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CAUTION

The gray insulating material of the probe of the
Model 410A is polystyrene--a low melting-point material. It
is necessary when soldering to the probe to prevent the
polystyrene from getting too hot., It is not possible to
solder to the contact which is exposed when the probe nose is

removed without destroying the polystyrene.
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Model 410A

High Frequency

Vacuum Tube Voltimeter

Specifications

AC Ranges scoeveessensrovovoce
DC Range; teesssrsresrirrirans
Resistance Ranges ceeccevceces
AC Calibration Accuracy secses
Frequency ReSponsSe ssssesessees

AC Indlcation sessseisesiacene

AC Input Impedance ..cieeeoses

DC Input Impedance sevr e afan
DC Calibration ACCUI'BC}' TR N
Power Demand

se sl e ®asdaneweh

Power Source Required ¢eeceees

i, 3, 10, 30, 100, and 300
volts rms.

i, 3, 10, 30, 100, 300, and
1600 volts,

500, 5000, and 50,000 ohusj
0.9, 95 50, and 560 megohms .,

+ 3% of full scale for sinu-
soidal voltages.

#+1db from 20 cps to 700
megneyecles.

Proportiovnal to peak value
of applied voltage; instru-
ment is calibrated to read
rms value of a sine wave.

Equivalent to approximately

¢ megohms shunted by 1.3 mmf
at low frequencies; the in-
put resistance decreases with
increasing frequency owing to
dielectric losses.

100 megohms.

:3% of full scale,
Approximately %0 watts,
Operates from a nominal 115-

volt, 50/60 cycle single
phase source.
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MODEL 4104

HIGH FREQUENCY
VACUUM TUBE VOLTMETER
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INTRODUCTORY

GENERAL

The -hp- Model 410A High Frequency Vacuum Tube
Voltmeter has been especially designed as a universal measur-
ing instrument for use in audio, supersonic, broadcast, FM,
and television eircuits. To this end the input resistance
of the instrument has been made extremely high, while the
equivalent shunt input capacitance 1s sufficiently low so
that even very high frequency resonant circuits are only mod-
erately detuned., In order to further increase the flexibility
and usefulness of this instrument, provision has been made
for measuring both DC voltages and resistance,

INITIAL ADJUSTMENTS

No initial adjustments other than those given under
OPERATING INSTRUCTIONS are required for this instrument,
After first unpacking, however, it 1s desirable to make a
complete inspection for possible damage in transit, If any
such damage 1s found, follow the procedurzs set out at the
back of this manual.

CIRCUIT DESCRIPTION

The circuit of the Model 410A, shown at the back
of this manual, includes a shunt diode type rectifier, 2 dc
amplifier, and a power supnly. A circuit for neutralizing
the effects of "emission velocity current" in the input diode
is also included.

Ac voltages applied to the input terminals are
rectified by the shunt diode circuit associated with V1,
This circuit is located in the probe supplicd with the instru-
ment, V1 is a special diode having low anode-cathode capac=-
ity, very short electron transit time, and a high resonant
frequency.

The output of the rectifier is agplied to the dec
amplifier which consists of V4a, V5, and V6, The input to
the amplifier consists of a 100-megohm voltage divider which
acts both as the grid resistor for Vka and, when switched

as range resistors for the instrument, In order to ninimize
the magnitude of gas current flowing in the grid circuit of
V4a, very low plate voltage 1s applied to the tube,
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The output of the cathode-follower Vha is ampli-
fied by the dc currcnt amplifier V5 and V6, The indicating
meter M1 is connectcd between the plates of V5 and V6 in
series with suitable range calibrating resistors.

V2, V4b, and V6 operate in the circuit which
nautralizes the effect of emission velocity current in V1,
This current consists of electrons which are emltted from the
cathode with sufficient velocity tc break through the diode
spacc charge area and pass to the anode with no voltage on
the anode. However, the fact that this current does flow
through the diode means that the anod: is at a potential
rolative to the cathode, even though no voltage is applied
externally, This potential difference, though small, would
cause a rcading on the indicating meter which would éestroy
the accuracy of the lower ranges of the instrument,

- To counteract this effeect, V2, a diode of the same
type as V1, is operated independently in the circuit, V2
oporates merely with heater voltage osnd with a load resistor,
Because diode V2 is identiecal to V1, a voltage essentially
identical to that present at V1 is also present at V2, This
voltage is applied to amplifier V4b and in turn to V6, Thus,
the voltage from V2 counteracts that from V1 in the de cur-
rent amplifier V5 and V6, and only voltages applied externally
to V1 are amplified independently by the current amplifier,

DC voltages to be measurzd are applied dircctly
to the 100-megohm voltage divider at the input to Vka, For
dc measurements V1 and V2 are switched out of the circuit,

Resistances are measured by means of the voltage
gencrated by two paralleled flashlight type cells, Volt-
age from the cells is applied to a ngtwork consisting of =
known resistance in sories with the resistance to be measured.
That part of the voltage which is thus improsscd acrocs the
unknown rcsistance i1s applied directly to Vib, the first tubs
of the dc amplificr,

The power supply for the Model 410A includas a
conventional full-wave rectifier with a resistance=capacity
filter-

TEST LEADS

At the lower part of the front panel is a knob
which permits removal of the access plate for tho test lead
compartment. In this compartment will be found threce single
conductor test leads and the diode probe together with its
cable., The designations on the front panel indieato: tho
function of each lead.

The probe is provided for use on ac measurcnents,
At low frequencics where relatively high capacities can be
tolerated it is not necessary to rcmovz the probe from the
compertment. Instead, connections can be made to the binding
posts on the front panel if the probe is properly mounted in
its brackets at the back of thc access plate,
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OPERATION

CONTROLS

The controls with their functions are given bhelow:

CONTROL FUNCTION
Selector Prepares instrument for various
types of measurements.
Range Determines full scale value
of varlous ranges.
Zero Adj. Sets meter pointer to zero,
Ohms Adj. Calibrates ohmmeter circuit

for infinite resistance,

In addition to these controls there is an internal
screwdriver adjustment reached through the back of the cab=~
inet which may be used to zero-set the a-¢ ranges. More
complete information for thils adjustment is given on p. 12.

Plug the power cord into a nominal 115-volt, 50/60
cycle, single phasc power source. Turn the SELECTOR switech
from the OFF to the = (minus) position, thus applying power
to the instrument., Allow the unit to heat for five minutes
or more.

ced fo e ing AC Voltages.,

CAUTION: BEFORE MEASURING VOLTAGES HAVING
FREQUENCIES ABOVE 20 OR 30 MEGACYCLES, REFER
TO SECTION ON HIGH FREQUENCY USAGE (pp. 7-10)

1. Voltages having rms amplitudes up to 300 volts and fre=-
quencies up to 700 megacycles can be measured with the
-hp- Model 410A by means of the diode probe provided,
Note that it is not necessary to remove the probe from
the test lead compartment under certain conditions as
explained under "Test Leads" above.

2. Set the SELECTOR switch to AC.

3. Set ZERO ADJ control so that meter pointer reads cxactly
zero with RANGE switch set to 1lv and with the proba lcad
shorted to its ground lead.

4, Set RANGE switch to a range known to be high enough to
include the voltage to he measured.
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2.

3

Connect the alligator elip of the proba te the ground
side of the wvoltage to be measured.

CAUTION: The ground clip of the probe should
never be connected to any point at
a d-c or a-c¢ potential,

Connecet the probe tip to the point to be measured, This
conncetion can be made either by soldering the nrobe
tip to the circuit or by holding by hand.

Reduce RANGE switch as necesazary to obtain a largo mcter
pointer deflection,

If the RANGE switch is now 1n the l-voli position, read
voltage on the scale marked 1lv ac only, If the RalNGE
switeh is in the 3-velt position, rcad voltage on the
scale marked 3v ac oily.

If the RANGE switch is in cither the 10-velt or 100C-volt
positions, read voltage on the top scale of the metor
face, using suitable multiplyirg factor.

If the RANGE switeh is in either the 30-volt or 300-volt
positions, read voltag2 or the second seals front the top
of the meter face, using suitzble multiplying factor.

Note on AC oreration: From time to time a
small drift may ozcur between the zero reading
of the 40 and DC ranges. TInis drift 1s most
noticeable on the 1viAC range., This condition
is norwal and as long a3 the ! jnstrupent is

pEOpDerly ,eroed Wwilh the ZERO SET cortrol, the
accuracy of the AC readirgs ig not impaired.

I'rocedure for lMeasuring DC Voltages

DC wvoltages up to 1000 volts of elther negative or posi-
tive polarity can be measured with the -hp- licdel 4104
by using the COMMON and DC VOT73 leads,

Set the SELECTCR switeh to eliiher - cr ¢, depen@ing
upon the polarity with respent to ground (chassis) of
the voltage to be measured.

Set ZERO ADJ control

S0 *1at meter pointer reads exactly
zero on 1lv range, i7 thi

3 has nct been lore nreviously.

Set RANGE switel to a range kuowr to be hirh encugh to
include the voltage o he measurei.,

Connect the COMMON lead to the ground side of the voltage
to be measured.
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1.
2,

6.

7.

Connect the DC Volts lead to the high potential side
(positive or negative) of the voltage to bc measured,
Observe usual rules of safety when making this con.:ction.

Back off the RANGE switch as necessary to obtain a large
meter deflection,

The calibration of the range switch indicates the full=-
scale value of the meter scale, If the RANGE switch 1s
in a position whose full-scalzs value is a multiple of

10, read the value of the voltage on the top scale of the
metor face. Thus, if th¢ RANGE switch is in either the
l, 10, 100, or 1000 positions, read voltagc on the top
scale, using a sultable multiplying factor,

If the RANGE switch is in a position whose full-cecale
valuc is a multiple of 3, read the valuz of the voltage
on the second scalec from the top of the mcter face, Thus,
if the RANGE switch is in either the 3, 30, or 300
positions, read the second seale, using a suiltable multi-
plying factor,

Procedure for Measuring Hesistance

Set SELECTOR switech to OHNMS.

Unlecss meter has becn zerocd for AC or DC measurcments,
short ends of COMMON and OHMS lcads together and while
shorted adjust ZERO ADJ control until meter pointer

is exactly at zecro, Scparate the shorted leads,

Adjust OHMS ADJ control until meter pointer reads oxactly
full-scale on the OHMS scalc (lowest scale on face.)

Recheck steps 2 and 3.

Connect COHMON and OHMS leads to resistance to he
measured,

Set RANGE switch to 2 position giving most readable nmcter
pointer deflection,

Multiply meter pointer reading on OHMS scale by factor
indicated by setting of the RANGE switch resistance
callbration., This multiplication gives measured valuec
of the unknown resistancc.



IMPORTANT

ZER) SETTING

After replaging diodes V1 and V2 or after using the inatrus
mont far 8 poriod, it msy be found tlmt the lodel JQ0A will require zorc-
sattin whon switohed fraon the + or - position Te the AC pesition of the
SULECTR switeh, This drift is csused by an unbalmoe in the spsoial
dioder V1 and V2, The drift can be oorrected by edjusting tke ZERO SCT
contral at no loss in ecoursmey; however, if the drift becomes largs, it
may "¢ desired to correct this nonditinn accarding to the I‘ol.lmring pros=

cedyvio.

1. With the RANGT switch in the 1V pesition end tle SCIECTOR switoh
iy either the + or - position, 2erc-set tim moter pointer with the ZERO SET
¢rutrol, Then ohange SELECTOR switch to AC position,

2. 1If poesible, gero set the meter pointer with RY;. Rl cen bs
‘enchad through the sccess hole lecated in the lower right-hend sids of
she baek of the instrumsat case, In earlier typea of tim lodel LI0OA, Ry
iz e sorewdriver-ed justing potantiomster, while in the later types Rll; is
provided with a small knodb, Rl is located in & high-impedance circuit
so that touching it mey change the meter reading, Tharefore, adjusk
the eatting of R1y slightly and then remove the hand befare ovbserving tha
afizet on the meter. A few ssoonds may be required for the circuit o
stebilige after sn adjustment of R1L.

3, If it is not peseible tc sero-set the mstsr pointer with R,
sot its somtaoet arm approximately to the center of the aro of rotation. /"

Lie Then gero-set the mstor pointer by edjusting R15 with an insulated
scrowiriver, In instrummts having serial pumbers higher than approxinately
Qi750 potentiometer, R15 can bs resched afier removing the Wwttm plug
that 1s locatad in ths upper part of ths right side of tls Instrument oase,

Tn older typo instrumsnts, tle inotrumsnt case must be removed in odar to
rosch 15, which is lcoatod on a bacelite board topgether with other potel’ lo-

meters,

. 5¢ Adjust R15 @o that the m tor pointer resds approximetsly zers.
When meking this adjustment, it is necessary to meke e slight edjustrsnt
end then to walt about one minute for the tubes to stabilize. Then meke
encther edjuatment in the setting of N15, ete. Fowever, do pot adiust 115

- go thet its cotrot arm is catside the ocerntrel cns-third of 1te ere of
retacion,

6, Muor aijusting RIS so thet the meter pointer is close to zerd
but se thst the oontmet arm is 4n tle centrel one-third of the arc of
rototion, brinz the meter pointer to zerv by adjusting T,

7« if it is imposaible to set the meter pointer to szero with Ry
after following the above procedure, it is nocessary to replsce the {lodes
V1l and V2 and to repsat the prosedurs.

8, Alliow the ianstrument to lsat for several hours in order tist the
tubss may ri abiiige. With new tubes il may be necessary to repost ths
progndure efter the tubes have heated an howr or two,



AC VOLTAGE MEASUREMENTS

The Model 410A has been designed to operate over as
wlde a freguency range and as wide a voltage range as is
possible., To this end the high frequency diode has been de=-
signed with careful emphasis upon its application to specific
neasuring circuits. The cathode is made with a disc seal con-
struction which makes possible very solid grounding of the
cathode, while the anode lead has been brought out with the
minimum possible inductance. The maximum frequency at which
the Model 410A will accurately respond is limited primarily
by the physical length of the tube compared with the wave
length of the voltage being measured.

In addition to these considerations, care has been taken
to keep the input capacitance of the probe as low as possible.
This has been done by designing the molded tip on the probe
so that the anode circuit, including the blocking condeunser
and resistor, are located as far as possible from the ground-
ing plane. Furthermore, the probe has been designed so that
the input blocking condenser is removable by unscrewlng the
plastic nose. With an external bloclking condenser the lowest
possible input capacitance can be realized. This feature also
enables the ultimate length of the measuring circuit from
cathode to the end of the anode to be considerably reduced so
that the frequency at which resonance occurs is extended to
the highest possible value.

These carefully considered featurcs make the Model 410A
one of the most useful instruments available to the enginecr
today. To fully utilize the capabilities of this instrument,
a thorough understanding of the considerations involved in
making measurements under various ccnditions is required.

One of the most useful applications of the Model 410A is
in the measurement of voltages under normal circuit conditions
where the effect of the measuring voltmeter on the operation
of the circuit must be minimized. Under these conditions the
meter is used with the tip of the probe screwed in place., The
lead grounding the eylindrical shell of the probe should be
kept as short and as heavy as possible. At the same time it
is desirable to keep the molded nose of the probe as far away
from the ground plane or from objects at ground potential as
can conveniently be done. Care in keeping the molded nose
away from grounded points in the circuit will, under typical
conditions, keep the input capacitance severai tenths of a -
micromicrofarad lower than will be obtained otherwise. At the
higher frequencles, it may be desirable to use an external con-
denser instcad of the condenser which is built into the nose of
the probe. One terminal of a small button-type condenser can
be soldered to the point of measurement in the circuit. The
center conductor of the probe, with the tip removed, can be
connected to the other torminal of the condenser for the measure-
ment, At frequencies above 100 kc a capacity of 50 micromicro-
farads will be sufficient to obtain an accurate reading with
this method.
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The condenser which is built into the molded nose is
large enough to insure accurate meter reading down to fre-
quencies of 50 cycles or less. The Model 410A can, however,
be used to make measurements at lower frequencies., By re-
moving the plastic nose and using a condenser of .25 microfarad
in series with the exposed contact of the probe, measurements
can be made with good accuracy down to 10 cycles per second or
less.

At frequencies above 100 megacycles, it is desirable
wherever possible, to use an external button-type condenser
with the probe and to keep the distance between the point of
voltage measurement and the point of grounding the outside
cylinder of the probe as short as possible. This is particu-
larly desirable because in making measurements on typical
circuits operating at frequencies above 100 megacycles, con=-
siderable voltage may be built up across ground leads or even
along various parts of a grounding plane. Consequently, unless
the meter is placed as nearly as possible to the point at which
voltage is to be measured, erroneous readings may be obtaired.

At higher frequencies, it 1s nearly mandatory that measure-
ments be made on voltages which are confined to transmission
line circuits. For applications of this type the Model 410A is
particularly suitable because the physical configuration of the
diode and probe is that of a concentric transmission line and
with a few precautions it can be connected to typical transmission
line cirecults with little difficulty.

For measurements at the higher frequencies, a special T-joint
(-hp~ Model 455A) can be supplied for connecting the Model 4104
directly across a 50-ohm transmission line using Type N connect-
ors. This T-joint has been designed so that the connectlon of
the Model 410A into a transmission line circuit wlll not cause
an apnreclable standing wave, With the aid of this device,
measurement of power traveling through a transmission line may
be made with good accuracy to 1000 mec. The usual precautlons
must be taken to provide accurate impedance matching and the
elimination of standing waves along the line through which power
is flowing. By using a dummy load at the receiving end of this
T=joint, power output of various devices can be measured, In
many applications, power going into a real load, such as an an-
tenna, can be conveniently measured up to frequencies as high as
1000 megacycles wlth good accuracy,

In other transmission line applications, it may be desirable
to connect the Model 410A into an existing transmission line.
This can be done by cutting the line away so that the center con-
ductor of the line is exposed through a hole large cnough to clear
the body of the Model 4%10A probe. The nose of the probe should
be removed, A button-type capacitor of approximately 200 micro-
microfarads should be fastened to the center conductor of the trans-
mission line so that one terminal of the condenser contacts the
center conductor of the transmission line and the other terminal
of the condenser contacts the anode connection of the probe. A
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close fitting metal shield or bushing should be arranged to ground
the outer cylinder of the probe to the outer conductor of the
transmission line, Unless some impedance matching modifications
are also made on the line, this type of a connection is likely

to cause some increase at higher frequencies in the standing wave
ratio of the line being measured. It is desirable, wherc the
frequency is high and where good accuracy is required, to make

some compensating adjustments cn the transmission line and minimize
reflected power from the point of measurement,

If two general precautions are kept in mind when using the
Model 410A, very satisfactory accuracy will be obtained over the
entire rated frequency range of the instrument, First, take every
precaution to make sure that the outer shell of the probe is well
grounded at the point from which a measurement is desired. Secord,
connect the voltmeter into the circult so that the distance from
the anode connection on the diode to the point at which the volt-
age is to be measured is as short as possible.

As an additional precaution in maintaining accuracy of mea-
surement, it must be kept in mind that the instrument 1s a peak-
reading device, Although the calibration on the face of the in-
strument is marked "RMS Volts", this simply means that the meter
will read the rms value of a true sine wave, If the wave form
of the voltage being measured contains appreciable harmonic volt-
ages or other spurious voltages, crrors in measurement will be
encountered of a magnitude indicated by the following table:

% True Peak Meter
on S Value ndication
0 100 100
104 2nd. 100.5 90 to 110
20% 2nd. 102 80 to 120
50% 2nd. 112 75 to 150
10% 3rd. 100.5 90 to 110
20% 3rd. 102 80 to 120
50% 3rd, 112 108 to 150




Wave form crrors are often very troublesome at frequencies in

the neighborhood of 500 megacycles and above, Quite often
parasitic circuits or leads will resonate at a frequency which

is two, three, or four times the frequency of the voltage being
measured, These harmonic frequencies may cause serious errors

in the meter reading. It is desirable to keep in mind that the
sensitivity of the Model 410A increases ahove a thousand mega-
cycles owing to the resonant rise in the probe circult, and so

in the higher frequency regions the meter itself i1s more scnsitive
to harmonics than at lower frequencies,



MAINTENANCE

Tube Replacement

When a tube is replaced in the Model %10A, it is desirable
to check the accuracy of calibration of the instrument and also
the change in calibration caused by line voltage variatlons,
Adjustments are provided in the 1lnstrument for correction of
calibration changes which may arise owing to the variation of
a replacement tube from its average type characteristic.

Replacing tubes V4, V5, and V6 may cause a shift in the
line voltage characteristics of the instrument. Hence, if any
of these tubes are changed it is desirable to connect the Model
410A to the power line through an adjustable autotransforuer
monitored by an ac voltmeter.

After the new tube has heated for 15 minutes or more
adjust the autotransformer for a 115-volt line voltage. fhe
SELECTOR switch should be in the $ or - position with the dc
leads shorted together. Allow three or four minutes for the
instrument to stabilize and then zero-set the meter with the
ZERO ADJ control. Next, set the line voltage to 105 and 125
volts respectively, allowing three or four minutes at each set-
ting. If the zero reading changes more than i2%, potentiometer
R45 should be reset until line voltage effects are within the
specified tolerance. (R4S is marked "6" on the terminal board
located behind the upper right side of the instrument cabinet.)
Make certain that ZERO SET control will zero the meler; under
some conditions it may be necessary to select arother replace-
ment tube and to repeat the procedure.

Also, when amplifier tubes V4, V5, or V6, are replaced,
the calibration of the instrument shouid be checked by measur-
ing standard or accurately-known sources of one volt dc with

the instrument properly zeroed. If the reading of the Model 41C4
is not within 3% of full scale, adjust potentiometer R35 (marked
"L" on terminal board) until an accuracy of better than 3% is
obtained. After calibrating the one-volt range, check the cali-
bration of the other dc ranges by measuring accurately-known

or standard dc¢ voltage sources. It may be necessary to readjust
R39 to obtaln an overall accuracy of 3% for all de¢ ranges.,

Diodes V1 and V2 should be replaced as matched pairs. When
the tubes have been replaced, it is desirable to check the line
voltage effects on ac readings and also to check the adjustment
of the diode balancing circuit. Line voltage checks should be
made as before except that the SELECTOR switch should be set on
AC. If necessary adjust R15 (marked "5" on terminal board) for
minimum line voltage variations.
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Next, adjust R1% so that no difference in the zero reading
is discernible when changing the SELECTOR switch from the two
dc positions to the AC postion* with the RANGE switch on 1lv.

A hole is provided at the rear of the cabinet in order tou allow
access to R1%. R14 is in a high impedance circuit, so that
touching it with a screwdriver causes a change in the meter
setting. Therefore, it is necessary to adjust the control
slightly and then remove the screwdriver before observing the
effect on the meter.

If diodes V1 and V2 are changed and potentiometer Rl thus
adjusted, it 1s desirable to check the calibration of the ac
ranges of the instrument: If necessary, zero the meter and
calibrate the full scale reading by means of R2k ("1" on terminal
board) for the 1lvAC range, R25 ("2" on terminal board) for the
3vAC range, and R26 ("3" on terminal board) for the best overall
accuracy of the 10, 30, 100, and 300 vAC ranges. The higher ac
ranges seldom require further ad ustment, but if necessary the
fixed resistors R25, R28, and R48 can be replaced with the values
necessary to correct the calibration of the 30 to 300vAC ranges
respectively. ‘

¥ From time to time it may be found desirable to ajust
R14 as above, even if no tubes are changed. The criterion for
adjustment of R14+ is that the meter pointer should have the
same zero reading when the SELECTOR switch 1s switched from
- to ¢ to AC (on all ranges). Also see note on page 4 at cnd
of "Procedure for Measuring AC Voltages."
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PULSE MEASUREMENT

The Model 410A is a peak-reading type voltmeter and is
so designed that it measures the positive peak value of the
applied voltage. This property allows the Model L10A to be
used to measure the positive voltage rise in a pulse, pro-
vided the reading obtained is multiplied by the factor

L% (1 + t1/tp + K/FRF)

where t; is the duration of the positive portion of
the voltage,

to is the duration of the negative portion of
the voltage,

K is a factor which 1s a function of the source
impedance of the pulse gencrator and of &,

PRF is the pulse repetition frequeney 1n pulses
per second,

In general if the pulse repetition frequency is greater
than approximately 400 or 500 pps, the above factor reduces to

K can be found by use of the curves on the next page
when the impedance of the pulse generator Reg in kilohms and
the duration of the positive portion of the pulse tj in micro-
seconds are known. For example, in the case of a positive
pulse of 1 microsecond and a PRF of 1000, and assuming R = 2
kilohms, Ro/t] =2, K = 15.1 and the multiplying factor would

then be 1.4 (1 4 1/999 <+ 15.1/100).

For the case of a 1 microsecond negative pulse and a
PRF of 1000, t; would egual Y99 microseconds and tp would
equal 1 microsccond., Thus, Rg/t; would be approximately O
and therefore (from curvesi K would also be approximately O.
The multiplying fasctor would then be 1/4% (1 4+ 999/1). Hence,
it may be seen that in the case of negative pulses of shor{
duration, much smaller meter readings will be obtained than
for an equivalent positive pulse, and unless the pulse voltage
is large, these measurements may be impractical.
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LIST OF COMPONENTS

Circuit -hp- Mfr, and
Ref, Description Stock No, Type No.
cl Capacitor: silver mica; ,0026 mf; molded
in nose of probe; for replaccment
order Hewlett-Packard part A2A-84
Cc2 Cnpacitor: gilver mica; 500 mmf; part of
rf probe 42A-25
c3 Capacitor: paper; .01 mf, 600 vdew 16-11 terovox: 684
C4 Capacitor: paper; .01 mf, 600 vdew 16-11 lerovox: 684
* C§ Capacitor: paper; 1 mf, 600 vdew 17-2 General Elec:
23F467G103
cé Capacitor: mica; ,005 mf, 500 vdew 14~5000 Micamold: type "
c7 Capacitor: miea; ,005 mf, 500 vdew 14~-5000 Micamold: type W
ce Capacitor: mieca; 500 mmf, 500 vdew 14-500 Micamold: OXM
co Capacitor: mieaj ,005 mf, 500 vdew 14~5000 Micamold: type '/ _
|
c10 Capacitor: mica; 560 mmf, 500 vdew 15-11 Sangamo: type J
Cl1 Capacitor: mica; ,0005 mf, 500 vdew 14~500 Micamold: OXM
ciz2 Capacitor: miea; ,005 mf, 500 vdew 1/4~5000 Micamold: type
C13 Capacitor: electrolytic; 50 mfy 50 vdew LA-65 Mallory: TC-39
Cls Capacitor: mica; 003 mf, 500 vdew 14~-16 Micamold: Type V¥
Fl Puse: 3AG size cartridge type; 1 ampere 211-1 Littelfuse: 1040
rating
11 Pilot lemp: min bay base; 5-8v, 0,15 amp | 211-47 - CE: 47
Ml Meter: 0-1 ma 112-15
R1 Resistor: composition; 22 megohms; 1 watt| 24-22M Allen-Bradley: (B
R2 Resistor: composition; 22 megohms; & watt| 23-22M IRC: BTS-%
R3 Resistor: precision composition type; 31-100K Wilkor: CP-1
0.1 megohm
R4 Resistor: precision composition type; 31-216,3K | Wilkor: CP-1
216,3K ohms
R5 Resistor: precision composition type; 31-683,7 Wilkor: CP-1
683,7K ohms
R6 Resistor: precision composition type; 31-2,163M | Wilkor: CP-1

2,163 megohns




LIST OF COMPONENTS

Circuit ~hp- Wfr. and
Ref. Descriptien Stock No. ‘ Type No.
R7 Resistor: precision composition type; 31-6.857M | Wilkor: CP-1
6.837 megohms
Rr8 Resistor:; precision composition type: 21-21.63M | Wilkor: CP-1
21.63 megohms; 1 watt
RO Resistor: precision composition type; 31-68.37M | Wilkor: CP-2
68.37 megohms; 2 watts }
R10 Resistor: precieion composition type; 31-LT79K Wilkor: CP-1 |
479,000 ohms; 1 watt ;
Rll Resistor: precision composition type; 31-1.031M | Wilkor: CP-1 {
" 1,031 megohms; 1 watt |
(]
R12 Resistor: precision composition type; 31-3.28M | Wilkor: CP-1 |
3,28 megohms; 1 watt ’
R13 Resistor: precision camposition type; 31-10.31M | Wilkor: CP-1
10.31 megohms; 1 watt
R1k Potentiometer: compositian; ) Qmegohms 210455 Centralab
2t Sl
R15 Potentiometer: wirewound; & ohns BEA—L5h— Mm L !
R16 Resistor: composition; 33 ohms, 1 watt 24-33 Allen-Bredley: uB
R17 Resistor: composition; 680 ohms, 2 watts | 25-680 Allen-Bradley: HB
R18 Resistor: composition; 630 ohms, 2 watts | 25-680 Allen-Bradley: HB |
R19 Resistor: composition; 56000 ohms; 1 watt]| 2L-56K. Allen-Bradley: GB
R20 Resistor: composition; 8200 ohms, 1 watt | 24-8.2K Allen-Bradley: GB
R21 Resistor: composition; 8200 ohms, 1 watt | 2L-8.2K Allen-Bradley: GB |
R22 Resistor: composition; 56000 shms 2l-56K Allen-Bradley: 3 |
R23 Resistor: wirewound; 10,000 ohms, 10 watid 26-10K Lectrohm: 1-3/k2
KenTRALAL! 21010351
R24 Potentiometer: wirewound; 5000 ohms 42A-15@y Claroatati—L3
e AR A LAR: 21-010-39
R25 Potentiometer: wirewound; 5000 chms L2A-15@ K | Clarostet:—43 -
R26 Potentiomester: wirewound; 10,000 chms L2A-15D Clarostat: U3
R27 Resistor: composition; 1 watt; value se-
lected during factory adjustment

-1l



LIST OF COMPONENTS

i S~ | b

Circuit ~hp- Mfr. and
Ref. Description Stock No. Type No.
R28 Resistor: composition; 1 watt; value
selected during factory adjustment
R29 Resistor; composition; L4.7 megohms; % 23-4.™ Allen-Bradley: HB
watt
R30 Resistor: composition; 5.6 megohm; % watt| 23-5.M Allen-Bradley: EB
R31 Resistor: composition; 5.6 megohm; % watt| 23-5.6M Allen-Bradley: FB
|
R32 Resistor: composition; 10,000 ohms; 25~10K Allen-Bradley: HP !
2 watts : "
R33 Potentiometer: wirewound; 2000 chms hop-15F Clarostat: 5%
R34 Resistor: composition; 10,000 ohms, 25-10K Allen-Bradley: &t |
2 watts :
R3S Potentiometer: wirewound; 5000 ohma L2a-15B Clarostat: 58
R36 Potentiometer: wirewound; 25000 ohms Lh2a-15H Clarostat: 53 1
R37T Resistor: precision composition type; 31-9M Wilkor: CP3l :
9 megohms |
R38 Resistor: precision composition type; 31-900K Wilkor: CP=-1 I
0.9 megohms
R39 Resistor: precision composition type; 31-90K Wilkor: CP-1
90,0C0 ohms
RLO Resistor: composition; 900C chms; 1 watt | 31-9000 Wilkor: CP-1
RL1 Reeistor: composition; 900 ohms; 1 watt 31-900 Wilkor: CP-1
RU2 Resistor: composition; 90 ohms; 1 watt 31-90 Wilkor: CP-1 |
[
RL3 Resistor: wirewound; 9.5 ohms L2A-55D Hewlett-Packard
RUb Resistor: composition; 200 ohms, 1 watt 2k-200 Allen-Bradley: &' !
RUS Potentiometer: wirewound; 3 ohms L2A-15A Utah: MP-3 |
R46 Resistor: composition; 200 ohms; 1 watt 24-200 tllen-Bradley: GB
RLT This reference not assigned
RLE Resistor: composition; 1 watt; value

sslected during factory calibration

-15-



R50 Registor: 3/8 ohm; consists of
two 3/lL ohm resistors in parallel

LIST OF COMPONENTS

ol

|
Circuit ~hp=- Manufacturer
Ref, Description Stock No. and Typel
R4S Resistor: composition; 220 ohms, |2L~-220 Allen=Bradley
1 watt GB
R50 Resistor: wirewound; 3/l meg- 26=20 Clarostat:
ohms, 2 watts + 10% Type FYG
Sl Switch: rotary ; 3 sections, five |310-19
position; ceramic insulation
sS2 Range Switch Assembly: 7 sections|l2A-19W Hewletti-~ i
7 position rotary switch with Packard
resistors R3 to R9, R10 to R1l3, li2A-19W
| and R37 to R43 mounted thereon ,
|
S3 Switch: toggle: SPST (part of S2)
TL Power transformer 910-22 Excel:
910~-410
Vi Tube: UHF diode: supplied with LL2A-T73A Eimac:
V2 as a matched pair E‘—-Oic- |
V2 See V1
V3 Tube: RMA type 5Y3GT/G 212-52}GT-
G
vl Tube: RMA type O6SN7GT 212-6SN7GT
V5 Tube: RMA type GAG7T 212-6AG7
vé6 Tube: RMA type 6AGT 212-6AG7
Tube Socket: standard octal; 38-22 Cinch: 9880
molded mica filled phenolic
Tube Socket: for V2 Lona-1,8 Hewlett~
Packard
Pilot Lamp Socket: for min bay 312-10 Signal Ind,
base lamps; red jewel 807BS
Binding Post: ferrule thumbscrew | 312-3 Hewlett~
type Packard
Knob: molded black phenolic: 13" | 37-5 Kurz=Kash:
diam S=380-6LL
_ o
¥nob: molded black phenolic: 1-1/8" Hewled
"Ohms" Test Lead 816-18R & | Hewlett=-
=16~ : 38-89R Packard .




LIST OF COMPONENTS

polystyrenc

Cireuit ~hp= Mfr, and
| Ref', Description Stock No, Type No,
"Common" Test Lead 816~18B & Hewlett-Packard
38-60
"DC Volts" Test Lead L2A-16B Hewlett=Packard
"AC Volts" Test Lead & Probe 4RA=25 Hewlett~FPackard
Type 2
[
|
Flashlight cell 312-112 |
Power Cord 812-55 i
|
Handle 312-5
Probe Head (Part 1): consists of 22 4L2A-83 Hewlett=Packurd.
negohm 4 watt composition resistor 4L2A-83
and contact molded in gray poly- {
styrene |
Probe Head (Part 2): consists of 2600 nf LR2A-EL Hewlett.—Packm-i.'
gilver mica capacitor molded in gray L2A-8

~17-
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CLAIM FOR DAMAGE IN SHIPMENT

The instrument should be tested as soon as it is received. If it fails to
operate properly, or is damaged in any way, a claim should be filed with the
carrier. A full report of the damage should be obtained by the claim agent,
and this report should be forwarded to us. We will then advise you of the
disposition to be made of the equipment and arrange for repair or replace-
ment. Include model number, type number and serial number when referring
to this instrument for any reason.

WARRANTY

Hewlett-Packard Company warrants each instrument manu-
factured by them to be free from defects in material and work-
manship. Our liability under this warranty is limited to servicing
or adjusting any instrument returned to the factory for that
purpose and to replace any defective parts thereof (except tubes,
fuses and batteries). This warranty is effective for one year after
delivery to the original purchaser when the instrument is re-
turned, transportation charges prepaid by the original pur-
chaser, and which upon our examination is disclosed to our satis-
faction to be defective. If the fault has been caused by misuse or
abnormal conditions of operation, repairs will be billed at cost.
In this case, an estimate will be submitted before the work is
started.

If any fault develops, the following steps should be taken:

1. Notify us, giving full details of the difficulty, and include
the model number, type number and serial number. On receipt of
this information, we will give you service instructions or ship-
ping data.

2. On receipt of shipping instructions, forward the instru-
ment prepaid, and repairs will be made at the factory. If re-
quested, an estimate of the charges will be made before the work
begins provided the instrument is not covered by the warranty.

SHIPPING

All shipments of Hewlett-Packard instruments should be
made via Railway Express. The instruments should be packed
in a wooden box and surrounded by two to three inches of excel-
sior or similar shock-absorbing material.

DO NOT HESITATE TO CALL ON US

HEWLETT-PACKARD COMPANY
,.f) aéaratary Qy.m’trnmznx'd /:?r aj}udf arm" c_% ccuracy

395 PAGE MILL ROAD PALO ALTO,CALIF



LABORATORY INSTRUMENTS OF SPEED AND ACCURACY

SQUARE WAVE GENERATOR

hp- Madel 210 Square Wave Generator provides
a new approach to the problem of measuring the
characteristics of audio-frequency equipment
One or lwo observations with this generator will
check the frequency response of apparatus where
heretofore a large number of observalions were
necessary. It will show up phase shift and tran-
sient effects, both of which are rather difficult
to study by other methods.

ATTENUATORS AND VOLTAGE
DIVIDERS

-hp- Model 350 is a bridged-T attenuator consist-
ing of one 100 db attenuator with 10 db steps
and a 10 db attenuator having | db steps. Spe-
cinl construction is used to assure high (regquency
response. Inguiries pertaining to your particular
attenuator or vollage divider problems will be
given careful attention. The Model 350A operntes
on a 500-chm impedance level while the 350B
operates at a 600.chm impedanes level.

SECONDARY FREQUENCY
STANDARD

hp- Model 100 Low Frequency Standard provides
a convenient and extremely useful source of four
standard frequencies ( 100 cps, | ke, 10 ke, 100 ke
for accurate measurement purposes, for calibrat-
ing audio equipment and for various other work
where great accuracy is required. It is useful in
making accurate interpolation measurements al
higher frequencies.

ELECTRONIC FREQUENCY METER

-hp- Model 500A Frequency Meler s designed to
measure the frequency of an alternating voltage
from 5 cps to 50 ke, It can be used to measure
difference between two h-f signals, It is particu-
larly suited to eryatal grinding work where it can
be used to measure the frequency deviation from
the standard, quickly and accurately.

WIDE-BAND OSCILLATOR

.hp. Model 650A Resistance-tuned Oscillator is
the first instrument of its kind that not only
covers a [requency range of 10 eps to 10 me,
but brings to the r-f and video fielde all the
speed, eane nmi accuracy Lraditional in .bp- nudio
oscillators. Thls highly.stable, precision instru.
ment provides output Aat within =1 db from 10
cps to 10 me, and a voliage nge of .00003 to
3 volts. Output impedance is 600 ohms, or &
ohms with 100 to | output voltage divider. In-
strument includes built-in vacuum tube voltmeter
and 50 db output attenuator.

(hp laboratory

PRECISION OSCILLATORS

hp. Model 201B and -bp- Madel 2001 are precision
measuring instruments of utmasl accuracy and
latest design. The 201B spans a range from 20
cps to 20 ke in three bands; the 2001, a spread-
scal= oscillator, covera [requencies from 6 to
6000 cps in six bands. Both include a 6" main
frequency tuning dial calibrated over 300 de-
groes, controlled directly or by 61 micro-drive.
Both meet all requirements for measuréement
speed, nccurncy, and purity of wave form. And
both instruments incorporate -hp. family charac-
teristics of no zero sel, conslant output, and
great stability.,

insfruments

A ND ACCURACY

HEWLETT-PACKARD COMPANY
1320A PAGE MILL ROAD « PALO ALTO, CALIFORNIA

UHF SIGNAL GENERATOR

hp- Model 616A UHF Signal Generator is the
first instrument developed commercially which
combines great operational speed, necuracy and
ease of operation with a frequency range of 1800
me to 4000 me. R-f power is generated by a re-
flex klystron oscillator, and voltage sdjustments
during operation are eliminated by special -hp.
nutomatic coupling device which causes oscil-
lator repeller voltage to track frequency changes,
The -hp- 616A features direct frequency and volt-
age control; c-w, f-m or pulsed output; plus
wide variety of input and cutput delay and syn.
chronization features.

POWER SUPPLY UNIT

bp. Model TIDA Power Supply is an excellent
source of d-c power for every Raburu!ury and pro-
duction department use. The power pack is de-
signed for the uimost in Aexibility, compactness,
portability and economy. Output is conlinuously
variable between 180 and 360 volts, The output
voltage wvaries approximately | per cent with
changes in load current up to 75 ma and with
normal line variations. Noise and hum level is
exceptionally low, and output unusually stahle
over o long period of time, Also contains nuxil-
inry center-tapped 6.3 volt source providing 5
amperes of a-c.

AUDIO SIGNAL GENERATOR

hp. Model 206A Audio Signal Generator provides
a highly-stable source of continuously variable
n-f having a total distortion of less than 0.1%§
between 50 cps and 20 ke. Outpul meter moni.
tors output voltage signal with accuracy of at
least 0.2 db. Precision attenuators vary outlput
signal level in 0.1 db steps over 111 db range.
Flat frequency response and great accuracy of
output voltage make this instrument ideal for
FM transmitter and stalion maintenance work.



LABORATORY INSTRUMENTS OF SPEED

Standard -bp- instruments shown bere are adaptable for :

making nearly every electronic measurement in the electronic

H-F VACUUM TUBE VOLTMETER

-hp- 410A High Frequency Vacuum Tube Voltmeter
combines in one instrument an ac voltmeter coverin
frequencies from 20 cps to 700 mc, a dc voltmeter -m:g
00 megohms input impedance, and an ohmeter capable
of measuring resistances from .2 ohma to 500 megohms,
The special probe places a capacity of 1.3 uufd across
the circuit under test. Input for ac

merts is 6 megohms, Six voltage ungu provide full-
scale sensitivities from | to 300 volta

RESISTANCE-TUNED AUDIO
OSCILLATORS

-hp- Resistance-Tuned Oscillators are suitable for al-
most every type of work. Their low distortion makes
them pmh:ullrly valuable in making distortion measure-
ments on audio am |F|zn broadcast transmitters and
other equipment, T rovide an excellent source of
voltage for accurate bn ge measurements. The output
in iu!’l:lem to drive signal generators and other equip-
ment requiring considerable power. Their wide fre-
quency range also makes them suitable for work in the
supersonic region,

field. Following is a brief description of a few of these instru- 2

ments. Complete technical information will be sent—without
: obligation—on request. In addition, -hp- engineers are A
at your service to help solve special problems.

WIDE-BAND AMPLIFIER

-hp- 450A Amplifier is a new, wversatile, wide-band
amplifier d-nﬁmd for general laboratory or production
use. It provides exceptional stability at 40 or
ain, and gives new freedom from spurious responses,
w phase lhlfl is nssured by a straight-forward, re-
|ulnm-.¢-cnu led amplifier design, together with inverse
eed back. Frequency response is flat within V3 db
belwaen 10 and 1,000,000 cps. Varying tube voltages or
aging tubes have no appreciable effect on the gain or
other characteristics. When used in conjunction with
<hp- 400A Vacuum Tube Voltmeter, it increases volt-
meter sensitivity 100 times.

HARMONIC WAVE ANALY ZER

<hp- Model 300A Harmonic Wave Analyzer is an excel-
lent instrument for both laboratory and production
work where accurate and rapid measurement of indi-
vidual components of a complex wave is requi

The maximum selectivity is sulﬁ:u‘nl For muummnt
of harmonics of frequencies as low as 30 ¢ and it
can be varied ‘over a wide range. Wllh lﬁ‘l variable

AND ACCURACY

VACUUM TUBE VOLTMETER

<hp- Model 400A Vacuum Tube Voltmeter sets & new

standard of performance for voltage messurements in
the audio, supersonic, and lower radio frequency re-
gion. Measurements up to | megacyele with ‘Lu instru-
ment are as simple as measurements with the usual
multi-range meter at d-c, Nine ranges give full-scale
sensitivities from .030 to 300 volts. 6rd|nlnly no pre=
cautions whatsoever are required: turn-over effect and
waveform errors are minimized; there are no adjust-
ments to make during op-eralmn a large overload will
not damage the instrument. The in| nl |mpedln¢e in |
megohm so that most circuits wil be disturbed
when their voltage is measured.

AUDIO SIGNAL GENERATORS

*\P- Audio Signal Generators are designed for time-

saving performance. y are excellent for genera
laboratory applications because they lunﬁ]y a mwn
voltage as well as & known frequency at the commenl

used impedance levels. ey are particularly suita
for gain measurements because no suxiliary apparatus
is required. They provide an excellent source orvolh“
for lortu:n measurements ause their waveform
distortion is very small.

== T

DISTORTION ANALYZER

This Model 330B Distortion Ann]yur i -.kp.- s Dew-
eat, finest distortion measuring instrument, It is capa-
ble of measuring distortion at any frequency between
20 cpa and 20, (Iﬁ) cpa. It will make noise measurements
ol Unlugu s small as 100 microvolts. A linear r-f

it ible to measure these character-
!ltl:l dun,-clly from a modulnlcd r-f carrier. The

selectivity feature, mea A
can be made more rapidly, yet wlth no anenﬁu in
Accuracy,

ADDITIONAL INSTIUMINTS ON I!V!lS! SIDI OF .PABI

e

vity, atable -::uucl) and compactness of ¢
330B make it extremely valuable for broadcast, Ilhl‘-
tory and production measurements,





