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APPRNDTY B

7 - Parvameter Model

Figure B-~1 shows the Z parameter model used ag part of figure 5. The left hand
gide ig part of the bridge circuit and the right hand side forms the paxrt of the
divider chain between the output terminals of the reference voltage divider.
Under normal operating conditions the input current I, is that due to bridge
leakage or an off get condition; 12 ig the divider chain current nominally at

1 mA., Ideally I1 = 0 making Ep = 0 and E, is the standard cell voltage.

By equating voltages around the two loops shown, and comparing with standard Z

parameter equations, then:

Vo o= R+ 2.1, §j>

Vo

i

e

In the general case the four parameters &5+ by Zpy, 2o are complex and Ifrequency
dependent. Since in this application only IC currents are involved Z; and Zg
can be simplified to the real resistors R; and R4 respectively. As the

standard cell voltage ratio setting is varied R;, Z, and Z¢ vary by a small

proportion but R4 remains congtant.

The parameters of the network were found by first digconnecting the voltage
divider instrument from all external devices. By bpen circuiting the output

terminalsg Ié = 0 go that according to equation -
V4 = BRIy B%)

Thig pregents a means of determining R; from the measurable quantities Vq and
I4. A Keithley 168 digital multimeter was used to measure this resistance
(which automatically divides the voltage drop by the current to the element).

From EBD and Cgé) for an open circuit output -

Xg _Zelq 2y (%E)
V1 RiIq Ry ~
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Thig presents a meang of determining Z.. The inpul wag fed with a known
o f P
voltage V4 and the output voltage monitored by the 168. The input source was
the transfer standard whose output, under the given load, was first measured
9 ¥

with the 168 before reading the output voltage of the divider chain Vg. The
input resistance of the Keithley 168 ig 10 Mo - much higher than R{ so a loading

correction at this end was not necessary. Parameters R, and Z, were determined
the same way but by interchanging the comnections from the input to S,C

terminals and vice versa.

R4 varies according to the divider chain output voltage setting so to maintain
12 at the nominal 1 mA. Therefore -
Ry = Vypx 107 0 = Ty x 107 0 (@5)

where Vyp, Vo is stated in volts.

According to the method shown above -

R; = (9.18 £0.04) ka
Vo _ Zp _ 0.1030 + 0.0002 V
V4 Ry 0.928 =+ 0.002 V
therefore Ze = (1.019 4 0.009) ka
Zr - standard cell voltage (Eé
I o
2
1.018 kan
These results were recorded for Vi, = 7.1 volt (as set) and the standard cell

voltage set to 1.018155. The above errors may be slightly small since the mster

had a tendency to drift off zero by up to 0.2%.



APPENDIX

Ligt of Instruments

Type
Digital Multimeter
Digital Multimeter
Digital Multimeter
Standard Cell Enclosure
Standard Cells:

1

2

3

4

IDC Transfer Standard

High Impedance Voltmeter
Full Detector

Reference Voltage Divider

High Voltage DC Power Supply

AC Voltage Stabiligzer

Chart Recorder

Twenty Million Megohmmeter

- 32 -

A233
LM1420
168

7004~-04

| D402C/P
D402¢/P
D402G/P
D402C/P
7314
845AB

7504
410B
PE 4210/01

AW

29A

Serial No.

Make

201890
125163
35874
169

38692
38681
38694
38646
375

90402

16508
535000
7120

97904

292042A

Solartron
Solartron
Keithley
Elmeagco

Muirhead

Fluke

Fluke

Fluke
Fluke
Philips

Esterline~
Angus

Electronie
Instruments
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LIST OF CAPTTIONS

Figure
Figure
Figure
Figure

Figure

Figure

Figure

1~ Transfer of IC Standard

2 = Calibration Bridge Configuration

5 = Equivalent Circuits for Volt Meter Loading

4 - Leakage Resistance Equivalent Circuit Stage 1
5 =~ Leakage Resigtance Equivalent Circuit Stage 2

A1 - Impedance Changing Amplifier

B~1 ~ Z -~ Parameter Model of Voltage Divider
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