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TYPICAL COMPONENT TYPES

This chart is a guide to commonly used types of elec- tions should prove helpful in identifying most parts and
tronic components, The gymbols and related illustra- reading the schematic diagrams.
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GENERAL DESCRIPTION

The Heathkit Mode! IB-28 Impedance Bridge isa
gself-contained, direet reading precisionlabora-
tory instrument designed for rapid andaccurate
measurement of resigtance, capacitance, induct-
ance, dissipation factors of condensers, and
storage factors of inductors,

The Heathkit Impedance Bridge is a self-
powered four-arm bridge of standard design
for use in laboratories, service shops and
schools, By use of switches, a number of basic
bridge circuits are obtained,

Resistance is measured with an internal well
filtered power supply operating directly from
105-125 volts AC, or 210-250 volts AC, 50/60
cycles, This supply uses a transformer, silicon
diode, and bridge rectifier,

A 100-0-100 microampere meter is used for
determining balance. A 2.2 @ resistor is shunted
across the meter for protection., This may be
cut out for final balance,

A built-in vacuum tube adjustable phase shift
generator supplies 1000 cycles for alternating
voltage measurements, A trimmer condenser
provides for setting the frequency of the oscil-
lator by means of a laboratory standard if de-
sired. Binding posts are available for con-
necting to an external generator for measure-
ments at frequencies other than 1 ke, Battery
type tubes are used so that a warming up period
is not required and also to eliminate change in
operating characteristics due to thermal effect,

The built-in vacuum tube detector unit and
meter rectifier make possible the use of the
meter for AC measurements thus making un-
necessary the usual headset or other device
for such measurements, Provision is made for
using an external detector when desirable,

Refer to the "Kit Builders Guide" for complete
information on unpacking, parts identification,
tools, wiring, soldering, and step-by-step
assembly procedures,
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HEA’I‘I—IKIT‘
SPECIFICATIONS
Circuit. L] L] - [ 4 - L] & 4 B & 4 & & ¥ & 4 ¥ N 4—arm impedance bridge'
DC Measurements, . . . & & s sseoanen Built-in power supply operating directly from

120 VAC, Panel binding posts provide for use of
external supply,

Meter, « v 4 4 & 4 ¢ snnnesennranans 100-0-100 microampere meter,

AC Measurements, , . . v v » ernnwore Built-in 1000 cycle vacuum tube oseillator,
Terminals on panel provide for connecting an
external generator for measurement at other
frequencies,

Detector, ., ., . ., . @ i tieeeiesnnnnen Vacuum tube detector and rectifier make use of
built-in meter. Panel binding posts provide for
connection to external detector,

Resgistance, , , , . . . . ... 0eiune. 0.1 © to 10 megohm,

Capacitance. , ., , . . . . ... . c0ien., 100 p1uf to 100 ufd,

Inductance, . . , . f f et re e 0,1 mh to 100 h,
Digsipation Factor (D) 0,002 to 1,
Storage Factor (@) 0.1 to 1000,

ACCUIACY, &4 4 4 4 v v s s o vuvansonsnsnss 1/2 of 1% decade resistors used, 1/2 of 1% silver
mica condensers used, Accuracyis limited more
by interpretation of scales and workmanship of
assembly, The following is normal;

Resistance +3%

Capacitance +3%

Inductance +10%

Dissipation Factor (D =w CR) +20%

Storage Factor (Q = w L/R) x20%

Accuracy will fall off at extreme outer limits,

Power Requirements, ., . . . v v o' vvvren. 105-125 VAC or 210-250 VAC, 50/60 cycles,
10 watts,

Tube Complement, . . . ., . . ¢...0v.re. 2 - 1U4and?2 - 114,

Power SUPPLY. o v ¢ v o ¢ v eovvmennnnn Power transformer, silicon diode, and bridge
rectifier,
Cabinet Size, . . . . . . .o i e i sen s 8" high x 17" wide x 6" deep,

Shipping Weight, . , . . v & 4 oeinussnnn 15 lbs,
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MEASUREMENTS

THEORY

A bridge ig an arrangement of impedances used
for measuring various electrical properties,
When usedfor direct current measurement of re-
sistance, the bridge generally takes the form
of the Wheatstone bridge with four resistance
arms, This is the standard wmethod for the
accurate measurement of resistance,

For the measurement of circuit constants at
audioc frequencies, the alternating-current
bridge is the most widelyused device. Measure-
ments of inductance and capacitance are made
conveniently and accurately by this method, The
type of AC bridge circuit used is determined by
the measurement tec be made, These circuits are
all adaptations of the fundamental Wheatstone
bridee circuit,

A characteristic of a coil or condenser whichis
of importance and which can be measured con-
veniently on an AC bridge, igthe ratioof resist-
ance to reactance, This ratio is defined as the
dissipation factor D, and its reciprocal is called
the storage factor Q, The defining equations are
as follows:
D=

L
M|
&

1l
(wil Fo
1l
o

where R and X are the seriesresistance and re-
actance of the inductance or capacitance being
measured,

Dissipation factor is directly proportionaltothe
energy dissipated per ecycle and storage factor
is directly proportional to the energy stored
per cyele, Dissipation factor is more commonly
used for condensers because it varies with the
loss, while storage factor is more commonly
used for inductors since it indicates the voltage
gstep-up in a tuned circuit,

i ¢

Figure 1

In its basic form the bridge consists of four im-
pedance arms A, B,C, D, Theratioof A and B is
adjustable so that the variable arm D servesas a
standard for measuring many values at C, The
four impedances are connected inseries-paral-
lel to a source of potential E between the junc-
tions of A and C, When the voltage drop across
arm A is equal to the voltage drop across arm
C, no current will flow through the detector
and the bridge is in balance, This condition of
balance may be indicated by the formula:

A_B
C D

Two conditions are necessary for balance, Both
the magnitudes of the impedances and the phase
angles must be equal,

By the proper use of resistances, condensers,
inductors or resistor-condenser combinations in
series or parallel, the bridge may be used for
measuring resistance, eapacity, inductance, dis-
sipation factor (D) and storage factor (Q),

In this bridge, selection of the various bridge
combinations is made by sefting the function
switch to the proper position, The ratioc arms of
the bridge are controlled by the range switch,
Balance is abtained by adjustment of the D& and
CRL dials,
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RANGE SWITCH,

SFC 2 REAR SEC ! REAFR
1-1€0K T'IDU-IUK
i
LEFLE T 36 T -JI-
CRL CO%TROL

RESISTANCE BRIDGE
(WHEIATSTONE)

Figure 2
RESISTANCE

After over a century of use the Wheatstone bridge
is still considered to be the fundamental cir-
cuit for the measurement of DC resistance, A
Wheatstone bridge of four resistance arms, the
fourth being the unknown, ig used for resistance
measurements, The basic equation of balance
for the Wheatstone bridge is:

RpR,
Ry = "Rp

Rpis read on the CRL control andthe ratio Ry /
Rp is read on the range dial, Thus the value of
the unknown resistance is the product of the
readings of the two dials,

CAPACITY

A Capacitance-Comparison bridge is used for the
measurement of capacity, This circuit utilizes a
1000 CYC_ES

RANGE SW. T
SEC ¢ REAR
1-100K

[

UNSHGWN

BETECTGR
0.1 WMFD

D-0 CONTROL 1,4 =

3EC 3 CRL CONTROL
16K

MAXWELL INDUCTANCE BRIDGE
{2 OF o-101

1000 C¥CLES
RANGE SWITCH
SEC 2 REAR
1-100K
LMNKNDWN
CETECTOR
20 CONTROL -
SEC 2 160D e i )
big oI CRL CONTROL
OR
SEC 3 ek
DAC-Tt 01 mED

CAPACITANCE BRIDGE
(COMPARISON!

Figure 3

standard condenser in series witha variable re-
sistance, Dissipation factor is alsc measured
with this circuit,

INDUCTANCE

The Maxwellbridge isused for measuring induct-
ances when the storage factor is below 10, In
this bridge, inductance is measured in terms of
capacitance, A condenser has some advantages
as a standard as it gives practically no external
field and is more compact,

For measuring inductances with storage factors
between 10 and 1000, the Hay bridge is used,
This is a modification of the Maxwell bridge, In
the Hay bridge, the condenser is in series with
the resistance, while in the Maxwell bridge, the
condenser is in parallel with the resistance,

1000 CYCLFS

RANGE SWITC

SEL 2 REAR

1- 106K

UNKNOWN
) DETEGTOR
0-¢ CONTROL 14 e
SEC 1 CRL COMTROL
165
0.1 MFD

HAY INDUCTANCE BRIDGE
¢ OF 16-10001

Figure 4
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NOTES ON ASSEMBLY AND WIRING

The quality of parts and design of the Heathkit
Mode! IB-28 Impedance Bridge place it in the
laboratory equipment class, When constructed in
accorddnce with the instructions in this manual
it will give many years of satisfactory service,
We therefore urge wyou to take the necessary
time to assemble and wire the kit carefully,

This manual is supplied to assist you in every
way to complete the instrument with the least
possible chance for error, We suggest you take
a few minutes now and read the entire manual
through before any work is started, This will
enable you to proceed with the workmuchfaster
when construction is started, We suggest you
retain the manual in your files for future refer-
ence, both in the use of the instrument and for
its maintenance,

UNPACK THE KIT CAREFULLY AND CHECK
EACH PART AGAINST THE PARTS LIST, In 50
doing, you will become acquainted with each
part, Refer to the charts and other information
shown on the inside covers of the manual to
help you identify anypartsabout which there may
be a question, If some shortage is found in check-
ing the parts, please notify us promptly,

ROSIN CORE SOLDEER HAS BEEN SUPPLIED
WITH THIS KIT, THIS TYPE OF SOLDER MUST
BE USED FOR ALL SOLDERING IN THIS KIT,
ALL GUARANTEES ARE VOIDED AND WE WILL
NOT REPAIR OR SERVICE EQUIPMENT IN
WHICH ACID CORE SOLDER OR PASTE FLUX-
ES HAVE BEEN USED, IF ADDITIONAL SOLDER
IS NEEDED, BE SURE TO PURCHASE ROSIN
CORE (60:40 or 50:50 TIN-LEAD CONTENT)
RADIO TYPE SOLDER,

Resistors and controls generally have a toler-
ance rating of £20% unless otherwise stated in
the parts list, Therefore, a 100 KQ resistor may
test anywhere from 80 KQ to 120 KQ, (The letter
K is commonly used to degignate a multiplier of
1000,) Tolerances on condensers are generally
even greater, Limits of +100% and -20% are
common for electrolytic condensers, The parts
furnished with your Heathkit have been specified
S0 as to not adversely affect the operation of the
finished instrument,

We strongly urge that you follow the wiring and
parts layout shown in this manual, The position
of wires and parts is guite critical in this instru-
ment and changes may seriously affect the char-
acteristics of the circuit,

STEP-BY-STEP ASSEMBLY

The econstruction of the Heathkit Impedance
Bridge is broken down into four parts: chassis
parts mounting and wiring, panel parts mounting
and wiring, wiring common to both chassis and
panel, and test and calibration, If the step-by-
step procedure is followed with the aid of the
figures and the pictorials, little difficulty should
be encountered in construction, Be sure to read
each step all the way through before vou start to
do it, When the step is completed, check it off in
the space provided,

We suggest that you do the following before any
work is started:

1, Go through the entire assembly and wiring
ingtructions, This is an excellent titme to
read the entire instructions through and
familiarize yourself with the procedure,

2, Lay out all parts so that they are readily
available,

MOUNTING OF PARTS ON CHASSIS

Refer to Figure 5 for the following steps,

NOTE: A plastic nut starter has been provided
with this kit, Use it to hold and start nuts on
screws, See Page 3 of the Kit Builders Guide
for more information,

{ ) Using 3-48 x5/18" serews and nuts (no lock-
washers) mount the four 7-pin sockets in
positions F, H, N and 8, Locate the blank
spaces as shown in Figure 5 (fold-out from
Page T) s0 as to have the sockets in the
best position for wiring, See Figure 6,
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ELANK

WIRBEIEIAG ON 7-FIN TUSE SOCKE]

Figure 6

) Using 6-32 x 3/8" screws, lockwashers and
nuts, mount the condenser mounting wafer in
position T, Under one of the nuts, in position
U, mount a 1-lug terminal strip as shown,
Under the other nut, mount a solder lug,
posgitioning as shown,

) Mount the meter rectifier in position V,
using a lockwasher and nut,

} In positions Q and R, mount a 1-lug and 4-
lug terminal stripusinga 6-32x3/8" screw,
lockwasher and nut,

) In the same manner, mount a 2-lug terminal
strip in position J,

) In position D, mount a 2-lug terminal strip
a8 shown,

)} In position C, mount a 2-1lug terminal strip
(vertical) as shown,

) Mount the trimmer condenser in position G,
using 6-32x3/8" screw, lockwasher andnut,

) Mount the power transformer in position B,
Position the leads as shown in Figure 5,
Under the nut in position A, mount a 4-lug
terminal strip using 6-32 x 3/8" screws,

} In position E, mount the 10 K& control {gen-
erator level control) with the switch on the
rear, Use lockwasher and nut as shown in
the diagram, Do not tighten this nut as it
will be used later for attaching the chassis
to the panel, S8ee Figure 7,

CONTRCL
MUT

&

PANE

COMTRC.
LGCKWASHER

NICKEL .
WASHER HOW TO MOUALT CONTROLS

AnD SWITIHES

Figure 7

( ) In the same manner, in position P, mount

the other 10 K2 control (zero adjust control),
Again do not tighten,

() Mount the 1000-1000 pfd condenser on the

mounting wafer in position T, The manner
of mounting is shown in Figure 8, Secure
the condenser to the wafer by twisting each
of the four mounting lugs about 1/8 turn
with the pliers, Hold the condenser firmly
against the wafer while twisting the lugs,

Solder the indicated condenser mounting lug
to the mounting wafer, This insures good
electrical contact,

COMDENSER MOUNTING
PMOUNT WAFER ON
OFPOSITE SIDE}

Figure 8
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Figure 9

{ ) Mount the bridge transformer on the top of
the chassis in position BT, as shown in
Figures 5 and 9, Use the #8 nickel washers
under the heads of the screws, Under the nut
in position L, mount a I-lug terminal strip
and a ground lug, Under the nut in position
M, mount a 4-lug terminal strip and a
ground lug., Use 6-32 x 3/8" screws, In
position K, use a 6-32 x1" screw and mount
the bridge rectifier under the nut using a
lockwasher,

WIRING THE CHASSIS

Read the Kit Builders Guide for wiring and
soldering information,

The leads on components such as transformers,
resistors and condensers are {requently longer
than necessary, When wiring these parts intothe
circuit, the leads should be cut to the proper
length, Not only will this resultin aneater look-
ing instrument, but in many instances proper
operation is impossible with long untrimmed
lead wires in critical parts of the circuit,

Unless otherwise indicated, insulated wire is
used in all steps, Remove 1/4" of insulation
from the end before attempting to connect or
solder a wire, Wherever there is a possibility
of the hare leads on resistors and condensers
shorting to other parts or to chassis, the leads
should be covered with insulated sleeving, This is
indicated in the instructions by the phrase, ""use
sleeving,"

(S) means solder,
(NS) means do not solder vyet,

Refer to Pictorial 1 for the following steps,

Reter to Figure 5 for the location of connhection
numbers,

NOTE: Perform conly one of the next two steps,
Use the step for the line voltage in your area,

{ ) If your line voltage is 105-125 VAC, con-
nect the black-red zand the black-yellow
transformer leads to Al {M8), Connect
the black-green and the black leads to A3
(NS),

{( ) If vyour line voltage is 210-250 VAC, con-
nect the black-red transformer lead to Al
(NS). Connect the black-green and the black-
vellow leads to A2 (8-2), and connect the
black lead to A3 (NS),

( ) Twist together the two orange leads of the
power transformer, Connect one of them to
J1 (NS) and the other omne to JZ2 (NS),

( ) Connect the short red lead from the power
transformer to C2 (NS),

{ ) Comnect the longredlead of the power trans-
former to L1 (NS).

{ ) Connect a short wire from J1 (8) to Ki
(vellow} on the bridge rectifier (8), It may
be convenient to remove the rectifier for
easier wiring to the lugs,
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} Connect ancther short wire from J2 (S)
to the other yellow lug K2 of the bridge
rectifier (S),

) Connect a wire from H7 (S) to T2 of the
filter condenser (NS),

) Run a short piece of bare wire between H1
(S) and H5 (NS).

) Connect a wire from H5 (S) to F7 (S).

) Connect a wire from H3 (NS} to D1 (NS),

) Strip the insulation from 1" of the end of a
piece of wire, Run the wire through Tl (NS)
to F5 (NS), Connect the other end of the wire
to the ground lug in position L (NBS),

) Connect a wire from E1 (S} on the generator
level control to F1 (NS),

) Connect one lead of a .02 ufd condenser to
F1 (NS). Conmnect the other lead of this
condenser to F3 (NS) use sleeving . Any
Youtside foil" or "ground" markings on
paper capacitors can be disregarded in
wiring this circuit, They may be connected
with either "polarity,"

L

Connect a 4,7 megohm resistor between F1
(S) and F6 (NS),

) Connect a wire from H3$ (NS) to M3 (NS),

) Comect a wire from the red lug of the
bridge rectifier, K3 (NS) to MI (NS),

} Using a short piece of bare wire, connect
the two black lugs, K4 and K5 of the bridge
rectifier together (NS), (This may already
be done in the rectifier in your kit,)

) Connect a wire from K5 (S) to L2 (NS).
) Comnect the positive lead (marked +} of the
100 upfd condenser to the red lug of the

bridge rectifier K3 (S) use sleeving .

) Connect the other lead of this condenser to
L2 (N8,

)

—

The 20-20 ufd 150 volt condenser has two
leads on the end marked positive (+). Con-
nect one of these leads to D1 (N8), Connect
the other lead from the same end to C1
(NS) and use sleeving on this lead,

Connect the leadon the other endof this con-
denser to L1 (NS},

Connect a 2,2 KR resistor (red-red-red)
from C1 (NS) to D1 (8),

Connect the cathode lead of a silicon diode
to C1 (S) and the other lead to C2 (N8). The
cathode end is marked with a color end, a
color dot, or a color band,

Connect one lead of a ,02 pfd condenser to
E3 (8), {(Use sleeving,) Connect the other
lead to D2 (NS),

Connect a wire from E2 (S) to HE (NS),

Referring to Detail 1A, prepare a 2,2 meg-
ohm (red-red-green) 1/2 watt resistor and
310 ppf condenser combination,

Connect this combination between H6 (S)
and H2 (NS},

Connect one lead of a 470 KQ resistor (yel-
low-viclet-yellow) to D2 (S} use sleeving ,
Connect the other lead to F2 (NS},

Connect the 220 KQ resistor (red-red-vyel-
low) from F2 {NS) to H3 (NS),

Connect the 880 K resistor (blue-gray-
yellow) from F3 (S) to H3 (),

Connect one of the 100 puf (,0001 uid)con-
dengers from F2 (S) to G2 (NS),

Connect one of the 470 KQ resistors (vellow-
violet-yellow) between F5 (NS) and G2 (8).

Connect another of the 470 KQ resistors
between F5 (NS) and G1 (N8),

Connect a 470 KR resistor between F5 (5)
and A4 (N8},
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) Connect a ,005 pfd condenser from Fé (8)
to Ad (NS).

)} Comnect a 100 gpf (0001 pfd) condenser
between G1 (8) and A4 (8).

) Connect a wire from L2 (NS) to R3 (NS),

) Connect the red lead of the meter rectifier
V to R3 {NS),

)} Connect the yellow lead of the meter recti-
fier V to lug R4 (NS),

) Connect a short piece of hare wire between
81 (S) and S5 (NS,

} Connect a piece of wire from 85 (S} to N7

(8),
) Connect 2 wire from S3 (NS) to R2 (NS),
} Connect a wire from R2 (NS) to M3 (NS),

} Connect a short piece of bare wire between
N1 (NS) and N5 (NS),

) Connect a piece of wire from N5 (S) to the
ground lug at M (INS),

) Connect a wire from ST (8) to T1 (NS).

) Connect a 220 © 2 watt resistor (red-red-
brown) between T1 (NS) and Ul (S).

) Connect a 220 O 2 watt resistor between T2
(NS) and UZ (NS).

) Connect a 68 Q resistor {(hlue-gray-black)
between T1 (S) and the solder lug at T (NS),

) Connect another 68 Q resistor between T2
(5} and the solder lug {NS),

} Connect a 22 K resistor (red-red-orange)
between R4 (NS) and Q1 (NS),

[ it
) Connect a wire from P3 (S) to R3 (8).

} Connect onelead of a 47 KQ resistor (yellow-
violet-orange) between P2 (8) (use sleeving)
and Q1 (NS),

) Connect one lead of a 100 K resistor
(brown-black-yellow) from P1 (S) (use
sleeving) to R2 (NS),

} Connect a ,02 pfd condenser between R4 (NS)
and 82 (NS),

) Connect a 10 K resistor (brown-black-
orange) between R2 (S) and 82 (8S).

) Connect a 1 megohm resistor (brown-black-
green) between R4 (3) and R1 (NS),

) Connect a 1 megohm (brown-black-green)
resistor between N6 {NS) and N1 (NS),

) Connect a third 1 megohm resistor between
R1 (NS) and 86 (NS),

) Connect one lead of a .02 ufd condenser to

N1 (NS) and the other lead of this condenser
to R1 (S).

) Connect a ,02 pfd condenser between N1 (S)

and N3 (NS) (use sleeving),

} Connect a 1000 puf (,001 pfd) condenser

between S6 {S) and N2 (NS),

) Connect a 470 KQ resistor (yellow-violet-
yellow) between N2 (S) and 83 (NS),

) Connect a 1 megohm resistor (brown-black-
green) between N3 (8) and 83 (8).

)} Connect a 1000 € resistor (brown-black-
red) between M1 (NS} and M2 (NS},

) Connect a 4700 @ 1 watt resistor (yellow-
violet-red) between M3 (NS) and M4 (NS),
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SWITCH NUMBERING

As seen from rear when mountee
45 in Figare 10

Figure 11
MOUNTING OF PARTS ON PANEL

Before mounting the parts on the panel, the switch
on the CRL control, #19-36 should have the re-
sistors mounted, The resistors should also be
mounted on the range switch, #63-514, It is im-
portant that the switch be in the proper position
before soldering the resistors in place, Refer to
Figure 10 (fold-out from Page 11) for switch
positioning and to Figure 11 for the system used
for numbering of contacts,

WIRING OF CRL SWITCH

{ ) There are nine 1 K precision resistors,
Connect one lead of a 1 KQ resistor to lug 8
of the switch on the CRL control, #19-36 (),

( ) Connect the other lead to lug 9of the switch
(NS),

() Connect a1 K resistor between lug 8 (S) and
lug 10 (NS),

( ) Connect a 1 K resistor between lug 10 (S)
and lug 11 (NS),

{ ) Connect a 1 KQ resistor between lug 11 (S)
and lug 12 (NS},

( ) Connect a 1 KQ resistor between lug 12 (S)
and lug 1 (NS),

{ ) Comnect a 1 K2 resistor between lug 1 (S)
and lug 2 {NS),

{ )} Connect a 1 K@ resistor between lug 2 (S}
and lug 3 (NS),

( ) Comnect a 1 K resistor between lug 3 (S}
and lug 4 {NS),

{ ) Connect a 1 KQ resistor between lug 4 (S)
and lug 5 (NS).

( ) Comnect a wire between lug 5 of the switch
(8) and the center lug of the 1200 £ control
on the rear of the switch (S}, See Figure 10,

This completes the preliminary wiring of the
CRL switch,

WIRING OF RESISTORS ON RANGE SWITCH

{ ) Connect one lead of a 9 K precisionresis-
tor to R1R3 (8). (Be sure the switchis in the
proper position,) R1IR3 means range switch,
first deck (counting from panel out), rear of
deck, contact #3,

( ) Connect the other lead to R1IR12 (NS), (Use
sleeving,)

( ) Connect a 900 Q precision resistor between
RIR12 (S} and R1R11 (NS},

{ ) Connect one lead of 2100¢) precision resis-
tor to R1R11 (8).

( ) Connect the other lead to R1R10 (NS).

( ) Connect a 1 © precision resistor between
R2R8 (NS} (use sleeving) and R2R6 (NS),

{ ) Connect a 9 © precision resistor between
R2RE (S) and R2R5 (NS},
( ) Connect a 90 £ precision resistor between

R2ZR5 (S) and R2R4 (NS).

( ) Connect a 900 Q precision resistor between
R2R4 (S) and R2R3 (NS),

{ ) Connect a 9 KQ precision resistor between
R2R3 (S) and R2R2 (N8S),

( ) Connect a 90 KQ precision resistor between
R2R2 (S) and R2R11 (8),

This completes the preliminary wiring of the
range switch,
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Refer to Pictorial 2 for the following steps,

( ) Mount the binding posts on the terminal
board insulator as shown in Figure 12,
Position the binding post red and black
caps and the solder lugs as shown in the
Pictorial,

( ) Using 6-32 screws, lockwashers and nuts,
mount the terminal board insulator on the
top of the panel in position TS,

{ ) Referring to Figure 13, mount the binding
posts in positions BP-1, 2, 3, and 4as shown
in Figure 10,

{ ) Using 6-32 x 3/4" screwsand1/2" spacers,
mount the CRL mounting bracket on the
panel in position CC,

( ) Mount the CRL control onthe CRL mounting
bracket, Do not use a control nickel washer,

( ) Mount the range switch, #63-514, inposition
DB as shown in Figure 7 on Page T,

Similarly mount the following components,

( ) Mount the function switch, #63-515, inposi-
tion FS,

{( ) Mount the DQ control in position DC, This
is the 3-gang control,

{ ) Mount the generator switch, #63-513, in
position GS,

{ )} Mount the detector switch, #63-512, in
position DS,
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Figure 13

() Mount the 100-0-100 microampere meter in
position MM using the washers and nuts pro-
vided with the meter, Use the #8 solder lugs
on the meter terminals, BRemove and dis-
card anywires between the meter terminals,

WIRING OF THE PANEL

The accuracy of the bridge is dependent on the
wiring, Heavy bus wire is provided for wiring
the switches, The resistance of the wiring is
held to a minimum by the large bus wire, The
capacity of the wiring is held to a minimum by
using an open, rigid style of wiring as shown in
the pictorial, Notice carefully the proper posi-
tions of the switches on the panel, Alsothe pro-
per numbering of the contacts on the switches,
The switches are shown in the schematie in the
satne positions asthey appear on the panel, Check
with this as well as with the pictorial, Make
a good mechanical and electrical joint of each
connection. Poor connections will impair the ac-
curacy of the bridge,

Before wiring the panel, place one endof the bus
wire in a vise and pull the other end with a
pair of pliers. Pull until the wire stretches,
This will remove any kinks and will stiffen the
wire, resulting in a better and neater job of
wiring,

Proceed carefully, as once the swiitches are
wired, it is very difficult to change the con-
nections to correct an error,
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( ) Run a piece of bus (heavy solid wire) from
CC6 (8) through F1R6 (NS) to F2RE (NS),
Now solder F1RS,

( ) Connect F1F5 (S} to R1R1 {S)and R2R1 (NS),
Use bus,

{ ) Connect F1F3 (S) to TS2 (8). Use bus.

( ) Connect FIR2 (8) tc TS1 (S). Use bus,

( ) Run one end of a piece of bus wire through
F2F4 (NS) to F2R4 (8). Now solder F2F4,

{ ) Connect the other end to R2R8 (S).

( ) Run a piece of bus wire through F3R12,
F3F12, F2F12, F1R12 to F1F12, Now solder
all but F3R12,

( ) Run a bus wire from F2R1 (S) toR1R10 (8).

{ } Using insulated hookup wire, connect R1F7
(S) to G1R4 (S).

( ) Again using insulated wire, connect RZFQ
(S) to G2R12 (8},

( ) Run a bus wire from R2R1 (8) to D7 (S).

( ) Using insulated wire, connect MM2 (S)
{negative terminal of the meter) to D11

(8).

{ ) Comnect a bus wire from F2R6 (S) to G2R4
(S).

( ) Run a bus wire from CRL3 (8) through MM1
(NS) to FIR9 (NS), Now sgolder MM1,

} Connect one lead of a .1 jfd precision con-

denser to F1RS (8), (Use sleeving,)

Connect the other lead to F3R5 (NS), (Use
sleeving,)

Run a bus wire from F3R5 (S} to lug 2 of
DQ1 (8).

Run a bus wire from F3R3 (8) to lug 3 of
DQ1 (8).

Run a bus wire from F3F6 (NS) through
lug 2 of DQ3 (NS) to lug 2 of DQ2 (S), Now
solder DQ3,

Run a bus wire from F3F9 (8) through F3RS
(8) to lug 1 of DQ3 (8),

Run a bus wire from F3R11 (8) to lug 1 on
D@2 (8),

Run a bus wire from F3R12 (S8} to G2R10
(8).

Connect one lead of a ,01 pfd (10,000 puf)
precision condenser to F3F6 (S), (Use sleev-
ing,)

Connect the other lead to F3F4 (NS), (Use
sleeving,)

Run a bus wire from F3F4 (S) to MM1 (S),
The connection to MMI1 is best made by
wrapping the wire from F3F4 around the
wire from MMI near the solder lug,

The panel is now mounted on the chassis
by removing the nuts on the two controls
mounted on the chagsis, The panel is put in
place and the nickel! washers and nuts put
on the controls, It may be necessaryto omit
the lockwashers on these two controls be-
cause of the extra thickness of the paneland
chassis,
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WIRING COMMON TO PANEL AND CHASSIS

NOTE: Use insulated hook-up wire unless other-
wise specified, Numbers refer to Pictorial 3,

@( ) Connect the yellow lead of the bridge

coupling transformer to R1F4 (S),

} Caonnect the red leadof the transformer

to R1F9 (S).

) Connect a wire from R2F7 {(S) to M4 (8),

) Connect a wire from R2F12 (S) to M2

(8),

} Comnect a wire from D3 (S} to BP1 (S),

} Connect a wire from BP2 (8)to the sol-

der lug at T (S).

) Connect a short piece of bus wirefrom
the ground lug at M (NS} tothe bus wire
on the positive terminal of the meter M1
{S). The last connection is made by loop-
ing the end of the short wire securely
around the wire from the meter soasto
make a good mechanical connection,

) Connect a ,02 ufd condenser from G2R5
(NS} to ground lug at L. (NS),

) Connect a 2,2 €Q resistor (red-red-gold)
between D10 (8) and the ground lug at
M (8),

)} Connect 21000 uuf{,001 ufd) condenser
from N6 (3) (use sleeving) to D8 (S).

) Connect a wire from Q1 (S) to D12 (S},

) Connect the blue lead of the bridge
transformer to G1R10 (S),

()¢
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} Strip 1" of insulation from one end of a
piece of wire, Pass this through G1R5
(NS) to G2R5 (8). Now solder G1RS5,

) Connect the other endof the wireto BP4
(S},

) Again strip 1" of the insulation from a
piece of wire, Pass it through G2ZR6 (NS}
to G1F6 (8), Now solder G2RS,

} Connect the other end to L1 (S).

) Connect a wire from G1R3 (S) to M3 (S},

} Run a piece of bus wire from G2R2 (S}
to BT1 (8),

) Run a wire from GIF1 (8) to U2 (S),

) Run 2 wire from G1F12 (8) to M1 (S),

) Strip 1" of insulation from one end of a
piece of wire, Pass this through GiR11
(NS} to G2R11 (S). Now solder G1R11,

) Connect the other end to BP3 (8),

) Run a piece of bus wire from G2RS8 (S)
to BT2 (S),

) Connect a wire from G1F7 {8) to the
ground lug at L (8),

) Connect a wire from GIR9 (S) to H2(S),
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( ) Using a round speednut, mount the pilot

lamp in position DL, Refer to Figure 14,

{ ) Connect one lead of the pilotlamp to 1.2
(8),

( ) Connect the cther lead of the pilot lamp
to C2 (8),

NOTE: Observe that the two edges of the flat line
cord are different, One edge is smocth but the
other edge is ribbed for identification.

( ) Separate the 3 wires of the line cord for a
distance of 8'"from the free end, Then cut off
the green lead and the ribbed lead 6-1/2"
from the free end of the line cord, Remove
1/4" of insulation from the ends of the three
wires and melt a small amount of solder on
the end of each to keep the fine strands to-
gether,

( ) At a point 14-1/2" from the end of the line
cord, position the strain relief as shown in
Figure 15, which shows the strain relief
(#75-71} for the flat line cord supplied with
the kit, If you are using a round line cord,
use the other (#75-30) strain relief,

( ) Insert the free end of the line cord through
hole W from the rear of the chassis; then
install the strain relief in hole W as shown,

} Connect the smooth line cord lead toE4 (S),

) Solder the green line cord wire tothe eyelot
in the mounting foot of terminal strip A (8),

) Connect the ribbed line cord lead tg A3 {8,

) Connect an insulated wire to E5 (8), Wrap
this wire around the smooth line cord lead
and connect it to Al (8),

) Install the DQ knob, Use B-32 set screws, A
reasonable degree of accuracy may be ob-
tained by simply setting the knob at zerc at
the extreme end of rotation of the control,
If maximum accuracy is desired, do not
tighten the DQ knob setscrew securely at
this time, Calibration instructions will ap-
pear later,

) Install the CRL control ring and knob, Use
8-32 setscrews,

) Using #6 self tapping screws, mountthe two
stationary pointers for the DQandCRL con-
trols,

) Adjust the ring of the CRL control so the
numbers line up with the stationarypointer,
The knob will be adjusted later,
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Refer to Figure 16 for the following steps,

The remaining knobs supplied with this kit use
knob bushings that provide permanent positive
action without the use of setscrews, In the fol-
lowing steps, you will install knobs on the six
remaining panel shafis, Perform these steps
carefully, since itis difficult to remove a bushing
from a knob once it is fully inserted,

( ) Place a knob bushing on each of the six
shafts; the spring tab on the bushing should
face outward,

{ ) Turn each control shaft except the Detector
switch shaft to its full counterclockwise po-
sition, The Detector switch shaft should be
positioned at the most clockwise position,

( ) Press knobsfirmly onto the control bushings
with the white index marks of the knobs po-
sitioned to agree with the knob index marks
shown in Figure 19,

{ ) Remove the knobs with the bushings still
inserted in them; then drive the bushings
into the knobs, Use a nutdriver, or other
appropriate size tool, as shown,

( )} Reinstall each knob on the proper control
shaft,

IESTALL FERI
AS SROWH

Figure 17

( ) Install the rubber feet in the bottom of the
cabinet as shown in Figure 17,

{ ) Install the 11.4 and 1U4 tubes in their proper
sockets, Scc Figure 9 on Page 8,

IMPORTANT WARNING

MINIATURE TUBESCANBE EASILYDAMAGED
WHEN PLUGGING THEM INTO THEIR SOCK-
ETS. THEREFORE, USE EXTREME CARE
WHEN INSTALLING THEM, WE DO NOT
GUARANTEE OR REPLACE MINIATURE
TUBES BROKEXN DURING INSTALLATION,

( ) Two alligator clips with banana plugs are
provided as test leads. These plug into the
terminals of the bridge as shown in Fig-
ure 18, The unknown may then be clipped
between them,

: \\\\f
"
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Figure 18
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{ ) After making the initial adjustments, install
the instrument in the cabinet and fasten with
two #6 self tapping screws through the rear
into the chassis, and with seven #6 screws
through the panel into the cabinet,

NOTE: The blue and white identification label
shows the Model Number and Production Series
Number of your kit, Refer to these numbers in

any communications with the Heath Company;
this assures you that you will receive the most
complete and up-to-date information in return,

( ) Carefully peel away the paper backing from
the blue and white identification label, Then
press the label firmly into place onthe rear
of the cabhinet,

INITIAL ADJUSTMENTS

Plug the line cord into 50/60 cycles AC outlet of
the proper voltage, SERIOUS DAMAGE TO THE
TRANSFORMER WILL RESULT IF PLUGGED
INTO A DC SUPPLY, Turn on the power switch
on the GENERATOR LEVEL control,

CAUTION: The circuit ground and the case of
this instrument are both connected to the power
line ground through the green wire of the line
cord, Always connect the ground test lead of
this device to the chassis, or ground, of the
circuit being tested or measured,

The oscillator circuit is designed to operate
somewhere between 800 and 1200 cps, The actual
frequency will depend onthe components. A trim-
mer condenser is provided so that thefrequency
may be set at approximately 1 kc by use of an
audio generator, The most convenient methodis
to use an oscilloscope, Set the audio generator
at 1 ke and connect it to one set of plates of the
oscilloscope, Connect the terminals ontop of the
bridge to the other set of plates of the oscillos-
scope. Set the GENERATOR switch at AC
INTERNAL, the DETECTOR switch at AC IN-
TERNAL, the GENERATOR LEVEL c¢ontrol
clockwise, the FUNCTION switch at L-DQand the
RANGE switch at 1h, Adjust the trimmer untila
circle or ellipse appearson the oscilloscope, The
bridge generator frequency is then equal to the
frequency of the audio generator,

If an oscilloscope is not available, headphones
may be used, The output of the audio zenerator
and the bridge oscillator may be fed into the ear-
phones and the trimmer adjusted until zero beat
is heard, The frequency of the bridge oscillator
will then equal the frequency of the audio oscil-
lator, The bridge may still be used even if an
audic oscillator is not available, Tighten the
trimmer condenser by turning the serew elock-
wise, Then turnthe serew1,/2 turn eounterelock-
wise, This will set the oscillator at approxi-
mately 1 ke, Later adjustment may be made
when, additional equipment is available,

The CRL control is set as follows, Check the zero
setting of the galvanometer, Set the FUNCTION
switch to R. Set the GENERATOR switch to DC
INTERNAL and the DETECTOR switch to DC
SHUNT, Set the RANGE switch to 100 @ on the
R gscale, Set the ring of the CRL control to 5, .
Connect the 550 @ precision resistor supplied
for calibration across the terminals on the top
of the bridge, Rotate the knch of the CRL control
until the galvanometer does not move when the
DETECTOR switch iz moved to DC METER
position, The switch is spring loaded in this
position so it will return to DC SHUNT position.
when released, Now loosen the CRL control knob
and rotate it until it reads .5 on the stationary
pointer, The CRL dial now will read 3,5, Tighten
the CRL control knob and again checkte see that
the meter does not move when the DETECTOR
switch is moved to DC METER position, Repeat
the adjustment until the meter doesnot move, The
CRL control is now get and ready for use,
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If greater accuracy of the DQ control calibration
18 desired (more than that obtainabte by simply
zero-setting the knob), proceed in the following
manner:

1, Set up the controls as outlined for the CRL
calibration, Remove the 550 Q precision re-
sistor from the terminals on top of the
bridge,

2, Disconnect the end of the wire connecting lug
2 of the rear sectionof the DQ control to lug
6 on the rear deck of function switch FS at
the switch,

3. Temporarily connect a jumper wire (clip-
leads will suffice, if available) betweenlug 1
of the rear section of the DQ control and lug
1 of terminal strip TS on top of the bridge,
Connect another lead between lug 2 of the
Same rear section and lug 2 of the binding

post strip {the red post). Turnon the power,
Set the CRL controls to read 160 © and ad-
just the DQ control to bring the meter to
zero {this will occur near the 0.1 mark on
the DQknob}, Verifythis adjustment by turn-
ing the DETEC TOR switch toDC METER, No
pointer movement is noticeable at exact
zero, The adjustmentiscritical, souse care,

When the bridge has been balanced, note the
position of the 0,1 mark on the DQ dial with
respect to the pointer, Correctthe knob set-
ting to read exactly 0.1 and rebalance the
bridge to check, A double check may be made
by turning the RANGE switch t01000 8, The
bridge should balance at 1,0 on the DQ dial,

When calibration is complete, remove the
jumpers and reconnect the proper leads to
the control and the switch FS,

OPERATION

CAUTION: The cireuit ground and the case of
this instrument are both connected to the power
line ground through the green wire of the line
cord, Always connect the ground test lead of this
device to the chassis, or ground, of the circuit
being tested or measured,

PC Resistance Measurements

1, Plug in the cord and turn on the switch
mounted on the GENERATOR LEVEL con-
trol,

2. Check the zero setting of the galvanometer,

3. Connect the unknown resistance to the
terminals on top of the bridge,

4, Set the FUNCTION switch to R,

8, Set the GENERATOR switch to DC INTER-
NAL,

6. Set the DETECTOR switch to DC SHUNT,

7. Set the CRL DIAL to zero,

For greater indicating accuracy of DC resist-
ance measurements, external batteries may be
used as follows:

Provided the CRL dial is not turned below 1, the
following external battery voltages in series with
additional resistance may be used:

On multipliers

not more than

0.18,1,09, 100, 100 Q,. 871/2V,,..... notless than 1500 chms,
1K i is it e n e 135V, . ., ..., not less than 4000 ohms.
10 K2, 100 K2, 1 Megohm, ., 2021/2V,.,.,.., not less than 8500 ohms,

in series with
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8, Set the RANGE switch (CRL multiplier dial) will probably be of the order of ,02 §2, The
to the setting that results in minimum de- lead resistance can be partially eliminated
flection of the galvanometer, Choose the set- by connecting the resistance directly to the
ting that gives a reading to the left of the binding post, Cleaning the leads alsohelpto
zero mark, minimize errors in lead resistance, When
measuring low resistance, the internal re-
8. Turn the rim of the CRL control for approxi- sigtance of the bridge should be subtracted
mate halance, then continue with the center from the measured value of resistance to
knob for further balance, give the corrected value,
10. For final balance, turn the DETECTOR Inductance Measurements ot 1000 Cycles
switch to DC METER,
1, Connect the unknown inductor to the termi-
11, Multiply CRL reading by multiplier setting nals on top of the bridge,
of the RANGE switch to find the resistance,
For resistance measurements below 1 , it 2. Set the GENERATOR switch to AC INTER-
is recommended that an external galvanom- NAIL,
eter of greater sensitivity be used,
3, Set the DETECTOR switchto AC INTERNAL,
Low resistance measurements are subject 4, Set the FUNCTION switch to L-DQ, Set the
to errors due tothe internal resistance of the D@ dial at 50%,
bridge and resigtances of the contacts and
leads, The internal resistance of the bridge 5. Set the AC ZERO control so that the meter

can be measured by shorting the unknown
terminals with a piece of heavy wire and
balancing the bridge in the usual manner, It

reads 100 microamperes counterclockwise,
The GENERATCR LEVEL control shouldbe
in counterclockwise while this is done,
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6., Set the GENERATOR LEVEL control sothat
the meter will move about half scale,

7, Bet the RANGE swiich so that the meter will
read maximum counterclockwise,

8. Alternately adjust the CRL and DQ dials
until the meter reads maximum counter-
clockwise, Move the GENERATOR LEVEL
control clockwise as balance is approached
sc that atfinal balance it will be in maximum
clockwise position, If the DQ setting tends to
go above 10, get the FUNCTION switch to
L-Q and again balance as above,

9, Multiply the CRL reading by the multiplier
setting of the RANGE switch to find L, @ is
read directly from the DQ or Q scale,

Inductance measurements at other frequencies
may be made by using an external generator, Set
the GENERATOR switchto EXTERNAL GENER-
ATOR and measure as outlined for 1000 cycles,

Capucitance Measurements at 1000 Cycles

1, Connect the unknown capacitance tothe ter-
minals on top of the bridge,

2, Set the GENERATOR switch to AC INTER-
NAL,

3. Set the DETECTOR switchto AC INTERNAL,

4. Set the FUNCTION switch to C-DQ, Set the
D@ dial to zero,

5. Set the AC ZERO control sc that the meter
reads 100 microamperes counterclockwise,
The GENERATOR LEVEL coutrol should be
in counterclockwise position while this is
done,

6, Setthe GENERATOR LEVEL control sothe
meter will read about half scale,

7. BSet the RANGE switch so that the meter will
read maximum counterclockwise,

8, Adjust the CRL and DQ dialsuntil the meter
reads maximum counterclockwise, The
GENERATOR LEVEL control should be
moved clockwise ag balance is approached
go that at final balance it is in maximum
clockwise position, If the DQ setting tends
to go helow one, set the FUNCTION switch
to CD and again balance as above,

9. Multiply the CRL reading by the multiplier
setting on the RANGE switch tofindC, Read
D directly on the D@ dial,

Capacitance measurements at frequencies other
than 1000 cycles may be made by using an ex-
ternal generator and following the method out-
lined above,

The CRL reading is independent of freguency.
Dissipation factor andstorage factor both depend
upon frequency, however, so a correctionfactor
must be applied to the D-Q readings, For 1 ke,
the D and Q readings are direct. For frequencies
cther than 1 ke, the dissipation factor D is ob-
tained by multiplying the observed value of Dby
the frequency in kilocyeles, Storage factor Q at
any frequency is the obgerved value on the DQ
dial multiplied by the frequency in kilocyeles
or the observed value onthe Qdial divided by the
frequency in kilocyeles,
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IN CASE OF DIFFICULTY

1, Check the wiring by following each wire on
the pictorial and in the instrument, inspect-
ing the soldered conncetions on each end and
then checking off that wire on the pictorial
with a colored pencil, This will reveal mis-
takes and omissions in wiring, which is the
most frequent cause of difficulties, Qiten
having a friend check the wiring willreveal
a mistake congistently overlooked,

2. Check the position of the switches on the
panel and be sure they are in the proper
position,

3. Check the tubes,

4, Check the voltages hetween tube socket
terminals and chassis, The readings should
come reasonably close to the values tabu-
lated below, if & vacuum tube voltmeter with
11 megohm input resistance is used, Other
type meters may give considerably lower
readings, If a voltage reading fails to check
with the tabulation, investigate the portion
of the eircuit involved by checking the re-
sistors and condensers,

Refer to the Kit Builders Guide for Service and
Warranty information,

VOLTAGE CHART

GENERATOR
F 0

Pin 3

45-50

H 1,4-1,45

100-110

DETECTOR
N

35-40

S

* - Negative with respect to chassis,
NC - No connection,
NS - Not significant,

All measurements made with GENERATOR
LEVEL control set at maximum, GENERATOR
switch at AC INTERNAL, DETECTOR switch at

100-110

AC INTERNAL, FUNCTION and RANGE switches
in maximum clockwise position,

Unless otherwise indicated, all voltages are
positive and measured to chassis,

Line voltage - 115 volts, 60 cycles,

BIBLIOGRAPHY
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REPLACEMENT PARTS PRICE LIST

PART PRICE DESCRIPTION PART PRICE DESCRIPTION

No, Each No, Each
COMPOSITION RESISTORS CONTROLS-SWITCHES
1-2 .10 68 0 1/2 watt 10-262 .90 10 K& control
1-9 .10 1 KO 1/2 watt 63-512 3,30 4-pos, detector switch
1-44 .10 2,2 K& 1/2 watt 63-513 3.55 d4-pos, 2 sec¢, gen, switch
1-20 10 10 K& 1/2 watt 63-514 3,50 8-pos, 2 sec. range switch
1-22 10 22 K 1/2 watt 63-515 4,05 5-pos, 3 sec, function switch
1-25 10 47 KQ 1/2 watt 13-2 5,70 165-1600-16 KQ control
1-26 .10 100 KQ 1/2 watt 19-36 5.00 1200 @ control w/10-pos,
1-29 .10 220 K@ 1/2 watt switch
1-33 .10 470 K 1/2 watt 19-127 2.45 10 KQ control w/switch
1-34 .10 680 KQ 1/2 watt
1-35 .10 1 megohm 1/2 watt B N
1-37 .10 2.2 megohm 1/2 watt METERS-TUBES-LAMPS
1-71 10 4,7 megohm 1/2 watt 407-¢ 11,15 100-0-100 microampere
1-24-1 10 4700 © 1 watt meter
3-5-2 10 2.2 Q2 watt 411-56 1,55  1U4 tube
1-13-2 15 220 Q 2 watt 411-57 1,50  1L4 tube

412-24 1.10 Pilot 1lamp

PRECISION RESISTORS

2-1 .70 191/2% TRANSFORMERS-RECTIFIERS
2-2 .70 80 1/2%
2-3 o] 90 © 1/2% 51-16 5.05 Bridge transformer
2-4 .70 100 © 1/2% 54-56-24 3.95 Power transformer
2-59 (] 550 ©Q 1/2% 57-27 .50 Silicon digde
2-5 .70 900 © 1/2% 57-6 1,30 Meter rectifier
2-6 .60 1 K 1/2% 57-12 1.90 Bridge rectifier
2-7 B0 9 K@ 1/2%
2-10 10 90 K@ 1/2%

SOCKETS-TERMINAL STRIPS-KNOBS
CONDENSERS 434-15 A0 T-pin miniature socket

75-6 .40 Terminal hoard insulator
31-9 .45 300-450 ppf trimmer 431-1 10 1-1ug terminzl stirip
20-11 .20 100 ppf (L0001 pfd) 431-2 10 2-lug terminal strip
21-14 .10 .001 pfd (1000 upf) 431-51 A0 2-lug terminal strip
23-2 A5 005 pfd (5000 u i) (vertical)
20-27 1.45 .05 nufd precisionh mica 431-5 .10 4.]ug terminal strip
23-8 .20 02 ufd 455-50 10 Knob insert
20-28 8,65 .1 pfd precision mica 462-245 25 Pointer knob
20-112 .25 310 ppf 500 v mica 462-283 2.25 DQ knob
25-1 1,00 20-20 ptfd 150 v 462-284 2,05 CRL knob
25-28 .60 100 pfd 50 v 462.285 1.45 CRL ring

25-26 1.75 1000-1000 pfd € v 463-5 1,05 Stationary pointer
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EHHEATEIILIT:
PART PRICE DESCRIPTICN
No, Each
HARDWARE
2502 .05 3-48 x 5/18" machine screw
250-8 .05 #6 x 3/8' sheet metal screw
250-9 .05 6-32 x 3/8" machine screw
25013 .05 6-32 x 1" machine screw
250-29 .05 6-32 x 3/4'" RHMS
252-1 05 3-48 nut
252-3 .05 6-32 nut
252-1 .05 Control nat
252-13 .05 Round speednut
253-9 Kb #8 washer
253-10 .05 Contraol nickel washer
254-1 .05 #6 lockwasher
254-6 .05 #8 external lockwasher
254-4 05 Control lockwasher
255-15 .05 #6 x 1/2" spacer
259-1 .05 #6 solder lug
259-2 .06 #8 solder lug

SHEET METAL PARTS

200-528 2,00
203-542 2,40
204-52 .10
90-417 6,20

WIRE

340-3 ,05/1t
344-59 L05/tt
346-1 .05/1t
89-23 75

Chasgis

Panel

CRL mounting bracket
Cabinet

Rell #16 bus wire

Roll hookup wire

Length spaghetti (sleeving)
Line cord

PART PRICE
No, Each

DESCRIPTION

MISCELLANEQUS

T5-17 .10 Binding post insulators
75-30 .10 Strain relief, round cord
75-71 10 Strain relief, flat cord
100-18-2 .10 Binding post cap, Mack
100-16-18 ,10 Binding post cap, red
261-1 .05 Rubber foot

427-3 .10 Binding post base
432-27 .40 Line cord adapter
438-14 .35 Banana clip

481-1 ,10 Condenser mounting wafer
331-8 15 Solder

490-5 .10 Nut starter

595-995 2,00  Manual

The above prices apply only on purchases from
the Heath Company where shipment is toa U,8,A,
destination, Add 10% (minimum 25 cents) to the
price when ordering from an authorized Service
Center or Heathkit Electronic Center to cover
local sales tax, postage and handling, Qutside the
U.5.A, parts and service are available from your
local Heathkit source and will refiect additional
transportation, taxes, dutiess and rates of
€Xchange,
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