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C A U T I O N  

The gray insulating material of the probe o f  the 

Model 410A is polystyrene-a loQ rne l t ihgqoin t  material. It 

is necessary when soldering to t;he probe t o  prevent the 

polystyrene from get;$ing too  hot .  

solder to the contact tjhich is exposeI1 when the ?rob(:+ nose 

Xt is i 1 O t  possible t.0 

i S  

removed without destroying t h e  pI.ystyrene. 
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AC Ranges 

DC Ranges 

Specifications 

Frequency Response . . . . . . . + l d b  frcn; 23 cps t o  I'/c>!, 
rriegm;Fcj.cs. 

kC Indication . . . . . . . . * .  . Proport ional  to peak vaLlne 
of a p p l i e d  vol tage ;  i n s t ru -  I 

i 

ment is c a l i b r a t d  t o  read 
rms v ~ J u e  of a sine, wave. 

AC Inpat Impedance ........... Equivalent t o  apyroxirnately 
6 megohms shunted by l.3 mmf 
at low frequencies; the in- 
put resistmce decreases with 
incre;zsing f requericy owing t o  
dAelectric losses, 

DC Input Impedance . &.. * . .  . . . 100 megohms. 

DC Calibration ixcnrzcy . . b + 3$ ~f f u l l  scale. 

Power Demand . . , . . . . . . . . *.  Approximately 40 watts 
- 

Power Source Required . . . 8 .  Operates fron a nomirial i35- 
v o l t ,  50/60 cycle s ing le  
phase souPcce. i 

t 
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I N T R O D U C T O R Y  

GENERAL 

The -hp- Model 4 I O A  High Frequency Vacuum Ttzbe 
Voltmeter has been espeefal ly  dos5.gned as a universal neczsur- 
i n g  knstrument for use in audio, supersonic, broadcast, FM, 
and t e l ev l s fon  c f r c u f t s ,  T o  this end the inp& resis tance 
of the instrument ha& been made extremely high,  while the  
equivalent shunt input capacitance is suf f ic fenf ly  low so 
tha t  even very high frequency resonant circuits are  only mod- 
erately detuned, In order t o  fu r the r  increase the flexibility 
and usefulness of this instruxmnt, provision has been made 
for measuring both DC vo l t ages  .and resistance, 

ADJUSTMEHTS 

No t n i t i a f ,  adjustments o ther  than those given under 
OPERATING INSTRUCTIONS are  required f o r  t h i s  ins trment, 
After first unpacking, however, it is desirable t o  make A 
complete inspectdon for poss ib l e  damage in transit, If any 
such damage is found, follow the procedum s e t  out a t  the 
back of this manuale 

CIRCUIT DESCRIPTION 

The c i r c u i t  of the Model 410A, shown at the back 
of this manual, includes a shunt diode type r e c t i f i e r )  2. dc 
ampllfier, and ii power supoly. A c i r c u f t  f o r  neutralizing 
the effects of flemissfon ve loc i ty  currentt* in tho input dioc?e 
is a l so  inclutded, 

Ac vo l t ages  applied to the  i n p u t  tsrninals are 
rectified by the shunt d iode  c i r c u i t  associated w5th VI., 
Thls c i r c u i t  is located in the probe supplicd w!.t'n the instru- 
ment& VI is a special. diode having low anode-cathode capac- 
i t y ,  very short  electron transft time, and a high resonant 
frequency . 

The o ~ t p u t  of the  r e c t i f i e r  is a p p i k d  to the dc 
amplifier which consists of Vka, Vs, and V 6 ,  The input to 
the amplifier consfsts of if. 1OO-megohm voltage divider which 
a c t s  both as the grid resistor f o r  V4a and, when switched, 
as range resistors for the  instrument. In order t o  minimize 
the magnitude of gas current flowing in the g r i d  c i r c u i t  of 
Vka, very low pXate v o l t a g e  2s appSied to the tube, 



The output o f  the cathode-follower @+a i s  arnplt-  
ffed by the dc current  mplfi'icr V 5  2nd V6.  
meter MZ is connected between the  p l a t e s  of ~5 arid 1% In 
ser ies  wt th  su i tab le  r a q y  cal ibrat i r ig  res2stors. 

The int?,icating 

V2, ~ 4 b ,  and ~6 operate in the c i r c u f t  wMch 
nmtralizes; the e f f e c t  of emission ve loc l ty  current ii? V?-. 
This current  consists of e lectrons t&:ich are ernittcxl from the 
cathode with sufficient ve loc i ty  tc bre:_ik throueh t 3 e  diode 
space charge area and pass to the a.noc!c with no voltcge on 
the anode. However, t h o  f a c t  t h a t  this c w r e n t  does flow 
through the diode mans tha t  the arm& is at a potential. 
r z l a t i v o  to the cathode, wen  though IIO vol tage is appl-icd 
externally. This potent la1  d i f  fermce, though mal?-, woq11d 
cause a reading on the Indicating rne t r r  which would d.cstroy 
tho acc-urzcy of' the 3.ower ranges OS the lnstriurtont. 

To countwact  this ef fec t ,  V2, a diodo of the same 
t ype  as V1, is operated independently i r r  the c i r c u i t .  V2 
opmates  merely with heater vol tage  and t&th a loa6 resistor. 
Because diode V2 is identj.cat2 t o  y1, 3, v o l t a g e  essentially 
Iden t i ca l  to that present at V?. is a l so  present a t  VZ.. 
v o l t a g e  is app l i ed  to amplifier Vbb and in t u m  to 5~6. 
the vol tage  froro, V2 counteracts t h a t  from V1 in tho dc c1.w- 
ren t  amplifier V 5  and V6,  and only vol tages  npp l l ed  cxtcrnr:11? 
to VI are amplif ied indepondcntly by the current amp!,iflcr. 

This 
'.rhus 

Resistances arc mmmreI2 by mans o f  the vo l t age  
generatad by t t m  parzllld.ed f h s h l i g h t  type cel2.s Y03.b- 
age from the cc7S.s i i 3  a p p l i e d  t o  a yistwork consisti-ne of  F, 
known resistance i n  ser ies  with the resfstance t o  he neasum4. 
T h t  par t  of the vol tage  which is thus 
unlmown rcsis-knce is a y l i e d  6ircctly 
of' the dc a rnp l f f io r ,  

The probe is provtdad fos usc on ac ~ C B S W C ' M C = ~ ~ E ; .  
At low frequencfcs where r e l a t i v e l y  high capacities can be 
to le ra ted  it i s  ~ o t  neccssstry to remow +;)IF? probe f r an  Llrc 
compmtmcnt , Instead connections can bo ma& t o  t h e  blnd-fng 
posts on t ho  f ron t  panel if t h o  pyobc is propcrl-y i?O.tXIteii i n  
its brackets c t  the back of the access p l a t %  
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O P E R A T I O N  

C 0 NTR 0 L8 

The cont ro ls  with thej-r functions are g b e n  bdot\r: 

CONTIiOL 

Selector 

Range 

Prepares instrument f o r  various 
types of.' meas't'l.rernents. 

Determines f u l l  scale. w 3 . m  
OS various ranges6 

Zero Ad3, S e t s  meter pojmter to zezo. 

Ohms Adj, 

In addition to these c o n t m i s  there i s  an h-&e~?llal 
screwdriver adjustment, reached through the back of thc, cab- 
i ne t  which may be us& to ;;ero-set the a-c ranges. 
coillplete ir,formation for t:,:is adjustmer:t is given on p. 22. 

cycle, single phase power source. Turn the SELECTOR switch 
from the OFF to the - (minias) position, thus  applying power 
to the ins t rwmnt ,  Aflorzt the  unit t o  b a t  f o r  five minutes 
o r  aore, 

More 

Plug the power cord i n t o  3- nominal 115bvoI'b, 50/6@ 

Procedure f o r  Meassurinp AC Voltaacs,  

2 .  Vol.tagcs having rrns amplitudes up Lo 300 volts and frs- 
quencies up to 700 megacycles can be measured with the 
-hp- Model 41OA by means of the diode probe provided. 
Note that  it is not necessary to remove the probe from 
the t e s t  load compartment under certnin conditions as 
explained under V e s t  Leadstt above. 

2. Set the SELET@B switch to PIC. 

3. S e t  mRO ADJ cont ro l  so that meter poin ter  reads exactly 
zero with RANGE switch s e t  to lv and with the p r o h  Im?. 
shorted to l t s  ground lead. 

4. S e t  RAPJGE s tdtch to a range known to be h i g h  enough tc! 
include the voltage to ba measured. 
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6.  

7. 

8. 

1. 

2. 

3. 

4. 

4. 

6 ,  

7. 

Connect thc DC Vol.ts lead t o  t h e  high po te r , t i a l  s ide  
(pos i t ive  or negative) of the vol tage  to be rnt3a.~u-r3d. 
Observe usual rules of safety whsn rmking this C O L ~ . ~ ? C ” ~ O ~ ~ ,  

Back o f f  the RANGE switch as necessary to ob ta in  a large 
meter deflection, 

The calibration of the range switch indtcatos the full- 
scale value of the  meter scale, If %he MNGE switch 1s 
in a position whose full-scah value is a multj-ple OX“ 
10, read the value of tho voltage on the  top scale of thc 
meter faco. Thus, if tho RANGE switch is in e i t h e r  the 
I, 10, 100, or 1000 positions, read vo l t agc  on the t o p  
scale,  using a su i t ab le  multiplying fac tor ,  

I 

If the W G E  stritch i s  in a position whoso f u l L s c a l c  
valuc is a nultiple of 3, read the v a J w  of the  vol1;nge 
on the second s c a b  from thc top of the meter h c e ,  Thus, 
if the  RANGE swttch 1s in d t h w  tho 3, 30, os 30G 
positions, read tho second scale, u s h g  a s u i t a b l z  m-il2ti.f- 
p ly ing  factor. 

J?rocedurc for Neasur.i-ng Resistance 

Set SELECTOR switch to UHNS. 

Unless meter has becn zerocd %or AC o r  DC mcasurcnents, 
short ends of COMMOl< and. OEMs lcads togcthcr arid t&Lle 
shostod adjust ZERO ADJ control  ~ntil. m e t e r  poin-ker 
9s exactly at zero. Scparata the shorted 1eads. 

Recheck steps 2 and 3. 

Connect COI.;lfOlJ and OENS lends t o  resistance to bc 
measured 

S e t  RANGE switch to 2 p o s i t i o n  gfving most readable r i e t ~ r  
poin te r  def lect ion,  

Multj-ply meter pointer reading on OTIMS s c a b  by f a c t o r  
indicated by set;ling of t h o  RA??GE swf-tch resistance 
ca l ib ra t ion ,  This n u l t i p l i c a t l o n  gZvas measured value 
of tho unknown resistancc, 





The Model 410A has been designed t o  operste over as 
wide a freq.uency racge and as wide a vo l t age  r m g e  as is 
poss ib l e ,  
signed wi th  careful emphasis upon i t s  application to specif ic  
measwing circuits. 
structioiz which makes possible very s o l i d  grounding of the 
cathode, while the anode Lead has beer, brought out wtth the 
minirr,urn poss ib le  inductance. 
the  Model 4 l O A  w i l l  accurately respond is l h i t e d  prirnar3-ly 
by the physical length of the tube conpared with the wave 
length of t h e  voltage being measured., 

To t h i s  end the  high frequency diode has been de- 

The cathode is macle with a d i sc  seal  COP 

The maximum frequency at which 

In addition to these considerations, care has beefi taken 
t o  keep the input capacitance of the probe as low as possible. 
This has been done by designing the molded t i p  on. the probe 
so t h a t  the anode circui:, Including the blocking condenser 
and resistor,  are located as far  as possible  from the g r ~ ~ i c 7 , -  
ing plane, Furthermore, the  probe has been designed 30 that 
the h p u t  blocking condenser is removable by unscrctring t h e  
plas t ic  nose, With an external bloc2ring cmdense3.r the lowest 
possible ir,put capacitance can be real ized,  
enables the ultimate length of the measuring circu-it frm 
cathode to t h e  end of the anode t o  be consid.erab1y reduced $0 
that  the frequency at which resonance occurs I s  extended t o  
the h i g h e s t  possible value, 

These carefully conslderad features make thhe F b d e l  k l @ A  
one of the most u s e f u l  instruments available ti, t h e  enginem 
today, 
a thorough understancling of the considerations inTzolveid 12 
making .measurements undcr~ var iovs  ccnditions i.s required. 

This fcature a l so  

To f u l l y  utilize t h e  capabff i t ies  of this Instrunen?, 

0110 o f  t h e  most u w f u l  applications of tho Model 4lC)A 5 5  
511 the measurement of vo l tages  under normal c i r c u i t  condZtic?ris 
where the effect  of the measuring voltmeter on the operation 
of the  circcit rnxist be minfm€zed. Under those condi t ions t h e  
meter is used w i t h  the t i p  of the probe screw& I n  place. Thc 
lead grounding the cylindrical she l l  of' the  probe should be 
kept  as s h o r t  and as hsavy a s  possible. At the  same time it 
is desirable t o  keep the molded nose of the probe as f a r  away 
from the gsouna plane or from objects  a t  ground poten2Lial 8 s  
can conveniently be clone. Care in keeping the molded nose 
away froni grounded poLnts i n  tho c i r cu i t  w i l l . ,  under C,yplcaL 
conditions, keep t h e  i n p u t  capacltance several tenths of a I- 

micromicrofarad lower than w i l l  bo obtained otherwise. A t  the 
h ighe r  freqrienctes, it may be desirable to use an external con- 
denser instead of the cond-enser which is b u i l t  i n t o  the nose of 
the probe, 
5e soldered to t he  point of measurement in the  c i r cu t t ,  
center conductor of the probc, with the t3.p removed, can bo 
connected t o  the other tcrminal of the condenser f o r  the masure- 
inent, 
farads w i l l  be sufficient to obtain an accurate reading with 
this method. 

One terminal of a small button-type condenser c a  
The 

At frequencies above 100 kc a capacity of 50 micromicro- 

L 
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The condenser which is b u i l t  i n t o  the molded nose f s  
lapge enough t o  insure  accumte meter reading down to S m -  - 
quencies of 50 cycles or less. The Model 410k can, however, 
he used to make measurements a t  lower frequencies. By re -  
moving the plastic nose and usirig a coonfienser of .25 miwofarad 
in series with t h e  exposed contac t  of the probe, measurements 
can be made with good accuracy down t o  10 cycles per second or  
less. 

At; frequencies abave 100 megacycles, it 1s  desirable 
wherever poss ib le ,  to use an external button-type conclenser 
with the  probe and to keep the distance between the poin t  o f  
vol tage measurement and the point of grounding the outside 
cyl inder  of the probe as s h o r t  as possible .  This is particu- 
l a r l y  desirable because Zn making measurements on typical 
c i rcui ts  opera t ing  at frequencies above 100 megacycles, con- 
siderable vo l t age  may be built up across ground leads or even 
along various parts of a grounding plane. Coiisequextly, unless 
the meter is placed as nearly as possible t o  She po in t  at which 
vo l t age  is t o  be measured, erroneous readings may be ob ta imd .  

At higher frequencies, it is nearly mandatory %hat measure- 
ments be made on voltages which are confined to transmission 
Line circuits. For applications of tMs type  t h e  Hodel. 410A is 
particularly s u i t a b l e  because the physIca1 confaguration of th-e 
diode and probe is that  of a concentr-fc transn3.ssfon 14nc and 
with a few precautions I t  can be connected t o  t y p h a l  transmission 
1Ine circuits w i t h  lit%!-e dfffli.cul.ty. 

For measurements a t  the h ighs r  frequencics, a special  T-joint; 
(-hp- Model 455A) can be supplled f o r  connecting the >$ode1 41CU 
directly across a 5O-o?m tt;ransnifssZor, l i n e  using Type N connect- 
ors .  This T-joint has been dcsigned so t ha t  the comect9on of 
the Model 4 l O A  into a transmfssbon Y.be circuit wl l .1  not cause 
an apyreciable standing wave, With the aid of t h i s  d.evic:c, 
measurement of power t rave l ing  through a transmission line m y  
be made with good accuracy to 1000 mc. 
must 5e taken to provide accurate impedance matchfng a:id the 
elimination of standing waves along the l i n e  through which power 
i s  flowing. By using a dumy load z;t the receiving end of thfs 
I!-joint, power output  of various devices can be measwed. In 
many appl ica t iors ,  potter going i n t o  a real load, such as an an- 
tenna, can be conveniently measured up to frequencies as high as 
1000 megacycles with good accuracy. 

The usual precautions 

In  o the r  transmission line app l i ca t ions ,  it may be desirable 
to connect the Model 410A into an existlng transmission Line. 
This can be done by cu t t ing  the l i n e  away so that the center con- 
ductor of the l i ne  is exposed through a hole large enough to c lear  
the body o f  the Model 410A probe. The nose of the probe shoulcl 
be removed. A button-type capacitor of approximately'-?Qi> micro- 
microfarads should be fastened to the center conductor of the t-.rc?ns- 
mission l i n e  so tha t  one terminal of the condenser contacts the 
center conductor of the transmission 39ne and the  other terminal 
of the condenser contacts the  anode connection of the probe. A 
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, 

close f i t t i n g  metal shield OF bushing should be arranged t o  grounfi 
the ou te r  c y l b d e r  of t h e  probe to the outer cocductor of t h o  
transmission l i n e ,  
arc also made on the l i ne ,  this t ype  o f  a cmnection 9 s  l i k e l y  
to cause some increase at higher frequencies i n  tine standing wave 
r a t lo  of the l i n e  being measured. 
frequency is high and where good accuracy is required,  to mako 
some compensating adjustments on tho transmission l i n e  anC rr,inimizc 
ref lected power from t h e  point of measurement. 

Unless some impedance matching modifications 

It is desirable, where the 

If t w o  general precautions are kept in mfnd when using the 
i%xiel LClOA, very satisfactory accuracy w i l l  be obtained over the 
entire rated frequency range of the instrument. 
precaution to make sure that the outer s h e l l  of the probe is w d . 1  
grounded at the point from which a measurement is desired, 
connect the voltmeter i n t o  the c i r c u i t  so t ha t  the distance f r o n  
the anode connection on the diode to the point  a t  which. the vo l t -  
age is to be measured is as shor t  as possible .  

First, take every 

Scccr&d, 

As an additional precaution Ln maintaining accuracy of mea- 
surement, it must be k e p t  Zn mind that  the instrument is a peak- 
reading device. Although the calibration on the face of the fn- 
strument is marked WG Volts", t h i s  simply means that the  meter 
will read the rms value of a true s l m  wave. If tho wave form 
of the  voltage being measured contains appreciable harmonic v o l t -  
ages or other spurious voltages,  errors i n  measurement w l 1 1  be 
encountered of a magnitude fnd-icated by t h e  following table: 

7 % True Peak Meter ! 

-- P I C -  

100.5 ' 90 to 110 i 





M A  I h' N k  N C E  

1 Tube RcPlacernenL 

When a tube is replaced S_R the Model 41OR, I t  it; desirable 
to check the accuracy of ca l ibra t ion  o f  the in.strumcr,t 2nd a l so  
the change in ca l ib ra t ion  caused by line vol tage  variations. 
Adjustments are provide6 in the instrument for correct ion of 
calibration changes which Ray arise owing t o  the  variation of 
a replacement tube from its average typo characteristic. 

Beplacing tubes V4, Vs, and V6 may cause a shift in the 
line vo l t age  characteristics of the fnstrument, Hence, if any 
of these tubes are  chanred it is desirable to connect the Model- 
bl0A to t h e  power line through an adjustable autotransforcier 
monitored by an ac voltmeter. 

After the new tube has heated for 15 minutes or more, 
adjust the autotransformer f o r  a 13.5-voit line voltage.  The 

leads shorted together. A l l o w  throe or  f o u r  minutes f o r  the 
instrument to stabilize and then zero-set the meter with the  
ZE30 ADJ con t ro l .  Next, s e t  t he  lfne voltage t o  305 and 125 
volts respectively, allowing three o r  fcxxr minutes at each. s e t -  
ting. If the zero reading changes mom than  &2$, potentiometer 
R I t 5  should be reset until l i ne  vo l t age  effects are within the 
specified tolerance, (R45 is marked **&* on the terminal boarci 

Make certain tha t  ZnO SEI: control w i l l  zero the meter; under 
some conditions it may be necessary t o  s e l e c t  amtker replace- 
ment tube and to repeat the procedure. 

, SEIJI";CTOR switch should be In t h e  f or - position with t h e  dc 
# 

/ I 
located behind the upper r ight :  side of the instrument cabiriel-,.) 

Also,  when amplif ier  tubes V4, V$, or  P6, are repTaced, 
the calibration o f  the instrimerit should be checked by Tneasn- 
ing standard or accuPately-known sources o f  one vol'c dc with 
tfie instrument properly zeroed. 
is not  within 3$ of full scale,  adjust potentiometer R35 (marked 
rr4rr on terxinal  hoard) until an accuracy of be t t e r  than 3% is 
obtained. A f t e r  ca l ibra t ing  the  one-volt range, check the C a l i -  
bration of' 'the otheT dc ranges by neusuring accurately-know- 
cv standard d.c vo l t age  sources. It may be necessary to readjust 
R35 to obta in  an overall. accuracy of 3% for a l l  dc ranges. 

If the  reading o f  the Node1 43.5.A 

Diodes VI and V2 shonld be replaced as matched pairs .  
the tubes have been replaced, it is desirable to check the Zfrie 
voltage effects on ac readings and a lso  to check the adjustment 
of the diode balancing c i r c u i t ,  Line voltage checks should be 
made as before except that  the SELECTOR switch should be s e t  oc 
AC. If necessary adjust 215 (marked rt5tr on terminal boarci) f o r  
mininun 1-ine voltage variations. 

When 



Wext, ad jus t  R1b so that no difference i n  the zero restding 
is discernible when changing the SELETOR swS.t;eh from ths two 
dc positions t o  the  AC postion* with the  RkNGE switch 0x1- Iv, 
k hole is provided a t  the rear of the cabinet in order  to al low 
access to H1k. R1b is tn a high impedance c i r c u i t ,  so t i x t  
touching it with a screwdriver causes a cliange i n  the mete r  
settlng, Therefore, it I s  necessary t o  adjust the ccmtrof 
slightly and then rerno~e t h e  screwdrfver before o5serv"Lng the 
effect on the meter, 

If dlodes V1 and V2 are change6 a d  potentlometer R3.b thus 
adjusted, it is desirable t o  check t k e  ca l ibra t ion  o f  the ac 
ranges of the instnmient: If necessary, zero the meter and 
calibrate the ful l .  scale reading by mans of I324 ( l T 1  on termixial 
board) for the lvAC range, R25 (Ir2" on terminal board) Tor t he  
3vAC range, and R26 ("3" on terminal board) f o r  the best ovmaf.1 
accuracy of the 10, 30, 100, aEd 300. vAC ranges. The higher ac 
ranges seldom require Pmther adjustment, b u t  if necessayy t h e  
fixed resistors R25, R28, and R48 can be replaced with the va?-:;\cs 
necessary t o  correct the calibration of t he  30 to 300vAC ranges 
respectively. 

* * From tZme to time it may be found desirable to ajust 
Rl .4  as above, even if no tubes m e  changed. 
adjustment of H1k is that the meter pointer should have the 
same zero reading when the SELECTOR switch is switchod from - t o  0. to AC (on a l l  ranges) , 
o f  "Procedure for Measuring AC Voltages. f ?  

The criterion f o r  

Also see note on page I+ a? end 



The Model 410A is a peabreading type voltmeter and is 
SO designed tha t  it measures the positfve peak value of the 
applied vol tage .  T h i s  propesty allows tho 1'loCit.f 413A to be 

vided the reading obtainec! is mul t ip l i ed  by tlie fac tor  
. used t o  measure the p o s i t i v e  voltage r ise  in a pulse, pro- 

where tl is the du ra t ion  of the posi.tu3.vc p o r t i o n  of 
tho vol tage ,  

t2 3.s the duratd-on of? the negative portioii  of 
the v o l t a g e ,  

K i s  a factor which i$ a Punct-ion of the source 
impedance of the pulse gemrator  anti of ti, 

PRF is th3 pul.se repetition frequency in pulses 
per  second. 

In general if the pulse repetition frequency 1s greater 
than approximately 400 o r  509 pps, the  above factor reduces to 

K can be found by use of t h e  cuwcs  on t h o  next page 
when the Impedance of t h e  pulse generator Ro in k11,ahms and 
tha d u r a t i o n  of the p o s i t i v e  p o r t i o n  of the pulse t i  in micro- 
seconds are  kn07m. 
pulse  o f  1 microsecond and a PRF o f  ICQO, and assumin? R =  2 
kilohms, Ro/tI -2, K = LY.1 and ths m ~ l t ' i p l y i n g  f a c t o r  ~ m l d  
thcn be 1.4 (1 + 11999 + 15.l/lOQ) 

For the case of a 1 microsecond negahfve pulse m a  a 
PRF of' 1000, tl would equa i  9 9  microseconds and t2 t ~ o u l d  
equal 2 microsecond, Thus Ro/Z~ woulld he npproxims'tely 0 
and therefore (from c m v e s j  K would also be approximately 0 ,  
The mult iplying f a k t o r  would then be 1/4. ( 3 ,  4- '%9/1). Bellcc, 
i t ,  may bo seen t h a t  in the case of negative pulses of sho r t  
duration, much smalley meter readings  w i l l  be obtained. than 
f o r  an equivalent positive pulse,  and unless t h e  pulse voltage 
3.s large, these measurements may be Lmpracttcal. 

For exanylo, in *the case of a posthive 
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LIST OF COMPONENTS 

c 

Circui t  I Ref. 

I 

Description 

Capacitor: silver mica; ,0026 rd; molded 
in nose of probe; for  replaccment 
order Hewlett-Packmd ptrrt 4Zn-84 

Cfipacitor: silver mica; 500 mmf; part of 
rf probe 42A-25 

Capacitor: paper; .03. mf, 600 vdcw 

Capacitor: paper; .OL mf, 600 vdcw 

Capacitor: paper; 1 mf, 600 vdcw 

Capacitor: mica; .005 mf, 500 vdcw 

Capacitor: mica; .005 mf, 500 odmr 

Capacitor: mica; 500 manf, 500 v d c ~  

Capacitor: mica; .005 mf, 500 vdcw 

Capacitor: dca;  560 mnf, 500 vdctt 

Capacitor: nica; .OW5 nf, 500 vdctr 

Capacitor: T3ica; ,005 IT!!, 500 vdcw 

Capacitor: clectroly-tic; 50 mf; 50 V ~ C W  

hpacitor: micq 003 mf, ,500 vdcw 
Fuse: 3AG size  cartridge type; 1 ampere 

rating 

PUot Imp: min bay base; &8v, 0,15 amp 

hter: 0-1 mdt 

Resistor: canposition; 22 n e g o b ;  1 w a t t  

Resistor: composition; 22 megohms; 8 watt 

Resistor: preciston composition type; 
0.1 megohm 

Resistor: precision composition type; 
216.3K ohms 

Resistor: precision composition type; 
683.7K ohms 

Resistor: precision composition type; 
2.163 megohm 

- h P  
Stock No. 

17-2 

14-5000 

14-500 

211-47 + 

112-15 

2 4 - 2 2 ~  

23-22yi 

3l-LOOK 

31-683 .? 

Aerovox: 684 

Aerovox: 684 

General Elec : 
23 ~ 4 6 7 ~ 1 0 3  

Micamold: tme ‘J 

I~CW-Qlt! : type id 

Micmold: om 
P.ficCmold : t p e  

Sangamo: type J 

Micamold: OXM 

YAcarnoLd : type 7.l 

l i a l i ~ r f  : TC-3 9 
Micnmld: Type k! 
Littelfuse : 1040 

GE: 47 

I 

-13- 



I I 

,Resiat~r: precision cmprssitian type; 

Circuit -hp- 
Ref . Description - Stock T b .  

t 

Renistor: precielan compositim type; 
21.63 megohms; 1 w a t t  

,Resistor: precision c m p w I t 5 o n  type; 

_- 

Wr. and 
Type No. 

! 

Wilkor: CP-1 

W i l k m  CP-I 

i \?ilkor: c3?-2 

Wilkw: m-1 I 
i 
i 
i 

! 
i Wilkar: C?-1 

t 

Wilkw: CP-1 i 

I 

I 

f- 
1 

Allen-Bmdley: i;tR 1 
Allen-Bradley: E3 

ATlen-Brafley: HE 
t 

Allen-Bradleg: GF3 1 
1 

Allen-Bmd3.ey: G!3 1 
t 
i Allen-Bra&l.ay: (23 

i 
I 

I 
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LIST OF COMPONENTS 

Circul t 
Ref. 

R28 

w9 

R30 

~ 3 1  

'R32 

R,33 

R34 

R35 

R36 

R37 

~ 3 8  

R39 

R40 

R1142 

R&2 

R43 

844 

R45 
~ 4 6  

R47 

R48 

De a crj. p t i on 

Resietm: compmitim; 1 w a t t ;  value 
selectea during fqctory adJu8tment 

I Resistor: cmp=>sitim; 4.7 rneg~hnm; 7 
w a t t  

~ies i s to r :  cgmpcmit5.m; 5.G megahm; 5 watt 

ReBfstor: c q m i t i a n ;  5.6 xnegahm; 3 w a t t  

Resiatm: cmpQsitim; 10,000 dzn.8; 
2 watts 

Patentimeter: wirewma; 2000 

Resisbr: compmifyicm; 10,000 3hms, 
2 watts 

€%tentimeter: wireworn&; 3000 ohnm 

Patentimetor:  ' wirewmnd; 23000 ohms 

Resistc~: preclsim campositicm type; 
9 megohms 

Resfstor: preclsim canposition type; 
0.9 rneg&um 

Rea5stm: precisIan composition tqype; 
90,oco ~hme 

Resistor: composition; 90 &.me; L watt 

Resistor: W'iirewouncl; 9.3 dum 

P3tentiameter: wirewmnd; 3 dm8 

Reeistor: canpsi t ion;  200 dxw; 1 w a t t  

This reference n3t aaaigned 

Resistm: ccmpcxWtim; 1 watt ;  value 
selected duriw factam calibrsticm 

-hp- 
Stock No. 

23-5. & 

23-5 & 

25-10K 

Mfr. an& 
Type Mo. 

WiUcor: CP-I 

Wilkor: CF-L 

tfSlkor: CP-1 



Circuit 
Ref. 

Resistor: composition; 220 ohms, 24-220 
1 w a t t  i 

I 

1 Manurac twer 
Description 

I 26*20 
Resistor: wirewound; 3 /4  meg- 
ohms, 2 w a t t s  II .t 10% 

Swi tch : ro t a ry ;  3 sections, flve I position; ceramfc insulatfcfn 

I 

Range Switch Assembly: 7 sections 
7 position rotary switch with 

and R37 to R4.3 mounted thereon ! 

Switch: toggle: SPST (par t  of S2)  i 
Power transformer 1910-22 

f V2 as  a matched p a i r  

I Tube: RXA type SY3GT/G 

Tube: R'MIA type 6SN7GT 212-6SNTGT 1 Tube: RMA type 6AG7 1212-6AG7 

Tube Socket: standard acta$; 
molded nica f i l l e d  phenolic I 38-22 

A1 1 e n 4 r  ad1 e y 
GI3 

CLarostat :  1 
I 

i 

Excel: 
910-@0 

Tube Socket: for V2 

Pilot Lamp Socket: for min bay 
base lamps; red jewel 

1312-10 

! 
Binding Pos t :  ferrule thumbscrew 
tYPe 

t 
Knob: molded black phenolic: l+'' 137-4 

Yaob: molded black phenolic : 1-1/8Tt I 
1 ':Ed1 T e s t  Lead 

Hewlett- 
Packard 
,!+2A-lC&V 

Eirnac : 

' I  I 

t 
I 
j 
i I 
i 
i 
i 
i 
i 
i 
1 

t 

? 

I 

i 

i 

i 
I 
t 

! i 
I 1 Cinch: 9880 1 

Hewl  e t t - 
Packard ! 
Hew1 e t t; - 
Packard 
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Circuit  
Ref. 

LIST OF COWONEIRS 

I 

1 Description 

' Test Lead 

"DC Voltsn Test Lead 

"AC Volts" Test Lead & P r o b  

FXashlight ce l l  

Power Cord 

Handle 

Probe Head (Part 1)s consists of 22 
megob 8 w a t t  composttion resistor 
and contact molded in grsy poly- 
styrene 

Probe Head (Part 2) : consists of 2600 rmf 
silver lnlcd capacitol! mMed in gray 
polystyrene 

816-18B & 
38-60 

42A-3.6B 

-17- 
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L A B O R A T O R Y  I N S T R U M E N T S  O F  S P E E D  A N D  A C C U R A C Y  8 - 
I 

SQUARE W A V E  GENERATOR 
.hp- hlodrl 2 I O  Square- \T'ave Cvnvrittor provides 
a new approach  to the probleni o f  riieasuring the 
character is t ics  of audio-frequency equipment.  
One or  two ohservatrons with t h i s  generator  will 
check the frequency rcsponae of appa ra tus  where 
heretoforr  a large number of observat ions were 

~~~~~~~;~~~ W , ~ ~ ; ~ f W w ~ ~ c [ h ~ ~ ~  ~ ~ ~ ~ e : \ ~ ~ ~ ' ;  
l o  s tudy  by other  methods.  

SECONDARY FREQUENCY 
STANDARD 

.hp. ~ ~ d ~ l  I 00 L~~ I . ~ , . , , , ~ ~ . ~ , ~ \ .  j t a n d a r d  provides 
a convenient and  t.xtreiIIeI\. uwful  source of four 
s t anda rd  frequencies ( IO0 cps. I kc. I O  kc. 100 k c )  
for accurate  measurement purposes.  for cal ibrat-  
ing audio equipment and  for various other  work 
where great accuracy i a  rrquired. I t  is useful in 
making accurate  interpolation measurements a t  
higher frequencies.  

I I - -.-- ! 
ATTENUATORS A N D  VOLTAGE 

DIVIDERS 
-hp Model 350 is  a br idged-T . i t tenuator  consis t -  
ing o f  one 100 d b  a t t enua to r  with IO d b  s t eps  
and  a I O  d b  a t t enua to r  having I d b  s teps .  Spe- 
cial construct ion i s  used t o  a s su re  high frequency 
response. Inquiries pertaining to your  par t icular  
a t t enua to r  o r  vol tage divider problems will be 
Riven careful a t tent ion.  The Modcl 350A opcrates  
on  a 500-ohm impedance level while the 3 5 0 8  
operates  at  a 600-ohm impedancz level. 

ELECTRONIC FREQUENCY METER 
-hp. Model 500A Frequency Xleter is designed to 
measure the frequency of a n  al ternat ing voltage 
from 5 cps to 50 kc. It can  be used to measure 
difference between two  h-f signals. I t  is par t icu-  
larly suited to crystal  grinding work where i t  can  
be used t o  measure the frequency deviation from 
the s t anda rd ,  quickly and  accurately.  

if P 6 

WIDE - B A N D  OSCILLATOR 
-hp- Model 650A Resis tance- tuned Oscillator is  
t he  first instrument  o f  i t s  kind t h a t  not only 
covers  a frequency range of I O  cps  t o  IO mc. 
b u t  br ings t o  the r-f and  video fields all t he  
speed, ea se  a n d  accu racy  traditional in - h p  audio 
oscillators. This highly-stable,  precision instru-  
ment provides ou tpu t  flat within & I  d b  from I O  
cps  t o  IO mc. and  a voltage range of ,00003 t o  
3 volts. Ou tpu t  impedance is  600 ohms. o r  6 
ohms with 100 t o  I ou tpu t  vol tage divider. In- 
s t rument  includes built-in vacuum tube voltmeter 
and  50  d b  ou tpu t  a t tenuator .  

PRECISION OSCILLATORS 
-hp .  Model 2 0 1 8  and  -hp Model 2001 a r e  precision 
measur inc  instruments  of u tmost  accu racy  and  
la tes t  design. The  2 O l B  spans  a range from 20 
cps  to 20 k c  in three bands ;  t he  2001, a spread-  
scale oscillator. covers  frequencies from 6 to 
6000 cps  in six bands.  Both include a 6" main 
frequency tuning dial calibrated over  300 de-  
grces. controllsd directly o r  by  6- l micro-drive.  
Both meet all requireincnts fo r  m-asurement 
spred,  accuracy,  and  puri ty  of wave  form. And 
hoth instruments  incorporate  - h p  family cha rac -  
teristics of no zero set .  constant  ou tpu t ,  and  
c rea t  stability. 

H EWLETT-PACKARD C O M P A N Y  
1 3 2 0 A  P A G E  MILL R O A D  P A L 0  ALTO,  C A L I F O R N I A  
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UHF SIGNAL GENERATOR 
h p  Model 616A U l l r  Sicnal Generator is the 
first Instrument dcvrloped commercially which 
combines great  operational speed. accuracy and  
ease of operation with a f requency range of 1800 
m c  t o  4000 mc. R - f  power is generated b y  a re- 
flex klystron oscillator. a n d  vol tage adjustments  
during operation a r e  eliminated b y  special .h 
automatic  coupling device which cauqes oscif: 
la tor  repeller vol tage t o  t rack frequency changes.  
7 he .hp- 616A features  direct frequency and  volt- 
age  control ,  c w. I -m o r  pulsed ou tpu t ,  plus 
wide var ie ty  of input  and  ou tpu t  delay and  syn-  
chronization features. 

\ 

w 
POWER SUPPLY UNIT  

-hp- Model 710A Power Supply  is a n  excellent 
source o f  d - c  power for everv laboratory and  pro- 
duction depar tment  use. The  power pack is de. 
signed fo r  the u tmost  in flexibility, compactness .  
portabil i ty and  economy. Output  is continuously 
variable between 180 and  360 volts. The  output  
voltage var ies  approximately I per  cent  with 
chanzes in load current  u p  to 75 m a  a n d  with 
normal line variations. Noise a n d  hum level IS 
exceptionally low. and  ou tpu t  unusually s table  
over a long period of time. Also contains  auxil- 
iary center- tapped 6.3 volt source providing 5 
amperes  o f  a-c .  

AUDIO SIGNAL GENERATOR 
.hp. hlorlel 206A Audio Signal Generator provides 
a highlv s table  qource of continuously variable 
a-f having a total  distortion of less than 0 I r %  
between 50 cps and  20 kc. Ou tpu t  meter moni. 
t o r s  ou tpu t  vol tage signal with accu racy  o f  at  
least 0.2 db. Precision a t t enua to r s  va ry  oUf.pUl 
signal level in 0.1 d b  s t eps  over I 1  I d b  range. 
Flat f requency response and  great  accuracv of 
ou tpu t  VOltnRe make  this  instrument  ideal fo r  
FM t ransmit ter  a n d  s t a t ion  main tenance  work. 

) 
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Standard -hp- instrziments shown here are adaptable for  
making nearly every electronic measurement in the electronic 
field. Following is a brief description of a few of these instrzc- 
ments. Complete technical information will be sent- without 

obligation - on request. In addition, -hp- engineers are 
at your service to  help solve special problems. 

. 
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H-F V A C U U M  TUBE VOLTMETER 
-hp- 410A High Frequency Vacuum Tube Voltmeter 
combines in one instrument an  ac voltmeter covering 
frequencies from 20 cps to 700 mc. a dc voltmeter with 
100 megohms input impedance. and an  ohmeter capable 
of nieasuring resistances from .2 ohms to 500 megohms. 
The special probe places a capacity of 1.3 uufd across 
the circuit under test. Input resistance for ac measure- 
merts is 6 megohms. Six voltage ranges provide full- 
scale sensitivities from I to 300 volts. 

' RESISTANCE-TUNED A U D I O  
OSCILLATORS 

-hp- Resistance-Tuned Oscillators are suitable for al- 
most every type of work. Their low distortion makes 
them particularly valuable in making distortion measure- 
ments on audio amplifiers. broadcast transmitters and 
other equipment. They rovide an excellent aource of 
volta e for accurate brilge measurements. The output 
is sutfcient to drive signal generators and other e q u i p  
ment requiring considerable power. Their wide fre- 
quency range also makes them suitable for work in the 
supersonic region. 

WIDE-BAND AMPLIFIER 
- h p  450A Amplifier is a new. vrrsatile. wide-band 
amplifier designed for  general laboratory or production 
use. I t  provides exceptional stability a t  40 o r  20 d b  
gain. and gives new freedom from spurious responses. 
Low phase shift is assured by a straight-forward. re- 
sistance-coupled amplifier design. together with inverse 
feed back. Frequency response is flat within ',z d b  
between 10 and 1.oOO.OOO cps. Varying tube voltages o r  
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 scnnitiviiy 100 times. 

i 

H A R M O N I C  W A V E  ANALYZER 
-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 required. 
The maximum selectivity i s  sufficient for measurement 
of  harmonics of frequencies as low as 30 c d e s  and i t  
can be varied over a wide range. With t l i s  variable 
selectivity feature. measurements a t  hisher frequencies 
can be made more rapidly. yet with no sacrifice In 
accuracy. 

_I 

V A C U U M  TUBE VOLTMETER 
-hp- Model 400A Vacuum Tube Voltmeter sets a new 
standard of performance for voltaKe measurements in 
the audio. supersonic. and lower radio frequency re- 
gion. Measurements up  to I megacycle with this instru- 
ment are as simple as measurements with the usual 
multi-range meter a t  d-c. Nine ranges give full-scale 
Sensitivities from .030 to 300 volta. Ordinarily no p r e  
cautions whatsoever are required: turn-over effect and 
waveform errors are minimized; there are no adjust- 
ments to make during operation: a large overload will 
not damage the instrument. The input impedance is I 
megohm so that  most circuits will not be disturbed 
when their voltage is measured. 

A U D I O  SIGNAL GENERATORS 
-hpy Audio Signal Generators are designed for time- 
saving performance. They are excellent for  
laboratory applications because they supply a r:",":=I 
voltage as well as a known frequency a t  the commonly 
used impedance levels. They are particularly suitable 
for gain measurements because no auxiliary apparatus 
is re uired. They provide an excellent source of voltage 
for listortion measurements because their waveform 
distortion is very small. 

DISTORTION ANALYZER 
This Model 3308 Distortion Analyzer IS -hp'n nm- 

est. finest distortion measuring instrument. I t  is c a p -  
ble of  mrasurinp distortton a t  any frequency between 
20 cps and 2O.OOO cps. It will make n o m  measurements 
of voltages as .mall as  100 microvolts. A linear r-f 
detector makes i t  possible to measure these character- 
istics directly from a modulated r-f carrier. The  hi h 
senaitivit . stable accuracy and compactness of tffe 
330B male  i t  extremely valuable for broadcast. Iabora- 
tory and productton measurements. 

r, ---- x .. a 




