
Ttl, 69 15 *" 
CIIIIt, IIE111l'ACKIl Nllon 
Ttl .. , l204Ii 

Till kl.oIll11: 10.1,."",.1 CO- lid. 
�S25 111 ... 1l1li I;.onOhl �old 
",.. ...... 1 (A-I') 1 .... 11 
CflIll, SICO l!JM.obId 

""" Scle"tltlc h .. ltur ... " Co., l'-
.. ,._COI.b .... 
... ItI" I 
T.h 21·1053 
Cablt: SICO Now DoI�1 

INDONUIA 
Slh Bolon Irldlnl CO)', N.Y. 
D),llh M.nllh 29 
... � ... , 

, ... 
Tt!1OOm, Ud. 
,.0. .... 1112 
240 101. SIIII _II 
,-
Tth t3S5(J . .. Ill 
Cabl., IlASCOM flhtr.n 

IS!tAU 
[ltc:l.oolc . .. [.llnlt,I •• 

DIy. �'Nglorolt 1, ... I Ud. 
U. K .. m .. IIskl St ... 1 
TII-&." Tt" lS02l (t 11 ... ) 
c.�It, IlASTU Tol...,o,", 
TII .. , anNll. 03�t 

JAPAN 
YGkopw.·Hn-Io,,·hc .. nI It<l. 
Nlltl 11,,,,,,, 'Idl. 
2·2-& J(a"'I' 
Ib ... ,j·S�1 
.� 
T,I, U·IUI 

y ..... p .. � ... I'''·Pacg'd lid. 
liD Bulldl"1 
No. 59. Koto,1-;:1Io 
� .. lu, MpflI Clt)' 
TI" 5S1-02U 

,."",,',,-J4ew""·l'Ic:btf 1111. 
Olllslll BuI"'1III 
SI 'Ol'Oli I��._ 
SloIbu)'l-��. T'� 
rol, 17D-221l 
T.I .. , 2]1·202.VHP 
Clbll, YHPMARKEl IOM 23·72' 

IItwl.tt·Poou,d 11,11 ... "p.A. 
PilUle 11111. 
Pin .. Morconl 25 
00144 R_·h, 
Tel, �91 2541 
C,bl" HEWPACKIT R_ 
TflU: snl4 
NETHVlLANOS 
_1,II.pao"", ._Iu" N.V. 
Woello .. III. 1I7 
"'-_. 1 11 
T," "' 1 1 1 1  
Coblt, 'AlOI£N Amllltdo .. 
TII .. , 13 2lS 

NORWAY 
1It .. I.tI·PK_l1d NOli' AlS 
eo. 149 
N.ovell" I] 
Mlol_ 
T,I, 5) Il 110 
Co�I.: IIEWf'ACM 0110 
ItIU,6611 
I"OR'TUaAl 
ToItCl .. 
h. �od.lJO do 'OIIH<I tal 
P.O. B •• 2531 
lI ...... 1 
TI" 51 60 12 
CollIe, TElECTIlA U","" 
ToI .. , 1598 

.�. 
R. J. TII1HI'l' lId. 
,.0. .... 2754 
Sultt �11/511 
IIotll .... ....".., 
....... 
Tt" 25610. 2610), 51_. stillS 
Cllllt, MJAYTU llti ... 
KOREA 
A .... lcl" TrHl", Co., I(o'H, lid. 
P.O. eo. 110) 
011 lIJ"u"" lid •• 
101 So)on, Ra 
Chonl" Ku 
-, 
Tel, 7S.SMI {.IIt111! 
c ... lt, .o.MT1tACO Seoul 
" ....... 
CoaotaMI. L _141. 
CItmtto: ... St'lII 
C' __ ,y Coolt! 
'''M 
T,,, 22014 
CI/:III, El(CTROHUC1W "I,ul 

MALAYS'A 
Irt(COMB MII.,.I. lid. 
2 La,..., U"",, 
:section IJ 
!'erali", �I. Itl..,.. 
tIIIl', MEC(IM' �"'" t...r.p.,. 
MOZAMllqu[ 
A. N. Goooc.I .... lOA. 
U ArrL 14 A •• O. 1.lt 
P.O . .... la1 
1.0 ... ..,. _  ..... 
C.bl" N[CON 

NEW ZEALANI) 
Hlwlett·I'IIC�"'d (N,l.) lId. 
32-31 Klnl Tt"OCt 
P.O. eo. 914) 
"l'IlhIItM. 11.1. 
T.� _ 
Co.I�, HEW'ACK well"'llo. 

PAKISTAN (US,., 
Wu"'_ . .. Co/!Ip"'r, lid. 
]1, Jj"",,� " ... IIt 
. _. 
T." IOIY.II 
CUlt, H[WllEAl OI�fI 

SPAIN 
Ullo Inlul.,ol 
!;Indull' 76 
, .... ,,"" , 
Tel,211 ... .&6 

Alii. In .. nlttOI 
In'kiuo ...... 1. 12 
Ill"*". 18 
i." Zl5 4J 44 
tIIIl" TtlUTAIO _.Id 
-110., 2 72 49 

.�"'" ""'e,,·paourd (M.I .. 1 AB 
M."kltl,II"" lie 
UI 04 11111 ... 1 • 
Te" 031 .27 &a 00 

IItw!tlt·Pxhrd 1501,111) All 
S .. I ...... I •• " 1 
SUI :zo "IN I 
1.1, lot) N 12 5(J 
tIIIle, NWUll:U.(NlS 

."' .... 
T'''"''' 10121 

SWnzEItLAND 
1Itw1.1t Paohrd (Schwtitz) AG 
ZV",hltlltlUI 20 
m2 Sch!!I"" 
JII.IC. 111, 10SI) n 11 2\/2. 
ta�I., IIEWPAtI(AC Zutlch 
Tile., S»33 

PAKISTAN (WI:STl 
Na�la • Complrl)', lid. 
00"",," Cl\flllbln 
Ylctorlt • .." 
- ,  
Tlb SI027. Sal7 
Cttrr., COOf'tt.t.T(III I!I,.,1Il 

PHIUPPINES 
Eloe" ....... I"", 
2119 Plson, to"", 
M.ull. Ri .. 1 
P.O. 'ox 4326 
fIU,1I1 
TII, U.9HI Ot &843·15 
CiotIIf, (lUIU ""ftll, 

SINGAPORE 
... ...,,10:11 •• eo-,IIM 

fad,...I", Cornp.tll(l' Ltd. 
" .Ill'" 11111", 
li ...... 3 
T.I, MZ:KI-l 
C.bl.: M[COIrtB SI""at>O •• 
s.oUTH AFJIIICA 
H,,,lItt PockI'd SoIrlh Alrlcl (pty.). lt<l. 
H:II H ..... 
'I SOmt.ltl A •• 
c •• T_ 
T." 3-601. 
Clbl,,, II(WPACK C. To.. 
Ttl." 10HtT 
M,wltn px ..... hulh 1I.lo. 

IPIy.). lld, 
,.0 . ..,. lUll 
30 DI It" Sir"' 
BI .... lonltln • .11""""'''' 
TII, 721 .. 112 12 ... 115 
T.! .. , 022e J!I 
CoIIlo, _PACK JoIIIo ........ , 

TAIWAN 
Ifq S ...... [I..:I,Ot\k: Co., lid. 
'.0. IN 15$& 
.- ... 
C'I.I Hl1n hll_'1III 
110. 95 CIIunJ SIIIo 

lIort� 101d. SIc. 2 
T., .. 
Tt" �S�211 �I. Sl2·53t 
CoIIl., VICTIONII ,.lp.1 

".\111011 p,,=u.d (Scllwlltz) A.�. 
R ... du "'1 • .cI�·l.ft 1 
1211 M." I.·CO .... 
Ttl: (OUI " .s. 00 
CI.lo, H[W'ACKSA "" ... 
T.t .. , 2 24 N 
ru�n 
T.I,1\oIOI IncI .... IOC ..... n 
P.O. Ik' JJ$. ,",Iat. 
" ...... 
Tel, " 40 40 
tllllt, TR(MATlON IIIIMUI 

UNITlD KINGDOM 
Howl.lt-Plcg,d lid. 
224 81th ROld 
SI"(II, Bud. 

lib SI"'lh 75.)·Ul-II 
Cobll, H£WP" !IoII,h 
TII .. , 14C13 

YUGOSLAVIA 
.. I .... SA 
Il .... " ... M. fill' ... · ... 
..... tI. 15. 1Io1,lu .. 
Tt" l4 II 31, ,. 26 l' 
Cobll, 'UA�n ..... tl. 
Till" ZUIO 
FI)R AREAS NOT liSTED. 
CONTACT: 
Howl.II·'xl ... d S.A. 
RIo, du ..,1 •• hoUn 1 
1217 MI\'flfl.c.oMU 
Tlh (022) 11 54 00 
till .. , II(WPACl(U " .... 
1.1."' 2.2 .... 

TANZAN'A 
t. J. TII""., lid. 
P.O . ..,. 21St 
Sunl 5171$11 
Hotel ........ aa.'" 
11 ...... 1 
TO" 2St10, 26tol, 51;206, :>III� 
Clbl., AIIIAnU N,I.oIIl 

THA'lAHD 
Till InN'lIIl1o",,1 

£0&1"",1"1 Co., Lld. 
P. O. eox :H 
614 Sukllunwtt RHd 
h_ 
TII: '107n (1 11.n) 
tall", G'f'SC* Ibn.-"" 

\JCANO,,-t. J. ll1� Ud. 
P.O. eo. 21St 
Sull. 5111511 
Mettl �.sSldI�' 
N .... � 
T." 251!70. 28103, 68106, 5S196 
CI/:III, AIIIAYf[( N'I,obl 

YIETNAM 
!'e"I.,..."" T'od'", 1ft<. 
P.O. 110. 1101 
215 1I.11",V_1 
-
1." 20.105 
CIIII., KIIIIISuv. SoIIO. 

lAM"A 
�. J. THbury \lImbll) ltd. 
P.O. 110> 27t2 
t ..... 
1.I",�1 •• C'ntrll At,lc. 

rOIt A"US NOT LI'UO, 
CONTACT: 
_II"·PI<�'''' 0:f0tI 

__ IIi., 
3200 MllIril_ A ... 
Polo Alto. CIIU",.'" t4104 
TO" (4U) nt-JOOO 
rwx, UI).11l-i251 
taIIlt, H[WPACK '"10 Allo 
TI" .. OM-1461 

Prlnted jll U.S.A. JOM·II/68 





' MANUAL BACKDATING CHANGES 
Model 400GL 

AC VOLTMETER 

This manual backdating sheet makes this manual applicable to earlier instru­
ments. Instrument-component values that differ from those in the manual, 
yet are not listed in the backdating sheet, should be replaced. using the part 
number given in the manual. 

Appendix C 

Instrument Serial Prefix Make Manual Changes Instrument Serial Prefix Make Manual Changes 

Below 628-00151 CHANGE 1i1 

Below 737-00456 CHANGE .Ji2 

CHANGE I n :  Part No. of AIKI is 0490-0195. 

CHANGE li2: Preampiifier is as shown on Page 6-4. 
Part No. of Al Is 00400-66505. 
Part No. of AIKl is 0490-0478 except as listed in CHANGE 11. 
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