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WARRANTY

Notwithstanding any provision of any agreement the following warranty is exclusive:

The JOHN FLUKE MFG. CO., INC., warrants each instrument it manufactures to be free from defects inrmaterial and
workmanship under normal use and service for the period of 1-year from date of purchase. This warranty extends only
to the original purchaser. This warranty shall not apply to fuses, disposable batteries (rechargeable/type batteries are
warranted for 90-days), or any product or parts which have been subject to misuse, neglect, ac/cident, or abnormal
conditions of operations ‘

In the event of failure of a product covered by this warranty, John Fluke Mfg. Co., Inc.; will repair and calibrate an
instrument returned to an authorized Service Facility within 1 year of the original purchase; provided the warrantor's
examination discloses to i1ts satisfaction that the product was defective. The warrantor may, at its option. replace the
product in lieu of repair. With regard to any instrument returned within 1 year of the original purchase, said repairs or
replacement will be made without charge. If the failure has been caused by misuse, neglect, accident, or abnormal
conditions of operations, repairs will be billed at 3 nominal cost. In such case, an estimate will be submitted before
work is started, if requested

THE FOREGOING WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR IMPLIED.
INCLUDING BUT NOT LIMITED TO ANY IMPLIED WARRANTY OF MERCHANTABILITY, FITNESS,
OR ADEQUACY FOR ANY PARTICULAR PURPOSE OR USE. JOHN FLUKE MFG. CO., INC., SHALL
NOT BE LIABLE FOR ANY SPECIAL. INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER IN
CONTRACT, TORT. OR OTHERWISE

If any failure occurs, the following steps should be taken:

1. Notify the JOHN FLUKE MFG. CO . INC , or nearest Service facthity, giving full details of the difficulty, and
include the model number, type number and serial number. On receipt of this information, service data, or
shipping instructions will be forwarded to you.

2. On receipt of the shipping instructions, forward the instrument, transportation prepaid. Repairs will be
made at the Service Facility and the.instrument returned, transportation prepaid.

SHIPPING TO MANUFACTURER FOR REPAIR OR ADJUSTMENT

All shipments of JOHN FLUKE MFG: CO., INC., instruments should be made via United Parcel Service or “Best Way"*
prepaid. The instrument should be shipped in the original packing carton; or if it is not available, use any suitable
container that is rigid and of adequate size. If a substitute containeris used, the instrument should be wrapped in paper
and surrounded with at least four inches of excelsior or similar shock-absorbing material.

CLAIM FOR DAMAGE IN SHIPMENT TO ORIGINAL PURCHASER

The instrument should be thoroughly inspected immediately upon original delivery to purchaser. All material in the
container should be checked against the enclosed packing list. The manufacturer will not be responsible for shortages
against the packing sheet unless notified immediately. If the instrument is damaged in any way, aclaim should be filed
with the carrier immediately. (To obtain a quotation to repair shipment damage, contact the nearest Fluke Technical
Center.) Final clgim and negotiations with the carrier must be completed by the customer.

The JOHN FLUKE MFG. CO., INC, will be happy to answer all applications or use questions, which will enhance your
use of this instrument. Please address your requests or correspondence to: JOHN FLUKE MFG. CO., INC., P.O. BOX
C9090, EVERETT, WASHINGTON 98206, ATTN: Sales Dept. For European Customers: Fluke (Holland) B.V., P.O. Box
5058, 50ﬂ4 EB, Tilburg, The Netherlands.

*For E’Uropean customers, Air Freight prepaid.

Jéhn Fluke Mfg. Co., Inc., P.O. Box C9090, Everett, Washington 98206

Rev. 6/81
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Section 1

Introduction & Specifications

1-1. INTRODUCTION

1-2. The Model 720A Kelvin-Varley Voltage Divider
is a seven-dial primary ratio standard which meets the
most exacting requirements of the standards laboratory.
Absolute linearity of 0.1 ppm, temperature coefficient
of linearity of 0.1 ppm/°C, and self-calibration make
the 720A the most accurate instrument available for the
comparison of primary and secondary voltage and re-
sistance standards. The linearity has a small power
derating coefficient of 0.2 ppm per watt which is a-
chieved by matching the resistors' temperature coef-
ficients close to zero. This permits operation at up to
1100 volts and 11 watts.

1-3. The Model 720A has two high input terminals.
The terminal labeled INPUT 1.0 is for general use in
all Kelvin-Varley applications for which direct reading,
in ratio, is desired. The terminal labeled INPUT 1.1
is used for voltage measurement applications when both
direct reading in voltage and over-ranging are desired.
An example of this application is the measurement of
standard cell voltages. Use of the 1.1 INPUT at a level
of 1.1 volts in this application results in divider reso-
lution of 0.1 microvolt and allows comparison of stand-
ard cells to within 1 microvolt.

1-4.  Only thoroughly aged resistors of the highest
quality are used in the Model 720A Kelvin-Varley Di-
vider. As a result, linearity change per year will not
exceed one part per million unless the instrument is
subjected to abuse. To assure that the divider remains
within its specifications throughout its useful life, ad-
justments are provided for the resistors of the first
three decades. The third decade adjustments nor-
mally will be used only during annual calibration. Per-
forming the self calibration procedure sets the adjust-
ments of the first two decades. With reasonable care
these adjustments will provide instrument accuracy of
0.1 part per million at the time of adjustment.

1-56. ELECTRICAL SPECIFICATIONS

RATIO RANGE
0to1.0 (1.0 INPUT TAP) and O to 1.1 (1.1 INPUT
TAP).

RESOLUTION
0.1 ppm of input with 7 decades.

ABSOLUTE LINEARITY

(at calibration temperature and without the use of a cor-
rection chart)*

+0. 1 ppm of input at dial settings of 1.1 to 0.1.

0.1 (108)1/3 of input at dial settings (S) of 0.1 to 0.
(See Figure 1-1.)

ABSOLUTE LINEARITY STABILITY (without self-cali-
bration)

+1.0 ppm gf input/year at dial settings of 1.1 to 0. 1.
1.0 (108) / ppm of input/year at dial settings (S) of
0.1to 0.

(See Figure 1-2.)

NOTE!

The self-calibration procedure may be used at
any time to reset absolute linearity to +0.1
ppm of input.

TEMPERATURE COEFFICIENT OF LINEARITY

£0. 1 ppm of input/°C maximum at dial settings of 1.1
to 0.1.

(See Figure 1-3.)

SHORT-TERM LINEARITY STABILITY

Under typical conditions in a standards laboratory en-
vironment (temperature maintained within £1°C) and
with an applied voltage of up to 100 volts, stability of
linearity is 0.1 ppm/30 days.

1-1
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POWER COEFFICIENT OF LINEARITY

+0. 2 ppm of input/watt maximum at dial settings of 1.1
to 0.1.

0. 2 (10S)2 ppm of input/watt maximum at dial settings
(S) of 0.1 to 0.

(See Figure 1-4.)

MAXIMUM END ERRORS
Zero error, at output low
Zero error, at input low
Full-scale error

0. 004 ppm of input
0. 05 ppm of input
0. 05 ppm of input

THERMAL VOLTAGES
0. 5 uv maximum.

MAXIMUM INPUT POWER
10 watts on 1, 0 INPUT terminal,
11 watts on 1.1 INPUT terminal.

*Absolute linearity is defined as the linearity between
maximum and minimum output voltages.

MAXIMUM INPUT VOLTAGE
1000 volts on 1. 0 INPUT terminal.
1100 volts on 1.1 INPUT terminal.

1-2

BREAKDOWN VOLTAGE
2000 volts to case at 10, 000 feet.
2500 volts to case at sea level.

INPUT RESISTANCE
100 kilohms 0. 005% at 1.0 INPUT terminal at 25°C.
110 kilohms £0. 005% at 1.1 INPUT terminal at 25°C.

TEMPERATURE COEFFICIENT OF INPUT RESISTANCE
+1 ppm/°C maximum.

MAXIMUM OUTPUT RESISTANCE
66 kilohms.

1-6. MECHANICAL AND ENVIRONMENTAL
SPECIFICATIONS

OPERATING TEMPERATURE RANGE
0°C to 50°C (32°F to 122°F).

NOTE!

When the Model 720A is used at temperatures
below 15°C (59°F) or above 35°C (95°F), the
range of the calibration adjustments may be
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exceeded and linearity must be derated 0.1 STORAGE TEMPERATURE RANGE
ppm/[°C from the calibration temperature, -34°C to 70°C (-29°F to 158°F).
SHOCK
OPERATING HUMIDITY RANGE Meets requirements of MIL-T-945A and MIL-S-901B,

Up to 70% relative humidity at 35°C (95°F): No derating rigidly mounted with slides.

is required.

Up to 80% relative humidity at 35°C (95° F): Linearity VIBRATION

derating is 0.1 ppm of input for any relative humidity Meets requirements of MIL-T-945A, rigidly mounted
between 70% and 80%. or rack mounted with slides.
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static awareness

A Message From

John Fluke Mfg. Co., Inc.

Some semiconductors and custom IC’s can be
\'/ damaged by electrostatic discharge during
handling. This notice explains how you can
minimize the chances of destroying such devices
by:
| I \ 1. Knowing that there is a problem.
2. Learning the guidelines for handling them.
3. Using the procedures, and packaging and
bench techniques that are recommended.

The Static Sensitive (S.S.) devices are identified in the Fluke technical manual parts list with the symbol

The following practices should be followed to minimize damage to S.S. devices.

[

/(@%‘:) 3. DISCHARGE PERSONAL STATIC BEFORE

e
e(Js

HANDLING DEVICES. USE A HIGH RESIS-
1. MINIMIZE HANDLING TANCE GROUNDING WRIST STRAP.

@
. gf j

2. KEEP PARTS IN ORIGINAL CONTAINERS
UNTIL READY FOR USE. 4. HANDLE S.S. DEVICES BY THE BODY

Page 1 of 2
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5. USE STATIC SHIELDING CONTAINERS FOR
HANDLING AND TRANSPORT

6. DO NOT SLIDE S.S. DEVICES OVER
ANY SURFACE

NI

_

7. AVOID PLASTIC, VINYL AND STYROFOAM®
IN WORK AREA

PORTIONS REPRINTED
WITH PERMISSION FROM TEKTRONIX, INC.
AND GENERAL DYNAMICS, POMONA DIV.

® Dow Chemical

Page 2 of 2

8. WHEN REMOVING PLUG-IN ASSEMBLIES,
HANDLE ONLY BY NON-CONDUCTIVE
EDGES AND NEVER TOUCH OPEN EDGE
CONNECTOR EXCEPT AT STATIC-FREE
WORK STATION. PLACING SHORTING
STRIPS ON EDGE CONNECTOR HELPS TO
PROTECT INSTALLED SS DEVICES.

- y,

9. HANDLE S.S. DEVICES ONLY AT A
STATIC-FREE WORK STATION

10. ONLY ANTI-STATIC TYPE SOLDER-
SUCKERS SHOULD BE USED.

11. ONLY GROUNDED TIP SOLDERING
IRONS SHOULD BE USED.

A complete line of static shielding bags and acces-
sories is available from Fluke Parts Department,
Telephone 800-526-4731 or write to:

JOHN FLUKE MFG. CO., INC.
PARTS DEPT. M/S 86

9028 EVERGREEN WAY
EVERETT, WA 98204

J0089D-07U8604/SE EN Litho in U.S.A.
Rev. 1 MAR 86
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Section 2

Operating Instructions

2-1. INTRODUCTION

2-2.  Although the Model 720A is a primary ratio
standard it has the versatility necessary for use in a
wide variety of measurement and control applications.
In most applications the divider is used as an element
of a system for measuring ratios, voltages, or resist-
ances.

2-3. POWER LIMITATIONS

2-4. It is possible to damage the Model 720A by apply-
ing voltages incorrectly to the input terminals or by
drawing more than 11 milliamperes from the output tap.
The instrument will be damaged if a potential greater
than 200 volts is applied between the 1.0 INPUT terminal
and the 1.1 INPUT terminal. To prevent damage caused
by drawing excessive current from the output tap, either
the input or the output can be fused for 11 milliamperes.
Another method of protecting the instrument is through
the use of a power supply with current limiting capa-
bility. The current limit should be set for 11 milliam-
peres or less.

2-5. FUNCTIONS OF CONTROLS AND
TERMINALS

2-6.  Figure 2-1 shows the controls and terminals of
the Model 720A and describes their functions.

2-7. RATIO ERRORS CAUSED BY LOADING
OR LEAKAGE

2-8. Measurements of any kind require a knowledge
of the errors associated with the equipment used to
perform the measurement. Measurement made with
the Model 720A are not different.

2-9.  One very important source of error in measure-
ments employing the Model 720A is the effect that exter-
nal load and leakage resistances have on overall
accuracy. If excessive current is drawn from the di-
vider output tap because of loading or leakage, linearity
errors which far exceed the linearity specifications can
result. For this reason, Kelvin-Varley dividers cus-
tomarily are used in null-balance systems in which
minimum current is drawn from the divider output tap.

2-1
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FUNCTION SWITCH

Places instrument in operating mode, or performs interr.al switching for
calibration, or performs internal switching for decade linearity test.

DIALS

Decade switches are used to set the ratio of output to input (division ratio).

OUTPUT TERMINALS

Provide output voltage of the divider. LOW OUTPUT terminal is con-
nected to LOW INPUT terminal through low compensating resistance.

BRIDGE POWER
TERMINALS

Used to connect the bridge power for calibration. BRIDGE POWER ( - )
terminal is used for low input during decade linearity testing.

BRIDGE DETECTOR
TERMINALS

Used to connect null detector for calibration.

INPUT TERMINALS

Used to connect the input voltage across the resistance of the divider.

QI © ® ®E| O

BRIDGE BALANCE

Used to balance bridge during self-calibration and calibration.

for the Model 720A Kelvin-Varley Divider.

To calculate the error in output voltage, as a fraction
of the input voltage, the following expressions are given.

2-2

S(1 +€) Eqy Ry,

CONTROL
Figure 2-1, FUNCTIONS OF CONTROLS AND TERMINALS
2-10. Loading Errors
2-11, Figure 2-2 illustrates the Thevinin equivalent

I Ry >>Rpand (1 +E is expanded in series
R
L
2 R

then -
3

1-R°+ Ro - ° Feeenn

Rg

—_RI

(1+€) =1+
Ry,

1+€) - )

R

E, (1 +€g) = RL
Ry +
L * Ro 3 R,
eo = € —
but  Eg=SEpy Ry,
1 R i
therefore (1+6€) = (—LE—)—E and Qf E?.




Converting to errors expressed as a fraction of the input
voltage the expression becomes:
S Ry

E'o=€ ‘RL

If the 1.1 INPUT terminal 1s used then:

and: €'o 2¢' -

S(1 +€)EN

Eo (1 +€ )

Eo = S EIN
(Using the 1.0 INPUT terminal)

Figure 2-2, THEVININ EQUIVALENT CIRCUIT

2-12, The following list of definitions are given for the
terms used in the preceding paragraphs.

a. Eg - Nominal output voltage.

b. Emn - Input voltage.

c. Eo - Error in output voltage as a fraction of
output.

d. € - Divider linearity error as a fraction of
output.

e. €p - Loading error as a fraction of output.

f. Eé - Error in output voltage as a fraction of
input.

g. €' - Divider linearity error as a fraction of
input.

h. €3 - Loading error as a fraction of input.

i. S - Divider dial setting.

i- Ry - Divider output resistance.

k. Ry, - Load resistance (including leakage re-

sistance from the tap terminal to the di-
vider input terminal).

720A

2-13. Output Resistance Versus Loading

2-14. The graph in Figure 2-3 illustrates the approx-
imate variation of output resistance with the dial setting
for both the 1.0 and 1.1 INPUT terminals. This resist-
ance is measured by shorting the input high and input
low terminals and measuring the resistance between
the output high and low terminals, When computing cor-
rection factors for loading of a particular instrument do
not use the approximate resistance values given by Fig-
ure 2-3. Instead, measure the output resistance at the
desired dial setting. The maximum amount of loading
which will still be negligible for any dial setting may be
calculated as follows:

a. Divider specification = 0.1 ppm of input.

b. Maximum loading error limit = 0. 03 ppm of input.
S

2R =¢ =10.3x10"8

Ry, L

d. Maximum R, = 66 kilohms when S = . 454,

SR, (.454) (6.6 x 10%)

e. Minimum R; = =
R €L 3x10-8

=1x 1012 ohms.

2-15. Similar calculations have been made for other
dial settings and the results have been plotted in Figure
2-4, The choice of a loading error limit of 0. 03 ppm
was, of course, arbitrary and should vary over a wide
range for different measurement applications. In gen-
eral, the error should be calculated and allowances
made unless the errors are small compared to either
the desired measurement accuracies or the divider
specifications.

2-16. It should be noted that resistances calculated are
the parallel combinations of the load resistor and any
leakage resistances which may exist from the tap point
(OUTPUT HIGH terminal) to the input terminals of the
divider.

2-17. In applications where the load resistance must
be supplied with a current, this current may be supplied
by either a stable power supply or a second voltage di-
vider in parallel with the measurement divider.

2-18. TEMPERATURE CONTROL

2-19, Because of slight differences in temperature
coefficients of the resistors used in the Model 720A,
the linearity of the divider will vary with ambient tem-
perature. This change in linearity will never exceed
0. 1 ppm of input per degree centigrade for dial settings
above 0.1, and typically will be 0.05 ppm/°C. For
measurement applications which require the best pos-
sible accuracy, temperature and temperature variations
must be considered. The operating temperature should
be within 1°C of the self-calibration temperature if at
all possible. If the desired operating temperature is

2-3
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Figure 2-3. APPROXIMATE VARIATION OF OUTPUT RESISTANCE WITH DIAL SETTING

appreciably different from the last calibration tempera-
ture, the instrument should be allowed to stabilize at
the operating temperature and then the self-calibration
procedure should be performed to adjust linearity to
0.1 ppm of input. The Model 720A is factory tested at
a temperature of 23 +1°C.

2-20. POWER COEFFICIENT

2-21. The power coefficient will not exceed 0.2 ppm
per watt of input power and typically will be 0.1 ppm
per watt or less. With high-voltage applied, self-heat-
ing will cause the linearity of the instrument to drift.
This drift may continue for as long as four hours after
application of the high voltage. Low-voltage, high-
accuracy measurements (0.1 ppm) should not be at-
tempted immediately after high-voltage use. Each
time the setting of the "A'" decade is changed, the power
distribution in it is changed because the current through
the instrument is divided between the two shunted re-
sistors of the "A'" decade and the resistance of the
other decades which shunts them. Because of this
current division, the two shunted resistors do not be-
come as hot as the other resistors in the "A'" decade.
The change in current distribution brought about by
changing the setting of the ""A' decade causes linearity
to drift for a few minutes if high voltage is applied.

2-22. END ERRORS

2-23. When the Model 720A is compared to another
divider, and a lead compensator such as the Fluke
Model 721A is used, absolute linearity may be used
directly without correction for end errors. In other
applications, the use of a lead compensator is not prac-
tical and end error corrections must be applied. Use
the following procedure to determine the end error
corrections for the Model 720A:

2-4

a. Connect the equipment as shown in Figure 2-5 (A).
b. Adjust the input voltage to 1000 volts.

c. With all dials set to zero, measure the voltage
between the OUTPUT HIGH terminal and the INPUT
LOW terminal. This is the zero error at input
low. One microvolt equals 0. 001 ppm.

d. Connect the equipment shown in Figure 2-5 (B).
e. Adjust the input voltage to 1000 volts.

f. With all dials set to zero, measure the voltage
between the OUTPUT HIGH and OUTPUT LOW
terminals. This is the zero error at output low.
One microvolt equals 0. 001 ppm.

g. Connect the equipment as shown in Figure 2-5 (C).
h. Adjust the input voltage to 1000 volts.

i. With dials set to 999999X, measure the voltage
between the OUTPUT HIGH and 1. 0 terminals.
This is the full-scale error. One microvolt equals
0. 001 ppm.

j. Maintain the test set up of Figure 2-5 (C) except
move the two leads connected to the 1.0 INPUT
terminal to the 1.1 INPUT terminal.

k. Adjust the input voltage to 1000 volts.

1. With all dials set to 1. 0 09999X, measure the volt-
age between the OUTPUT HIGH and 1.1 INPUT
terminals. One microvolt equals 0.001 ppm.

2-24. SELF-CALIBRATION PROCEDURE

2-25. Performing this self-calibration procedure ad-
justs the step resistance and overall resistance of the
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first two decades to compensate for any resistance
changes caused by temperature changes or aging. Thus,
the absolute linearity of the instrument is adjusted to 0. 1
ppm of input. The only external test units required are
a stable source of 10 volts and 20 volts such as the
Fluke Model 412B and a sensitive null detector such as
the Fluke Model 845AB. The procedure may be adapted
easily to use batteries as the voltage source if a suit-
able dc power supply is not available. The procedure
is as follows:

a. Connect the null detector (845AB) to the BRIDGE
DETECTOR binding posts using low thermal leads.

b. On the Model 7T20A, set the FUNCTION switch to
CAL A and the decade readout to . 0000000.

c. On the Model 845AB, set the range switch to 10
microvolts; set the OPR ZERO switch to ZERO
and adjust for zero meter deflection. Return the
OPR-ZERO switch to OPR position.

d. Set the power supply (412B) for 20 volts output and
connect it to the BRIDGE POWER binding posts.

e. Adjust the BRIDGE BALANCE control for a null
indication on the Model 845AB.

f. Advance the "A'" decade to 0.1, and adjust the
associated variable resistor (A.1) to produce null,
+0. 5 microvolts.

NOTE!

As the procedure is continued, occasionally re-
turn the “A” decade switch to zero and recheck
bridge balance.

g. In turn, advance the "A" decade one position (A. 2
through A CAL) and adjust the associated variable
resistor.

h. Return the "A'" decade to zero upon completion
of .the CAL position adjustment.

i.  Set the power supply output to 10 volts.

j.  Adjust the BRIDGE BALANCE to obtain a null.

720A

k. Set the FUNCTION switch to CAL B, and adjust
the associated variable resistor (BO) to produce
a null £1 microvolt. )
NOTE!

As the procedure is continued, occasionally re-
turn the FUNCTION switch to CAL A and re-
check bridge balance.

1. In turn, advance the "B" decade one position (B1
through B CAL) and adjust the associated variable
resistor.

m. Return the "B'" decade to zero upon completion of
the CAL position adjustment.

n. Set the FUNCTION switch to CAL S1 and adjust
variable resistor S1 for a null, 1 microvolt.

0. Set the power supply to 20 volts,

p. Set the "A'" decade to .0 and set the FUNCTION
switch to CAL A.

q. Adjust the BRIDGE BALANCE control for a null.

r. Set the FUNCTION switch to CAL S2 and adjust
variable resistor S2 for a null, %0.5 microvolt.

s. Set the FUNCTION switch to OPR and disconnect
the test units. The self-calibration is complete.

2-26. CHECK POSITIONS OF THE FUNCTION
SWITCH

2-27. Check positions (CK B etc.) are provided on the
FUNCTION switch to permit checking the linearity of
each decade from the front panel. This linearity check
is a maintenance procedure. It should not be undertaken
as a part of operation.

2-28. APPLICATIONS OF THE MODEL 720A

2-29. The following paragraphs give general instruc-
tions and equipment connections for calibrating a voltage
divider, measuring unknown voltages, and measuring
unknown resistances. Although these are by no means

TYPICAL EQUIPMENT

REQUIRED SPECIFICATIONS

DC Voltage source;
John Fluke Mfg. Co.
Model 332B or equivalent.

Output voltage from 0 to 1100 volts.
Stability of 0.0015% per hour.
Output ripple less than 40 uv rms.

DC Null Detector;
John Fluke Mfg. Co.
Model 845AB or equivalent.

1 uv full-scale sensitivity.
10 megohms input resistance.

Lead compensator;
John Fluke Mfg. Co.
Model 721A

Resolution of 0.1 milliohm.

Figure 2-6, TYPICAL ASSOCIATED EQUIPMENT FOR VOLTAGE DIVIDER CALIBRATION
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NOTE: To prevent problems
from current loops, connect
each instrument to a common
grounding point, preferably
on the power source. On the
shielded cables, connect one
end of the shield to ground
and leave the other end open.
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the only applications of the instrument, they are the
most common applications of a high-accuracy Kelvin-
Varley divider such as the Model 720A.

2-30. Calibrating a Voltage Divider

2-31. The Model 720A in company with a dc voltage
source, a null detector, and a lead compensator can
be used to calibrate voltage dividers to an accuracy
of 0.1 parts per million of input. Typical associated
equipment for this application is listed in Figure 2-6.
With this equipment, the full electrical capabilities of
the Model 720A Kelvin-Varley Voltage Divider may be
realized.

2-32. To calibrate a voltage divider, connect the equip-
ment as shown in Figure 2-7 and proceed as follows:

NOTE!

Figure 2-8 is a schematic diagram of the test
setup obtained by interconnecting the equip-
ment as shown in Figure 2-7.

a. Set both dividers to zero.

b, Turn all equipment on and allow it to warm up until
it reaches temperature equilibrium.

c. Place the null detector in zero mode, adjust it for
zero deflection, and return it to operating mode.

d. Adjust the LOW BALANCE controls of the lead
compensator to obtain a zero indication on the null
detector.

e. Turn the HIGH BALANCE COARSE control to the
same setting as the LOW BALANCE COARSE con-

720A

NOTE!

If the dividers are set from one calibration point
to the next while the test setup is energized, the
null detector meter will require several seconds
to recover between readings. Measurement may
be performed more rapidly if the VOLTAGE
switch of the lead compensator is turned to
OFF before switching. Measurement may be
speeded further by turning the ZERO-OPR
switch of the null detector to ZERO during
switching. This prevents the transient caused by
turning the voltage on, from saturating the null
detector amplifier.

Set both dividers to full scale and adjust the HIGH
BALANCE FINE control to obtain a zero indication
on the null detector.

Set both dividers to zero and re-adjust the LOW
BALANCE FINE control if necessary to obtain a
zero indication on the null detector.

Set both dividers to the first calibration point.

Observe the null detector and adjust the Model 720A
to obtain a zero indication on the null detector. The
difference between the setting of the Model 720A
and the nominal value of the calibration point is
the error of the divider being calibrated expressed
as a decimal fraction of the input.

Find the error at each calibration point until the

trol. calibration is complete.

HIGH BALANCE PART OF T

721A LEAD COMPENSATOR

R LeaD RieaD
NULL DETECTOR
TEST STANDARD
DIVIDER DIVIDER
720A

LOW BALANCE PART OF

RLEAD

721A LEAD COMPENSATOR —

Figure 2-8. SIMPLIFIED SCHEMATIC DIAGRAM OF VOLTAGE DIVIDER CALIBRATION
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TYPICAL EQUIPMENT

REQUIRED SPECIFICATIONS

DC Voltage Source;
John Fluke Mfg. Co.
Model 332B or equivalent.

Output voltage from 0 to 1100 volts.
Stability of 0.0015% per hour.
Output ripple less than 40 uv rms.

DC Null Detector (2 required);
John Fluke Mifg. Co.
Model 845AB or equivalent.

1 uv full-scale sensitivity.
10 megohms input resistance.

Standard Cell;
Guildline Instruments
Model 9152 or equivalent.

At least three saturated cells.
Accuracy of 0. 0005%.

DC Reference Voltage Divider;
John Fluke Mfg. Co.
Model 750A or equivalent.

Output accuracy of +£10 ppm.
Input and output voltage.
Rating of 1100V dc.

Figure 2-9. TYPICAL ASSOCIATED EQUIPMENT FOR MEASURING UNKNOWN VOLTAGES

2-33. Measuring Unknown Voltages

2-34, The Model 720A in company with a stable dc
voltage source, two null detectors, a standard cell,
and a reference voltage divider may be used to measure
an unknown voltage with high accuracy. Typical equip-
ment for this application is listed in Figure 2-9. With
this equipment the full electrical capabilities of the
Model 720A may be realized.

2-35. To measure an unknown voltage, first connect
the equipment as shown in Figure 2-10. The size of
wire for leads A and B should be no smaller than No.
24 and the total length should be less than 3 feet. Then
measure the approximate voltage by dialing the Model
T20A to . 0000000 and reading the null detector on the
appropriate voltage range. Proceed as follows:

a. Open the standard cell voltage switch on the refer-
ence divider and set the standard cell voltage dials
to the correct standard cell voltage.

b. Set the reference divider input switch to the first
position higher than the voltage to be measured.
Set the output switch to the same position.

c¢. Turn on all equipment and allow it to warm up until
it reaches temperature equilibrium.

d. Set the standard cell switch of the reference divider
to momentary position and adjust the output of the
dc source to obtain a null indication on null detector
number 1.

e. Adjust the readout dials of the Model 720A to obtain
a null indication on null detector number 2.

f. Calculate the unknown voltage by multiplying the
input voltage of the Model 720A by the numerical
setting of the readout dials. For example, if the
input voltage is 100 volts and the dial setting is
. 8903174, the unknown voltage is 89. 03174 volts.

2-10

2-36. Simplified Method of Voltage
Measurement

2-37. Voltages under 11 volts may be measured with
comparable accuracy by the simpler equipment setup
shown in Figure 2-12, This method standardizes the
output voltage of the Model 720A by comparing it directly
to a known standard cell. When used with an input of
1.1 volts, it is ideally suited to the accurate certifi-
cation of standard cells. Typical associated equipment
for this application is listed in Figure 2-11.

2-38. To measure the unknown voltages, connect the
equipment as shown in Figure 2-12 and proceed as
follows:

a. Set the dc voltage source for an output of eleven
or 1.1 volts depending on the desired range and
allow to warm up.

b. Set the readout dials of the Model 720A to the stand-
ard cell voltage.

c. Connect the standard cell in place of the unknown
voltage and adjust the dc source to obtain a null
indication on the null detector.

d. Disconnect the standard cell.

e. Set the readout dials of the Model 720A to the ap-
proximate value of the unknown voltage.

f. Connect the unknown voltage.

g. Adjust the readout dials of the Model 720A to obtain
a null indication on the null detector.

h. Calculate the unknown voltage by multiplying by 10
or 1 depending on the range. For example, if the
readout dials are set at . 7500055 and the input is
11 volts, the unknown voltage is 7.500055 volts.

Rev. 1
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NOTE: To prevent problems
from current loops, connect
each instrument to a common
grounding point, preferably
on the power source. On the
shielded cables, connect one
end of the shield to ground
and leave the other end open.
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Figure 2-10. EQUIPMENT CONNECTIONS FOR VOLTAGE MEASUREMENTS (Sheet 2 of 2)

2-39. Measuring Unknown Resistance

2-40. The Model 720A may be used in a setup including
a null detector, a power supply, and a standard resistor,
to measure an unknown resistance with a high degree
of accuracy. Typical associated equipment for this ap-
plication is listed in Figure 2-13. The unknown re-
sistance and the standard resistance should be in the
same order of magnitude for the best accuracy.

2-41. To measure an unknown resistance, connect
the equipment as shown in Figure 2-14 using shielded
leads. Apply the positive lead from the dc voltage
source to the 1.0 INPUT terminal of the Model 720A.
Proceed as follows:

Py, Py, P3, and P4 = decimal ratio set on the
readout dials of the Model 720A at points P;, Pg,
P3, and P4 respectively.

If Rx + R std is greater than 100 ohms, the use of a lead
compensator is desirable. If a lead compensator is
used, P; can be made equal to 1. 0000000 and P4 can be
made equal to . 0000000.

Rx 1-P2

R std P3

If lead resistance between the resistors is made insig-
nificant in addition to using a lead compensator, then
Py = P3 and the equation may be further simplified to:

Rx 1

—-1
R std P

a. Set the dec voltage source to the desired test voltage.
CAUTION!

Do not exceed the current rating of the stan-
dard resistor.

b. Set the readout dials of the Model 720A to zero.

c. Connect the null detector lead to point P, and adjust
the readout dials of the Model 720A to obtain a null
indication. Record the dial reading.

TYPICAL EQUIPMENT

REQUIRED SPECIFICATIONS

DC Voltage Source;
John Fluke Mfg. Co.
Model 332B or equivalent.

Output voltage from 0 to 1100 volts.
Stability of 0.0015% per hour.
Output ripple less than 40 uv rms.

DC Null Detector
John Fluke Mfg. Co.
Model 845AB or equivalent.

1 uv full-scale sensitivity.
10 megohms input resistance.

Figure 2-11. TYPICAL ASSOCIATED EQUIPMENT FOR MEASURING UNKNOWN VOLTAGES
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NOTE  To prevent problems
from current loops, connect
each instrument to a common
grounding point, preverably
on the power source. On the
shielded cables, connect one
end of the shield to ground
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TYPICAL EQUIPMENT REQUIRED SPECIFICATIONS
DC Voltage Source; Output voltage from 0 to 1100 volts.
John Fluke Mfg. Co. Stability of 0.0015% per hour.
Model 332B or equivalent. Output ripple less than 40 uv rms.
DC Null Detector 1 uv full-scale sensitivity.
John Fluke Mfg. Co. 10 megohms input resistance.

Model 845AB or equivalent.

Standard resistor.

Figure 2-13. TYPICAL ASSOCIATED EQUIPMENT FOR MEASURING UNKNOWN RESISTANCE RATIOS

d. Move the null detector lead to point P2, adjust the g. Calculate the unknown resistance from the following

readout dials to obtain a null, and record the dial equation.
reading.
Rx P;-P

e. Move the null detector lead to point P3, adjust the - a2
readout dials to obtain a null, and record the R std Py - Py
reading. where:

f. Move the null detector lead to point P,, adjust the Rx = unknown resistance
dials to obtain a null, and record the éial reading. R std = standard resistance

P1

RUNKNOWN NULL DETECTOR
P2

P3

RSTANDARD

P4

3328 -
VOLTAGE STANDARD

720A
K-V VOLTAGE DIVIDER

Figure 2-14, EQUIPMENT CONNECTIONS FOR DETERMINING AN UNKNOWN RESISTANCE VALUE (Sheet 1 of 2)
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from current loops, connect
each instrument to a common
grounding point, preferably
on the power source. On the
shielded cables, connect one
end of the shield to ground
and leave the other end open.

NOTE: To prevent problems
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Figure 2-14, EQUIPMENT CONNECTIONS FOR DETERMINING AN UNKNOWN RESISTANCE VALUE (Sheet 2 of 2)
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Section 3

Theory of Operation

INTRODUCTION

3-2. The Kelvin-Varley divider is a resistive circuit
used primarily as a ratio standard. It is capable of
dividing the input voltage with high resolution, usually
to six or seven decimal places, and with high accuracy,
usually a few parts per million.

3-3. THE BASIC CIRCUIT

3-4. Figure 3-1 is a simplified schematic diagram of
a basic Kelvin-Varley divider. This simplified divider
is capable of dividing the input voltage into 10, 000 parts.
It consists of four decades or resistive dividers each
of which divides its input voltage into 10 equal parts
(104 = 10, 000).

3-1.

3-5. For a decade to divide the voltage across it into
10 equal parts it must consist of 10 equal resistances.
Placing the resistance of succeeding decade in parallel
with a portion of the resistance of a decade, reduces the
effective resistance of that portion. Referring to Figure
3-1, notice that the shunted resistance in the first dec-
ade is 20 kilohms and that each of the other steps is 10
kilohms. The 20 kilohms in the first decade is shunted
by the 20 kilohms total effective resistance of the sec-
ond decade resulting in a total effective resistance of
10 kilohms for that step. Thus all steps are kept equal.
Each step of the second decade is two kilohms. The
four kilohms spanned by the switch contacts is shunted
by the four kilohms effective resistance of the third
decade. Similarly 800 ohms of the third decade is shunt-
ed by the 800 ohms total resistance of the fourth decade.

3-6. CIRCUIT REFINEMENTS

3-7.  Although the simplified Kelvin-Varley divider
shown in Figure 3-1 shows all of the essential details
of the basic circuit, a number of common design refine-
ments should be mentioned. The latter decades may
employ step resistors which are all of the same value
and a shunt across the entire decade to reduce the effec-
tive decade resistance to the proper value. In Figure
3-1, this could be accomplished by using 400 ohm re-
sistors in the fourth decade with a 1000 ohm shunt
across the decade to reduce the effective resistance of

the decade to 800 ohms. This avoids the necessity of
using resistors of very small value in the latter decades.
Usually each step of at least the first decade will con-
sist of two equal resistors matched for equal but op-
posite temperature coefficients., This matching tends
to produce a zero temperature coefficient for each step
and for the entire decade, which reduces the nonlin-
earity caused by uneven temperature when power is
applied. Some Kelvin-Varley dividers have adjustable
trimmer resistors in the first, or even the second and
third decades to permit compensation for drift and
changes of ambient temperature. Overranging capability
is provided in some circuits by adding an additional step
of resistance and a 1.1 input terminal at the upper end
of the first decade. In some dividers a small series
resistance is added between the lower end of the divider
string and the low input terminal to compensate for
contact and wiring resistance bringing the low output
voltage at zero setting to the same value as the low input
voltage. Although these refinements improve the capa-
bility of the circuit, it operates in the same manner with
them as without them.

3-8. THE MODEL 720A

3-9.  The Model 720A is a seven-dial Kelvin-Varley
divider with overranging and adjustable trimmers in
the first three decades. The low output is compensated
by a small resistance in series with the low input ter-
minal. The input resistance (total effective resistance
of the first decade is 110 kilohms at the 1.1 input ter-
minal or 100 kilohms at the 1.0 input terminal. Resis-
tors of equal value and fixed decade shunts are used in
the last four decades to avoid using very small resis-
tance values.

3-10. Design characteristics of the Model 720A which
are not commonly found in Kelvin-Varley dividers in-
clude adjustable shunts in the first three decades, a
built-in Wheatstone bridge, and switching to permit
linearity adjustment (self-calibration) from the front
panel. In addition, internal switching provides access
to the second through the seventh decades so the linear-
ity of any decade may be checked against a 10-step di-
vider from the front panel.

3-1
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Section 4

Maintenance

41. INTRODUCTION

4-2. This section contains the instructions and infor-
mation required for maintenance of the Model 720A
Kelvin—Varley Divider. Instructions are included for pre-
ventive maintenance, testing and repair of the instrument.
If repair is beyond the capability of the user, it is
recommended that the instrument be returned to the
manufacturer.  All maintenance procedures except the
replacement of factory selected resistors and resistors
housed in the oil tank are within the capability of a
skilled technician if the listed test equipment is available.

4-3. The ratio accuracy of 0.1 ppm of the Model 720A
is guaranteed for one year after shipment from the factory
provided the instrument is regularly self-calibrated in
accordance with paragraph 2-24 and is operated in the
same environment in which it is self-calibrated. The instru-
ment also must meet the requirements of the Leakage
Resistance Test, paragraph 4-8. In the self-calibration
procedure, all resistors on the A and B decades are adjusted
to be equal to each other by substituting each in tum into
the self-contained resistance bridge. The Linearity Test
given in paragraph 4-14 should be performed once each year
to verify instrument performance. If testing and calibration
are beyond the capability of the user, these services may be
obtained from a commercial calibration laboratory or
from the manufacturer.

Rev. 2

44. TEST EQUIPMENT REQUIRED FOR
MAINTENANCE

4-5. The test equipment required for maintenance is
listed in Figure 4-1. Equivalent or similar units may be
substituted for those listed providing they have the re-
quired specifications listed in the figure.

4-6. PREVENTIVE MAINTENANCE

4-7. Preventive maintenance of the Model 720A con-
sists of leakage resistance testing, cleaning, switch contact
lubrication, and linearity testing. The frequency with which
preventive maintenance procedures should be scheduled
depends upon the user’s requirements and the environment
of the instrument. In an air conditioned standards labora-
tory, there will be little contamination of surfaces within
this instrument and therefore testing and cleaning will sel-
dom be required. In a contaminated atmosphere, frequent
testing and cleaning may be required to maintain the
accuracy of the instrument.

4-8. Leakage Resistance Tests

4-9. The need for cleaning can be determined without
removing the cover from the Model 720A by performing
41
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RECOMMENDED EQUIPMENT

SPECIFICATIONS REQUIRED

DC Voltage Source
John Fluke Mfg. Co.
Model 332B or Model 412B

Source of 0 to 1100 vdc.
Accuracy at least 0.25%
Stability at least 0. 005% per hour.

DC Null Detector
John Fluke Mfg. Co.
Model 845AB

Sensitivity at least 10 microvolts
full scale.
10 Megohm input Resistance.

Lead Compensator
John Fluke Mfg. Co.
Model 721A

Resolution of 0.1 milliohm.
Ratio capability of 110:1

Standard Divider
John Fluke Mfg. Co.
Model 720A

Ratio accuracy of 0.1 ppm of input.

Standard Divider (11 Steps)

Ratio accuracy of 0. 05 ppm of input

Decade Resistance Standard
Electro Scientific Industries
Model RS925A

4007. 6 ohms, 10,000 ohms
Accuracy of 20 ppm

Figure 4-1, TEST EQUIPMENT REQUIRED FOR MAINTENANCE

the simple leakage resistance test described in this para-
graph. This test should also be performed after cleaning to
assure that all contamination has been removed. To
measure leakage resistance, proceed as follows:

a. Place the Model 720A on a sheet of dielectric.

b. Use teflon insulated wire to connect the Model
720A, a 1000-volt source (Model 332B), and a
null detector (Model 845AB) as shown in Figure
4-2.

c. Connect a shunt resistor across the input of the
null-detector to bring its input resistance to one
megohm on the one millivolt range. The value

required for theModel 845AB is 1.1 megohms.

d. Turn on the 1000-volt supply and read the null
detector. An indication of 1 millivolt corresponds
to leakage resistance of 10'2ohms. If the indica—
tion is more than 1 millivolt, the leakage resistance
is too low and corrective measures must be taken.
If repeated cleaning fails to correct the problem,
troubleshooting must be undertaken.

4-10. CLEANING

4-11.  When the Model 720A is properly cared for and
4-2

kept in a controlled atmosphere, cleaning will seldom be re-
quired. However, any contamination, particularly oil, in the
instrument can contribute to reduced leakage resistance
which will impair accuracy. Special care has been taken in
the design and manufacture of the instrument to prevent
leakage. The voltage dial switches are supported by Lexan
spacers, and the circuit board is coated with a moisture
sealant and isolated from the chassis by polyethelene grom-
mets. These insulators and the switches can be contaminated
easily by handling or by airborne contaminants. Dust may
be removed with dry oil-free air at a pressure of 15 pounds
per square inch or less. To remove oil, place the instrument
on its side, place paper towels under it and spray with de-
natured anhydrous ethyl alcohol, Crown SPRA-TOOL No.
8011 or equivalent. When dry, perform switch contact lub-
rication, paragraph 4-12. After cleaning and drying, the
leakage resistance test should be performed to assure that
the excessive leakage has been corrected.

4-12. Switch Contact Lubrication

4-13.  Corrosion of switch contacts can cause high con-
tact resistance in one or more positions resulting in an im-
pairment of linearity. If evidence of this condition is
present and exercising the switch fails to correct it, the
switch contact should be lubricated with a special purpose
switch lubricant. The product recommended for this pur-
pose is Rykon lubricant No. 2 EP (American Oil Co.) mixed
with Tuluol. It should be carefully applied in a very thin
film with a camel’s hair brush.
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NOTE: To prevent problems
from current loops, connect
each instrument to a common
grounding point, preferably
on the power source. On the
shielded cables, connect one
end of the shield to ground
and leave the other end open.
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Figure 4-2. EQUIPMENT CONNECTIONS FOR LEAKAGE RESISTANCE TEST
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from current loops, connect
each instrument to a common
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on the power source. On the
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and leave the other end open.
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CAUTION!

Great care should be used to avoid excessive use
of contact lubricant on the switches of the
Model 720A. The contacts should not be lub-
ricated unless there is evidence of irregular
operation.

Before applying the lubricant, clean the switch following
the instructions in paragraph 4-10. Only a minute
amount of lubricating fluid should be applied. After
application, exercise the switch by rotating it through
all positions several times.

4-14. Linearity Testing

4-15. The design of the 720A Voltage Divider is such
that if the instrument is self-calibrated, if the leakage
resistance is low, and if the switch contacts display
repeatable contact resistance, the divider will meet
its linearity specifications. Because of the extremely
tight over-all specification (0.1 PPM of input) very
few laboratories will have both the necessary equip-
ment and the required technical skills to prove this.
The following linearity test using a second Model 720A
as a standard is therefore intended only to indicate
gross errors (0.2 PPM of input) in the first decade
and to prove specification on the lower decades. The
customer who hopes to prove more than this is referred
to the following articles and papers:

1. Andrew F. Dunn, "Calibration of a Kelvin-
Varley Voltage Divider, " National Research
Council Report No. 7863.

2. M. L. Morgan and J. C. Riley, ""Calibration
of a Kelvin-Varley Standard Divider, " IRE

720A

Trans. on Instrumentation, vol. 1-9, pp 237-
243; Sept. 1960.

4-16. To compare divider linearity, connect the equip-
ment as shown in Figure 4-3 and proceed as follows:

NOTE!

Figure 4-4 is a schematic diagram of the test set-
up obtained by interconnecting the equipment
as shown in Figure 4-3.

a. Self-calibrate the Model 720A. (See paragraph
2-24 in Section II).

b. Set both dividers to zero.

c. Set the voltage source to the desired test voltage,
turn on all equipment and allow it to warm up until
it reaches temperature equilibrium.

d. Place the null detector in the zero mode, adjust it
for zero deflection, and return it to operating mode.

e. Adjust the LOW BALANCE controls of the lead
compensator to obtain a zero indication on the null
detector.

f. Turn the HIGH BALANCE COARSE control to the
same setting as the LOW BALANCE COARSE
control.

NOTE!
If the dividers are set from one calibration point
to the next while the test setup is energized, the
null detector meter will require several seconds
to recover between readings. Measurement may

-+
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720A
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DIVIDER VOLTAGE
720A STANDARD
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721A LEAD COMPENSATOR

Figure 4-4, SIMPLIFIED SCHEMATIC DIAGRAM OF LINEARITY COMPARISON TEST
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be performed more rapidly if the VOLTAGE
switch of the lead compensator is turned to
OFF before switching. Measurement may be
speeded further by turning the ZERO-OPR
switch of the null detector to ZERO during
switching. This prevents the transient caused by
turning the voltage on from saturating the null
detector amplifier.

g. Set both dividers to full scale and adjust the HIGH
BALANCE FINE control to obtain a zero indication
on the null detector.

h. Set both dividers to zero and re-adjust the LOW
BALANCE FINE control if necessary to obtain a
zero indication on the null detector.

i.  Set the null detector to the desired sensitiv<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>