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Specifications

RANGES OF MEASUREMENT

ACCURACY

20 Hz to 20 kHz+

oC

Lapacitance

1 pF to 1100 uF, series or
paraliel, 7 ranges

+1% =1 pF

inductance

1 uH to 1100 H, series or
parallel, 7 ranges

=1% =1 uH

= 0.2 4k

Resistance

ac ordc, 1 mQ to 1.1 MQ,
7 ranges

1% =1 mg

#1%, 1 £ to 100 k02, ext supply or =2 1 mif
deltegctor required >100 kQ and
<10,

Conductance

ac or de, 1 nanomho to 1.1
mhos, 7 ranges

*1% =1 nanomho

+1%, 10 micromhos to 1 mbho,
ext supply or detector required
< 10 micromhos.

Dissipation Factor, D, at 1 kHz,

0.001 to 1 of series C,
(.1 to 50 of parallel C.

5% =*0.001 at
1 kHz and lower

Storage Faclor, Q, at 1 kHz,

0.02 to 10 of series L,
1 to 1000 of paraliel L,

1
— accurate to
Q

+5% #0.001 at
1 kHz or lower

+ Bridge operates up to 100 kHz with reduced accuracy.

GENERAL

Generator: internal; 1 kHz =2%. Type 1310 or 1311 Oscillator
recommended i exiernal generator is reguired. internal dc sup-
ply, 6 V, 60 mA, max.

Detector: Internal or external; internal detector response fiat or
selective at 1 kHz; sensitivity control provided. Type 1232-A
Tuned Amplifier and Null Detector is recommended if external
detector is reguired. Combination of 1311 oscillator and 1232 de-
tector is available as the Type 1240 Bridge Oscillator-Detector.
DC Polarization: Capacitors can be biased to 800 V from external
dc power supply for series capacitance measurements.

Power Required: 4 size-D ceiis, supplied.

Accessories Reguired: MNone, Earphones can be used for high
precision at extremes of bridge ranges.

Accessories Available: Type 1650-P1 Test Jig.
Mounting: Flip-Tilf Cabinet,

Dimensions {width x height x depth): Poriable,
{330 x 175 x 315 mm); rack, 19 x 12V x 4l%
105 mmj.

Net Weight {est): Portable, 17 ib {8 kg); rack, 18 ib (8.5 kg,
Shipping Weight {est): Portable, 21 Ib {10 Kg); rack, 30 b {13.5 kg}.

Patent Nos D187,740 and 2,966,257.

Condensed Operating Instructions

A step-by-step procedure for the 1650-B Bridge operation
is given in the operations chart in Section 2, For your conven-
ience, the chart has been reproduced and included inside the
flip-tilt cabinet of the instrument,

NOTE: This instrumentis equipped with our new snap-on knob for added

convenience ond sofety.

Refer to the Service Section for details,
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BIAS jack.

Voltage bias for capacitors: Apply bias only if PARAMETER switch isiin

C; position. For Cp, refer to Section 2. Max voltage is 800V de, "Adda

resistor as a current limiter to prevent short circuit,

Current bias for inductors: Apply bias only if PARAMETER switch is in GENERATOR switch.

Lp position.  For Ly, refer to Sectjon 2. Turns: bridge on, selects internal or external

generator, ac or dec, checks battery.
Internal OSCillator LEVEL control,
UMNKNOWN terminals,
PARAMETER switch.

MULTIPLIER switch.

e o Multiply CGRL  dial setting by
switch range for result.

DETector SENSitivity control.

OPP ARM jack.
Connect external
decade capacitor
for reactive bal-
ance of resistors.

CGRL dial.

Main balance control, For greatest
accuracy, choose MULTIPLIER set-
ting for balance between 1 and 10.

Ground.

DETector jack.
Useful to connect
external amplifier
or earphones for
additional sensiti-

® .
vity or selectivity, ORTHONULL" switch.

When set to IN, clutch engaged between
EXTernal DO jack. two main dials, false nulls are avoided and
balance is faster for high D and low Q
measurements. Switch to IN when CGRL
and DQ dials are both in white sectors.

Useful for extending DQ range with
a decade box.

EXTernal GENerator jack.
Max power: 0.05 W.
{

Max voltage: 500V dc; or g— V ac rms where f is in Hz, or 100V ac rms,

whichever is smaller,
Frequency range for L and C: 20Hz to 20kHz.

Figure 1 =1, Type 1650-B Impedance Bridge.




Section 1-Introduction

1.1 DESCRIPTION.

The 1650-B Impedance Bridge (Figure 1-1) is a
self-contained impedance-measuring system, which in-
cludes six bridges for the measurement of capacitance,
resistance, conductance, and inductance, as well as
the generators and detectors necessary for dc and
1-kHz measurements. Features of this bridge include
one-percent C, G, R, and L accuracy over all ranges,
high D and Q accuracy, a mechanism to facilitate low
Q measurement, a slow-—motion mechanism on the
CGRL dial, visual ac and dc null indications, come
plete portability, and a convenient tilting mechanism
and carrying case. . The slow-motion mechanism turns
the CGRL dial slowly and effortlessly about a l-in.
sector. .Extra torque must be applied to move the dial
beyond the 1-in. sector.

In the relay-rack model (Figure 1-2), the captive
cover of the Type 1650-B is replaced with a relay-rack
adaptor panel (paragraph 1.6).

1.2 OPENING AND TILTING THE CABINET.

The directions for opening the Type 1650-B Im-
pedance ‘Bridge are given on the handle support of the
instrument. Once open, the instrument may be tilted
to any convenient angle, The angle should be chosen
to give the most comfortable access to the knobs and
the best view of the meter and dials.

The instrument may be locked fully open by the
same slide pins that are used to lock the instrument
closed. ' Thus, the instrument can be carried in the
open position with the cover firmly in place.

Whether the instrument is open or closed, the
cover forms a convenient storage place for the instruc-
tion manual and for any other test data that should be
kept with the instrument.

1.3 POWER SUPPLY.

The Type 1650-B is powered by four D cells,
which slide into a fiber tube inside the instrument.
These batteries, supplied with the instrument, should
be installed with the positive terminals (center buttons)
facing the open end of the tube. The batteries are pro-
tected from leakage and accidental discharge during
shipment by an insulating diskinserted betweenthe cap
and the last cell. Toremove thedisk, proceed as follows:

a. Open the instrument cabinet and place it in the
locked position.

b. Remove the two cabinet screws (Figure 1-4).

c. Lift the instrument from its cabinet,

d. Follow the directions on the battery tube, and
remove the disk.

e. Place the battery tube back in its holder.

f. Replace the instrument in its cabinet.

g. Replace the two cabinet screws.
The instrument is now ready to operate as soon as it
is in the desired position and turned on.

Figure 1-2. Type 1650-B Impedance Bridge in rack panel.
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1.4 SYMBOLS, ABBREVIATIONS, AND DEFINITIONS,

The following symbols, abbreviations, and defi-
nitions are used on the panel of the Type 1650-B and
in this instruction manual:

C capacitance { ——'{{——— )

Ch external decade capacitor
Co bridge residual capacitance
Cp parallel capacitance
Cq series capacitance
Cr standard capacitor (0.1 uF)
Cy unknown capacitance
G conductance { —w— ) the inverse of resistance
Gy unknown conductance
L inductance { =)
Ly bridge residual inductance
Ly parallel inductance
Lg series inductance
Ly unknown inductance
R resistance (—wv—), the realpart of an impedance
R, ratio arm resistance
Ry standard 10 k{) resistor
Ry CGRL rheostat resistance
Ry bridge residual resistance
Rp parallel resistance
Rg series resistance
RT DQ rheostat resistance
Ry unknown resistance
X series reactance, the imaginary part of an

impedance
z impedance

) X B 1 5 = 5
Q quality factor = -Ei— = -E;- =5 tan & = cot
wlg Rp
for inductors or
wlL

INTRODUCTION. . .1-2

S G 1 .
D dissipation factor = —— = — = — = cot ¥ =
X B Q
¢ 1
Or capacitors wC Ry or —
@CpRp
R R
PF  power factor = — = ———— = cos 0
zZ RZ + X2
f frequency
w angular frequency, 277 f
9] ohm, a unit of resistance, reactance, or im-~
pedance
k&2 kilohm, 1k{! = 1000 ohms
M muleiplying factor applied to D and Q at fre-
quencies other than 1 kHz
MO megohm, 1 MO =1x 106 ohms
uF microfarad, a unit of capacitance
mfl milliohm, Im{] =1 x 10-3 ohm
nF (or muF) nanofarad (or millimicrofarad), lnF =
ImuF =1x 1072 uF
pF {or uuF) picofarad {or micromicrofarad), 1pF =

1ppF =1x 10764F
H henry, a unit of inductance
mH millihenry, ImH =1x 107> H
wH microhenry, 1 uH =1x 1070 H

[}7 ground; case (chassis)

1.5 SERIES AND PARALLEL COMPONENTS.

An impedance thatis neither a pure reactance nor
a pure resistance may be represented at any specific
frequency by either a series or a parallel combination
of resistance and reactance. Keeping this concept in
mind will be invaluable for properly interpreting the
bridge results. The values of resistance and reactance
used in the equivalent circuit depend on whether a
series or a parallel combination is used. The equiva-
lent circuits are shown in Figure 1-3. A nomograph
for series-parallel conversion at 1 kHz is given in the

Appendix.
Ls
= R
Lp Rp Cp P
Rs
Rs

Figure 13, Eguivalent circuits for complex impedance,

tan o




The relationships between the circuit elements

are tabulated below. They are easily derived.

1.6

RESISTANCE AND INDUCTANCE

. s N2
jwL R R, + jQ*“wL
= Rs * ijs = P‘P = F 2 £
Rp‘*;wLp 1+Q
1 wLg _ Ry
D Rg Ly
2 1
= Q Lp = LP
1+Q2 7 1+ D2
1+ Q2
=_.__,.9__LS = (1+ D2 Lg
QZ
=~——1——-—R- R, = (1 +0Q9R
2 P p s
1+Q
wLg

RESISTANCE AND CAPACITANCE

Rp )
; DRy +]
1 )&}Cp P ;a)CP
= Rstiac, T 1 T T 1ap2
R, +-
P ;&}Cp
. wR C !
T = Rgls
prCp
- 1+DDCy Cp = ——C
P’ p 1+ D2 s
D? R 1+D2R
S pep2 PP p2  °
D 1

s Ry = ————
wCg’ P wCpD

PORTABLE-TO-RACK CONVYERSION.

The following procedure is given so that a 1650-B

Bridge can be converted from a portable assembly to
a rack-mounted ‘assembly.  To.accomplish the mechani-
cal and electrical changeover, a Rack Adaptor Set
(P/N 1650-3350) must be ordered from Géneral Radio.

To mount the instrument in a rack adaptor panel,

proceed as follows (Figure I-4):

a, Open the instrument to its horizontal position

{full open) and lock the handle.

) e gy

10-32 SCREWS (A}

PIVOT 3TUD
/| SPACER

i

- LEAD
{8} 4 SCREWS . SET

7Y Lock

/u’} WASHER (L)
/:‘/
Y NUTH)

{K}

()
FLAT WASHER{M)

PLATE(L) %

[I 1

S
HANDLES

SCREW(B)

FLAT WASHER (G}
LOCK WASHER (0}
NUT (P
e iP)

16508312

Figure 1 ~4. Rack mounting the 1650-B.
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b. Remove the No. 10-32 screws (A) with resilient
washers that hold the instrument in the cabinet. These
screws are on the sides of the instrument (one per
side) just above the handle pivor.

c. Lift the instrument out of the cabinet and set it
to one side.

d. From the inside of the cabinetr, remove the two
pivot SCrews. :

e. Lift the cabinet off the handle-and-cover assem-
bly.

f. In place of the pivot screws, insert the two ¥~
inch screws (B) supplied. Place the lockwasher (C)
and nut (H) on each screw and secure,

g. Remove the eyelet from foot Z in the cabinet
(the foot farthest from the side cutout).

h. Remove the rubber foot and install the supplied
grommet (P/N 4110-0500).

1. Set the cabinet to one side,

j- Remove the battery tube (P/N 1650-1261) from
the instrument by following the instructions on the
tube.

k. Twist the lead-set leads together and feed the
unconnected ends through the grommet (Z) in the cabi-
net from the outside to the inside.

l. Solder the white lead of the lead set (P/N 1650-
0280) to S103, 204R (Figure 6-9). Solder the black
lead to 8102, 204R.

m. Install the instrument in its cabinet. Install and
tighten the two No. 10-32 screws (A)removed in step b.

n. Loosen nut X on both sides of the opening in
the rack panel and slide plate L toward the outside of
the panel. Tighten nut K slightly so that L won’t
slide.

o. Put a large flatwasher (E) over the projecting
screws on each side of the instrument.

p. Set the back of the instrument on a flat surface
(face upward). Turn the instrument so that it is right
side up as you look at it.

qg. Lower the adaptor panel over the instrument
being sure that the battery mounting brackets are on
the right-hand side. Brackets F go over screws B.

r. Install a flat washer (G), lock washer {(O) and
nut {(P) on screws B outside of bracket F.

s. Raise the adaptor panel up until it is flush with
the instrument panel and rubber gasket.

t. Tighten nuts P and turn the instrument over onto
the adaptor handles.

u. Loosen nuts K and slide plates L over the rub-
ber gasket (Figure 1-5). Tighten nuts K.

v. Snap the battery tube and batteries into place
between the insulators on the rack panel (Figure 1-6).

1.7 CONNECTIONS.

The UNKNOWN terminals are standard *-inch-
spaced binding posts that accept banana plugs, stand-
ard telephone tips, alligator clips, crocodile clips,
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CABINET

" ra—ADAPTOR PANEL

AN
CABINET

R ARSI IS

16508-11

Figure 1 ~5. Detail view of panel mounting.

LEAD SET
1850-0280

1

GROMMET

BATTERY
INSULATOR
(1650-1230)

INSERT

oA Mg

BATTERY
TUBE
1650 -1261)

BATTERY __.2
INSULATOR
H650-1231)

Figure 1-6. Battery mounting for rack-mounted 1650-B Bridge.









































































































































































