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AND ITS APPLICATIONS IN ALLIED FIELDS

THI: CONVI:NII:NT MI:ASURI:MI:NT OF C, R, AND L[l]HE ;mpo<tant ,on,;d,m-

T tions in the large majority
of bridge measurements

\ made in the average ex-
=::::;::::=~perimental laboratory are the ease and
speed of making the readings, and the
ability to measure any values of resist
ance, inductance, or capacitance, as
they may exist in any piece of equip
ment. A completely satisfactory bridge
should immediately indicate the answer
to such questions as the following:

Is the maximum inductance of this
variable inductor at least 5 mh, its
minimum inductance 130 jLh, and its
direct-current resistance less than 4 n? 1

Has this choke coil at least 20 h in
ductance and an energy factor Q of at
least 20?

Has this tuning condenser a maxi
mum capacitance of 250 jLjLf and a 20
to 1 range?

Has this filter condenser at least 4 jLf

capacitance and a power factor of only
0.5%?

Is the resistance of this rheostat
200 kn?

1 These are the standard abbreviaLions of the Institute
of Radio Engineers. ole that 1 mO is 0.001 ohm and that
1 Mn i. 1,000,000 ohm•.

Is the zero resistance of this decade
resistance box only 5 mn?

The TYPE 650-A Impedance Bridge
will furnish the answers to all these
questions and many others. It will
measure direct-current resistance over
9 decades from 1 mn to 1 Mn, induc
tance over 8 decades from 1 jLh to

100 h, with an energyJactor (Q = wi)
up to 1000, capacitance over 8 decades
from 1 jLjLf to 100 jLf, with a dissipation
factor (D = RwC) up to unity.2

These results are read directly from
dials having approximately logarithmic
scales similar to those used on slide
rules. The position of the decimal
point and the proper electrical unit are
indicated by the positions of two se
lector switches. Thus the CRL multi
plier switch in Figure 1 points to a com
bined multiplying factor and electrical
unit of 1 jLf so that the indicated ca-

2 The {act that this bridge is capable of measuring a
condenser with large energy losses makes it necessary Lo

distinguish between its dissipation factor R
X

and power
R J

[,tctor z. The (wo arc equivalent when the losses are low.

Since the bridge measures RwC directly, the term dissipa
tion [actor bas been used, even though the two terms are.
foc most condensecs, synonymous.
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pacitance as shown on the CRL dial is
2.67 Mf, becau e the D-Q mnltiplier
switch has been set on C for the mea
surement of capacitance. It also show
that the DQ dial is to be read for dissi
pation factor D with a multiplying
factor of 0.1 yielding 0.26.

If the condenser had a smaller dissi
pation factor, this D-Q multiplier
switch would have been set for the D

dial with a multiplying factor of 0.01.
Thus the D dial, as shown in Figure 1,
indicates a dissipation factor of 0.0196
or a power factor of 1.96%.

For the measurement of pure resist
ance the D-Q multiplier switch would
be set at R so that the CRL dial indi
cates a resistance of 2.67 Q.

For the measurement of inductance
the D-Q multiplier switch would be set
at L and the CRL dial indicates 2.67 mho
Using the DQ dial the multiplier is 1
and the energy factor Q as shown in
Figure 1 is 2.6. Had the coil under
measurement been a large iron-core
choke coil, the CRL multiplier switch
might have been set at the 10 h point,
thus indica ting 26.7 h. Then the D-Q

multiplier switch would have been et
to indicate the Q dial with a multiplier
of 100 and an energy factor Q of 41 as
read on the Q dial.

The ease of balancing the bridge
depends on the use of the logarithmi
cally tapered rheostats and the two
multiplier switches. To illustrate this,
take first the measurement of direct
curren t resistance.

With the unknown resistor connected
to the R terminals, the D-Q multiplier
switch is set at R, the GENERATOR

switch at DC, and the DETECTOR switch
at 51:! TED GALV. The galvanometer
immediately deflects, indicating by the
direction of its deflection which war

the CRL multiplier switch should be
turned to obtain approximate balance.
The CRL dial is then turned for exact
balance, having thrown the DETECTOR

witch to the GALV. position.
Because the calibra tion of the CRL

dial extends to 0, the bridge can be
balanced for a number of different set
tings of the CRL mul tiplier switch. This
is very helpful in ascertaining the ap
proximate value of a resistor. Obviously
greatest accuracy of reading is obtained
when the balance point on the CRL dial
is within the main decade which occu
pies three-quarters of its scale length.

An inductor or condenser is measured
by connecting it to the CL terminals.
The GENERATOR switch is set at 1 KC.

and the DETECTOR switch at EXT, head
telephones being connected to the
EXTERNAL DETECTOR terminals. The
D-Q multiplier switch is set on L or C as
the case demand, pointing to the DQ

dial. The CRL dial is swept rapidly over
its range to indica te the direction of
balance. The CRL multiplier switch is
then moved in the direction indicated
and balance obtained on the CRL dial.
The DQ dial is then turned for balance.
From its setting the desirability of using
the D dial or the necessity of using the
Q dial will be indica ted.

The reactance standards are mica
conden ers having all the excellent
characteristics of the TYPE 505 Con
densers described in the Experimenter
for January.

The bridge circuit used for measuring
condensers is the regular capacitance
bridge having pure resi tances for its
ratio arms. Maxwell' bridge is used for
inductors, whose energy factors Q are
less than 10. Above this value Hay"s
bridge is used. The interdependence of
the two balances of these last two
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FIGURE 1. This photograph of the panel emphasizes the simplicity and "'ide range of the im
pedance bridge, Tn the corner at the left i a side view of the instrument
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bridge circuits cannot, of course, be
prevented, but the use of the logarith
mic rheosta ts for balancing makes it
very easy to follow the dl·ift of the
balance points.

The accuracy of calibration of the
CRL dial i 1% over its main decade. It
may be et to 0.2% or a single wire for
mo t ettings of the CRL switch. The
accuracy of readings for resistance and
capacitance is 1%, for inductances 2 0,

for the middle decades. The accuracy
falls off at small values because the
smallest measurable quantities are
1 mn, 1 /-L/-Lf, and 1 /-Lh, respectively. Zero
readings are approximately 10 mn, 4
/-L/-Lf, and 0.1 /-Lh, respectively. The ac
curacy falls off at the large values,
becoming 5% for resistance and ca
pacitance and 10% for inductance. The
accuracy of calibration of the DQ dials
is 10%. The accuracy of readings for
dissipation factor and energy factor is
either 20% or 0.005, whichever is the
larger.

The power for the bridge is drawn
from four o. 6 dry cells mounted at
the back of the cabinet. The liberal size
of these batterie assures a very long
life. External batteries of higher voltage

may be used to increase the en ItlVlty
of the bridge for the mea urement of
the highest resistances. The internal
batteries operate a microphone hum
mer for the production of the l-kc cur
rent. The capacitance of thi hummer
to ground is small and has been al
lowed for in the bridge calibration.

An external generator may be used,
though its capacitance to ground may
introduce considerable error. ubject to
this limitation, the frequency may be
varied over a wide range from a few
cycles to 10 kc. The reading of the CRL
dial is independent of frequency. The
readings of the D and DQ dials must be
multiplied by the ra tio of the frequency
used to 1 kc to give the correct values
of dissipation and euergy factors, while
the reading of the Q dial must be di
vided by this ratio. For frequencies
other than 1 kc the range of the DQ

dials are altered so that they , ill no
longer overlap. dditional resistance
may be inserted by opening the SERlE
RES. terminals. The TYPE 526 Rheo
stats, described on page 7, are quite
satisfactory for this use.

-ROBERT F. FIELD

SPECIFICATIONS

Dimensions: Panel, (width) 12 x (depth) 16
inches. Entire instrument, (width) 12 x (depth)
23 x 9 inches, over-aJl.

Net Weight: 22 pounds. Batteries, 8~
pounds additional.

Code Worn: BEAST.

Price: 175.00, without batteries.

THE SKELETON-TYPE IMPEDANCE BRIDGE

THERE are many individual bridge
measurements for which the wide

range of the TYPE 650- Impedance
Bridge is unnecessary, while its ease
and speed of making readings are essen-

tial. Examples of these uses are the
following:

Limit bridges for resistance, induc
tance, and capacitance, whose ranges
may be changed ea ily, though not in-




