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1.1 DESCRIPTION

The esi® Model 250DE Impedance Bridge is an instrument that measures resistance, inductance,
capacitance, and the dissipation factor (D) and the storage factor (Q) of inductorsand capacitors.

The instrument is battery operated and completely portable. An internal generator supplies ac

SECTION
INTRODUCTION

and dc, and an internal solid=state ac-dc detector indicates bridge balance,

Figure 1=1 is a simplified schematic diagram of the instrument in each of the four modes of
operation: resistance, capacitance, and series and parallel inductance.
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Figure 1-1. Simplified Schematic Diagrams




1.2 SPECIFICATIONS

Detector: A solid-state ac-dc-amplifier null detector

AC Characteristics:
Input Impedance: Approximately 1 MQ
Sensitivity: Continuously variable, 10 4V minimum detectable signal
Frequency: 1kHz (kilocycle)

DC Characteristics:
Input Resistance: Approximately 1 MQ
Sensitivity: Continuously variable to 1 millivolt full scale, 20 microvolts

minimum detectable signal.

Generator: A solid-state ac generator with fransformer output and diode rectifiers

for dc.
AC Characteristics:

Open~Circuit Voltage: 2V rms

Short=Circuit Current: 70 mA
DC Characteristics:

Open-Circuit Voltage: 3V

Short~Circuit Current: 40 mA

Battery Life: Approximately 500 hours

Supply Power: Four 1.5-volt size D cells

RAMN Al Y
FUNCTION GES CCURAC
MAGNITUDE D ORQ RANGES MAGNITUDE D OR Q
Resistance  0-12 Mﬂnu'!‘ aight T
ranges, mL per eight
dral glvision on ranges 0 1% + 1 dial division
Ioweat R range
Inductance  0-1200 H in saven =0t 105 D1 Highest 03% + t dial dwision | 0040 (1 4 O
(Seres) ranges 01 uH per per dial division tghes + 40% X 1/Q + 0 02Q
dial division an
lowest L range Other 3% + 1.deal diision | 0005 (1 4 Q%)
five + 0.5% X 1/Q + 002Q
03% 4+ 1 tal division | 0040 (1 4 O®)
Lowest | ©7 "4 0% x 1/Q L 602Q
[nductance  0-1200 H in seven G — 10 to 1000, Highest 03% 4+ 1d |ai dlvlswn 0040 (1 4 D?
(Parallai) ranges 01 uH per scale reads @ dial 19 + 40% % + 0 02a
dial diviaton an 15 bnear e 1/0
lowest L range Other ¢ 3% + 1 dial division |0 005 (1 | D)
hve + 05% x 1/Q + 0020
0.3% + 1 dlal divislon | 004D (1 4+ D)
Lowest | ™ "4 0% x 1/Q + 0020
Capacitance 0-1200 uF nseven D =010 105 Intwo . hest 0 2% + 1dial dision | 0 040 {1 4 D%
(Seres) ranges 01pF per ranges, O 001 per 9 + 40% x 0 + 0020
dtal diiigion on dial dwlision on
towes! C range loewest D range Other 0 2% + 1dhal divislon |0G065 (1 | D%
five +05% XD + 002D
02% -+ 1 dial division | 0040 (1 + D?)
Lowesl 17% som% x o + 0020

els|i 250DE 4/67



i

-
5 o g 1y
&=
g )
2™ E B T
1 o m o el eyl
o
e N 2o, C
-
LG N o [, 4 — e
W 0 RN W oy o0y ) e LTTEEN i LTV 0 oo,
ey & it

I3
UNKNOWN RESISTANCE

o uH nT nH uFH
UNKNOWN CAPACITANCE OR INDUCTANCE

The specified accuracy for measurements of resistors, Low-loss inductors and capacitors,

The specified accuracy for
measurements of D and Q.

D (OR G} AGCURACY
IN b {0R O) UNITS

ooool
a,

! T HIGHEST AND LOWEST AANGES

2

]

WIDDLE RAMCES

LRl

1}

The accuracy of inductance and capacitance
measurements is influenced by the D and Q

value, This curve shows the accuracy to be
expected at various D and Q values.

Figure 1-2.

al
{(OR QF

Fy

L AND C ACCURMY

(L1 -

Q.00



SECTION i
OPERATION

The controls and connections necessary to operate the Model 250DE Impedance Bridge are shown
in Figure 2-1,

[vTiea]io]
R= [100K |10kt 1h |

AC DET

[AC EXT[ aNT |1
GEMN | FeHy

GEN DET DET GAIN

IMPEDANCE BRIDGE  250DE

N I RLLT)
ROl AN UriGON

Figure 2-1. Mode! 250DE Panel View
2.1 CONTROLS

FUNCTION switch selects the type of bridge circuit that will measure resistance, capacitance,
or inductance.

RANGE switch selects the multiplier for each function.

L-R-C decade dials are a DEKASTAT® Decade Resistor that is the main balancing element of the
bridge . The setting of the dials after the bridge is balanced indicates the value of the inductance,
resistance, or capacitance,

D-Q dial is used to balance the phase of the capacitance or inductance bridge, The setting of
the dial after the bridge is balanced indicates the value of dissipation factor (D) or storage
factor (@),

2-1
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GEN-DET switch selects bridge generator and detector connections, ac or dc, intemal orexternal
generator, The switch also connects the internal batteries to the battery test cireuit,

DET GAIN control adjusts the sensitivity of the ac=dc detector and turns on power to the generator,

2.2 CONNECTIONS

R, L, and C terminals 1, 2, and 3 are used to connect unknown resistors, inductors, and
capacitors to the bridge. Resistors and inductors are connected beiween terminals 1 and 2,
capacitors between terminals 2 and 3,

EXT BIAS terminals are nommally connected with a shorting lug. They allow insertion of a dc¢
voltage or current to bias capacitors or inductors,

EXT GEN terminals provide a connecfion to the bridge for an external generator, When the
GEN-DET switch is in the EXT AC GEN position, the terminals connect to an isolation transformer
so that a grounded external generator can be used. When the GEN=-DET switch is in the EXT DC
GEN position, the terminals connect directly to the bridge.

EXT D~Q terminals are nomally connected with a shorting lug. They allow an external rheostat
to extend the range of the D-Q dial,

EXT DET connector is a BNC coaxial socket that allows an external detector to be used with the
instrument, It is connected to the bridge af all times,

2.3 BASIC OPERATION

Simple operating instructions are inside the instrument lid, Figure 2-2 is a reproduction of these
instructions.

2=-2
aleli  250DF  4/64
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SECTION 1l
RESISTANCE MEASUREMENT
Resistance is usually measured with direct current for maximum accuracy, The Model 250DE

Impedance Bridge can be used to measure resistance with alternating current, but external
reactance compensation is usually required,

UNKNOWN RESISTOR

R UNKNOWN RESISTOR
a9

¢

f

2
STANDARD
oo™ RESISTOR

L-R-C DEKASTAT®
DECADE RHEGSTAT

o |1"mm:z NHOG 2590

— e Fgo]

Figure 3-1, DC Resistance Measurement

3.1 DC RESISTANCE MEASUREMENT

1. Turn DET GAIN control to 2, This turns on all power to the instrument,

2, Set GEN-DET switch to INT DC, If an external detector or generator is
required, see paragraph 6.1 or 6.2,

3. Set FUNCTION switch to R X 1 Use the R X 10 position for resistors between
or R x 10, 1.2 and 12 megohms,

4, Set L-R=-C decade dials to 3,000, This makes it easier to find the correct range.

5. Connect the unknown resistor to Make good contact with the terminals.

R-L terminals 1 and 2,

6. Adjust RANGE switch forminimum This sets the range so that the value can be
detector deflection, found with maximum resolution on the
L-R-C dials.



Adjust L-R-C decade dials for null, Each time the detector indication approaches
zero, turn the DET GAIN control clockwise

to increase sensitivity,

Read the measured resistance as If L-R-C dial reading is less than 1,200,
the product of L-R-C dial setting turn RANGE switch one step counterclock-
times RANGE and FUNCTION wise and repeat step 7 in order to take full
switch settings, advantage of the resolution,

Disconnect the unknown resistor
and turn DET GAIN control to
PWR OFF before leaving the

instrument,

3-2
elsli 250DE 6/66



3.2 AC RESISTANCE MEASUREMENT

For greatest accuracy, resistors should be measured with dc., The accuracy of ac resistance
measurements made with the Model 250DE Impedance Bridge is 0.3% for resistors of low reactance
with resistance between 1 ohm and 1 kilohm,

The capacitor and potentiometer shown connected in Figure 3-2 compensate for series inductance
or parallel capacitance. It is impossible to separate the correction for the unknown resistance
from the correction for the rest of the bridge circuit,

LINEAR
LOW.LOSS  POTENTIOMETER
R UNTNORRSE Ok CAPACITOR

UNKNOWN
RESISTOR

1000pF

L-R-C DEXASTAT®
DECADE RHEQSTAT

50080

7

Figure 3-2. AC Resistance Measurement

m‘| LLITTH O L] TS

1. Turn DET GAIN control to 1. This turns on all power to the instrument.

2, Set FUNCTION switch to R X 1 Use the R X 10 position for resistors between
or R x 10, 1.2 and 12 megohms,

3, Set L-R-C decade dials to 3,000, This makes it easier to find the correct range,

4, Connect the unknown resistor to Make good contact with the terminals.

R=-L terminals 1 and 2,

5. Set GEN-DET switch fo INT 1kHz, If an external ac detector or generator is
required, see paragraph 6.1 or 6.3,



10,

H.

Adjust RANGE switch for minimum

detector deflection,

Try to balance bridge by adjusting

L-R-C dials.

If a null cannot be reached,
connect potentiometer and
capacitor to the terminals as
shown in Figure 3-2,

Balance the bridge by adjusting
L-R-C decade dials and external
potentiometer alternately.

Read measured resistance as the
product of L=R=C dials times
RANGE and FUNCTION switch
settings,

Disconnect the unknown resistor
and turn DET GAIN control fo
PWR QOFF before leaving the
instrument,

ois|i

3-4

Tum DET GAIN control clockwise to increase
sensitivity if necessary. |f no range gives
noticeably less deflection than any othery,
try measuring resistance on dc for a first
approximation of the range.

The null indication on the meter may not be
very sharp, which indicates that there is an
uncompensated phase shift,

Be sure to use a low=loss capacitor; air and
polyethylene dielectrics are sufficient,

A higher value capacitor may be necessary
to compensate for phase shift when measuring
resistors that have large reactive components,

The measured resistance is correct for an
equivalent circuit consisting of a resistor
and a capacitor in parallel or a resistor and
and inductor in series,

250DE  6/66



3.3 NOTES ON RESISTANCE MEASUREMENT

3.3.1 Low Resistance

On the low resistance ranges, the lead resistance becomes significant, A procedure to
correct for the lead resistance by finding its value and subtracting it from the measured
resistance is:

1. Short the test leads together at the point at which they are to be connected
to the unknown resistor,

2. Measure the resistance of the leads. There is no loss of accuracy if the
resistance of the leads is measured on the same range that the unknown
resistor will be measured on.

3. Connect the leads to the unknown resistor and measure the resistance,

4, Subtract the lead resistance (step 2) from the measured resistance (step 3).

3.3.2 High Resistance

On the high resistance ranges, take care to avoid leakage across a resistor under test,
Insulation with a resistance of 109 ohms, which is adequate for most purposes, will cause
a measurement error of 1% if it shunts a 10-megohm resistor.



SECTION IV
CAPACITANCE MEASUREMENT
The Mode! 250DE Impedance Bridge measures capacitance in terms of a two-element equivalent
circuit consisting of a capacitor in series with a resistor. The internal ac generator and detector

of the Mode| 250DE bridge are tuned to 1 kilohertz (kilocycle), Other frequencies can be used
but an external generator and detector are required. (See paragraph é.4).

UNKNOWN CAPACITOR

C UN CAPACITOR
SERIES E L—NW_
']

@

-

¢ -G8 00 &a 08

(M

#1080

L-R-C DEKASTAT™
DECADE NMECSTAT

~ @_ i

Figure 4=-1, Capacitance Measurement

4.1 NORMAL CAPACITANCE MEASUREMENT

1. Tum DET GAIN control to 1, This turns on all power to the instrument,

2, Set FUNCTION switch to C, This is the preferred D range for a prelim=-
D x 0.1 SERIES, inary balance

3. Set L-R-C decade dials to 3,000 These settings make it easier to find the
and D-Q dial to 0, correct C range,

4. Connect the unknown capacitor Moake good contact with the terminals.

to C terminals 2 and 3.

5. Set GEN-DET switch to INT If an external ac detector or generator is
1 kHz, required, see paragraph 6,1 or 6.3,



10,

s

Adjust RANGE switch for minimum
detector deflection,

Adjust L-R-C decade dials and
D-Q dial alternately forminimum
meter deflection,

If D-Q dial setting is less than 1,

set FUNCTION switch to D x 0,01,

Read measured capacitance as the
product of L-R-C dial setting times
RANGE switch setting,

Read the measured dissipation factor
(D) as the product of D-Q dial
setting times FUNCTION switch
setting.

Disconnect the unknown capacitor
and turn DET GAIN control to
PWR OFF before leaving the
instrument,

4-2

Turn DET GAIN control clockwise to increase
the sensitivity if necessary.

As the null is approached, turn the DET
GAIN control clockwise to increase
sensitivity.

If there is some difficulty in balancing the
bridge, especially if the D is greater than 1,
it may be due to asliding balance, See
paragraph 6.5,

If L-R-C dial reading is less than 1.200,
turn RANGE SWITCH one step clockwise
and repeat steps 7 and 8 in order to take full
advantage of the bridge resolution.

If the frequency is other than 1 kilohertz
(kilocycle) see paragraph 6.4,

el|sli 250DE 6/66



4.2 CAPACITANCE MEASUREMENT WITH EXTENDED D RANGE

The D and Q ranges of the bridge can be extended by use of an external rheostat connected to
terminals provided. Figure 4-2 shows the ranges for which this fechnique is advisable,

STORAGE FACTOR (Q)

100 1000 10,000

0.0l Q. | [}
I0kHz X
> K
L&)
Z  |kHz
L
=
8 0.1 kHz
o
.
0.0l kHz \
100 10 | 0.1 0.0l

0.001 0.000l

DISSIPATION FACTOR (D)
Figure 4-2. Dand Q Range

1. Remove shorting lug from between

EXT D-Q binding posfs.

2., Connect an external rheostaf
between EXT D-Q binding posts.

3. Balance the bridge using external
rheostat and D-Q dial,

4, Calculate D

D= f (0.68R + Dy )

The lug may be pivoted to one side,

See Figure 4-3.

The measured capacitance is the product of
the L=-R=C dial setting times the setting of
the RANGE switch,

D is the dissipation factor
fl is the frequency in kilohertz (kilocycles)

Rk is the resistance of the exfernal D
rheostat in kilohms,

D is the D-Q dial reading.

dial

fk = 1 if the internal generator and detector

are used,



EXTERNAL RHEOSTAT
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Figure 4=3, External D Rheostat
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4.3 CAPACITANCE MEASUREMENT USING DC BIAS

Some capacitors need a polarizing voltage. Electrolytic and tantalum capacitors, for example,
may give erroneous readings unless they are biased to prevent polarity reversal during test. Many
electrolytic and tantalum capacitors can be damaged by the reverse half-cycle of an alternating
current, although not generally by a low voliage level such as used in the Model 250DF
Impedance Bridge.

4.3.1 DC Bias Supply

The dc bias should be supplied from o power=limited source in order to prevent damage to
the bridge in case the unknown capacitor terminals are shorted, The dc supply circuit is
shown in Figure 4~4,

SUPPLY LIMITING VOLTAGE
YOLTAGE RESISTOR | CONTROL
E R RD
[VOLTS} (OHMS) {OHMS)
] 0.27 2
@) @) 15 0.56 5
BYPASS CAPACITOR 2 1.0 10
A 3 2.7 25
I 4 4.7 40
I5uF 4.5 5.6 50
VOLTAGE CONTROL 6 10 100
Rp 9 22 250
12 39 400
LIMIT RESISTOR 15 56 500
Ry 22.5 150 1.5k
—id|l 24 150 1.5k
BATTERY E . ,‘\ 28 220 2.5k
\m 30 270 2.5k
45 560 3.0k
67.5 1.2k 10k
20 2.2k 20k
103.5 2.7k 30k
120 3.9k 50k
225 13k 100k
300 27k 250k

Figure 4-4 . DC Bias Supply Circuit

The power in the circuit shown is limited to 1 watt by resistor R . Values shown are for commonly

available voltages. The limiting resistors can have tolerances of 20% and should be rated at 5
watts or more, |f the proper value of resistance is not available, use a larger value rather than
smaller, The voltage control potentiometer may differ from the listed value by a factor of 2. It
should be rated ot 1 watt or more.



If a supply voltage much different from those listed is to be used, use the following formula to
determine the proper value of limiting resistance:

_EX

RL Z

Batteries are recommended because most line~operated power supplies have high leakage
capacitance to ground and many have objectionably high d¢ leakage to ground.

For protection of the standard capacitor, do not use a voltage higher than 500 volts,

4.3.2 Operating Procedure

1. Set FUNCTION switch to C, With this setting, the standard capacitor and
the unknown capacitor will block de current
from the other bridge arms,

2. Connect the unknown capacitor See Figure 4-5,
to C terminals 2 and 3.

3. Remove shorting lug and connect See Figure 4-5, The shorting lug can be
dec bias supply between EXT BIAS pivoted to one side.
terminals 1 and 2.

4, Adjust dc voltage as required,

5. Measure capacitance. See paragraph 4.1 for the normal procedure,

4-6
elsii 250DE 4/67
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Figure 4-5. Capacitance Meosurement Using DC



4,4 VOLTAGE ACROSS UNKNOWN CAPACITOR

In many coses it is necessary to measure the ac voltage across a capacitor being tested. With
the following procedure, the voltage can be measured with a high-impedance ac voltmeter with-
out leading the capacitor under test,

1. Connect grounded terminal of ac voltmeter to EXT D-Q terminal 1 and other terminal
of the voltmeter to EXT BIAS terminal 2 (see Figure 4-6),

2. Balance the bridge and then read volfage on the voltmeter,

Since measuring voltage this way does not load the capacitor under test, the voltage will be
correct. The capacitance reading of the bridge may be incorrect while the voltmeter is connected
because the voltmeter may load the standard copacitor. For the correct capacitance reading,
disconnect the voltmeter from the EXT BIAS terminal and rebalance the bridge.

c o
SERIES == ]

AC VOLTMETER

L-R-C DEXASTAT®
CRCADE RHEOSTAT

et e

AC VOLTMETER

Figure 4-6. Voltage Across Unknown Capacitor

4-8
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4.5 NOTES ON CAPACITANCE MEASUREMENT

4.5.1 Series and Parallel Capacitance

The bridge measures a simple equivalent circuit for the impedance connected to its ferminals,
This equivalent circuit consists of a capacifance and a resistance connected in series. An
alternate representation of the same impedance is an equivalent circuit comsisting of a
different capacitance and resistance connected in parallel. The phase and magnitude of

the measured impedance are identical for both circuits.

When the bridge measures series capacitance, Cs:

C“s = (RANGE switch setting) X (L-R-C decade dial reading)
D = (FUNCTION switch setting) X (D-Q dial reading) X (f,,, )
Q = L
D R, in kilohms
R = D f in kilohertz
: 2q sz C, in microfarads
i= /O
z = D-j Z in kilohms
2y fC_

To calculate the equivalent parallel circuit:

Cs
C = 2
P I+D2

The D of the equivalent paratlel circuit always equals the D of the equivalent series
circvit. The same is true of Q,

4,5.2 Low=-Capacitance Measurements

In making low-capacitance measurements, there are three things fo watch out for:

1. Be careful fo avoid pickup,
2, Keep the stray capacitance to @ minimum,
3. Subtract the zero capacitance of the bridge from the dial reading.

To minimize the first two effects, keep hands as far as possible from the capacitor bein
measured, The zero capacitance of the bridge is measured with nothing connected to the
C terminals; it is approximately 2 picofarads.

Keep the leads as short and direct as possible, If extended leads are necessary, the lead
from terminal 2 should be shielded. (See paragraph 6.4).
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SECTION V
INDUCTANCE MEASUREMENT

The Model| 250DE Impedance Bridge measures inductance in terms of a two-element equivalent

circuit consisting of an inductance either in series or in parallel with a resistance, The internal
ac generator ond detector of the Model 250DE Bridge are tuned to 1 kilohertz (kilocycle), Other
frequencies can be used, but an external generator and detector is required. (See paragraph 6.4).

L
SERIES r"'“_""’"'l\ P4 .

UNKNOWN INDUCTOR

L-R-C DEKASTAT®
DECADE NHECHTAT

R ool
& WO

PA n!\.uﬂ :m } s

i ;.lle.l{! .IIIH__ lilﬂ
PR T i

Q RHEQSTAT

185159200

Lt-C DEKASTAT®
CHCADE RKEQITAN

Figure 5-1. Inductance Measurement



5.1

NCRMAL INDUCTANCE MEASUREMENTS

1. Turn DET GAIN control to 1.

2. Set FUNCTION switch to L, either
Q X 1 SERIES or Q % 1 PARALLEL,

3. Set L-R-C decade dials to 3.000
and D-Q dial to 1000 or 10,5,

4. Connect the unknown inductor to
R-L terminals 1 and 2,

5. Set GEN-DET switch to INT 1kHz.

6. Adjust RANGE switch forminimum
detector deflection,
7. Adjust L-R-C decade dials and

D-Q dial alternately for minimum
meter deflection,

8. Read the measured inductance as
the product of L-R-C dial setting
times RANGE switch sefting.

9. Read the measured storage factor
(Q) directly from D-Q dial,

Disconnect the unknown inductor
and turn DET GAIN control to
PWR OFF before leaving the

instrument .

10.

5-2
o/sli

This turns on all power to the instrument,

Use the SERIES position for Q less than 10,
the PARALLEL position for Q greater than 10,

These settings make it easier to find the
correct range ,

Make good contact with the terminals,

If an external ac detector or generator is
required, see paragraph 4.1 or 6.3.

Turn DET GAIN control clockwise to increase
the sensitivity if necessary.

As the null is approached, turn DET GAIN
control clockwise to increase sensitivity, If
there is some difficulty in balancing the
bridge , especially if the Q is less than 1, it
may be due to a sliding balance. See
paragraph 6.5.

If L-R-C dial reading is less than 1,200,
turn RANGE control one step counterclock-
wise and repeat step 7 in order to take full
advantage of the bridge resolution,

Use the inner dial for L-parallel and the
outer dial for L-series. If the frequency is
other than 1 kilohertz (kilocycle) see
paragraph 6.4,

250DE 6/66



5.2 INDUCTANCE MEASUREMENT WITH EXTENDED Q RANGE

The D and Q ranges of the bridge can be extended by use of an external rheostat connected to
terminals provided, Figure 5-2 shows the range for which this technique is advisable,

DISSIPATION FACTOR (D)
|

000 100 10
I0kHz
> |
(W]
> Ik }—EXT
]
o
AL
"4
1.
0.0 kHz

ORI

S5
/ \\?‘.\0’0: ;0:";??’ Q \

7N\

0.i 0.0l 0,001 0.000l

DA

N
&x\

0.001 0.0l 0.1

10 00 1000 10,000

STORAGE FACTOR (Q)
Figure 5-2. D and Q Range

5.2.1 Preliminary Procedure

The external Q rheostat can be used for either series or parallel inductance, In either
case:

1

Set FUNCTION switch to L=
PARALLEL.

Tum D-Q dial to 1000 and leave
it there during the measurement,

5.2.2 Parallel Inductance

|

Remove shorting lug from between
EXT D-Q binding posts,

Connect an external rheostat
between EXT D-Q binding posts.

Balance the bridge using external
rheostat instead of D-Q dial.

This bridge circuit gives the best result for
either series or parallel inductance,

This shorts out the interal D-Q rheostat,
which is a tapped rheostat, To go beyond
1000 will increase the resistance.

The lug may be pivoted to one side,

See Figure 5-3.

The measured inductance is the product of
the L-R=C dial setting times the setting of
the RANGE control ,



4. Calevlate Q Q is the storage factor,

G s L3092 f,_is the frequency in kilohertz (kitocycles)
ARy k
Rk is the resistance in kilohms of the external
Q rheostat.
fk = 1 if the internal generator and detector
are used,
EXTERNAL RHEOSTAT
L UNKNOWN INDUCTOR
PARALLEL 2 Y

[y
4
=0
* P
=0

UNKNOWN INDUCTOR

RANGE
RESISTOR

STANDARD
CAPACITOR

DETECTOR

Q RHEGSTAT
L#-C DEKASTAT®
DECADE RHEOATAT

L]

L]
A P

EXTERNAL RHEQSTAT

LI
meqm hYRE Th

Figure 5-3. Parallel Inductance, External Q Rheostat

5.2.3 Series Inductance

1. Connect an external rheostat See Figure 5-4. Be sure that the shorting lug
between C terminal 3 and EXT is connected between EXT D-Q terminals,
D-Q teminal 1.,

5-4
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2. Balance the bridge using external The measured inductance is the product of
rheostat instead of D-Q dial, the L=-R-C dial times the setting of the
RANGE switch.

3. Caleulate Q. Q is the storage factor.
Q = 0.628f R f, is the frequency in kilohertz (kilocycles).

Rk is the resistance in kilohms of the external
Q rheostat.

EXTERNAL RHEQSTAT

SRR PRI

SE%ES w?\“’i.w“__‘_zwm

BAdd 13
}’ C:)m <,5 » Q% UNKNOWN INDUCTOR

RC DEXASTAT®
PECADE RHEQSTAT

EXTERNAL RHEOSTAT

Figure 5-4. Series Inductance, External Q Rheostat
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5.3 INDUCTANCE MEASUREMENT USING DC

Iron-core inductors are sensitive to both ac and dc current variations, Quantitative measurements
of dc effects can be made with the Model 250DE bridge by supplying current to the unknown
inductor through the EXT BIAS terminals.

5.3.1 DC Supply

The dc current should be supplied from a power-limited source in order to prevent damage
to the bridge. The power to the bridge should not exceed 1 watt, and the current should
not exceed 100 milliamperes during measurement. Higher current will cause distortion of
the ac generator output and may result in incorrect measurements .

SUPPLY | LIMITING | VOLTAGE
VOLTAGE | RESISTOR | CONTROL
E R( Rp
+ - VOLTS) {OHMS) {OHMS)
'®) OUTPUT ] T m——
1.5 15 150
2 22 250
4 47 500
(S MILLIAMMETER 4.5 47 500
0 TO 100mA 6 68 750
OR LESS AS 2 100 Tk
d APPROPRIATE 12 120 1.5k
&, F 15 150 1.5k
= 40V 22,5 270 2.5k
24 270 2.5k
L 28 330 3.5k
30 330 3.5k
45 560 5k
67.5 1.2k 10k
90 2.2k 20k
103.5 2 7k 30k
120 3.9k 50k
225 13k 100k
300 27k 250k

Figure 5=5, DC Supply Circuit

The de supply circuit shown in Figure 5-5 is safe at any bridge setting. Other values of
voltage, limiting resistor (R) and voltage conirol (Rp) are given in the table.

These values do not necessarily limit the current fo less than 100 milliamperes, but they
do limit the power to 1 watt, Values shown are for commonly available voltages. The
limiting resistors can have tolerances of 20% and should be rated at 5 watts or more . If
the proper value of resistor is not available, use a larger value rather than smalier, The
voltage control potentiometer may differ from the listed value by a factor of 2. It should
be rated at 1 watt or more .

5.3.2 Operating Procedure

1. Set FUNCTION switch to L- The L-PARALLEL setting is preferred since
PARALLEL or L-SERIES, tn this bridge configuration, the standard
capacitor blocks de current and allows direct
measurement of current through the inductor,

5-6
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Connect the unknown inductor to
R-L terminals 1 and 2.

Remove shorting lug and connect

dc bias between EXT BIAS terminals

1 and 2.

For L-PARALLEL: Adjust de
current as required and measure
inductance. For L-SERIES: Set
current to approximately the
desired level and balance the
bridge for a first approximation.

For L-SERIES: Connect a dc volt-
mefer between C terminal 3 and
L=R=C terminal 2,

For L=SERIES: Alternately adjust
the bridge for balance and adjust
the current for the desired level.

For L-SERIES: When the correct
current is flowing ot the same time
the bridge is balanced, disconnect
the voltmeter and rebalance the

bridge .

5-7

See Figure 5-6.

See Figure 5-6. The shorting lug can be
pivoted to one side,

See paragraph 5.1 for normal procedure,
The L-PARALLEL configuration allows direct
measurement of current in the inductor.

Be sure to use a high-impedance voltmeter
that is well isolated from the chassis of the
Model 250DE Bridge. See Figure 5-6.

The current in milliamperes is equal to the
measured voltage times a factor that depends
on the RANGE switch setting. The following
table lists the multipliers,

RANGE | \ULTIPLIER
SETTING

0.1mH | 1000

1 " mH| 100

10 mH 10
0.1H 1.0

1 H 0.1
10 H 0.0
100 H 0.001

The indicated current is correct, but there
may be an error in measured inductance
when the voltmeter is connected because it
may load the range resistor,

250 DE 4/64



FaRALLEL

L-R-C DEKASTAT®
DECADE RMECITAT

STANDARD
CAPACITOR

QG RHEOSTAT

L
SERIES mrm\_‘li_i\w

DC VOLTMETER

{ o

I

L'R-C DEKASTAY®
DECADE RHEQGSTAL

Q RHEOSTAT

DC SUPPLY

UNKNOWN INDUCTOR

DC VOLTMETER

Figure 5-6. Inductance Measurement Using DC

5-8
250DE  6/66




5.4 VOLTAGE AND CURRENT IN UNKNOWN INDUCTOR

In many cases it is necessary to measure the ac voltage or current in an inductor being tested,
Either can be measured with a high-impedance ac voltmeter,

UNKNOWN INDUCTOR

AC VOLTMETER

LR-C DEKASTAT®

DECADE MECSTAT G RHEQSTAT

B

ain oEr

mjllﬂ MIRCE IBAGL 236D

S

AC YOLTMETER

Figure 5-7. Voltage Measurement
5.4.1 Voltage

To measure ac voltage across an inductor being tested:
1. Connect the ground terminal of the voltmeter to EXT D-Q terminal 1 and the other
voltmeter terminal to R-L terminal | (see Figure 5-7).
2. Balance the bridge and then read the voltage on the voltmeter,
Since measuring voltage in this way does not load the inductor, the voltage reading will
be correct, The inductance reading of the bridge may be incorrect because the voltmeter

may load the L-R-C decades. For the correct inductance measurement, disconnect the
voltmeter from the L terminal and rebalance the bridge .



AC VOLTMETER

UNKNOWN INDUCTOR

UNKNOWN INOUCTOR
PARALLEL ] } N

L-R-C DEKASTAT®
DECADE BHEOATAT

AC VOLTMETER

Figure 5-8. Current Measurement

5.4,2 Current

To measure ac current in an inductor being tested:
1. Connect the ground terminal of the voltmeter to EXT D-Q terminal 1 and the other
voltmeter terminal to C terminal 3 (see Figure 5-8).
2. Balance the bridge and then read the voltage.

3. The current in milliamperes is equal to the measured voltage multiplied by a factor
that depends on the RANGE switch setting.

RANGE | \ULTIPLIER
SETTING

0.1mH | 1000

1 mH 100

10 mH 10
0.1H 1.0
1 H 0.1
10 H 0.01
100 H 0.001

The current in milliamperes is correct, but since the voltmeter may load the standard
capacitor, the measured inductance may be incorrect when the voltmeter is connected,

. 5-10
els|i 250DE 6/66



5.5 NOTES ON INDUCTANCE MEASUREMENT

5.5.1 Series and Parallel Inductance

The bridge measures a simple equivalent circuit for the impedance connectedto its terminals.
This equivalent circuit consists of either an inductance and resistance connected in series

or a different inductance and resistance connected in parallel, The phase and magnitude

of the resulting impedance are identical for both circuits. For values of Q less than 100

the series and parallel inductances differ measurably,

When the bridge measures series When the bridge measures parallel
inductance, Ls: inductance, Lp:
L = (RANGE switch setting} x {L-R-C L = (RANGE switch setting) x (L-R-C
dial reading) P dial reading)
Q = (Outer D-Q dial reading) x Q = (lnner D-Q dial reading = (kaz)
(kaz)
D = ‘c]l)‘ R, in kilohms D = é’_ R in kilohms
20 fL f in kilohertz f in kilohertz
R = s R = 2q¢fLQ )
s Q L in henrys P P Lp in henrys
; i=/- 3l QUi0) | 1=
Z = 2ﬂﬂ.(_ 1 i) > JP
\Q Z in kilohms 1+ Q2 Z in kilohms
To calculate the equivalent parallel To calculate the equivalent series circuit:
circuit:
L=(+1) L = —in L
R Q2 s 1+Q4 P
2 fL
= 2y f =
Rp Q2w LP) Rs o
The Q of the equivalent parallel circuit The Q of the e?uivalenf series circuit always
always equals the Q of the equivalent equals the Q of the equivalent parallel
series circuit, The same is true of D, circuit, The same is true of D,




5.5.2 low ~Inductance Measurements

The bridge measures the total impedance connected to its terminals. Both the unknown
inductor and its leads contribute to this impedance. The leads have some resistance and
inductance which affect the value read from the bridge .

For greatest accuracy, minimize the lead impedance. Short heavy leads will reduce the
resistance and closely spaced, twisted leads will reduce the inductance and the pickup
of stray fields,

5,5.3 _I-_l_i_gh-lnducfance Measurements

In making high-inductance measurements, there are two things to watch out for:

1. Be careful to avoid ac pickup.

2. Keep the stray capacitance to a minimum,

To minimize both effects keep hands as far as possible from the inductor measured, Keep
the leads as short and direct as possible. [f extended leads are necessary, the lead from
terminal 2 should be shielded, See paragraph 6.6. Take care to avoid coupling stray
magnetic fields into the inductor being measured,
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SECTION VI

USEFUL MEASUREMENT TECHNIQUES
6.1 EXTERNAL DETECTOR

The Mode! 250DE has provision for connecting an external detector such as an ac or dc micro-
voltmeter, o galvanometer, or an oscilliscope, The extemal detector can best be connected to
the EXT DET socket which is a BNC coaxial connector as shown in Figure 6-1. Note that the

GEN-DET switch does not disconnect the EXT DET connector from the bridge circuit. Thisallows
the internal detector to be used at the same time as the external,

9 Q

EXTERNAL DETECTOR  BNC CONNECTOR

LL | IMHEBRICE ‘Illlil_‘_ ll yobé

Figure 6~1. External Detector Connection



6.2 EXTERNAL DC GENERATOR

An external dc generator may be connected to the bridge between EXT GEN terminals 1 and 2 as
shown in Figure 6-2, Set the GEN=DET switch to DC EXT GENto connect the external generator
to the bridge and to disconnect the isolation transformer from the circuit.

Always use a power~limited dc source. The power in the circuit shown is limited by a resistor
RL. If the value of the resistor is chosen from the accompanying table, the power in the bridge
will never exceed one watt, which is always safe. Values shown are for commonly-available
voltages. The limiting resistors can have tolerances of 10 or 20 percent, and should be rated at
five watts or more, If the proper value of resistance is not available, use a larger value rother
than a smaller,

If a supply voltage much different from those listed is to be used, use the following formula to
determine the proper value of limiting resistance:

Batteries are recommended because many |ine-operated power supplies have objectionably high
leakage to ground. [f a line operated supply is to be used, be sure thaf its insulation resistance
to the chassis of the Mode! 250DE is higher than 1010 ohms.

SO[;ICRCE klEmsii.IS-!l‘%c; SUPPLY LIMITING
VOLTAGE | RESISTOR
E Ry
{vOLTS) (OHMS)

1 10

1.5 15

2 22

3 33

4 47

4.5 47

& 68

9 100

12 120

15 150

22.5 270

24 270

28 330

30 330

45 560
67.5 1.2k
T1ImPERANCL _li‘llsl_. 1M 90 2.2k
ki i 103.5 2.7k
120 3.9k

Figure 6-2. External DC Generator

See also paragraphs 4.3 and 5,3 for external dc supplies used in conjunction with ac measurements,
The dc supplies, especially that of paragraph 4.3 are useful for dc resistance measurement,
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6.4 OPERATION AT FREQUENCIES OTHER THAN ONE KILOHERTZ (KILOCYCLE)

In order to operate the Model 250DE Impedance Bridge at frequencies other than 1 kilohertz, an
external ac generator and detector are required. |t goes without saying that the generator and
detector must be tuned to the same frequency.

There are two effects that must be taken into consideration at frequencies other than 1 kilohertz:

1. The dissipation factor (D) and the storage factor (Q) cannot be read directly from
the D-Q dial.

2. The specified accuracy of the bridge changes as a function of frequency.

4.4.1 D and Q Corrections

To find the dissipation factor (D) of a capacitor, multiply the D-Q dial sefting times the
FUNCTION switch setting times the frequency in kilohertz,

To find the storage factor (Q) of an inductor, multiply the outer D-Q dial reading by the
frequency in kilohertz, or divide the inner Q dial reading by the frequency in kilohertz,
Use the outer dial for series inductors and the inner dial for parallel inductors, exactly as
in normal inductance measurements.

6.4.2 Accuracy
Accuracy of capacitive and inductive measurements and of D and Q measurements as

functions of frequency are shown in the following table. At one kilchertz, the frequency
multiplier is unity and the accuracy is as specified in paragraph 1.2.

ACCURACY
RANGE MAGNITUDE D OR Q

MIGHEST | 03%+IDIAL DIV +4.0%x /0 | 0.040fyp(14+0°) +0.020
OTHER 5 | 0.3%+1DIAL DIV+0.5%x /@ | 0.008 iy, {1 +0%) +0.020
LOWEST | 03%+(DIAL DIV +4.0%x fyuz/@ | 0.040 4, {1 +0%) +0.020
HIGHEST | 0.3%+1 DIAL DIV +4.0% 1 fy,/Q | 00401, 04+0%) +0.020
OTHER 5 | 0.3%+ 1 DIAL DIV +0.5% x fyH/0 onosf;f,(nn’) +0.020
LOWEST | 03%-+1DIAL DIV +4.0%x fxnz/Q | 0.040fyy, (1+02) +0.020
HIGHEST | 02%+ 1 DIAL DIV +4.0%xDxfigyy | 00401y, 1 40°) +0.020
OTHER 5 | 0.2%+10IAL DIV +0.5%x Dxfyy, | 0005 fy,(1+0%) +0.020
LOWEST | 0.2%+1DIAL DIV +4.0%x Dxfyy | 00801, (1+0%) +0.02D
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6.3 EXTERNAL AC GENERATOR

The Model 250DE Impedance Bridge has terminals for connecting an external ac generator. The
EXT GEN terminals are connected to the primary winding of an isolation transformer when the
GEN-DET switch is in the AC EXT GEN position. Because of tis, the external generator may
be grounded at EXT GEN terminal 1 without causing ground loops or measurement errors.,

The input voltage should be limited to 50 volts or 50 times the generator frequency in kilocycles,
whichever is less, Higher voltages will saturate the isolation transformer and will be distorted.
A few examples are shown in the following table:

MAXIMUM

FREQUENCY VOLTAGE
50 Hz 2.5V
60 Hz 3.0V
100 Hz 5.0V

400 Hz 20.0v
1kHz 50,0v
above 1 kHz 50,0V

The input power should be limited to one watt. This can be done easily by inserting a resistor
in series with the generator (see Figure 6-3). The resistors listed can have tolerances of 10 or
20 percent, and should be rated at § watts or more ., If the proper value of resistance is not
available, use a larger value rather than a smaller.

If a supply voltage much different than those listed is to be used, calculate the value of limiting
resistor from the formula:

2

LIMITING

A PPLY
G SHPEL RESISTOR

SUPPLY LIMITING
VOLTAGE | RESISTOR
E RL
{voLTs) (OHMS]
1 0.27
2 1.0
5 6.8
10 27
20 100
50 480

tOMERANCE DERERL P

-

Figure 6~3, External AC Generator
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6.5 SLIDING BALANCE

When lossy capacitors and inducters are measured, the nulling problem known as sliding balance
can occur, This problem is most frequently encountered in inductors, It is not too serious if the
Q of an inductor is greater than 1 or if the D of a capacitor is less than 1. In either case, an
external D-Q rheostat may be necessary.

The problem becomes apparent when the instrument seems to have false nulls at different settings
of the R=-L-C decade dials and the D-Q dial. Figure 6-4 illustrates the cause of the difficulty,

ix ix CHANGING D-Q
\ SETTING
FIXED D-Q UNKNOWN
Hmégf&hé/smms IMPEDANCE
CHANGING . FIXED
R-L-C @ RANGE OF BRIDGE R-L-.C RANGE OF BRIDGE
SETTING IMPEDANCE SETTING IMPEDANCE

R R
CHANGING THE R-L-C DIAL CHANGING THE D-Q DIAL
Figure 6-4. Sliding Balance

If the unknown impedance and the bridge impedance are considered as vectors, the bridge is
balanced when the vectors are equal. The L-R-C decade dials change the vector of the bridge
impedance only along the R axis, and the D-Q dial changes the angle of the vector of the
bridge impedance. [f the angle of the unknown impedance vector is not steep, the L-R-C
decades and the D-Q dial operate nearly perpendicular to each other and there is little or no
difficulty. (This is the case of low D or High Q.})

If the D of a capacitor is high or the Q of an inductor is low, the vector of the unknown
impedance has such a steep angle that the dials no longer move the bridge impedance vector
directly to a null,

The following technique will allow rapid and accurate measurements with sliding balance.

1. Make a preliminary measurement This gives a first approximation. The null
using the techniques described in at this point may not be very sharp,
paragraph 4,1 for capacitors,
paragraph 5.1 for inductors,

2, Adijust DET GAIN control so that This sets a reference level on the detector
mefer painter is on third long mark As the null comes closer, use marks closer
to right of O, to 0,

3. Turn the inner L-R=C dial a small Turn one switch step of the outer dial at
amount in one direction, then first, Use smaller steps when the null is
adjust D-Q dial for minimum close.

detector deflection.



4,

Note the reading on the meter,

If it is closer to O, repeat steps

2 and 3, turning L=-R=-C dial inthe
same direction. |f the reading is
further from 0, repect steps 2
and 3, turning L-R-C dial in the
opposite direction,

When the null is close, turn the
D-Q dial part; of a dial division
at a time and adjust L=R~C dial

for best null .

This procedure should converge to a sharp
null, Each step should be shorter than the
last when the null is close.

Watch out for false nulls at the ends of the
range of the instrument, especially at low
settings of the series inductive circuit, When
the D~Q dial and the L-R-C dials are both
at zero in the series inductive circuits, the
generator is short circuited and the bridge
indicates null,
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6.6 EXTENDED LEADS WITH AC MEASUREMENTS

Sometimes it is necessary to use extended leads when making ac measurements. This can be done
without causing significant errors in the measurements,

Connect a shielded lead to L-R-C terminal 2.
2. Connect the shield for this lead to EXT D=Q terminal 1 (ground}.

3. Connect an unshielded lead to C terminal 3 for capacitive measurements,
to L-R terminal 1 for inductive measurements.

4, Connect the capacitance or inductance to be measured between the shielded and
unshielded l[ead.

When the leads are connected in this mahner, the capacitance between the shielded lead and the
shield is across the detector, and will not cause errors in measurement. In the capacitance-
measuring circuit, the stray capacitance from the unshielded lead to ground is across the 100-nF
standard capacitor, and will not cause significant errors unless it is more than 10 pF. In the
inductance-measuring circuit, the stray capacitance of the unshielded lead is across the L-R-C
decade rheostat, and will cause no significant errors if it is less than 1 pF. If the L-R~C decade
setting is less than 1,0, 10-pF siray capacitance will cause no significant error.
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SECTION VI

REPLACEMENT PARTS
The following parts are listed alphabetically be description of part or major assembly. Parts of

each major assembly are indented and listed alphabetically within each grouping. All parts are
available from Electro Scientific Industries, Inc,

The Federal Supply Code for Manufacturers (FSC) for Electro Scientific industries is 11837,
When ordering parts, please include the following information:
Model and Serial number of the instrument

ES| part number
Description of part

DESCRIPTION PART NO. QTY USED  CKT REF
Battery, 1.5V, "D" Cell 5267 4 BT thru 4
Battery Clip, 4 Cell 6589 1
Binding Post 1393 9
Bushing, L-R~C Index Supporting 73016 1
Cap, Binding Post, Black 1170 8
Cap, Binding Post, Gold Plated 1172 1
Capacitor, 0,01,F, 100V 6469 ! C10
Capacitor, 180uF, 6V 6474 1 €2
Capacitor, 10004 F, 10V 13317 ] C3
Capacitor Assembly, Standard With Trimmer 4197 1 C1
Case 13251 ]

Connector, Coaxial 13255 1
DEKASTAT® Decade Rhecstat Assembly, L-R-C 13248 1 Al
- including ~
Dial, 0-X 4775 1
Dial, 0-11 75292 i
Dial, Rheostat 4970 1
Resistor, 10082 4890 ] R100
Resistor, 2000 4889 5 R101 thru 105
Resistor, 1k 4884 1 R110
Resistor, 2kQ 4883 5 R111 thru 115
Rheostat Assembly, 105Q 4969 ] R120
Dial, D-Q 13197 1
Dial, FUNCTION 4880 1
Diode, 1N 276 13287 ] CR1
Generator-Detector Printed Circuit 13216 7 AR1
Board Assembly
Index, D-Q 13196 1
Index, L-R=-C 73019 i
Instruction Manual 13202 1
Instruction Sheet, Short Form 13204 1
Knob, D-Q 1271 1
Knob, Large Bar, Filled 1266 }

Knob, Small Bar, Filled 1270



DESCRIPTION

Knob, Small Round, Filled

Lid, Less Short Form Instructions

Meter

Panel, Front

Plug, Unshielded Cable Type
Potentiometer-Switch, 1MQ, DET GAIN
Resistor, 140kQ2, 1/2 Watt, 1%

Swing Lug

Switch Assembly FUNCTION and RANGE

- including -

Capacitor, 4pF, 10%

Capacitor, 50pF, 5%

Capacitor, 500pF, 5%

Capacitor, 0,0047,F, 10%

Capacitor, 0.047y F ]0%

Capacitor, 0,47 F 0%

Resistor, 1Q2, N l Type

Resistor, IOQ N | Type

Resistor, 1

Resistor, le

Resistor, 10k

Resistor, 100k()

Resistor, 1TMQ

Switch Section, Dummy

Switch Section, RANGE

Switch Section, FUNCTION

Switch, GEN-DET

Test Lead, Black

Test Lead, Red

Transformer

Triple Rheostat Assembly, D-Q
Washer, Binding Post, |nsulating

PART NO, QTY USED CKT REF

1268 1

13252 1

13194 1 M1

13206 1

13279 1

13253 1 R2
1631 1 R1
3247 2

13250 1
2126 } c9
2132 i C8
2147 | c7

13299 1 Cé
1776 ] C5

13238 ] C4

13296 1 R4

13297 1 RS

13261 ] R6

13274 2 R7, R}

13276 2 R8, R12
13298 1 R?
2001 1 R10
2221 1

13256 1 S4
13257 1 53
13207 1 S2
4160 1

4148 1

13273 ] Ti
13249 ] R3
8823 8

7-2
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13900 N W SCIENCE PARK DRIVE
PORT.AMD OREGON 97229

-~ = N i larea code 503] 445 4141
EI(‘)( Lrey 55 te '“‘“(h ,IJ “‘;Hr!“ 2 ;f‘“ c:bicuddress ESIACTHON

WARRANTY OF TRACEABILITY

THE REFERENCE STANDARDS OF MEASUREMENT OF ELECTRQC SCIENTIFIC
INDUSTRIES INC. ARE COMPARED WITH THE U.S NATIONAL STANDARDS
THROUGH FREQUENT TESTS BY THE U S. NATIONAL BUREAU OF STANDARDS

THE ESI WORKING STANDARDS AND TESTING APPARATUS USED ARE
CALIBRATED AGAINST THE REFERENCE STANDARDS IN A RIGOROUSLY
MAINTAINED PROGRAM OF MEASUREMENT CONTROL.

THE MANUFACTURE AND FINAL CALIBRATION OF THIS INSTRUMENT WERE
CONTROLLED BY THE USE OF THE ESI REFERENCE AND WORKING STANDARDS
AND TESTING APPARATUS IN ACCORDANCE WITH ESTABLISHED

PROCEDURES AND WITH DOCUMENTED RESULTS. (REFERENCE MIL-C-45662)

ES)
BART NG BEE
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i
_ | 13900 N W SCIENCE PARK DRIVE
PORTLAND, QREGON 97729
Flectro Screntific Industrnes, Irnc. (oceo coce 503] 646 414 * relex 036 600
zoble add-ess ESIALTION

WARRANTY OF QUALITY

ELECTRO SCIENTIFIC INDUSTRIES.INC WARRANTS ITS PRODUCTS TO BE

FREE FROM DEFECTS IN MATERIAL AND WORKMANSHIP FOR A PERIOD

OF TWQ YEARS FROM THE DATE OF SHIPMENT TO THE ORIGINAL

PURCHASER. WE WILL SERVICE OR, AT OUR OPTION, REPLACE ANY

DEVICE WHICH FAILS IN NORMAL USE TO MEET ITS PUSBLISHED

SPECIFICATIONS

BATTERIES AND TUBES WHICH HAVE GIVEN NORMAI

SERVICE ARE EXCEPTED.

et
Fal® NO



Would you like more information?

There is a complete bibliography of ES| technical publications on the opposite side of
this page. Underline the titles or order numbers of any publications you would like us
to send. |f there is any information that you would like to have, or if there is any
comment you would |ike to make concemning the instrument or instruction manual,
please ﬁl(out this page.

Instrument Deseription: Model No, Serial No,
(Please Print)

Name Title

Dept Mail Stop
Company

Address

City State Zip Code

Any comments or corrections?

Mail this page to:

Electro Scientific Industries, Inc.
13900 N, W, Science Park Drive
Portland, Oregon 97229

Atin: Technical Services Dept



® applications data

® technical articles and
reports

® engineering bulletins

Accuracy of Series and Parallel Connections of Four-Terminal Resistors, Jack C
Riley, Presented at IEEE International Convention, March 1965

AC Measurements Using Ratio Technigues, Jack C Riley, Reprinted from [SA
Journal March 1965

Audio-Visual Application to Equipment Calibration, Jack C. Riley and Lawrence H
White, Presented al National Conference of Slandards Laboratories, August 1962

Bridge Pertformance Graphs, ES! Design ldeas, November 1961

Calibration ot a Decade Transformer, N E Morrison, Presented at AIEE Summer
and Pacific General Meeting, June 1959 (revised April 1960) o

Calibration of a Kelvin-Varley Voltage Divider, Dr Merle L Morgan and Jack C
Riley. Presented at Conference on Standards and Electronic Measurements, June
1960

DC and Low Frequency AC Ratio Measurements, Dr Merle L Morgan, Presented 1o
Study Group on Standards of Electrical Measurement, AIEE Instrumentation Dhvision,
Apnl 1962 {revised September 1362)

DC Measurements Using Ratio Techniques, Jack C Riley, September 1965

Denwvation of Electnical Units From Fundamental Standards, R 0 Kuykendall and
R M Pailthorp, July 1964 .

Design of a Contemporary Direct Reading Double Ratio Set and Auxivary Lead Com-
pensalor, Marion L Roberts, Presented at EEE international Conwvention, March
1965

Determining Effective Junction Area of Dicdes, February 1960 (revised}

Four- and Three-Terminal Resistance Measurement, Jack C Rilay, Reprinted from
Instruments and Control Systems, January 1961

High Frequency Accuracy of 250 and 290A, December 1960 (revised)

Improved Technique for Estabhshing Resistance Ratios, R M. Pailthorp and Jack
C Riey, Presented at Instrument-Automation Conference, Instrument Society of
America, October 1862

International System of Units and Convenient Audio Frequency Units, August 1864
{revised) g ¢

Low Input Resistance Voltage Dividers, March 1960 (revised)
Measuring Three-Terminal Capacitors, March 1882 (revised)

Metrology Semmnar Resistance Standards, Voltage Standards, Capacitance Stand-
ards, and Ratio Technigques, J L Thomas, George D Vincent, Robert D, Cutkosky.
and Jack C Riley, Presented at WESCON Industrial Seminar, September 1964

New Approach to Bridge Sensitivity, Jack C Riley, Presented at Instrumem-Autema-
tion Cenference, instrument Sociely of America, January 1961 (revised November
1962) . :

Precision Resistance Measurement—Part |, £S5/ Design fdeas, April 1960
Precision Resistance Measurement—Part Il, £ES! Design {deas, November 1960

Ratio Transformer Bndge for Standardizauon of Inductors and Capacitors, D L
Hillhouse and H W Kline. Presented at Conference on Standards and Electronic
Measurement, June 1960

Resistance Transfer Technique, Lawrence H. White, Presented at National Confer-
ence of Slandards Laboratories Workshop June 1963 {revised July 1963)

Shkding Balance When Making Inductive Measurements, May 1962 (revised)}

Strength for the Weak Spot in BC Polenliometry, George D, Vincent and Marion L
Roberts, Presented at Measurement Standards Instrumentation Conference, Instru-
ment Society of America, October 1965

Syslemetrics, A New Concept in Electrical Measurements R M Padthorp, May 1964
Traceabihty of Resislance Measuremenis, Jack C Riley, April 1962

Transformer Bridge Theory and Practice Jack C Riley, January 1964 (revised)
Use ot External Q Rheostat With Mode! 250 May 1862 {revised)

Voltaga Divider Calibration, ES7 Design ldeas, January 1960
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