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The HEATHKIT Model IT-11 Capacitor Checker
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by servicemen, engineers, and technicians in
checking capacitors for value, leakage, shorts,
and opens, The Checker may aiso be usedto check
resistance, inductance, and transformer turns
ratios,
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AC bridge powered by an internal 60 cycle

bupply or Uy an U)ﬂlel.ﬂdl duu.lU gUHb’ldLUl Wlul
10 volts output (see Page 28, EXT., GEN.,),
Upper frequency limit: 10 ke,

10 g uf to .005 pfd.

.001 pufd to .5 pfd.

1 11€4 +~ RN 11 A

i pA WU IV A,

20 pfd to 1000 pfd,

External standard {comparison bridge; maxi-
mum ratio 25:1).

DC test voltages from 3 to 600 voltsin 16 steps.

5 Q to 5000 Q.

500 © to 500 K.

50 K& to 50 megohms,
External standard (comparison bridge; maxi-

mum ratio 25:1),

105-125 or 210-250 volts AC, 50/60 cycles, 30
walils,

9-5/8" high x 6-5/8" wide x 5" deep.

5 lbs.

Refer to the "Kit Builders Guide" for complete
information on unpacking, parts identification,

tools, wiring, soldering, and step-by-step as-
sembly procedures,

DLSLUID culU. Ld.delLUI'b lll uu—: Ul Lugc lAl l,l.ut
provide a high degree of accuracy and stability.

Terminals are p_ vided 0. the front panel fo
the component un test (TEST), an external
generator (EXT. G N.J), and external standard

IE‘V e )
Aiinda NALRle)e
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Frequent reference to the small schematic dia-

grams in this description will prove helpful in
fully understanding how the circuit functions,

The heart of the Capacitor Checker is the AC-
powered bridge. Balance control R13 is used to
vary the resistance of two arms of the bridge.
The third arm is the standard (internal or
external) and the fourth arm is the component
being tested,

BRIDGE RATIO CALCULATIONS

Referring to Figure 1, assume that Rx = Rs
(any value) and that Balance control R13 is in
the center of its range so that R13A = R13B
(500 © each). Under this condition, with the
bridee balanced and with Rx egual i-n Rs, the

MiALsT VRAKLEUTLR &L azal IvAa L ALE= 2 i

ratio of R13A to R13B = 1:1,
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AC INPUT TO BRIIGE RI3A . RI3B 1000 BALANCE CONTROL
TRANSFORMER MAY BE

6.3 VOLTS FROM HEATER LINE Rx UNKNOWN
OR FROM EXTERNAL GENERATOR.

Rs STANOARD

Figure 1
¥ Rx did not equa l Rs, balance of the hridge
would occur W ith alance control at some
point other than the center of its range, When

= --_L nt

balance occurs with R13A = 600 @, then R13B =

400 Q. The ratio is now 600/400, or 1.5:1,

en balance occurs with Ri3A = 800 Q, then
13B = 200 9., The ratio is 800/200, o

2E

Turning the Balance control changes the values
of R13A and R13B, When the bridge n:hn’ls\npnd

Ua Aol adin [jae 22022 el and AMAiRAiL TN

R13A times Rs = R13B txmes Rx. Then the
voltage at Y (see Figure 1) is minimum and

+ 3 s
the eye tube opens, The bridge circuit is bas-

ically the same for all types of measurements;

only the standards and the unknown values change,

DESCRIPTION

MEASURING RESISTANCE

TN W I REINW TREwTT W P N

aiqénman

sistance standard and Rx is the unknown re-
sistance, The value of Rx is indicated on the
front panel by the Balance control pointer when
the bridge is balanced.

MEASURING CAPACITANCE

LOWER RANGES - C x ,0001 and C

Referring to Figure 2, the standard, Cs, is a
capacitor umernm or e:’SLEi‘ﬁaL} and Cx is the
unknown capacitance being measured. As in
measuring resistance, the Balance control is
adjusted for balance of the bridge. At balance
R13A times XCs = RI13B times XCx., In this

case, XCs is the capacitive reactance of Cs
and XCx is the capacitive reactance of Cx.

oy
i QM /

hg

Figure 2
HIGHER RANGES - C x 1 and C EXT Scale

Capacitors are measured on the higher anges

iugst ag desgseribed for the two lower r

Jue KT Sviivtn 2UWEL

except for electrolytics.

Since electrolytic capacitors have a cer
amount of internal series resistance, it is
necessary to use POWER FACTOR control R14
along with Balance conirol R1i3 to properly bal-
ance the bridge, See Figure 3, The POWER
FACTOR control is used to cancel the effect
of series resistance in electrolytic capac-

it A vand Anler tha tvwrn hichan
AWIL Lva, auau LD upTu vy Oit ineé IWo nigner

ranges. The formula for finding the series
resistance of an electrolytic capacitor is:

% PF
2n FC

DCI .I.Cb ﬂt‘blbtdubc =
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SERIES RESISTANCE

Figure 3

percent power factor
3.14

frequency of applied voltage
capacity in farads

nou ll i

QmAym

For example, the series resistance of a 2 pfd
capacitor with 5% PF at 60 cycles would equal:

.05

NOTE: The POWER FACTOR control is cali-
brated, using internal 2 pfd capacitor C6 as
a standard, at 60 cps. Therefore, when using
an external generator at a frequency other than
60 cps. the value indicated by the POWER
FACTOR conirol must be corrected by a factor
of F"T‘ FT is the external applied frequency.

60

WYAMDT |- ata

AN LRLIAVA R it « \. .

which measures 5 PF

[0/ 200 5 ~ NN B § - B 5 % -~ . FT
Jo ¥R = Ineasurca o rr X "'6‘
PO ~= . 120

Pr = 00 X ==
* 60
% PF = 10%

USING THE EXTENDED SCALE

The capacitance scale is extended by adding
9000 2 resistor R34 in series with Balance
control R13. The bridge is balanced as before,

using the Balance control, plus the POWER
FACTOR control for alectrn'lvfina However

A AaNs A NsAV  Ulsiana Ua Vayravs ATV Ty

TUBE
e CIRCUIT CONTHOLg R)3B I

the ratio has now been changed due to the addi-
tion of R34, With the Balance control in the

center of its range, R13A = 500 © and R13B =
500 Q. Therefore, the ratio is:

9000 plus 500 .
500 =19:1

The standard internal capacitance value is 2 pfd,

which makes the center scale reading equal to

10 +imec 92 u‘d ar 22 nfrl The rema indav of
av WITS & Ui Or oS¢ pIG, A0€ remainGer ol

the "C" EXTENDED SCALE is calculated in the
same way,

MEASURING INDUCTANCE

Again, the bridge is balanced using Baiance
conirol R13. At hnlanr-p R13A times Xl.s =

LA 02 V22, LRI T AT A ] Lrille=>

R13B times XLx, Here XLs = the inductive
reactance of the standard, and XLx = the in-

ntannn of tha anmnanant haino factad
Uu\;l—lvc lc%m‘bc A LILU \;Uul.pull.l;lll- W dilg Vo oNT,

An external standard must be used when measur-
ing inductance,
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Lx = UNKNOWN INDUCTANCE

Ls = STANDARD INDUCTANCE
(MUST BE EXTERNAL)

1ne A‘v serl res sumbe \blld.l‘dbtel‘l&llb) 01
the external comp onent should be similar to
that of the testc omponent to permit balancing,

as the POWER FACTOR control is not used in
1e external standard ecircuit

2282 el = vaaViaile
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SWITCH
EYE TUBE CIRCUIT If the capacitor being checked is leaky or shorted,
current continues to flow through grid resistor
Whan tha hwidso nircn t ig not ba}gnced an mavantine tha Awa

YYAAC AL L2 YA~ AJ L A 50 A\
signal voltage i
brldge to the grid of ampliﬁer stage V2A, The
amplified signal from V2A is then applied to
the voltage-doubler rectifier circuit, consist-
ing of V2B, V2C, C3, and C4. The resulting
negative DC voliage is appiied to the grid of
eye tube V3, closing the eve.

When the bridge is balanced, no signalis applied
from the h'r-‘do‘p to V2A, Therefore, no negative

&1 Lsda LaaT £ie 22T T2VLT, 22U 0=

DC voltage is present at the grldafthe eye tube
and the eye stays open.

CAPACITOR LEAKAGE

MEITRNEZTATAY T T A LF A /3T
iDL AT 1D SA DN

s r——

When checking a capacitor for leakage, V2A is
connected as a DC amplifier, When voltage is
applied to the capacitor under test, through 10
K limiting resistor R40, the capacitor charges,
drawing current through grid resistor Rg of V2A.
The voltage drop across this resistor causes V2A
to conduct due to a positive voltage developedon
its grid. This changes the voltage at the plate
At 'l'r")A and atthe g“'duf the eye h\s‘be, na"a'lnrr the
eye to close, Whenthe capacitor is fully charged

ciu'rent ceases to flow thz-ough grid resistor Rg,
value. The plate voltage of V2A also returns to
its original value and the eye tube opens. This
indicates a good capacitor.

0 10 X2 10 WATT

VOLTAGE ¢ [N

SUPPLY ! 1 T
R40 i r12

Figure 7 T +

Rg, prevenung wuwe eye tube from Gpeﬁiﬂg.
Calibrate controls R43, 44, and 45, connected in
parallel with Type switch resistors R37, 38 and
39, are adjusted for proper grid current through
Rg for different types of capacitors,

LEAKAGE DISCHARGE

Wha Q'he nnm("ﬁ" T'E'AYA(‘!? auwitnoh jo mauvaAd

"'llcl‘ ik WA O ALLVAL 30 MUY COW

from the LEAKAGE position to the DISCHARGE
position the capacitor under test is shunted to
ground qu‘dgu resistors R40 and R36, uﬁi‘ing
the resulting discharge time, a voltage is again
developed at the grid of amplifier stage V2A. In
turn, V2ZA causes a change in the grid voltage
of eve tube V3, causing the eve to close. After the
capacitor has discharged, the voltage on the
grid of tube VZA returns to its original value
eve tube

onang

Base el TY VAR I adese

10K 10 WATT [ i \

=T )

S I R

I N S S
___I:. vaa v3

V1 in a half-wa ve rectﬁier circuit, The fused
primary circuit of the transformer is sym-
uu:ti"lcauy uypaaacd with C9 and C10 for in-
creased accuracy when measuring low capaci-
tance at 60 cps. Thefilament circuitis effective-
1y center tdppeu with R‘il and It‘id. Lapa.cuors
C1 and C2, with resistors R1, R2, R3, R4, and
R5 make up a filter-voltage divider network to

provide proper DC voiltages to the circuit,
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CONSTRUCTION NOTES
This manual is supplied to assist you in every Resistors generally have a tolerance rating of

chance for error. The arrangement shown is
the result of extensive experimentation and
trial, ¥ followed carefully, the result will be a
stable instrument, operating at a high degree
of dependability. We suggest that you retain the

wvonr filao fnv- future refevrence hnth
YOUur 1xio iU4 ui'e reicreince, voul

maniial in
AllAliiAAL Ali

in the use of the instrument and for its main-
tenance,

UNPACK THE KIT CAREFULLY AND CHECK
EACH PART AGAINST THE PARTS LIST. In so

vou \37111 become acoguainted withthenarts
‘y AL IJUUUJLAD u\,\iual‘ltl.«u YV ACLA \1“0 y A LD g

Anino
doing,
Refer to the charts and other information onthe
inside covers of the manual to help you identify
the components, ¥ some shortage or parts
damage is found in checking the Parts List,
please read the Replacement section and sup-

ply the information called for therein,

+

T
various parts into convenient categories. Muffin
tins or molded egg cartons make convenient
trays for small parts, Resistors and capaci-
tors may be placed with their lead ends in-

serted in the edge of a piece of corrugated
cardboard until they are needed, Values can

ha wrwnittan ~n +than "ot
(84 wiliii€ll Ul W NSXL

nanh

pavdhnond o
LU cauvii

component. The illustraticn shows one method
that may be used.

10% unless otherwise stated in the Parts List.
Tolerances on capacitors are generally even

P

greater Limits of +100% and AUWO are common

We auooeat that vnin dn thae follawino hafavre war

LA uubavwv WAAEA L JU\A VAL LAAL A\J&A\J"Llla AICAL/A U YYUA D

is started:

1. Lay out all parts so that they are readily
available.

2. Provide yourself with good quality tools.

Basic tool requirements consist of ascrew-

driver with a 1/4" blade; a small screw-
driver with a 1/8'" blade; long-nose pliers;

wire cutters ofay

ahly; conarat
CUREY'S, yLv;\.&aw;y SEpar

ate diagonal
cutters; a pen knife or a tool for stripping
insulation from wires; a soldering iron (or
gun) and rosin core solder, A set of nut
drivers and a nut starter, while not neces-
sary, will aid extensively in construction of
the kit,
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PARTS LIST

To6 order replacement parts refer to the

Y T

Replacement Parts Price List and use the Parts
Order Form furnished with this kit,

PART DPARTS DESCRIPTION
No, Per Kit

RESISTORS

1-3 4 100 £ 1/2 watt
(brown-black-brown)

1-119 2 560 © 1/2 watt
(green-blue-brown)

1-7 2 680  1/2 watt
(blue-gray-brown)

1-8 1 820 © 1/2 watt
(gray-red-brown)

1-9 1 1000 £ 1/2 watt
(brown-black-red)

1-44 1 2200 © 1/2 watt
(red-red-red)

1-186 1 4700 © 1/2 watt
(yellow-violet-red)

1-20 9 10 K 1/2 watt
(brown-black-orange)

1-25 4 47 KQ 1/2 watt
(vellow-violet- orange)

1-26 1 100 X 1/2 watt
(brown-black yellow)

i-29 A 220 XS 1/2 watt
(red-red- yellow)

1-35 1 1 egohm 1/2 watt
(brown-black-green)

1-36 2 1.5 megohm 1/2 watt
(brown-green-green)

2-83 2 200 2 1/2 watt 1% precision

2-35 1 9000 © 1/2 watt 1% precision

2-38 1 20 K 1/2 watt 1% precision

2-55 1 2 megohm 1/2 watt 1% pre-
cision

1-5-1 1 22 KO 1 watt
(red-red-orange)

1-18-2 1 33 K2 2 watt
{orange-orange-orange)

1-10-2 4 47 K 2 watt
(yellow-violet-orange)

3-7-10 1 10 K& 10 watt wire-wound

CAPACITORS

20-2 i 200 ppf molded mica
(red-black-brown)

21-71 2 .001 pfd disc ceramic 1400V

27-89 1 .02 ufd Mylar*

23-59 1 .05 ufd tubular

23-28 1 .1 pfd tubular

Capacitors ( cont'd,)

27-47 .1 pfd Mylar*
23-56 1 .5 pfd tubular
27-58 1 pfd Mylar*
25-41 2 40 pfd 350 V electrolytic

CONTROLS-SWITCHES

10-58 3 100 K€ tab-mount control

11-101 2 1000 @ (1 KQ) control, wire-
wound

60-1 1 SPST slide switch

§0-2 i DPDT slide switch

62-15 1 3-position lever switch

62-16 1 3-position lever switch

63-503 i 16-position rotary switch

63-504 1 8-position rotary switch

TUBES-TRANSFORMERS

411-128 1 6BN8 tube

411-120 1 6ES5 tube

411-156 1 BAX4 tube

51-80 i Bridge transformer

54-34-24 1 Power transformer

CONNECTORS-TERMINAL "TR;PS—-SOCKETS

100-16-2 3 Binding post cap, black

100-16-18 3 Binding post cap, red

427-3 6 Binding post base

431—1 2 Dﬁax-—xua terminal st r‘p

431-12 1 4-lug terminal strip

431-11 2 5-1lug terminal strip

431-16 i 2-1lug terminal strip

434-31 1 Octal socket

434-12 1 6-pin tube socket

434-717 1 9-pin tube socket

METAL PARTS-KNOBS

90-414 1 Cabinet

200-525 1 Chassis

203-250-2 1 Front panel

462-97 2 Lever switch knob

455-50 4 Knob bushing

462-245 3 Knchb

462-253 1 Pointer knob

HARDWARE

250-2 2 3-48 x 5/16" screw

250-18 2 8-32 x 3/8" screw

250-26 4 6-32 x 5/8" screw

250-48 4 6-32 x 1/2" screw

*DuPont Registered Trademark
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No. er Ki . - No Per Ki _

ardware [cont'd ) aa e P
riarcware conmt ¢/ iINSULATORS-WIRE
250-89 17 6-32 x 3/8" screw 73-1 4 Grommet
250-83 2 #10 sheet metal serew 75-17 12 Binding post insulator
292-1 2 3-48 nut 75-30 1 Strain relief, round cord
252.-3 27 6-32 nut 75-71 1 Strain relief, flat cord
252-4 2 8-32 nut 89-23 1 Line cord
252-7 4 Control nut 134-38 1 Wire harness
252-22 2 Speednut 344-59 i Hookup wire
253-9 4 #8 flat washer MISCELLANEOQUS
2 gontrol flat washer 207-53 1 Tube retaining clamp
254.-1 20 #6 lockwasher ééi:;s é gzggt_:, foot
gg?{g ; g?nﬁ?iﬁi’??{f;iockwasher 421-20 1 1/2 ampere slow-blow fuse
254.-4 2 Control lockwasher 33?;7 i i?:: }::(gfg x;dapter
21 1 iﬁ:' spacer 391-34 1 Identification label

- ' spacer

259-1 6 #6 solder lug e SR- B e for
259-2 1 #8 solder lug Ty 1 R Diiers o

Manual (See front cover for
part number,)
Solder
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of the following steps do not produce the
desired results, turn the instrument OFF and
I >t

~ +h ~ Tn MNaoag TifFInv1lder cand
U i1c a1 Lase UL unxxbuu.y DTUL

ion,
Make sure the line cord is pluggedinto an outlet
of the proper voltage, Turn the instrument on by

Awrin tha A glids switch g the ON hneﬂﬁ
moving e AL Silae swilcn to the O} 11on,

After a few seconds for warmup, the eye tube
should have a green glow and the filaments of
the 3 tubes should be lit,

Set the controls to the following positions,

CONTROL POSITION
( ) BRIDGE-LEAKAGE BRIDGE
{ Y\ MTINY
\ FERAS CUR N P AN L o
( ) Type switch Any
{ I UNT TAMCE Q
\ ’ ¥ \JAd 4 LI ¥
( ) POWER FACTOR 0
() GE *
\ ’ AVEA BL YA

*For positions R X1 through C Xi, the eye
t1vha chnnild ha erlaged \"rit‘h‘ the Ralanece ocontraol

tuoe SAaould e ciosed the Balance control

in any position except maximum clockwise, The
tube should be open when the Balance control

is maximum clockwise. Position the Balance
control maximum clockwise and with vour finger

touch the negative TEST terminal, The eye tube
should tend to close whenthe RANGE switchis in

positions R X100 through C X, 01.

4 4L, . Y™ A T & M VUM QM AT T
T Ule AN GgLE SWILCIL WO U Lal, vU AL,
n
&

osition, the eve tube should be

( ) Now set the RANGE switch to EXT. STD.
In this position the eye tube should be Open

- o ) PP Malamna am—mdan T e 242 o0

xcgax Lucb:s UJ. uu: DaldllCt CuUlILL Ul puaxuuu.
As before, touching the negative TEST
terminal or the red EXT. STD. terminal
should close the eye tube,

hY t T A TR 242
v\ ] 2wl UWIT \JILiN, DWllbll LU LA dl, [RISILIOE,

The eve tube should remain open rééarﬁ
less of the RANGE switch or Balance

control positions.

VOLTAGE TEST

( ) Connect a voitmeter (VTVM or 1000 2/volt)
'l-A &ho 'T‘PQ'T‘ +ar ala CQat +tha wenld m $an
Laa AN A lrcL llll.‘lal.g- Mol LWAT ¥V UALALALIT LWL LV

read high DC+. Set the BRIDGE-LEAKAGE
switch in LEAKAGE position and the TYPE

switeh to ELECTROLYTIC. Now turn the

vOl1 TACE owitnh +'h-nn“n"h ite 18 nnaiiﬁnnc

The voltmeter reading shouldbe essentlally
the same as the VOLTAGE switch indica-
tions.

BRIDGE CALIBRATION

Connect the 200 © 1% precision resistor to

4l n MTMEHEQM dacscniala Aot . DANNT eid
e L1 LELIIILIALS, OTL LT DO UNITL SWiItC U

to the R X1 and the BRIDGE-LEAKAGE switch
to the BRIDGE, position, Set the GEN, switch
to INT. Push a knob bushing onto the BALANCE

ONONTDRNT chafé nd adisigt the

chaft varveay
N NTAY LAV DiAdL, mlu a“ uoe u:“.« DEALL VE4LA Y LAl C—

fully for maximum opening of the eye tube,
Position the pointer knob sothe pointer index line
is straight down and is over the *'1' at the
center of the EXTERNAIL STANDARD gecale,

U TiiLoa AT A AL AvANGSA R

Push the knob partially onto the bushing, As
before, remove the knob and bushing together,
fully mser‘t the bushing into the knob, and re-
place t the pointer knob on its shaft

LT LN &0 LU e 2ilAl,

( ) Remove the 200 2 resistor and keep it for

future calibration LHELKS.

AKAGE CALIBRATION

1, Turn the instrument on, and allow it to

XEIFcs VY 1YY

wal il ups,

i‘:he con frms as IOJJOWS

VOLTAGE -- 300 volts,

Type -- ELECTROLYTIC.
BRIDGE- LEAKAGE -- LEAKAGE.

[+
.
€3]
(]
(el



HE.A.THKIT’

4,

10,

11,

- & e eve 1MLk o Pt}

he eye tube to "just closed" with
)} calibrate control,

Adjust
the top (,

Move the BRIDGE-LEAKAGE switch to

NIAMITADRCR and wamnun tha 100 KO wna_
LJwovnanuagss alll remive Ul 1vv Aae I'C

sistor,

1.5 megohm (brown-green-green)
0sse h TEST terminals,

o AR —ibl a4 VU4 s

Set the controls as follows:
VOLTAGE -- 25 volts.,
Type -- MIN_'LYTIC.

BRIDGE-LEAKAGE -- LEAKAGE.

AAdiwvicd tha ayga tiiha +a tha ""ingt alacad!
ﬂuj Ut LLice Cyc LT L wuicT J URLT wvivuoTwu
position with the bottom (AB) calibrate

controls

VOLTAGE --3
Type -- PAPER

TOAYAMT T
DRIUUEJ IEAKAGE -- LEAKA

olts.
GE.,
Adjust the eye tube to "'just closed' posi-
tion with the center (AC) calibrate control,

Return the BRIDGE-LEAKAGE switch to
DISCHARGE and remove the 1,5 megohm
resistor from the Test terminais,

CALIBRATION WITH A MILLIAMMETER

Connect the meter in serie
meter e

S~ LaiaT U

ohm control (no
terminals,

n

with
W1U

supplied) across

VOLTAGE -- 50 volts,
Type -- ELECTROLYTIC,
BRIDGE-LEAKAGE -- LEAKAGE,

Adjust the 2 megohm control until . the
meter reads 2 ma,

Adjust the eye tube to the "just closed"
position with the top (AD) calibrate control,
t the controls as follows:
TYPE -- MIN, 'LYTIC,
BRIDGE-LEAKAGE -- LEAKAGE

. Reduce the VOLTAGE switch setting and

rotate the 2 megohm control until the meter
reads 15 pa,

-J

Adiust the eve

Lo AR e the J~

tube to the "in

J CiusSTL

position with the bottom (AB) calibrate
control,

(=]

.

Set the econtrols as follows

Type -- PAPER,
BRIDGE -LEAKAGE -- LEAKAGE.

10. ¥ necessary, reduce the VOLTAGE switch
setting, and increase the 2 megohm control
until the meter reads 2 pa,

11, Set the eye tube to the "just closed'' position
with the center (AC) calibrate control,

Due to component tolerances and line voltage
variations, it is usually not possibie to draw 2
ma from the power supply on the 25 volt setting
of the VOLTAGE switch, To determine the
degree of closure of the eye tube under short

e i T T e o ) ant th. UNT MANT awital, -~ 95
\.Uuul.l-l.uua, DTL U VUL AOUL owallll WU aJ,

BRIDGE- LEAKAGE switch to LEAKAGE, and
the Type switch to ELECTROLYTIC, Momen-

tarily short the TEST terminals with a screw-
driver and ogbserve the eye tube, The size of
the opening remaining should be mentally re-
tained as an indication of short conditions on
the 25 volt setting only, The 50 voit position
should completely close the eye. NOTE: A
completely shorted capacitor will be detected
during the value test (Bridge Circuit). It is not
recommended that the leakage test be per-
formed on a capacitor known to be shorted
since possible damage to the power supply
could occur,

EYE TUBE POSITIONING

With the BRIDGE-LEAKAGE switch in the
BRIDGE position, rotate the Balance controlfor

a very narrow opening of the eye tube, Next ro-

tata tha eve tthno in ito Arinmdd

Alirm vendid
Tai uic M

t+tha
TCYC Luwve .I..ll AL xu.uwu.,uls Dll Ulitvid Luc

eye tube opening is vertical,

e e N ““\Al\ e -.L LA crnmee ~AF Al o

Tht: SCrews are piatcua th.l. UUgll uic 1cal 1 uic -
cabinet and into the speednuts in the rear chas-
sis flange,
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OPERAT

Pictorial 12 (on Page 22} expiains the eye tube,
and front panel controls and termmals,

CAUTION: The circuit ground and the case of

imant nara hath nannoacted to the nower
QINEnt are o0un ¢onneciel 10 uiie powed

+ ct iy

line ground through the green wire of the line
Al ways connect the ground test lead of

ce to the chassis, or ground, of the

NOTE: It is always best to connect the component
under test directly to the TEST terminals, Long
test leads may pick up stray AC fields and give
inaccurate readings. If test leads must be used,
keep them as short as possible.

RESISTANCE MEASUREMENT

Connect the unknown resistance to the TEST
terminals, Set the RANGE switch to one of the
"R' multipliers. The GEN. switch should always

bhe in INT. nosgition on all tegts unless an ex-
AL ALY A 9 PU“A‘AUII \JAk LI~ Z ] NALAANA BI W2 CARLE W

ternal generator is used, The Type, VOLTAGE,
and POWER FACTOR controls are not used in

this test., Set the BRIDGE-LEAKAGE switch to
the BRIDGE nogition, Adiust the Ralance control

Al AL IS AVAULLy SRS L WRAT afRaiual T LULRVA VA

for maximum eye tube opening, Read the resist-
ance indicated by the Balance control pointer on

the "R" scale and muitiply by the RANGE switch
setting

CAPACITANCE MEASUREMENT
Lower Ranges-X .0001 And X .01

Connect the unknown capacity to the TEST termi-
nals, The VOLTAGE switch is not used in this

toat
LTS,

Set the Type switech to its lower position,
this position is for paper, mica, ceramic, glass,

and anv other small value canacitors The
E- L0 4 iy UwaiT s ifiaad Vaaul Capavallais, A 42T

RANGE switch should be in either the C X 0001 or
C X.01 position, depending on the size of the

capacxtance under \'.eSt. Set me bﬂwul‘a-hb AK-
AGE switch to the BRIDGE position and adjust

the Balance control for eye tube opening, Read
the value of the capacitance onthe "C' scale and
multiply by the RANGE switch seiting.

NOTE: To obtain sharper eye tube indications
when measuring small capacitance values, con-

nmnd i merdniecal e maradao Fok nh V1
iieCl dil eXwerifidl 5511!::.:1!.!.}1 to the EXT. GEN.

terminals and set the GEN. switch to EXT.
position. Set the generator to 1000 cps.

NRATRUYETN 'I"'kn nngitivy b
UonSaAIlvV Las. 1€ POSITIVE \+)

T
pacitor should be connected to the

positive (red)
binding post, and the negative (-) lead to the
termin-

negative (black) binding post of the TEST
nnla MTha UNTTACE ocwitoh ia nat

o
ARRAAST, A AT ¥ \NSAIA LANFEA O YILLAL AW MUY untT

test.

Set the Type switch to either the MIN. LYTIC
or ELECTROLYTIC position depending on the

3 OTE: A MIN. 'LYTIC
Ld»pd.LLLUI under l.cal.. NOTE: A MIN, 'LYTIC

(miniature electrolytic) can be distinguished
from an electrolytic by its high capacitance, low
working voltage and small physical size. Min-
tondisvn alantun~luvting ara uana]ln- annacad in
IAalUud < SiCCLY ULyuiuvo [- 3+ U ULAs TG AT AdA
ceramic or plastic and are completely sealed,
Adjust the Balance control and the *POWER
FACTOR control for the widest opening of the
awa tHuha Read the canacitance on the ""C"
<yv© LT, ivau Wit CapalitiiacT S

scale or EXTENDED scale, depending on the
RANGE switch setting, The capacitance is read

at so much (%) power factor. For example:
40 nfad af RQ’ nnuwawn fantar

MLV Ql U MUTVTA aavuUd,

*Power Factor is the measure of the energy
loss in an imperfect capacitor, In filter appli-
cations, a higher power factor decreases the
affootiva nanan!fv an that the pffpf’flve Ca -

CaaTuU AV O vapaa (=49 L S cille

pacity at 20 PF (Power Factor) is 98% of
the measured capacity. At 30% PF, the effect-
ive capacity is decreased to 95%. While at 50%

PF, the effective capacity is decreased to

A= Lapjjalbl

87% of the measured capacity,

A significant point of the capacitor test, wel
worth remembering, is that a capacitor which
will not balance on any of the ranges but allows
the eye tube to open on the low end of the low
range, is an open capacitor, A capacitor which
allows the eye to open on the high end of the
high range is a shorted capacitor. In either
case, there is no reason to carry the test any
further,
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voltage ratmg of the
capacitor \uu: four voltage positions below 25
volts are to be used for miniature electro-
lytics only), which is usually printed on the ca-
pacitor itself, Push the BRIDGE-LEAKAGE

auritoh tho TRAWANE wn aiti -~
switch to the LEAKAGE yqutxOﬁ and observe

the action of the eye tube. A sudden closing and
then return to normal shadow angle indicates a
satisfactory capacitor. A partially closed eye or

fluttering condition wouldindicate an intermittent

condition, If the eye stays closed the capacitor
is leaky.

NOTE: The eye may not open on some elec-
trolytics, especially large electrolytics. This
does not always mean the capacitor is shorted,

Refer to the Canacitor Current section which

ANTAT & WAT apavaiUi AL TIIL DT LAl vasAN As

follows,

ALfd . S P gy S Py T DRI
aller Lllb‘ ltﬁd.‘l&d.gﬁ tese, rewrn Lll!:' IODINLUNTE —

LEAKAGE switch to the DISCHARGE position.
When the eye tube opens, the capacitor under
test is discharged and safe to handle,

CAPACITOR CURRENT

The eye will close when approximately 2 milli-

anatn s an o o Aivand Avinmauant Anaum thrnanoh

alllpCLUD Uf VL TLUL LUl il cci a].C WL A vwil LiiL Uusll
the test circuit when checking electrolytic ca-
pacitors. Approximately 15 microamperes of
current are required to close the eye when
checking miniature electrolytics, and approxi-

AACURLILE, Aiiliiaden

mately 2 microamperes are required when
checking paper, mica, etc., capacitors,

Some electrolytic capacitors may allow 2 milli-
amperes of current to 0 through them and
still be satisfactory. In this case, the eye will
not open, showing the capacitor to be leaky or

shorted. Leakage current is calculated with the
following formula: 1= KxC + .3

I = milliamperes of maximum current through
the capacitor.

' — Aana 'f anna in afd
N - bap ALVEALIV W i Ay
K = constan relatlve to the voltage rating of
the capacitor, as follows:
3 to 100 volts K = .01

101 to 250 volts K = .02

251 to 350 volts K = .025

351 to 450 volts K= .04

EXAMPLE: 40 ufd capacitor rated at 450 volts,

bt
}

- KxC a4 2

£a S T g

I- .04x40+.3
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Connect a component of known value to the
EXT. STD. terminals, If the component to be
tested is a resistor, then the EXT. STD.

component must be a resistor; for checking ca-
pacitors the EXT. STD. component must be

a Ld.pdbll—().l CI.L lU.l b.ll.b‘blu.llg llluubl.d.ubb', use a
coil of known value as the external standard.
Set the RANGE switch to EXT. STD. and the
BRIDGE-LEAKAGE switch to BRIDGE. Adjust
+ha Ralanna tihe

2
L2 84— dIARLALI T LAAAS opening

UprCanaisge

When measuring resistance or inductance and
the pointer is on the left side of the scale,

multiply the value of the EXT. STD. component
by the pointer reading on the EXT. STD. scale,

I the pointer is on the right side of the scale,
divide the EXT. STD. component by the pointer
reading,

nnntnal fan ave
&U&L‘-r sa AL ~ J ~

When measuring capacitance, divide the value
of the EXT. STD. component by the pointer

reading when the pointer is on the left side;

multiply the value of the EXT. STD. compOnent
by the dial reading when the pointer is on the
right side.

To improve accuracy when checking small
capacitance values, connect a generator to the
EXT. GEN. terminals and push the GEN, switch
to the EXT, position, Set the generator at 1000
cps and set the RANGE switch to EXT. STD.

Balance the bridge for eye tube opening indica-

- Tyt
tion, K the pointer does not read "1" (center

of scale), add capacitance to the appropriate
terminals (TEST or EXT. STD.) until the

pomter is at center scale with

the
balanced, This capacitance should be left on
the terminals when checking small value ca-

pacitances on the EXT, STD, scale.

NOTE: When measuring inductance, an external
standard must be used as no internal inductance
is provided, The external standard inductance

achattld hava charantaniati $rmi
SHoULG dave chnaracieristics Slxlxllar tO ﬂlOSe O{

the inductance being measured. Multiply for
pointer readings on the left side of the scale
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and divide for readings on the right side of the

MEASURING TRANSFORMER TURNS RATIO

Connect either pair of leads (primary or sec-

E‘EST te-rmmals and the other
TD. terminals, (Interchanging

PE . PR

y aud secondary ieads uxuy results

Balance control for eye tube openmg.

Rand +ha MTITBNG RDATTN Adivactlyy an the BY_
4 WILIND WAL A WAL TULy Uld Wil Lea

TERNAL STANDARD scale,

i sl

Polarity is important when measuring turns
r,.tio, due to transformer action, That is, a
signal appearing in one winding will also appear
in the

be obiained, reverse the 1e-

In some cases, the ratio may be misleading.

This is due to the non-loaded condition of the

tha fila
(82 4 caa.ul.y;c, UIIT LiiA—

ment winding of a transformer might showup as
something otherthan18:1. Assuming the primary
winding is 117 volis and the filament winding is
6.3 volts, the turns ratio is equaltothe

VRAL 22n) 4 SAual

trnanagfarmoanr 1indoan toat an nvamnla
LA CQALIALU/L LAAT A UUIANAT & LE OV

1. Recheck the wiring. Trace each lead in
colored pencil on the Pictorial as it is
checked. It is freqguently helpful to have a
friend check your work, Someone whois not
familiar with the unit may notice something

nonaictantly
AJLEINT AVT L 2AL.

1 1 vorlanlkad hy thae aanatriintaer

n
LJ UYLidAVUULRLTWU VY WILV VULIOWE WLV

2. It is interesting to note that about 90% of the
kits that are returned for repair, do not
function properly due to poor connections
and soldering. Therefore, many troubles
can be eliminated by reheating all connec-
tions to make sure that they are soldered
as described in the Proper Soldering Tech-
niques section of this manual,

3. Make sure that all tubes light up properly.
4, Check the tubes with a tube tester or by

substitution of tubes known to be good,

art has been
wired into the c1rcu1t, as shown in the

other winding. If eye tube opening cannot
f .

e —
voltage (117 volts) divided by the secondary
filament windinoe vnltace (B ? vnlécl whirh ic
A AATALLANC AL v AAAU-I.IA& v \JA\»I‘EV \VQ ~ Y VLL‘J,, YYALAAN/A i~
approximately equal to 18:1,

(Vi o oY 1 X
EAL. URLN,

An external generator may be used for checking

components at frequencies other than internal

60 cps. Any audio generator capable of delivering

2 volts or more to the EXT. GEN. terminals

at the desired frequency may be used. Alarger

signal voltage will give a sharper null indication
nn tha avo tiihe

Uil T TYT o,

The maximum voltage that should be applied to
the EXT, GEN, terminals is 6 volts, measured

with tha ananitar O
¥YY auil

= hanlr er O
A vaya\ll‘U* Vl‘cbn

uyez atlll.s - Thc ull

loaded external generator voltage may be as
high as 10 volts, but the very low impedance of
this circuit permits a heavy current to be drawn,
which results in a large voltage drop, ’l"hp

frequency limit of this 01rcu1t is 10,000 cps.

eImen ;ber Tru uE:‘i‘t
e greatest errOr wﬂl occur at the nds
of the scales, Therefore for greatest accuracy,
a null indication on

[
)]
=3
©
-+
[=4

pictorial diagrams and as called out in the
wiring instructions,

6. Check for bits of solder, wire ends or other
forelgn matter wh:ch may be lodged in the

weriartrr o T
VWAE AiiM K

neath
Ay, (2L r. !

g
=2
a
[x]
o
B
)
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7. - ¥, after careful checks, the trouble is still
not located and a voltmeter is available,
check vn“'ngn readines agrainst those found

eadings agains
on the Schematic Diagram, NOTE: All
voltage readings were taken with an 11
megohm vacuum tube voltmeter, Voitages
may vary as much as 10% due to line

voltage var:atxons.

8. A review of the Circuit Description will
prove helpful in indicating where to look
for trouble,

dmlculty, refer to the Service and Warranty section of the
“Kit Builders Guide”, and to the “T'm-fnrv an'nr Serviee”

information on Page 31 of this Manual.
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REPLACEMENT PARTS PRICE LIST
To order parts, use the Parts Order Form fur- PART PRICE DESCRIPTION
nished with this kit, If Parts Order Form is not No., Each
available  refer to Replacement Parts in the Kit
Builders Guide, TUBES-TRANSFORMERS
PART PRICE DESCRIPTION o L e
No., Each 411-128 1,60  6BN8 tube
411-.120 2,85 SES tube
RESISTORS 411-156 1,25 6AX4 tube
51-80 1,75 Bridge transformer
1-3 .10 100 Q 1/2 watt 54-34-24 5,00 Power transformer
1=119 - a
17 10 680 9 1/2 watt CONNECTORS- TERMINAL STRIPS-SOCKETS
1-8 .10 820 © 1/2 watt U . ‘ L
1-9 10 1000 © 1/2 watt 100-16-2 ,10 Binding post cap, biack
1-44 10 2200 Q 1/2 watt 100-16.18 10 Binding post cap, red
1-16 10 4700 © 1/2 watt 427-3 .15 Binding post base
1-20 .10 10 KQ 1/2 watt 431-1 .10 Dual-lug terminal strip
i-25 .10 47 KQ 1/2 watt 431-12 .10 3-lug terminal strip
1-28 .10 100 KQ 1/2 watt 431-11 10 5-lug terminal strip
1-29 .10 290 K2 1/2 watt 431-16 .10 2-lug terminal strip
1-35 .10 1 megohm 1/2 watt 434-31 10 Octal socket
1-386 10 i. 5 megonm 1/& watt 434-12 .35 5—pul tube socket
2_83 .25 200 Q 1/2 watt 1% precision 434-717 .15 9-pin tube socket
2-35 .20 9000 © 1/2 watt l%precxsmn
2-38 .20 20 K0 1/2 watt 1% precision METAL PARTS-KNOBS
2-55 20 2 megohm 1/2 watt 1% pre-
cision 90-414 5.00 Cabinet
1-5-1 10 22 K@ 1 watt 200-525 .65  Chassis
1-18-2 .20 33 KO 2 watt 203-250-2 1,25 Front panel
1-10-2 20 47 KQ 2 watt : 462-97 .10 Lever switch knob
3-7-10 .30 10 K@ 10 watt wire-wound 455-50 .10 Knob bushing
462-245 .25 Knob
CAPACITORS 462-253 .95 Pointer knob
20-2 .15 200 puf molded mica
21-71 .15 .001 pfd disc ceramic 1400V
27-89 1,50 .02 ufd Mylar HARDWARE
23-59 .20 .05 ufd tubular
23-28 20 .1 pid tubular 250-2 .05 3-48 x 5/18" screw
23-56 .40 .5 ufd tubular 250-18 .05 8-32 x 3/8" screw
27-58 2,40 2 pfd Mylar 250-26 .05 6-32 X 5/8" screw
25-41 1.00 40 pfd 350 V electrolytic ~ 250-48 .05 6-32x1/2" screw
27-47 .20 .1 ufd Mylar 250-89 .05 6-32 x 3/8" screw
250-83 .05 #10 sheet metal screw
CONTROLS-SWITCHES 252-1 .05 3-48 nut
. 252-3 .05 6-32 nut
10.58 .35 100 K@ tab-mount control 252-4 .05 8-32 nut
11-101 1.55 1000 @ control, wire-wound 252-1 .05 Control nut
60-1 .15 SPST slide sw1tch 252-22 .05 Speednut
60-2 .25 DPDT slide switch 253-9 .05 #8 flat washer
62-15 2.10 3-—p031;1on lever switch 253-10 .05 Control flat washer
62-16 1.90 3-positio 1 ver switch 254.7 .05 #3 lockwasher
63-503 2,40 16-position rotary switch 254-1 .05 #6 lockwasher
63-504 1,30 S-pOSiti‘“‘x rotary switch 254-2 .05 #8 lockwasher



Hardware (cont'd.)

254-5 .05 Small control lockwasher
254-4 .05 Control lockwasher
255-1 .05 1/8" spacer

255-13 .05 1/4" spacer

259-1 05 #6 solder lug

259-2 .05 #8 solder lug

208-2 .10 Mounting clip

73-1 .10 Grommet

75-17 10 Binding post insulator
75-30 .10 Strain relief, round cord
75-71 .10 Strain rel'.ef, flat cord
89-23 15 Line cord

134-38 1,05 Wire harness

344.59 .05/it Hookup wire

e ———

PART PRICE DESCRIPTION
No. Each

207-53 .20 Tube retaining clamp
211-15 .20 Handle
261-9 .05 Rubber foot
421-20 .30 1/2 ampere slow-blow fuse
422-1 .25 Fuseholder
432-21 .40 Line cord adapter
331-6 .15 Solder
400-5 10 Nut starter
2.00 Manual (See front cover for

part numbher,)

The above prices apply only on purchases from
the Heath Company where shipment istoa U,S A,
dactinatinn AdAd 1N fminimiim 9K nantal +~ tha

MUIDLALACALAVELy 42WMW AV /0 \JIERALLIMIULLL L9 WVLIWD )7 W wiT

price when ordering from an authorized Service
Center or Heathkit Electronic Center to cover
local sales tax, postage and handling, Outside

the 1798 A nami‘e and sarvine aro availahle from
VAT W ghFesag AL LD GALIM UL YALT QRA T GAYRLIQAUAT il Uadl

your local Heathkit source and will reflect addi-
tional transportation, taxes, duties and rates of
exchange,
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THE WORLD'S FINEST ELECTRONIC EQUIPMENT IN KIT FORM




