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SECTION 1 

INTRODUCTION 

1.1 GENERAL 

The Model 213C Phase Angle Voltmeter 
(fig. 1-1) is a compl ete l y transistorized 
instrument which combines the ability to 
measure both phase angl e and magnitude of 
comp l es ac signals and vector components 
with respect to a r eference vol tage . 
Designed for p hase sensitive operat i on 
a t a p r especified frequency within 30Hz 
to 10 kHz, it utilizes passive phase
shifte r circuits t o assure l ong- term 
stability and high accuracy over the 
spectrum. Front-pan e l controls permit 
instantaneou s selec tion of range and 
function. 

• 
As a TOTAL vo ltme t e r, the Model 213C i s 
capable of measuring s i gnal s within a 
frequency range of 10 Hz to 100 kHz . The 
Model 213C has its frequenc y re sponse 
limited t o that of the signal iso l a tion 
trans former . The signal input voltage , 
in the transformer mode, is limited to 
.7Sf. (f = signal frequency in He rtz) 

PMASf "'NOLI' IIOLTM("TII!R MOOl!"l213 

As a phase- sensitive null meter, the 
Model 213 ' s 2 ~V nul ling sensivity 
permit s high- resolution ratio-metric 
measurements . This a llows measurement 
low- leve l voltages o f the reference 
frequency in the presence of noise , 
hum , and o ther spuriou s signals . As a 
phase meter, angles a re read o n a 
paralla x - free scale cal i brated in 1° 
increments . 

1.2 BOTH REFERENCE AND SIGNAL 
ISOLATION 

The Model 213C includes a fron t panel 
swi t ch for switching the transformer in 
o r out of the signal input circuit . 

NOTE 

Input voltages in the trans
former mode are limited to 
. 7Sf . 
( f = signal frequ ency in Hertz) 

Figure 1-1. Phase Angle Voltmeter , Model 213C 

of 

1-1 
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1.3 APPLICATIONS 

The Model 213C is used in the following 
applications. 

• Phase-Sensitive Null Indicator 

• Measures separately the in-phase and 
quadrature components of an ac signal. 

• Measures phase shift in any"ac system. 

• 

• 

Sensitive ac electronic voltmeter 

Testing of servos, computers, synchros, 
resolvers, inductosyn. 

• Precise ac ratiometry 

• Phasing of servo motors, chopper ampli
fiers, magnetic amplifiers. 

• Measuring both torque and non-torque 
producing signals in servo amplifiers. 

Table 1-1. 

Item 

Voltage range (full scale output) 

Frequency ranges 

Total mode - direct input 

Transformer input 

Fundamental and phase sensitive 
modes 

Voltage accuracy 

Total mode - direct input 

Transformer input 

Fundamental and phase sensitive 
modes 

Phase accuracy 

1-2 

• Align carrier amplifier and notch 
networks. 

• Impedence meter 

• Power factor meter 

• Measuring response of vibrational 
system. 

Detailed descriptions of these appli
cations are shown in the Application 
Notes in Appendix A. 

1.4 GENERAL SPECIFICATIONS 

The specifications in table 1-1 apply to 
the Model 213C Phase Angle Voltmeter. 
Where a special modification or variation 
is involved, the governing specification 
will either be a separate specification 
control document, the purchase order, or a 
supplement contained in this manual. 
Specifications for individual instruments 
are always identified by a specification 
"s" number appearing on the instrument 
nameplate - e.g. 213C-S1234. 

Specifications 

Specification 

300fl V to 300 V in 13 ranges 

10 Hz to 100 kHz 

20 Hz to 3 kHz* 

Single prespecified frequency with ±5% band
width in a range between 30 Hz and 10 kHz. 

±2% of full scale, 20 Hz to 50 kHz 
±5% of full scale, 50 kHz to 100 kHz 

±2% of full scale, 60 Hz to 2 kHz* 
±5% of full scale, 20 Hz to 60 Hz, 2 kHz to 3 kHz 

±2% at phase sensitive frequency of operation. 

flO as read on the calibrated Phase dial, 
±3% full scale angle using E cos e characteristic 
(See Application Notes) 
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Table 1-1. Specifications (Continued) 

Item Specification 

Calibration 

Voltage 

Phase dial 

Resolution 

Signal input impedance 

Direct mode 

Transformer mode 

Reference input impedance 

Reference input voltage 

Signal input dc voltage level 

Transformer mode 

Direct mode 

Transformer common mode rejection 
(at 400 Hz) 

Zero source impedance 

1 K source impedance 

Overload 

Noise 

Nulling sensitivity 

Fundamental mode frequency response 

Harmonic rejection phase sensitive 
modes 

At 400 Hz 

All other frequencies of operation 

Zero center, low stiction meter calibrated 3-0-3 
and 10-0-10 scales 

Continuously calibrated in 1° increments from 
-6°to +96° over four quadrants 0°, 90°, 180°, 
270° . 

-0.2° 

10 megohms shunted by 75 flflf nominal 
(150 flflf with rear input terminals) 

300krt min. at 400 Hz 

300krt (nom.) 
(lOOkrt nom. for frequencies below 400 Hz) 

1. 5 V to 200 V max., 400 Hz to 10 kHz; 3.8 V to 
200 'I max. below 400 Hz. 

o V (with no external blocking capacitor) 

400V 

.0025% max . 

. 004% max. (1 K in series with high input) 

.006% max. with rear input terminals 

10 x full scale signal input OVERLOAD light 
will completely ignite at approximately 12 x 
full scale setting. 

Less than 15 flV, Total and Fundamental modes 

Less than 2 flY, Phase Sensitive modes. 

See diagram (fig. 4-4) 

55 DB 

40 DB to 70 DB depending on frequency of 
operation (see fig. 4-4) 

*Typical for pre-specified phase sensitive frequency of 400Hz. 

1-3 
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Table 1-1. Specifications (Continued) 

Item Specification 

Non-coherent signal rejection For frequencies removed from signal frequency 

Power 

Fuse 

For 115 V /125 V power 

For 230 V/250 V power 

Size 

Panel 

Depth behind panel 

width behind panel 

Weight 

Mounting 

Front panel paint 

"Line cord 

Front panel input 

1-4 

by approximately 5 Hz or more (effective pass 
band of meter movement), response is essentially 
zero for levels up to 10 x the value of the full 
scale range in use. Internal filters will in
crease the allowable level of the non-coherent 
signal to 300 x the value of the full-scale range 
in use on the most sensitive ranges, provided 
the non-coherent signals are in the stop band 
of the filter. 

115 V /125 V or 230 V /250 V ±10%, 

.5 A, type 3 AG. S. B. 

.25 A, type 3 AG. S.B. 

5-1/4" x 19" W 

12" 

16-3/4" 

Approximately 15 Ibs. 

Rack or bench mounted. 

Semi-gloss gray #26280 

6' long with ground pin 

45-440 Hz , 10 VA 

Inputs are standard, 5-way binding posts, 
spaced on 3/4" centers. 
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SECTION 2 

PREPARATION FOR USE 

2.1 REMOVAL FROM PACKAG~ 

This instrument has been thoroughly tested, 
inspected, and evaluated at the factory 
prior to shipment. Particular care has 
been taken in the design of the special 
wrapping and packaging material used in the 
container to ensure that no damage results 

from the typical handling encountered dur
ing shipment. However, upon removal from 
the package, the instrument should be 
externally inspected for any obvious dam
age. Should such damage be observed, re
fer to the Warranty. The instrument may 
now be mounted (either rack or bench) and 
checked per paragraph 5.5. 

2-1/(2-2 blank) 
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SECTION 3 

OPERATING INSTRUCTIONS 

3.1 METER ZERO 

Prior to making any connection, check the 
meter to see that it reads O. If it does 
not, reset the meter to read 0 by means 
of the Zero Adjust screw which may be 
reached through a hole below the meter on 
the front panel. This adjustment must be 
done with the power off, and with the in
strument in the normal horizontal or near 
horizontal position. 

3.2 POWER LINE VOLTAGE 

The Model 213C is normally wired for 
115 V/ 125 V operation with switch S6 in 
the 115 V position. If it is desired to 
operate Hie instrument from a 230 V/250 V 
source, remove the top cover and set 56 to 
230 V position. 

NOTE 

Be sure to use the proper fuse 
for the desired operating volt
age. 115 V/125 V source will be 
. 5 amp., type 3 AG fuse, and 
230V/250V source will be .25 amp., 
type 3 AG fuse. 

3.3 GROUNDING 

All electrical circuits and power grounds 
are floating (in the Direct Mode) with 
respect to the chassis. The instrument 
is supplied with a three-prong power plug. 
The round pin is wired to the chassis. 
Common grounding of power, chassis, and 
circuit ground is accomplished by means of 
a link on two rear panel terminals, one of 
which is chassis ground, and the other in
put circuit ground. The circuit ground 
must be connected to chassis ground either 
at these terminals or remotely. 

Circuit ground is automatically tied to 
chassis ground in the Transformer Mode in
dependent of the link connection. Depen
dent upon specific application, it may be 
more desirable to wire the chassis such 

that it is not connected directly to house 
ground. In those cases, extreme caution 
must be taken to avoid any personal injuri 
due to the resultant shock hazard. As a 
general rule, every effort must be made to 
ensure that the chassis is wired to a hous 
ground at all times. 

Great care should be given to grounding 
methods used to avoid ground loops and 
stray fields. 

3.4 LOW FREQUENCY, HIGH-LEVEL 
VOLTAGES 

When the instrument is operated in the 
Transformer Mode, care must be taken not 
to apply high-level voltages at a low fre
quency such that the 0.75 f (f = Hz) maxi
mum voltage rating of the input transforme 
is exceeded. The same precaution applies 
to the reference input transformer in 
those instruments whose phase-sensitive 
frequency is 400 Hz or above. The maximum 
voltage rating of the reference input tran 
former is O. 5 f (f = Hz) . 

In the event that signals containing dc 
are to be injected in the Transformer Mode 
a large blocking capacitor should be used 
externally. 

CAUTION 

Maximum signal input must not exceed 
300 V rms and maximum reference input 
must not exceed 200 V. Higher volt
ages will break down the input capac
itors in the instrument. (See 
table 1-1.) 

3.5 CONTROLS, DISPLAYS, INPUTS 
(Figure 3-1) 

Prior to attempting to operate the instru
ment, it is advisable that the user famil
iarize himself with every control, display 
and input connection as described in 
table 3-1. 

3-1 
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POWER AND REFERENCE 
SELECT SWITCH 

REFERENCE 
ADJUST 

• ~ NOR-TN. ATt..A..NT'IC 

FUNCTION 
SWITCH 

REFERENCE INPUT TERMINALS INPUT SELECTION SW1TCH 

FRONT PANEL 

REAR PANEL 

Figure 3-1. Controls and Indicators 

Table 3-1. Controls and Indicators 

OVERLOAD 
INDICATOR 

RANGE 
SELECTOR 

SIGNAL INPUT TERMINALS 

Control/ Indicator Function 

Power and Reference s elect switch If the p re-specified phase sensitive operating 
frequency of the voltmeter is 60 Hz or 400 Hz, 
the power switch will consist of two positions 
for selecting either External Reference Input or 
Internal Line Reference Voltage. Power will be 
indicated by the illumination of the meter face . 

3-2 
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Table 3-1. Controls and Indicators (Continued) 

Control/Indicator Function 

Reference Adjust control The Reference Adjust control is used for adjusting 
the reference level to read half scale (red line) 
on the meter. This control is used when the Func
tion switch is in the REF ADJ position. 

Function selector switch 

Range selector switch 

Degrees Phase dial 

PHASE ADJ control 
(R98 - located on the rear pane15 

The Function selector selects the desired mode of 
operation for the instrument. 

In the four PAV (Phase Angle Voltmeter) positions, 
the instrument is connected so that it may read a 
voltage E cos 8, where 8 is the angle by which the 
signal vector leads the reference vector. Any of 
the four quadrants may be selected over which the 
calibrated degrees phase shifter will operate. Thus, 
the total angle by which the reference vector is 
shifted in degrees will be either 0°, 90°, 180°, or 
270° plus the reading of the Degrees Phase dial. 

There are three VM positions. In the TOTAL posi
tion, the instrument functions as a standard volt
meter and will read all voltages over a frequency 
range of 10 Hz to 100 kHz. In the FUND position, 
the instrument reads the total vector of the fund
amental component of the input signal. (See figure 
4-4 for filter characteristics.) 

The Function. selector must be positioned in the REF 
ADJ position in order to make the proper reference 
adjustment. 

The Range selector is a rotary switch which selects 
the proper attenuators for the desired full-scale 
voltage as marked on the front panel. 

The Degrees Phase dial is calibrated to read the 
degrees of phase shift introduced by the calibrated 
phase shifter networks within the particular quad
rant selected by the Function selector. The Degrees 
Phase dial is calibrated from _6° to +96° in 1° 
graduations. Mechanical positioning of this dial on 
its shaft is critical and for this reason, should it 
be necessary to repair or replace, the procedure 
under Phase Dial Alignment (para. 5.6.3) should be 
followed. 

R98 is a screwdriver adjust control used to align 
the signal and reference channels. Its function is 
to trim the instrument for minor variations in the 
frequencies of measured signals from the pre-speci
fied frequency. 

3-3 
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Table 3-1. Controls and Indicators (Continued) 

Control/Indicator Function 

OVERLOAD indicator The OVERLOAD indicator turns on whenever a pre
scribed signal level is exceeded. This indication 
warns of impending amplifier overload and the re
sultant inaccuracies which will occur when large 
saturating signals are present. The OVERLOAD in
dicator is factory set to turn on when the input 
exceeds 10 x full scale. (The instrument will 
function within its specified accuracy up to, and 
including, a 10 x overload.) 

Meter 

Input terminals 

INPUT selector switch 

3-4 

The meter is a zero center low stiction microammeter 
calibrated to read the rms value of a sinewave. For 
all voltmeter readings, the pointer deflects to the 
right. For phase-sensitive measurements, the meter 
deflection may be to the left or right. It has a 
calibrated zero center 3-0-3 and 10-0-10 with mirror 
backing for more precise readability. 

CAUTION 

By its nature, the instrument is 
required to handle inputs considerably 
in excess of its full-scale reading. Al
though a high overload capability has 
been designed in, discretion should be 
used to avoid application of signals in 
a manner which will drive the needle 
hard against the stops. Therefore, al
ways approach a measurement from the 
least sensitive position and return to 
this position before making circuit ad
justments. This approach will avoid any 
damage which may occur to the meter. 

These terminal posts are on standard 3/4" spacing 
and will accommodate banana plugs, wire, or alli
gator clips. The reference and signal input termin
als are designated HI and LO which indicates polar
ity with respect to each other (i.e., HI is in
phase with high; LO is inphase with low) . 

The signal LO terminal is tied to circuit ground 
in the direct position. In the transformer position, 
it is tied to the low side of the primary and the 
primary shield. 

The INPUT selector switch is a push button switch 
which removes the input transformer from the input 
circuit in the DIR position allowing for single
ended, direct-coupled inputs. In the TRANS position, 
floated inputs or differential inputs, as well as, 
single ended, isolation inputs, may be fed into the 
Signal Channel. 



3.6 OPERATION 

Plug the instrument into the proper power 
source. Turn the Power switch ON and allow 
the instrument to warm up for a short 
period (3 to 5 minutes) for stable oper
ation. 

CAUTION 

Before making measurements, 
review the section on ground
ing techniques in the Appli
cation Notes. 

3.6.1 Measuring Voltage 

set the Range selector to the appropriate 
scale and the Function selector to the 
appropriate position. Connect the volt
age to be .measured to the SIG input ter
minals and read the voltage from either 
the 0-10 or 0-3 volts scales using the 
proper scale factor as determined by the 
Range selector position. 

With the Function selector in the TOTAL 
position, the voltmeter operates as a 
standard ac voltmeter. This reads the 
total vector voltage at any frequency 
(within specifications) including all 
harmonic effects. With the Function se
lector in the FUND position, response of 
the instrument is determined by filter 
characteristics. 

Notice that with no input to the instru
ment (terminals not shorted), the meter. 
deflects on the low ranges. This condi
tion is, and represents, a true measure
ment of stray fields capacitively coupled 
to the input. Shielding the input will 
reduce this deflection to a minimum level. 
Measurements made on high impedance cir
cuits require that special attention be 
paid to capacitive as well as inductive 
pickup. 

Twisted and/or shielded cable will reduce 
the effect, though the cable capacity 
could serve to load the source. Care must 
be tqken, where possible, to insure that 
ground loops do not exist by virtue of the 
signal and reference grounds being con
nected. These loops can result in errone-

NAI TM 5000 

ous readings. 
Notes. ) 

(Refer to the Application 

3.6.2 Measuring Phase Angle 

3.6.2.1 Reference Adjustment 

a. set the Function selector to the REF 
ADJ position. 

b. Inject the reference signal into the 
REF terminals and adjust the REF ADJ 
control to cause the meter to read a 
value as indicated by the red mark on 
the meter scale. The red line adjust
ment will varv somewhat as a function 
of the Phase dial setting. This is 
normal and does not indicate malfunc
tion. The red line setting may be 
made at any setting of the Phase dial. 

3.6.2.2 Preliminary Phase 
Adjustment (R98) 

a. This adjustment is factory set and 
should seldom need to be touched ex
cept following servicing and/or com
ponent replacement. Using a signal 
source, equal to full scale on any 
range greater than 1.0 volts, connect 
the signal to both SIG and REF inputs 
and adjust the reference level in 
accordance with paragraph 3.6.2.1. 

b. place the Function selector to 0° posi
tion and the Degrees Phase dial to 90°, 
and then Function selector to 90° posi
tion and the Degrees phase dial to 0°. 

If the meter does not read zero for both 
these tests, use the rear-panel PHASE ADJ 
control, R98, to provide a zero which 
is the best compromise for both cases. This 
control adjusts the phase shift between the 
signal and reference channels. In general, 
once this setting is made there is little 
reason to re-adjust the control. 

3.6.2.3 Phase Angle Measurements -
with Calibrated Degrees 
Phase Dial 

a. set Function switch to REF ADJ position. 
Connect a reference input to the REF 

3-5 
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terminals, and adjust the reference 
level by REF ADJ control for red line. 

b. Set Function switch to FUND position. 
Inject the signal to be measured into 
the SIG terminals with the Range se
lector set to a position that will 
allow a maximum on scale reading. 

c. Turn the Degrees Phase dial to cause 
the meter to read a null on any phase 
sensitive position of the Function 
switch. This step is to provide a 
coarse measurement of the phase angle. 

d. Switch the Range switch to more sensi
tive positions until the OVERLOAD light 
comes on. Then uprange one position so 
that the OVERLOAD lamp is off. 

e. Adjust the Degrees Phase dial more 
precisely for a null on the meter. 
Switch Range switch two positions less 
sensitive. 

f. Switch the Function selector to a posi
tion (0°, 90°, 180°, 270°) which gives 
a meter deflection to the right. 

g. The phase angle is the sllm of the 
Function selector setting of step f and 
the Phase dial setting of step e. 

3.6.2.4 Measurement of In-Phase (0°) 
and Quadrature (90°) 
Components 

a. With reference level properly set, 
place Function selector to 0° position. 
Set the Degrees Phase dial to 0°. 

b. The meter now reads the in-phase com
ponent of a signal. This is also 
E cos 8 where 8 is the angle between 
the reference and signal. 

c. Switch the Function selector to 90°. 
The meter now reads the quadrature 
component, or E sin 8. 

In general, one of these components is 
usually much smaller that the other and 
for greater accuracy, it is convenient to 
change the range of the instrument. This 
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can be done until the OVERLOAD lamp lights, 
thereby warning of an impending overload 
condition. This light indicates that the 
total signal exceeds ten (10) times the 
full-scale value. Measurements can be made 
for overloads up to 10 times full scale. 
Measurements under all these conditions 
will be most accurate if the zeroing pro
cess described in the Application Notes 
is followed. 

3.6.2.5 Measurements Under Most 
Sensitive Conditions 

Measurements under overloaded (less than 
10 times) conditions can be made where it 
is desired to increase the null capability 
or to make the small quadrature signal 
level measurements. As stated previously, 
the signal levels in the SIG channel may 
be 10 times the full-scale reading as in
dicated by the Range switch setting. Under 
some special conditions, these signals may 
exceed this 10 times specification by small 
amounts without overloading the amplifiers 
in the signal circuits. These signals, 
however, should never be increased beyond 
the level which will cause the OVERLOAD 
indicator to light. 

Accurate measurement of phase angles can 
be made using the E cos 8 or E sin 8 char
acteristic. Voltage measurements are made 
from the in-phase (0°) or quadrature (90°) 
component of the fundamental signal and 
the total vector amplitude as measured in 
the FUND position. The quotient will then 
be the cosine, or sine, or tangent of the 
unknown phase angle. Trigonometric tables, 
slide rule, or graphs included in the 
Application Notes are suitable for convert
ing to degrees. The accuracy achievable 
using this technique depends upon the pro
cedure, and for that reason, it is suggested 
the Application Notes be reviewed before 
using this method. 

3.6.3 Differential Measurements and 
Common Mode Rejection 

3.6.3.1 Differential Measurements 
using an Input Transformer 

In making differential measurements using 



a transformer, there are two sources of 
error. One is due to capacity from either 
side of the primary to the high side of 
the secondary as shown in figure 3-2 (A). 
This can result in an output even if 
El = E2. Due to coupling into the output 
impedance of the secondary, this effect is 
minimized if a secondary shield is used, 
connected as shown in figure 3-2 (B). 
Note that these capacitors are now capaci
tors to ground and will cause no coupling 
to the secondary. 

The other source of error is capacity to 
ground, phase shifting the signal from a 
source with a finite source impedance as 
shown in figure 3-2 (C). This also can 
cause an output even if El = E2. 

This effect is minimized if a double 
shielded wire and a primary shield is used 
as shown in figure 3-2 (D). This will con-

A 

D 

B 
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nect the capacity from the inner conductor 
to the inner shield (Cl) across the trans
former which, when nulled, introduces no 
error. Capacity from the inner to outer 
shield (C2), and capacity from the primary 
shield to secondary shield (C3) is across 
E2. If E2 has a low source impedance, 
this will introduce no error. 

Therefore, for maximum accuracy in making 
differential measurements, the lowest im
pedance source should be connected to the 
low input terminal. 

If it is desired to make differential mea
surements when high source impedances are 
present in both input leads, it is some-
times possible to drive the primary shield 
at a voltage equal to El and E2. This, in 
effect, places C3 and C2 across a third source, 
independent of the voltages being measured. 
This is shown in figure 3-2 (E). 

c 

E 

I 
I 

c 3 I 
I I I I 
1--1 ~
I II I 
I I 
I I 
I L __ 

Figure 3-2. Differential Measurements and Common Mode Rejection 
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If it is desired to improve the differen
tial measurement capability over and above 
that provided by the VM 2l3C, it is recom
mended that the user employ a high-quality 
bridge null transformer. 

3.6.3.2 Common Mode Rejection (CMR) 

Mode Rejection defines the ability of an 
instrument to measure a voltage existing 
between its two input leads (Differential 
Mode Voltage) in the presence of a voltage 
to ground common to both input leads (Com
mon Mode Voltage). This type of measure
ment is frequently encountered when making 
ungrounded or differential measurements 
such as the output of the ac bridges. 

Common Mode Rejection, espressed in per 
cent, is defined as: 

Differential Output 
Common Mode Voltage 

X 100% 

It can be measured by shorting the input 
leads together and applying a Common Mode 
Voltage to both input terminals, (figure 
3-3 (A)), and reading the output of the 
meter. Should it be desired to measure 
CMR with a source resistance, use the 
circuit of figure 3-3 (B). 

An example of this calculation would be 
the meter reading 10 mV with a CMV of 
100 V. The CMR would then be 
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10 x 10- 3 

100 
X 100 0.01% 

Hi 

Lo 
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Hi 

Figure 3-3. Common Mode Rejection 
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SECTION 4 

THEORY OF OPERATION 

4.1 INTRODUCTION 

The block diagram of figure 4-1 will serve 
to illustrate the principles of operation 
of the Phase Angle Voltmeter. The Phase 
Angle Voltmeter is a multi-function instru
ment, and the following will describe each 
of these functions. 

4.2 GENERAL THEORY 

4.2.1 Total and Fundamental 
voltmeter 

When operating as a Total and Fundamental 
voltmeter, the instrument uses only the 
signal channel circuitry. The signal 
amplifier, in conjunction with the range 
attenuator, functions as a conventional 
ac electronic voltmeter. The signals ap
plied to the input are amplified and fed 
to the full-wave rectifier circuit and in
dicated on the meter, which is calibrated 
in rms. (See table 4-1 for errors due to 
harmonics. ) 

As a Fundamental Voltmeter, a harmonic 
filter is switched into the circuit and 
the meter reads only those frequencies 
within the pass band of the filter. (See 
figure 4-4 for filter characteristics.) 

4.2.2 Phase Angle voltmeter 

As a Phase Angle Voltmeter, the reference 
channel is activated and operates in con
junction with the Fundamental mode circui
try of the signal channel. The reference 
signal is phase shifted by the calibrated 
reference phase bridge circuitry, amplified, 
and then filtered. The reference channel 
output serves to gate the demodulator por
tion of the meter circuit. The relation
ship of this gating voltage to the signal 
being measured will determine the magnitude 
and the polarity indicated on the meter. 

For those signals which are in-phase, a 
sign~l of maximum amplitude will be indi
cated and for those signals which are 90° 
out-of-phase (Quadrature), a minimum signal 
will be read. Where the instrument is be
ing used to read quadrature signals, these 
signals may exceed the indicated range by 
up to 10 times without overloading the sig
nal amplifier circuits. This capability 
provides a means for much more accurate 
measurements of quadrature voltages and 
computation of phase angles. 

4.3 DETAILED THEORY 

4.3.1 Signal Input Attenuator 

The signal amplifiers of the Model 213C al
ways operate with the same basic sensitiv
ity (300 ~V) . This requires attenuators 
for reducing higher level voltages to this 
range. The input attenuator actually con
sists of two separate voltage divider net
works. The first provides a 1000:1 reduc
tion for voltages .3 volts and above. The 
second provides seven attenuator ranges 
from 1:1 to 1000:1. This latter attenuator 
provides attenuation for signals up to and 
including 100 mV and is added to the atten
uation of the 1000:1 divider for signals 
between 1 volt and 300 volts. 

At low frequencies, the 1000:1 attenuator 
ratio is determined solely by the resistors 
employed. At higher frequencies, capaci
tive compensation is necessary to compen
sate for circuit strays. This converts the 
attenuator to a capacitive divider at high 
frequencies. The crossover from resistive 
to capacitive attenuation occurs at approx
imately 600 Hz. This attenuator when pro
perly adjusted not only provides proper 
attenuation at both high and low frequen
cies, but·also has essentially zero phase 
shift over the rated frequency range. 
(See Adjustment Procedure (para. 5.6.2) 
for proper alignment.) 
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4.4 AMPLIFIERS 

4.4.1 Signal Isolation Amplifier 

The signal isolation amplifier provides a 
high input impedance to the input signal 
and a low output impedance to the range 
attenuator. It has a gain of 3.2 and 
provides a wide band frequency response 
with minimal phase shift and low noise. 
R25, C17, R33, and CR7, 8, 9, and 10 pro
vide overload protection for the amplifier 
and will allow 300 V rms to be applied in
definitely to the input with the Range 
swi tch on the 300 IN range. 

4.4.2 Amplifiers 

The amplifiers (Z2, Z3, Z4, Z6, and Z7) 
that are used in this voltmeter are dual 
operational amplifiers. They are all used 
in a high feedback gain configuration to 
assure maximum stability with time and 
temperature. 

Z6 A and B are the Fundamental and Total 
mode amplifiers. Each amplifier has a 
gain adjust pot for adjusting the meter 
to a full scale. Each amplifier is in a 
non-inverting configuration with a nominal 
gain of 150. 

Z7 and its associated circuitry is the 
signal channel filter. This low pass 
active filter provides harmonic rejection 
in the Fundamental and Phase Sensitive 
modes. Typical characteristics are shown 
in figure 4-4. 

Z3A is the reference isolation amplifier 
which provides a non-inverting unity gain 
and high input impedance to prevent load
ing of the phase pot, R4. Z3B provides a 
gain of 35 for the reference signal. 

Z2 A and B is the reference channel filter. 
Its components and circuitry are exactly 
the same as the signal channel filter. 

Z4 A and B is the reference squaring ampli
fier. This amplifier provides two 30 V P-P 
square waves which are 180° out of phase 
with each other and are used to gate the 
phase sensitive detector. 

NAI TM 5000 

Detector and Meter Drive Amplifiers Z5 
and Z9 are single stage operational ampli
fiers which remove the effects of nonlinear 
switching elements in the Detector Module. 
Its configuration also provides full-wave 
switching operation. 

4.5 DETECTOR CIRCUIT 

4.5.1 Detector Module Z8 

The detector is a proprietary module which 
functions in the Total and Fundamental modes 
as a full-wave rectifier averaging detector, 
and in the phase angle modes functions as 
a phase sensitive detector. 

The detector's phase sensitive operation 
can be likened to that of a set of commuta
ting switches. The reference signal causes 
signal current to flow through the meter in 
alternate directions in each half cycle of 
the reference signal. (See figure 4-2.) 
When the reference and signal are in-phase 
(fig. 4-2A) , the average value of this 
current will be maximum and the meter will 
read a maximum voltage. When the signals 
are 90° apart (fig. 4-2B) , the average will 
be zero and no reading will result. The 
equation governing this is: 

I Meter (avg) 
where K 

E 

8 

K E cos 8 
proportionality constant 
rms of signal 
angle between signal and 
reference 

Detector saturation effects will limit this 
characteristic equation to the design levels 
for the instrument. Under special condi
tions, such as are described in the appended 
Application Notes, the reference level is 
increased to improve accuracy for high 
signal levels. Measurements at the quad
rature null point (8 = 90°) are relatively 
unaffected by saturation. 

The response of the Detector is limited to 
signals at the reference frequency as well 
as to odd-order harmonics. Response for 
this type detector to odd-order harmonics 
will never be greater (usually less, de
pending upon phase angle) than the funda
mental response multiplied by a factor lin, 
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Figure 4-2. Phase Detector Waveforms 

where n is the order of the harmonic. 
Where a signal channel filter is used, 
there is, of course, essentially no re
sponse to harmonics in the signals. 

All other frequencies are rejected except 
for signals very near to the reference 
frequency and its odd harmonics. Here, 
the meter movement will oscillate between 
o degrees in-phase and 180 degrees out-of
phase and at a frequency proportional to 
the difference between the input frequency 
and the fundamental or third harmonic of 
the reference signal. Response of this 
nature is limited to frequency differences 
of about 5 Hz (meter pass band) . 

The effect of reference harmonics is much 
less inportant than that of signal harmon
ics because the harmonic content can never 
do more than shift the point at which the 
current starts to flow. Expressed other
wise, there is an equivalent error in de
grees which results from harmonics in the 
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reference channel. For measurements using 
the Degrees Phase dial, the error can be 
removed by trimming. For measurements us
ing E cos 8 characteristic, the effect is 
small because the meter reading as a func
tion of current integrated over an entire 
cycle and the small error produced by dis
tortion has a correspondingly small effect 
on the total current. 

When used as a conventional Total or Funda
mental voltmeter, the Detector is switched 
to a full-wave rectifier configuration. 
Operation is identical to that of a full
wave bridge power supply in which the meter 
movement acts as the load . 

. 
4.5.2 Effects of·Distortion 

The current through the meter in the latter 
circuit is proportional to the average 
value of the voltage waveform applied. 
Calibration of the meter in rms is based 
on a ratio between the average and effec-



tive values of a true sinusoidal voltage. 
Deviation from a true sinewave may cause 
errors in the meter indication. Table 
4-1 lists the range of possible errors 
due to the second and third harmonic dis
tortion. 

Table 4-1. Errors Due to Harmonics in 
a Typical Average Detector 

Harmonic 
order 

2nd 
2nd 
2nd 
3rd 
3rd 
3rd 

Harmonic 
content 

10% 
20% 
50% 
10% 
20% 
50% 

4.5.3 Overload Circuit 

Error 

Nil 
o to +2% 
o to +10% 
-4% to +4% 
-6% to +8% 
-10% to +16% 

The Overload detector circuit is designed 
to operate as a switch. When the signal 
level exceeds a level of approximately 
12 times full scale, the circuit will 
switch turning on the OVERLOAD indicator. 
The signal amplifiers will operate up to 
and including 10 times overload. The in
dicator is set to light above this level, 
and ordinarily measurements may not be 
made as long as the indicator is lit. 

4.6 PHASE BRIDGE NETWORK 

The Phase Bridge Network is required to 
generate the precision phase shifts in the 
reference channel. These networks are de
signed for specific frequencies as required 
by the individual user. An output of 0°, 
90°, 180°, and 270° is provided and is se
lected by the Function switch. Angles in 
any quadrant are determined by connecting 
the Degrees Phase dial potentiometer to 
any two adjacent points through the Func
tion switch. This provides a phase shift 
capability of 0° to 360° as determined by 
the Function switch setting plus the De
grees Phase dial (phase potentiometer) 
setting (fig. 4-3). 

The voltage E-R4 appears across the De
grees Phase dial potentiometer R4 between 
the taps, terminals 1 and 5. When E/Oo is 
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PHASE SHIFT BRIDGE 

E- &.0.0 

E.LQ° = E/90 o 

9 Tan til 
I + Tan ~ .. e Max 

~ = Electrical Phase 
Angle 

9 - R4 Shaft Angle 

Frequency in Hz 

1 900 

Figure 4-3. Voltage Vector at Phase 
Potentiometer 

set equal to E/900, the electrical angle 
ELi is a non-linear function of the poten
tiometer shaft angle. This is compensated 
by a non-linear Degrees Phase dial. 

The 90° a~gular rotation is shifted to any 
quadrant by the four corners of the bridge 
being rotated to cause the desired quadr~nt 
voltage to appear across the Degrees Phas€ 
dial potentiometer. This is performed by 
the Function switch. 
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4.7 POWER SUPPLY 

The power supply can be operated at 4S Hz -
440 Hz, lIS V /12S V. An internal switch is 
provided for operation at 230 V/2S0 V. The 
ac voltage is full-wave rectified, filtered, 
and applied to Ql and Q2 which provide a 
constant +lS V and -IS V dc output. CRS 
and CR6 are 16 V zener diodes. 

4.8 FILTERS 

The filters used are fifth order, O.SDB, 
Chebyschev, low pass active filters which 
are operated in a restricted portion of 
the pass band. This is to maintain the 
amplitude gradient over this band within 
the instrument's specifications and to 
restrict the phase variation. Figure 4-4 
is a typical filter response. Fm desig
nates the geometric mean frequency of the 
usable band. The upper-frequency limit is 

OOB 

40B 

100B 

200B 

300B 

400B 

500B 

600B 

.2fo 

determined by the amplitude vs. frequency 
characteristic. Lower-frequency limit is 
determined by the amount of rejection of 
the third harmonic of this frequency. 

Many resistor and capacitor components in 
the filter are changed for different fre
quencies. Refer to the Filter component 
table on the schematic (fig. 6-1) for 
these changes. 

NOTE 

When making phase-sensitive mea
surements, the detector circuit 
inherently has a high second har
monic rejection (approx. 55 DB) 
and 10 DB additional rejection 
of the third harmonic. This ad
ditional harmonic rejection is 
individually added to the filter 
rejection when operating in any 
phase-sensitive mode. 

2fo 3fo 4fo 5fo 

Figure 4-4. Typical Filter Characteristics 
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4.9 INPUT ISOLATION TRANSFORMERS 

The Model 2l3C has a reference isolation 
transformer in its reference input. This 
will allow a common reference signal to 
be connected to the instrument without 
creating a ground loop. 

The Model 2l3C is characterized by the in-

NAI TM 5000 

clusion of a signal isolation transformer 
in its signal input, as well as containing 
the above mentioned reference isolation 
transformer. The INPUT.DIR/TRANS switch 
provides a means of switching this signal 
isolation transformer in and out of the 
signal input as desired. This transformer 
may be used for making single-ended, as 
well as differential, measurements. 

'f'YPICAL CHARACTERISTICS 
MIJ1)EL 213C 

1M 

Frequency in Hz 

Figure 4-5. Input Impedance vs. Frequency (Transformer Mode) 
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SECTION 5 

MAINTENANCE 

5.1 INTRODUCTION 

This section contains instructions for the 
general maintenance of the Phase Angle 
Voltmeter. Performance testing, alignment 
procedures, and troubleshooting are des
cribed here. 

5.2 COVER REMOVAL 

In order to service, it is necessary to 
remove the top cover of the instrument via 
the removal of five screws. For addition
al troubleshooting and maintenance, it may 
become necessary to remove the bottom 
cover of the instrument which may easily 
be accomplished by removing five screws. 

5.3 REPLACEMENT OF PRINTED CIRCUIT 
CHASSIS COMPONENTS 

There are a number of components which are 
mounted directly to the printed circuit 
chassis, all of which are easily accessible. 
In the event that any of these must be re
placed, normal precautions consistent with 
good manufacturing practice should be fol
lowed. 

There are also a number of components 
which are mounted to switch assemblies. 
In the event there is a failure in any of 
these components, it is recommended that 
extreme care be exercised in the removal 
of these components so as to not damage 
the switch wafer. 

5.4 REPLACEMENT OF FUSE 

A power fuse is mounted on the rear panel 
of the unit and may easily be replaced by 
removing the fuseholder cap. This fuse 
will normally be a .5 amp fuse, type 3AG, 
for 115 V operation. For those instruments 
which operate with 230 V power source, this 
fuse should be a .25 amp, type 3 AG. 

5.5 PERFORMANCE EVALUATION 

It is the purpose of this procedure to 

assist a qualified technician in the e
calibration of the Model 213C Phase Angle 
Voltmeter. Under normal circumstances, 
this instrument, due to the use of solid
state circuitry, should require a minimum 
of service and recalibration. 

The Test Procedure portion may be used for 
incoming acceptance test or for periodic 
calibration checks. It is recommended that 
the initial periodic check be made after 
three months and future checks be extended 
to six months or yearly checks. 

The Alignment Procedure may be used for 
recalibration in the event there is fail
ure which requires the replacement of any 
component in the instrument. 

5.5.1 Equipment Required 

Refer to table 5-1 for list of equipment 
required. 

5.5.2 Procedure 

5.5.2.1 Preliminary Checks 

a. Before turning on equipment, check 
~echanical zero of the meter (para. 5.6.1) 
and rezero if necessary. 

b. Ground Isolation Check (instrument 
turned off) : 

(1) Check resistance between chassis 
ground and circuit ground at the 
signal input terminals. (Link 
must be removed.) This should 
read open. 

c. Noise Check (instrument on, chassis 
connected to house ground, ground link 
in place) : 

(1) Short SIG input terminals, apply 
a 100 V REF signal, and adjust 
the reference level to red-line 
value. 

5-1 
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Test equipment 

variable voltage source 

Scale voltmeter, monitor 

Voltmeter, monitor 

AC ratio box (2) 

Phase generator** 

High impedance ohmmeter 

Oscilloscope 

Table 5-1. Equipment Required 

Capability/type 

Frequency accuracy ±5% 
Vol tage 0 to 300 V 

Frequency range 
10 Hz to 100 kHz 

Accuracy: ±0.5% 
Calibrated full 
scale 400 Hz* 

Flat frequency response: 
±O. 25%, 10 Hz to 100 kHz 

Accuracy ±10 ppm 

Oytronics Model 411 

Hewlett-Packard 
Model 412 or equivalent 

Tektronix Model 422 
or equivalent 

Application 

Voltage and frequency 
response calibration 

Voltage calibration 

Frequency response 

Voltage calibration 

Phase calibration 

Phase dial alignment 

Troubleshooting 

*This frequency is the pre-specified phase-sensitive operating frequency. 
Since 400 Hz is a cornmon frequency, it is used throughout this section. 

**See paragraph 5.5.2.7 for less convenient methods of Phase Angle generation. 

(2) Reading on the meter should not 
exceed 15 j.JV on any range in the 
Total and Fundamental modes. In 
the PAV (Phase Sensitive) modes, 
the meter indication should be 
less than 2 j.JV. 

input voltage should be ±O. 5%. -The 
Model 213C should indicate these values 
±2% of full scale. 

(1) Set Range switch to 300 j.JV. 

5.5.2.2 Voltage Check 
(2) Applya300j.JV ±0.5%, 400Hz* to 

the SIG input terminals. Meter 
should now read 300 j.JV ±2%. 

a. Set the Function switch to TOTAL and 
the INPUT switch to OIR. 

b. Connect the instrument as shown in 
figure 5-3A, and adjust the Variable 
Voltage Source amplitude to 100 V. Ad
just reference level to red-line value. 

c. Apply a voltage to the SIG input ter
minals corresponding to the full-scale 
indication at each position of the 
Range switch by setting the ac Ratio 
Box as required. The accuracy of the 
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(3) _ Set Range switch to 1 mV. 

(4) Apply a lmV, ±0.5%, 400Hz* to 
the SIG input terminals. Meter 
should now read 1 mV ±2%. 

(5) Set Ra~ge switch to 3 mV. 

(6) Apply a 3mV ±0.5%, 400Hz* to 
the SIG input terminals. Meter 
should now read 3 mV ±2%. 

*Use the pre-specified phase-sensitive 
operating frequency. 



(7) Set Range switch to 10mV. 

(S) Apply a 10mV ±O.S%, 400Hz* to 
the SIG input terminals. Meter 
should now read 10 mV ±2%. 

(9) Set Range switch to 30 mV. 

(10) Apply a 30mV ±O.S%, 400Hz* to 
the SIG input terminals. Meter 
should now read 30 mV ±2%. 

(11) Set Range switch to 100mV. 

(12) Apply a 100mV ±O.S%, 400Hz* 
to the SIG input terminals. 
Meter should now read 100 mV ±2%. 

(13) Set Range switch to 300mV. 

(14) Apply a 300mV ±O.S%, 400Hz* to 
the SIG input terminals. Meter 
should now read 300 mV ±2%. 

(15) Set Range switch to 1 V. 

(16) Apply a 1 V ±O.S%, 400Hz* to the 
SIG input terminals. Meter should 
now read 1 V ±2%. 

(17) SetRangeswitchto3V. 

(IS) Apply a 3 V ±O. 5%, 400 Hz* to 
the SIG input terminals. Meter 
should now read 3 V ±2%. 

(19) Set Range switch to 10 V. 

(20) Apply a 10V ±O.S%, 400Hz* to 
the SIG input terminals. Meter 
should now read 10 V ±2%. 

(21) Set Range switch to 30V ±2%. 

(22) Apply a 30 V ±O.S%, 400 Hz* to 
the SIG input terminals. Meter 
should now read 30 V ±2%. 

(23) Set Range switch to 100V. 

(24) Apply a 100 V ±O. 5%, 400 Hz* to 
the SIG input terminals. Meter 
should now read 100 V ±2%. 

d. 

e. 
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(25) Set Range switch to 300V. 

(26) Apply a 300V ±O.S%, 400Hz* to 
the SIG input terminals. Meter 
should now read 300 V ±2%. 

Switch the Function switch to FUND 
and repeat step c above. 

Switch the INPUT switch to 
TRANS with the Function switch in FUND 
position. Repeat step c above. 

f. Linearity Check - Inject a full-scale 
signal into the SIG input terminals. 
Switch the Function switch to FUND. 
Change input SIG down scale in discrete 
steps. Meter should indicate corres
ponding levels as follows (±2%). 

Meter X 
Range InEut Full Scale 

IV 
IV 
IV 
IV 
IV 
IV 

5.5.2.3 

1.0V 
.SV 
.6V 
.4V 
.2V 
.1V 

Frequency Response 
(Fig. 5-30) 

1.0 
.S 
.6 
.4 
.2 
.1 

a. Set Function switch to TOTAL. Set 
Range swi tch to 0.1 V. Set INPUT 
switch to DIR. 

b. Using the Variable Voltage Source, in
ject a signal equal to 0.09 V at 400 HZ*. 
Monitor this input voltage with the 
Monitor Voltmeter. (It is necessary 
that- the frequency response be flat 
to within 0.5% over a range of 10Hz 
to 100 kHz.) 

c. Sweep the frequency of the Variable 
Vol tage Source from 10 Hz to 100 kHz 
and maintain a constant amplitude out
put. Meter should indicate a 0.09V 
±2% from 20 Hz to 50 kHz, and 0.09 V 
±S% from 10 Hz to 100 kHz. 

*Use the pre-specified phase-sensitive 
operating frequency. 
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d. switch Range switch to 1.0 V and set 
Variable Voltage Source to 0.9 V and 
repeat step c. 

NOTE 

Meter should read 0.9 V 
instead of 0.09 V. 

5.5.2.4 Signal and Reference Channel 
Phase Alignment 

a. Using the test circuit shown in figure 
5-3B, set the Variable Voltage Source 
to 400 Hz*, and adjust the amplitude 
to nominally 100 V. 

b. Turn Function switch to REF ADJ and 
adjust the reference level for red
line value on the meter scale. 

c. Set Function switch to FUND, Range 
switch to O.OlOV, and connect 90° 
RC network (phase generator) to SIG input 
terminals. Adjust the Variable Volt
age Source slightly until a full-scale 
reading (0.01 V) is obtained on Phase 
Angle Voltmeter. 

d. Set Degrees Phase dial to 0°. Set 
Function switch to 0°. Set Range 
switch to 0.001 V (approx. 10 times 
overload) . 

e. Adjust PHASE ADJ control R98 (rear
panel control) for zero reading on 
meter. 

NOTE 

Signal and reference channel 
are now phase aligned. The 
0° Function and 0° Degrees 
Phase dial positions are now 
calibrated. 

5.5.2.5 Phase Check 

'rhe followinq checks should be made at 
400Hz* using figure 5-3C. (For methods 
of generating phase angles, see para
graph 5.5.2.7.) 

*Use the pre-specified phase-sensitive 
operating frequency. 
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a. Using a 10 volt level into the REF in
put terminals, set Function switch to 
REF ADJ position and set REF ADJ con
trol to cause the meter to read red
line (red-line is marked at half-scale 
on the meter) . 

b. Set Function switch to 90°. Set 
Degrees Phase dial to 0°. Set Range 
swi tch to 0.001 V. 

c. Inject the O.OlOV (10 times overload 
0° signal from the Phase Generator into 
the SIG input terminals) . 

d. Adjust Degrees Phase dial to cause the 
meter to read a null (0). The indicated 
angle should be flo of the input angle 
(i.e., with a 0° input, the Degrees 
Phase dial should read between _1° and 
+1 0) • 

e. Repeat steps c and d in 10° increments 
to 90°. The Degrees Phase dial read
ings should all be within flo of the 
input angle. 

5.5.2.6 Overload Check 

a. Using the test connections of paragraph 
5.5.2.5a, set the Degrees Phase dial to 
0°, the Function switch to 90°, and the 
Range swi tch to O. 1 V. 

b.Inject a 0° signal into the SIG input 
terminals at approximately 1.0 V level 
(10 X overload). Meter will indicate 
zero. 

c. Gradually increase the input signal 
until OVERLOAD light comes on. This 
should occur at approxiamtely 12 X 
overload (1.2 V) . 

 
5.5.2.7 Phase Angl eration 

The test procedure requires that phase 
angles other thiln 9Cf or Cf be used for 
some checks. A phase generator may be 
used for this purpose. Refer to user's 
manual for procedure. 

If a phase angle generator is not available, 
it is suggested that the following methods 
be used: 



5.5.2.7.1. RC Passive Phase Shifter 

Precise phase angles can be generated using 
the circuit configuration shown in figure 
5-1. These networks are very useful and 
are simple to construct. They do req
uire, however, accurate measurement of 
component values. They may be cons-
tructed with the aid of the design equations 
shown in figure 5-1. The components should 
be high-quality, stable devices; such as 
mica, or polystyrene capacitors, and metal 
film or deposited carbon resistors. 

5.5.2.7.2. Ratio Box Phase Shifter 

This circuit (fig. 5-2) is somewhat less 
complicated than the previous circuits 
in that it required only a precise 0 
and 90 signal be generated by use of 
passive networks, but it does require a 
Ratio Box. The Ratio Box selected must 
be accurate at the operating frequency. 
The components again must be high quality 
and drift free. It may be seen that any 
angle between 0 and 90 can be selected 
depending on the setting of the Ratio 
Box. It should be noted, however, that 
the amplitude of the 0 and 90 signal 
should be set equal to each other. The' 
output amplitude will vary through a 
minimum of 0.707 of the 0 and 90 
signal at 45 (Ratio Box setting of 0.5). 
Phase network component values and Ratio 
Box settings are determined by the 
equation shown in figure 5-2. 

Attenuation = Rl 
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5.6 ALIGNMENT PROCEDURE 

5.6.1 Preliminary Checks 

Meter Mechanical Zero Check 

Using the access hole below the front-panel 
meter window, adjust the mechanical movement 
for an exact center scale position as follows: 

a. Adjust the zero adjuster in a direction 
which will drive the pointer toward the 
zero scale mark of the instrument. 

b. Nhile continuing to drive the pointer in 
the direction selected in a, set the 
pointer on the zero scale mark while 
tapping the instrument case. Once it 
has been selected, do not change the 
direction of drive until the pointer is 
on the zero mark. 

c. Nith the pointer set on the zero mark, 
reserve the direction OF Motion of the 
zero adjuster and drive it far enough 
to introduce mechanical freedom (play) 
in the zero adjuster, but not far enough 
to disturb the position of the pointer. 

5.6.1.1 Ground Isolation Check 

Check resistance between chassis ground and 
'circuit ground at the signal input terminals 
(link must be removed). This should read 
open. Replace link. 

R providing Rl / / /zl 
Phase Shift = Tan- 1 R2 

Xc 

z 

z 

1 + j R2 

Xc 

Figure 5-1. RC Passive Phase Shifter 
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5.6.1.2 Power Supply Check 

Set Range switch to 300 V, turn instrument 
on, and measure the following with res
pect to ground: 

a. Using the circuit schematic (figure 
5-6 check +15 V at TPS, -15 V at TP7. 
Each should read 15.4 V ± .S V. 

b. Check ripple with an ac VTMV. 
Should not exceed the following: 
+ 15 V 3mV rms; 
- 15 V 3mV rms. 

5.6.1.3 Dc Heter Offset 

a. Set INPUT switch to DIR position. 

b. Short SIG input terminal to ground. 

c. Set Function switch to REF ADJ 
position. 

d. Set Reference switch to EXT REF 
position. (60Hz-400Hz units only.) 

e. Feed in 10V 400Hz* to REF input 
terminals. 

f. Set REF ADJ knob for a red line 
reading on meter. 

g. 

h. 

i. 

j . 

k. 

Set Function switch to 0° position. " 

Set Range switch to O.lV po~~~ 
Connect an ac voltmeter to~and 
adjust RIll for a minimum ac reading. 

Adjust R95 for zero reading on the 
meter. 

Make sure that the meter reads the 
same (zero) in FUND and 0° positions 
of the Function switch. 

5.6.1.4 Noise Check 

a. Short SIG input terminals; apply a 
100V REF signal. 

b. Reading on the meter should not ex
ceed 15~V on any range in the TOTAL 
and FUND modes. In the PAV (Phase 
Sensitive) Modes, the meter indic
ation should be less than 2~V. 

5-6 

100 

R 

100 

ELQ! and E/90 0 must be 
set equal within 1/4% 

Ratio Box setting -

1 
1 + ctn 9 

where 9 is des·ired 
phase shift 

Figure 5-2. Ratio Box Phase Shifter 

5.6.2 Voltage Alignment 

Connect as shown in figure 5-3A and refer 
to figure 5-5 for location of printed cir
cuit chassis trim controls. Turn ins
trument on, and allow a IS-minute warm up. 

The following adjustments are for the pur
pose of calibrating the basic voltage gain 
of the instrument in the TOTAL and FUND 
Modes. It also incorporates the "broadband" 
adjustment of the 1000:1 standard input 
attenuator. 

NOTE 

Set INPUT switch to DIR 

5.6.2.1 Fundamental A.djustment 

a. Set Variabl~ Voltage Source to 100V 
as measured on the Monitor Voltmeter 

*Use the pre-specified phase-sensitive 
operating frequency. 



at 400Hz*. 

b. set Range switch to O.lV, Function 
switch to FUND. 

c. Set Ratio Box to .001000 (O.lV). 

d. Adjust FUND ADJ potentiometer (R47) 
for full-scale indication on the 
meter. 

5.6.2.2. Total Adjustment 
(Same as in Para. 5.6.2.1.) 

a. set Function switch to TOTAL. 

b. Adjust TOTAL potentiometer (R53) for 
a full-scale reading on the meter. 

c. Set INPUT, switch to TRANS and 
perform paragraphs 5.6.2.1. and 
5.6.2.2. 

5.6.2.3. 1000:1 Input Attenuator 
Adjustment 

a. Set INPUT, switch to DIR. 

NOTE 

This attenuator must operate 
over the entire frequency 
range of the instrument in 
the TOTAL Mode. Therefore, 
it must be adjusted for a 
"flat" amplitude charac
teristic and a minimum phase 
shift over this range. 

b. For instruments which operate at a 
phase sensitive frequency between 
160Hz and 1kHz connect instruments 
as shown in figure 5-3A. 

(1) Set Variable Voltage Source for 
precisely 10V as measured on 
the Monitor Voltmeter at 400Hz*. 

(2) Set Ratio Box to .001000(0.01V). 

(3) Set Function switch to REF ADJ. 
Set REF ADJ control for the 
red-line mark on the meter. 

NiH TM--5000 

(4) Set Range switch to O.OOlV and Func
tion switch to 90°. 

(5) Rotate Degrees Phase dial until meter 
reads precisely zero. 

(6) Set Range switch to 10V position, and 
Function switch to FUND. 

(7) Set Ratio Box for 1.000000 (lOV). 

(8) Adjust R22 for full-scale reading on 
meter. (See figure 5-5.) 

(9) Set Function switch to 90° and Range 
switch to IV (10 x overload) . 

(10) Adjust ell for zero reading on meter. 
(See figure 5-5.) 

( 11) 

c 

Repeat steps (6 ) through (10) until 
best results are obtained. This is 
required due to the interaction 
of the two controls. 

For Instruments which operate at Phase 
sensitive frequencies below 160Hz or 
above 1kHz, connect as in figure 5-3D. 

(1) Set the Range switch to the IV 
position and the Function switch to 
TOTAL. (In Model 213e instruments, set 
INPUT switch to DIR.) 

(2) Apply a IV ±0.5%, 50Hz signal to the SIG 
input terminals. Monitor with meter which 
has a frequency response flat within 
±.5%. 

(3) Adjust R22 for full-scale readi~J 
on the meter. (See figure 5-5.) 

(4) Reset the SIG to lCkHz, IV ±0.5%. 

(5) Adjust ell for a full-scale reading 
on the meter. (See figure 5-5.) 

(6) Recheck Steps (2) through (5), readjusting 
as necessary. The 1000:1 input 
attenua.tor is now "broadbanded" and 
will have minimal phase shift. 

*Use the pre-specified phase-sensitive 
operating frequency. 
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5.6.3. Degrees Phase Dial Align
ment on Phase Shifter 
Potentiometer, R4. 

NOTE 

This should be checked before 
proceeding to Phase Alignment. 

The following is a procedure for mechan
ically aligning the Degrees Phase dial on 
the shaft of phase shifter potentiometer 
R4. This is necessary in the event that 
a Degrees Phase dial, Phase potentiometer, 
or both are disassembled or replaced. The 
0° and 90° points on the Degrees Phase 
dial must be aligned to coincide with the 
taps of the potentiometer. This should 
only be done using a high-impedance 
ohmmeter (i.e. HP412) as damage to the 
precision phase potentiometer can occur 
if excessive voltage is applied. 

CAUTION 

Do not use Simpson, Triplett, or 
other VOM. 

a. Turn power off. 

b. Set Function switch to any PAV 
position. 

c. Connect the ohmmeter between the wiper 
of R4 and the CCW tap point and 
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rotate Degrees Phase dial for minimum 
resistance reading. Loosen Degrees 
phase dial clamping screws and shift 
it until dial reading is exactly 90°. 
Tighten clamping screws. Connect 
ohmmeter between the wiper of R4 and 
the CW tap point and rotate Degrees 
phase dial until wiper of R4 is on 
CW tap point (minimum resistance 
reading). The Degrees Phase dial 
should now read 0°. If not, note 
the difference and reposition dial so 

as to achieve the best compromise 
reading between the two taps. For 
example, if the 0° point reads low, the 
900 point should read high by the 
same amount. Fully tighten knob set 
screw and recheck to make sure Degrees 
Phase dial has not slipped during 
tightening. 

5.6.4. Phase Alignment 

This alignment will adjust the instrument 
for zero phase shift between the signal 
and reference channels. 

a. Connect the Model 213 as shown in 
figure 5-3C. If a Phase Generator 
is not available, a precise 90° phase 
shifted signal may be generated as 
indicated in figure 5-3B. 

b. Set the Function switch to FUND and 
Range switch to O.OlV and apply a 90° 
phase shift to the signal input. 

c. Adjust the Variable Voltage source 
to cause a full-scale reading on 
the meter. 

d. Set the Function switch to ~F ADJ. 
Set the ~F ADJ control to the red-
line mark on the meter. 

e. Set Function switch to 0° and Degrees 
Phase dial to 0°. 

f. Set Range switch to O.OOlV (10 X 
overload) and adjust Phase control 
R98 (fig. 5-5) to cause the meter 
to read O. 

g. Set Function switch to 90° and 
Degrees Phase dial to 9~ . 

h. Meter should read zero. If an error 
exists, re-adjust Phase ADJ control 
R98 to divide the error between 
steps f and g. 



5.6.5. Phase Bridge Alignment 

NOTE 1 

Be sure to perform 5.6.4 
before this procedure. 

NOTE 2 

The following procedure 
requires the use of an 
accurate Phase Generator. 
If a generator is not 
available, use the proce
dure in 5.6.5.2. 

5.6.5.1. Procedure Using an 
Accurate Phase 
Generator 

a. Connect the Model 213 as in figure 
5-3C. 

b. Set the Function switch to FUND. 

c. Set Range switch to O.OlV. 

d. Adjust the variable Voltage source 
to cause a full-scale reading on 
the meter. 

e. Set Function switch to REF ADJ 
position and set the REF ADJ control 
for red line on the meter. 

f. Set Function switch to 0° . 

g. Set Phase dial to 90 0. 

h. Set Range switch to O.OOlV position. 

i. Set Phase Generator for 0° phase 

j. Adjust R16 for a meter null. 

k. Set Phase dial to 45°. 

1. Set Phase Generator for a 135° 
phase shift. 

m. Adjust R8 for a meter null. 

n. Set Function switch to 90°. 

shift. 
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o. Set Phase Generator for a 45 ° 
phase shift. 

p. Adjust R9 for a meter null. 

q. Repeat Steps f to p to obtain 
best settings, as they are 
interactive. 

5.6.5.2. Alternate Procedure 

a. Connect the Model 213 as in figure 
5-3A to obtain 0° signal input. 
Using a 100V reference level into 
the REF input terminals, set Func
tion switch to REF ADJ position and 
set REF ADJ control to cause the 
meter to read red-line value. 

b. Set Function switch to 90°. Set 
Degrees Phase dial to 0° Set 
Range switch to O.OOlV. 

c. Inject a O.OlOV (10 X overload) 0° 
signal into the SIG input terminals. 

d. Adjust R16 for a meter null. 

e. With the Monitor Voltmeter, measure 
the voltage at TP2. 

f. Connect the Monitor Voltmeter to TP3 
and adjust R8 to obtain a reading 
exactly the same as measured at TP2. 

g. Connect the Monitor Voltmeter to TP9 
and adjust R9 to obtain a reading 
exactly the same as measured at TP2. 

h. Repeat Steps d through g to obtain 
best settings as they are interactive. 

5.6.6. Overload Lamp Adjustment 

a. Set Function switch to 90°. 

b. Set Range switch to 1.0 volts. 

c. Feed in 12 volts rms. 

d. Adjust Rl16 so that the OVERLOAD 
light is lit. It should be off 
when 11 volts is applied. 

5-9 



NAI TM 5000 

5.6.7. Selectin9 R135 Tran~. 
Mode Phase Shift (2kHz 
or Above) 

NOTE 

This procedure is performed at 
the factory and is not required 
unless the Signal Isolation 
Transformer is replaced. 

a. Set INPUT switch to DIR. Set Range 
switch to 100mV position. 

b. Feed in lOY (pre-specified frequency) 
into REF input terminals. Feed in 
100mV to SIG input terminals (pre
specified frequency). 

c. Set Function switch to REF ADJ and 
adjust reference level for red line. 

d. Set Range switch to 10mV position. 
Set Function switch to 90° and 
adjust Phase dial for a null. 

e. Set INPUT switch to TRANS. Do not 
touch Phase dial setting. 

f. Select R135 so that meter indicates 
the same null reading as in step d. 

g. Set Range switch to 100mV position. 
Set Function switch to 0° position. 
Meter should read full scale. 

h. If meter does not read full scale, 
it may be necessary to decrease C79 
slightly, and then re-select R135 
for a null as in step f. 

i. Repeat step g. 

5.6.8. Selecting C79 Trans Mode 
Phase Shift (2kHz or Below) 
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NOTE 

This procedure is performed at 
the factory and is not required 
unless the Signal Isolation 
Transformer is replaced. 

a. Set INPUT switch to DIR. Set Range 
switch to 100mV position. 

b. Feed in 10 volts (pre-specified 
frequency) into REF input terminals. 
Feed in 100mv to SIG input terminals. 

c. Set Function switch to REF ADJ and 
adjust reference level for red line. 

d. Set Range switch to 10mV position. 
Set Function switch to 90° and adjust 
phase dial for a null. 

e. Set INPUT switch to TRANS. Do not 
touch Phase dial setting. 

f. Select a capacitor that will cause 
the meter to read between 0 and +3 
small divisions. 

g. Set Range switch to lOY position and 
apply a 100V input signal. Meter 
should read 0 ±3 small divisions. 

5.6.9. Tl - Phase Shift Balance 
Trim Selection 
(Freauencies Below 400Hz) 

NOTE 

This is normally a factory ad
justment. It should only be 
necessary to perform this trim 
in the field if Tl is replaced. 

The purpose of this procedure is to bal
ance the phase shift of the two secondary 
voltages (E31 and E27) with respect to 
the center tap (E28). 

a. Apply lOY reference to REF input ter
minals and adjust for red line. 

b. Set Function switch to 90°. 

c. Set Phase diql to 90°. 

d. Set Range switch to ImV position. 

e. Measure voltage at E31 and E27 with 
respect to E28 using a VTVM. If 



voltages are unequal by more than 5%, 
place a resistor from E31 to E2S or 
from E27 to E28 so that these voltages 
are equal to within 5%. 

NOTE 

At frequencies above 75Hz, a 
capacitor will be more effec
tive than a resistor in 
achieving this balance. 

f. Apply lOmV rms at 90 ° phase shift 
with respect to the reference to the 
SIG input terminals. 

g. Adjust R98 for a null on meter 

h. Set Function switch to 0°. 

i. Set Phase dial to 0°. 

j. Meter should read a null. If the 
meter does not read 0(±2 small 
divisions),Tl will require a trim. 

NOTE 

If the pre-specified operating 
frequency is 75Hz or above, 
the trim will be a resistor. 
If below 75Hz, the trim will 
be a capacitor. For example, 
120Hz might require a resistor 
of approximately 6.8K; 50Hz 
might require a capacitor 
of approximately 0.018 F. 

k. Select a trim (R or C depending on 
frequency) that will reduce the null 
to 0 (less than 2 small divisions) 
and connect it between E31 and E28. 

1. If connecting a trim across E31 and 
E28 causes the null to increase in 
the same direction, repeat the alY.>ve 
procedure substituting 0° for 90~ in 
steps band c and substitute 90° for 
0° in steps g and h. Then connect 
the trim across E27 and E28. 

m. Repeat steps a through 1 and 
re-trim, if necessary, 
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there may be slight interaction. 

5.6.10 Frequency Response 
(Figure 5-3D) 

a. Set Function switch to TOTAL. Set 
Range switch to O.lV. Set INPUT 
switch to DIR. 

b. Using the Variable Voltage source, 
inject a signal equal to 0.09V at 
400Hz*. Monitor this input voltage 
with the Monitor Voltmeter. (It is 
necessary that the frequency res
ponse be flat to within 0.5% over 
a range of 10Hz to 100kHz). 

c. Sweep the frequency of the Variable 
Voltage source from 10Hz to 100kHz 
and maintain a constant amplitud~ 
output. Meter should indicate a 0.09V 
±2% from 20Hz to 50kHz, and 0.09V 
±5% from 10Hz to 100kHz. 

d. Set Range switch to 1.OV and set 
Variable Voltage source to 0.9V and 
repeat step c. 

NOTE 

Meter should read O.9V instead 
of O.09V. 

e. If the voltage peaking is excessive 
at 100kHz increase the value of C95. 
If the roll-off is excessive at 100kHz, 
decrease the value of C95 until the 
above specifications are met. 

5.7 TROUBLESHOOTING 

5.7.1 Troubleshooting Procedures 

Table 5-2 contains troubleshooting proce
dures for the Phase Angle Voltmeter. It lists 
trouble indications and denotes the 
probable caupe based on the observed 
symptoms. 

*Use the pre-specified phase-sensitive 
operating frequency 
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• 
VARIABLE 

SOURCE 

• 
MONITOR 
VOLT
METER 

• 
VARIABLE 
VOLTAG ~~~ ____ ~ 
SOURCE 

400Hz 

C .. SOOpf 

R .. 8CX1 

RATIO BOX 

A 

B 

MODEL 213 
UNDER TEST 

MODEL 213 
UNDER TEST 

R 

SIG 

SIG 

For other frequencies 

X approx. 10000 times R 
c 

R less than 2000 

* For test equipment specifications see table 5-1. 

Figure 5-3. Test Circuits (Sheet 1 of 2) 



NAI TM 5000 

• 
VARIABLE 

SOURCE 
REFIT] 

MODEL 213 
UNDER TEST 

SIG 

• 
VARIABLE 
VOLTAGE 
SOURCE 

* 
MONITOR 
VOLT
METER 

PHASE 
GENERATOR 

c 

REF 
00 

D 

* For test equipment specifications 
see table 5-1. 

MODEL 213 
UNDER TEST 

SIG 

When using the test configurations described in these 
figures. it is important to observe proper grounding tech
niques. This technique is slightly different in the DIRECT 
and TRANSFORMER modes. 

DIRECT MODE 

When operating in the DIRECT MODE, a single house 
ground input must be used to prevent ground loops. This can 
be done by plugging the power cord of the VM-~ 13 into an 
outlet where the round pin is connected to a house ground. 
This will connect the low side of the signal input terminals 
to house ground. All other instruments connected to this 
low side must be then isolated from house ground by aprfl" 
priate isolation plugs (3 pin to ~ pin adapters. not utilizing 
the ground lead). 

TRANSFORMER MODE 

When operating in the TRANSFORMER MODE, care 
must be taken to avoid common mode voltages between the 
signal input and the chassis-circuit ground of the instrument. 
TIlis can be accomplished by connecting the low side of the 
input to the chas'sis of the VM-213 or to a house ground pro
vided the round pin of the power plug is connected to house 
ground as above. 

Figure 5-3. Test Circuits (Sheet 2 of 2) 
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To support troubleshooting operations 
refer to schematic diagram and parts 
location and identification diagram in 
section 6. 

Refer to the parts list in section 6 
for replacement part data. 

Table 5-2. Troubleshooting Procedure 

Trouble 

Meter lamps do not light when power is 
applied. 

Meter pegs on any position of Range 
switch. 

Meter reads to the left of zero in the 
TOTAL and FUND Modes. 

Meter indicates in FUND Mode but not in 
TOTAL Mode. 

Meter indicates in TOTAL Mode but not 
in FUND Mode. 

Meter indicates in REF ADJ Mode but 
does not indicate in TOTAL or FUND 
Modes. 

Inaccurate meter readings on one or more 
specific ranges. 

Probable cause 

Check fuse Fl and meter lamps 

No-15vdc at TP7. Check Q2, CR6 and/or 
associated components. 

No+15vdc at TP8. Check Ql, CR5, and/or 
associated components. 

Check Z6B and associated circuitry. 

Check Z6A, signal filter Z7, and 
associated circuitry. 

If an ac signal appears at TP10, the 
trouble is probably in the Range 
Attenuator or check for an open switch 
contact on Sl-B or S2-Dl and 02. If an 
ac signal does not appear at TP10, check 
the Signal Isolation Amplifier or the 
1000:1 Attenuator. 

Check Range Attenuator resistors R35 through 
R41. 

Meter indicates on the lower ranges (O.lV Check 1000:1 Attenuator components C9, Cll, 
or below) but does not indicate on the C12, R22, R23, and R24. 
upper ranges (0.3V or above). 

Meter indicates in TOTAL, FUND and REF 
ADJ Modes but not in 0° or 90° Modes. 

Meter indicates TOTAL and FUND Modes 
but not ~n 0°, 90° or REF ADJ Mode. 
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Check for presence of 30V peak-to-peak square 
waves at TP5 and TP6. They should be 180° out
of-phase with each other. If they are not observed, 
then check Z4 and associated circuitry. If they 
are observed, check S?-F2 and S2-Gl for proper 
continuity in positions 4 through 7. If that 
is OK, then replace Z8 Detector module. 

Check Reference Filter Z2, Reference Isolation 
Amplifier Z3, Reference Phase Bridge, or 
Reference Isolation Transformer Tl. 
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Table 5-2. Troubleshooting Procedure 
(Continued) 

Trouble 

Meter does not indicate' in any position 
of the Function switch. 

Proper voltages appear at TPI and the 
meter still does not indicate 

Probable cause 

NOTE 

In order to obtain a red line indic
ation on the meter in REF ADJ position, 
the following approximate voltages 
should be: 

Z3 pin 2 - 1.4v rms 
TP 11 - I. I v rms 

Check Z9, Z5, and associated circuitry. 

NOTE 

For a full-scale deflection of the meter, 
the following voltages with their related 
positions of the Function switch should 
be at TP1: 

TOTAL Approx. +415mV de 
FUND Approx. +415mV dc 
*0° Approx. +415mV dc 
*90° Approx. OV dc 

Check R1l3, R114, C70, CR13 , and CRI4, and S2-Cl 
and C2. If still no indication, replace meter. 

Meter indicates in Direct Mode but not in Check for open Signal Isolation Transformer T3 
Transformer Mode or defective S5. 

Meter indicates properly in 0°, 90°, lSOo Check S2-F2 and S2-Gl continuity. If it still 
and 270~ when REF ADJ is set for a l.lv does not indicate, replace Detector Module ZS. 
rms reading at TPll, but fails to oper-
ate in the REF ADJ, TOTAL, and FUND 
Modes. 

OVERLOAD lamp remains lit or does not 
light. 

Check Q5, Q6, and associated circuity. 

*Phase Dial set to 0° and 0° phase shift between Referen~e and Signal inputs. REF 
ADJ set for 1.1V rms at TPII. 
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5.7.2. Circuit Voltages 

Table 5-3 provides circuit voltage 
readings. 

NOTE 

All voltage measurements should be 
made with respect to circuit ground. 
Ripple measurements at TP7 and TP8 
should be referenced to the power 
supply circuit ground at the plus 
end of C8 and the minus end of C7. 

Voltages listed in the table 5-3 are 
nominal and based on the following con
ditions, unless otherwise noted: 

• Range switch set to 10V. 
• Reference switch to EXT. 
• INPUT switch to DIR. 
• Phase dial set to 0°. 
• Sig. lnput 10V rms, 400Hz, OOphase; 

Reference input 10V rms, 400Hz, 
0° phase. 

• Reference Adj. set for red line. 

Table 5-3. Circuit Voltages 

Function switch 
Location Voltages position 

TP8 +15Vdc 0° 
3mV rms 

TP7 -15Vdc 0° 
3mV rms 

TPIO 32mV rms 0° 

Z6A, pin 12 145mV rms 0° 

Z7A, pin 2 135mV rms 0° 

S2-E, arm 120mV rms 0° 

S2-E, arm 120mV rms Total 

TP2 28mV rms 0° 
(90 ° signal) 

TP3 28mV rms 0° 
(0° signal) 

TP9 28mV rms 0° 
(180° signal) 

Z3A, pin 12 28mV rms 0° 

Z3A, pin 12 20mV rms Phase dial to 45° 
28mV rms Phase dial to 90° 

Z3B, pin 2 1.6V rms 0° 
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Location 

Z2A, pin 12 

TPll 

TP5 

TP6 

TP4 

TPl 

Table 5-3. Circuit Voltages (Continued) 

Voltages 

1.56V rms 

1.3V rms 

30V pp ru 
30V pp Lrl 

560mV rms 

+415mVdc 
+415mVdc 
+415mVdc 

OVdc 
+415mVdc 

OVdc 

NAI TM 5000 

Function switch 
position 

Total 
Fundamental 

0 0 

90 0 

180 0 

270 0 
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SECTION 6 

REPLACEMENT PARTS LIST AND DIAGRAMS 

This section contains replacement parts lists, component location diagrams and a sche
matic diagram for the Phase Angle Voltmeter. 
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NAI TM 5000 

CODE LIST OF MANUFACTURERS 

CODE 
lDENT. MANUF ACTURER 

01121 Allen Bradley, Milwaukee, Wisconsin 
01295 Texas Instruments, Inc., Semi-Conductor Div., Dallas, Texas 
04713 Motorola Semiconductor Products, Phoenix, Arizona 
06001 G. E. Co. Cap. Dept., P. O. Box 158 Irmo, S. C. 
06751 Components Inc., Semcor Div., Phoenix, Arizona 
07263 Fairchild Semiconductor, Mountain View, California 
08806 G. E. Minature Lamp Div., Nela Park, Cleveland, Ohio 
12040 National Semi-Conductor Corp., Danbury, Connecticut 
12126 Kidco Inc., Medford, New Jersey 
14655 Cornell Dubilier Elect. Corp., Newwark, New Jersey 
16299 Corning Glass Works, Raleigh, North Carolina 
24655 General Radio, West Concord, Mass. 
27690 Vacohm Electronics Co. Inc., Haddonfield, New Jersey 
31918 International Electro Exchange Inc., Minneapolis, Minn. 
32997 Bourns, Riverside, California 
56289 Sprague Elec. Co., North Adams, Mass. 
70903 Belden Corp., Chicago, Illinois 
72136 (Elmenco) Electro Motive Mfg. Co., Inc., Willimantic, Conn. 
72619 Dialight Corp., Brooklyn, New York 
72765 Drake Mfg., Harwood Heights, Illinois 
75915 Little Fuse Inc., Des Plaines, Illinois 
79727 Continentalwirt Electronics Corp., Philadelphia, Penn. 
80183 Sprague Prod. Co., North Adams, Mass. 
80223 United Transformer Co., Varick St., New York, New York 
81073 Grayhill, laGrange, Illinois 
83330 H. H. Smith, Brooklyn, New York 
84171 Arco Elec. Inc., Community Drive, Great Neck, New York 
71590 Centralab Mfg. Corp., Milwaukee, Wisconsin 
91637 Dale Electronics, Columbus, Nebraska 
91674 Erie Elec. Mfg. Corp., Erie Pennsylvania 

6-2 



NAI TM 5000 

REPLACEMENT PARTS LIST 

Note 

Consistent with North Atlantic Industries' policy of continuously up-grading components and improving circuits, we 
reserve the right to substitute components which are functionally interchangeable for any of the parts shown in this 
parts list. 

NAI TOTAL CODE MFR. 
DESIGNATION PART NO. QTY. DESCRIPTION !DENT. PART NO. 

CS,C6 80S6S2 2 Capacitor, Fixed, Elec. ISOuf, SOY, ·10% +100% 146SS BRISO-SO 
Cl, C8, C43, 801193 4 Capacitor, Fixed, Elec. 47uf, 20V, ±20% S6289 ISOD476X0020RZ 
C44 
C9 802S71 I Capacitor, Fixed, Polystyrene, .027uf, looV ±S% 84171 IPT-273J 
CII 800102 I Capacitor, Variable 3-12uuf 91674 S03-04ICOPOI7R 
CI4 8OS603 I Capacitor, Fixed, Ceramic IOPf, lOOOV ± .Spf 91674 831-000COGOJOOD 
C15 800510 I Capacitor, Fixed, ELEC. 10jJf, 15V, ±20% 56289 150D106x 0015B82 
CI6 803060 I Capacitor, Fixed, Elec. 2oouf, ISV -1O%+7S% S6289 30D207GOISDH4 
C17, CI3 8044S6 2 Capacitor, Fixed, Film .Iuf, 80V ±IO% S6289 192PI049R8 
C18, CI9 803342 2 Capacitor, Fixed, Elec. 2Suf, 2SV -10% +7S% S6289 30D2S6G02SCBO 
C20, C22, C3S, 8OS638 II Capacitor, Fixed, Ceramic looPf, IOOOV ±IO% 91674 831-000XSFOIO I K 
C42, CSO,CS6, 
Cl8, C82, C83, 
C84, C8S 
C21, C24, C6S 80S619 3 Capacitor, Fixed, Ceramic SPf, lOooV ± .2Spf 91674 831·000COGOS09C 
C23, C2S, C27, 803406 12 Capacitor, Fixed, Ceramic .01 uf, 2SV +80% -20% 91674 S83S-ooO-YS U-103Z 
C:!8, C4O, C41, 
CSS, CS7, C61, 
C63, C68, C69 
C26 80S620 I Capacitor, Fixed, Ceramic SOOOPf, 1000V ±IO% 91674 811-000XSR0502K 
C29 80S 602 I Capacitor, Fixed, Ceramic 200Pf, I000V ± 10% 91674 831-000XS F020 I K 
C34, C38, C47, 800877 4 Capacitor, Fixed, Ceramic 390Pf, 600V ±IO% 91674 831-000-XS F-39 1 K 
CS4 
CS8,C59 806726 2 Capacitor, Fixed, Elec. 100uf, IOV ±IO% 067S1 TS3K-IO-1071 
C60,C62 80136S 2 Capacitor, Fixed, Mica ISOPf, SooV ±S% 72136 DM IS-FISlJ 
C66 8OS623 I Capacitor, Fixed, Ceramic SooPf, lOooV ±IO% 91674 831-000XSFOSOIK 
C67,C77 802638 2 Capacitor, Fixed, Mica 20Pf, SOOV ±S% 72136 DMIS-200J 
C70 8034S3 I Capacitor, Fixed, Elec. 22uf, 6V ±20% S6289 IS0D226XOOO6B2 
C71, C86 804063 2 Capacitor, Fixed, Mica IOPf, SOOV ±IO% 72136 DMIO-100K 
C72 801092 I Capacitor, Fixed, Elec. I uf, 20V ±20% S6289 IS0DIOSX0020A2 
C73, C91 803342 2 Capacitor, Fixed, Elec. 25jJf, 25V 56289 30D256G02SCBO 
ClS 801643 I Capacitor, Fixed, Mica 82Pf, SOOV ±S% 72136 DM-IS-820J 
Cl6 806687 I Capacitor, Fixed, Film .022uf, 80V ±S% 06001 AEISR223J 
C79,C92 Capacitor, Fixed, Mica Select at Test 

802168 From 200uuf, SOOV, ±S% 84171 SCDM 10-20 lJ 
802341 220uuf, SOOV, ±IO% 84171 DMIS-22IK 
802310 Nominal 250uuf, SOOV, ±S% 84171 DMI5-2SU 
802311 270uuf, SOOV, ±S% 84171 DMIS-27U 
802342 300uuf, SOOV, ± 10% 84171 DMIS-30IK 
802242 330uuf, SOOV, ±S% 84171 DM1S-33lJ ; 
802312 360uuf, SOOV, ±S% 84171 DMIS-36lJ 
801786 390uuf, SOOV, ±S% 84171 DMIS-39tJ 
801971 470uuf, SOOV, ± 10% 84171 DMIS-471K 
802313 SlOuuf, 500V, ±S% 84171 DM1S-Sl11 
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NAI TM 5000 Cl 

REPLACEMENT PARTS LIST (~ontinued) 

NAI TOTAL CODE MFR. 
DESIGNATION PART NO. QTY. DESCRIPTION IDENT. PART NO. 

C81 805628 I Capacitor, Fixed, Elec. lOOuf, 20V ±IO% 06751 TS4K·2()'107K 
C87, C88, C89, 801749 4 Capacitor, Fixed, Mica 33pf, 500V, ±IO% 72136 DM15·330K 
C90 
C94 802310 I Capacitor, Fixed Mica 25Opf, 500V, ±5% 72136 DM·15·25lJ 
C95 I Capacitor, Fixed Mica 72136 Type 

Select at Test Range Opfto 39pf, 5OOV,±5% DM·15·XXXJ 
CRI, CR2, CR3, 800323 4 Diode, I N645 01295 IN645 
CR4 
CR5, CR6 804098 2 Diode, IN4745A 04713 IN4745A 
CR7,CR8,CRII, 802924 6 Diode, I N3069 07263 IN3069 
CRI2,CRI5,CRI6 
CR9, CRIO 807063 2 Diode,IN5226 04713 IN5226 
CR17 807124 I Diode, IN5242A 04713 IN5242A 

DSI (OVLD) 804507 I Ught Cartridge (red) 72765 407·603 
DS2,DS3 803611 2 Ught (Meter), GE#51 08806 GE#51 

FI 803877 I Fuse, .5A (l15V Power) S.B. 75915 313.500 
807117 I Fuse, .25A (230V Power) S.B. 75915 313.250 

MI 202556 I Meter NAI 

I QI,Q6 802107 2 Transistor, 2N697 04713 2N697 
Q2 803528·2 I Transistor, (Special) (Replacement 2N2904) NAI 
Q3 202837 I Transistor, 2N3819 (Special) NAI 
Q4 803661 I Transistor,2N3906 04713 2N3906 
Q5 805025 1 Transistor, 2N2222 QPL JAN2N2222 
Q7,Q8 803662 2 Transistor,2N3819 04713 2N3819 

RI 802723 I Resistor, Fixed, Compo 43K, 1/4W ±<;% 01121 C84335 
R2,R3 803238 2 Resistor, Fixed Dep. Carbon 39K, 1/4W ±I% 12126 MI/4-39K·±I% 
R4 201568 I Resistor, Variable 50K (phase Dial) NAI 
RS, R14, R30 806658 3 Resistor, Fixed Film 2.2K, 1/4W ±2% 16299 C4·2.2K±2% 
R6, RI3 803693 2 Resistor, Fixed Compo 820n, 1/4W ±5% 01121 CB8215 
R7, RI2 806659 2 Resistor, Fixed Film 150n 1/4W ±2% 16299 C4-150n±2% 
R8,R9 806721 2 Resistor, Variable loon 80294 3389Ploon 
RIO, RI7 805616 2 Resistor, Fixed Film 845n, 1/4 W ±2% 16299 C4·845n±2% 
R11 806660 I Resistor, Fixed film 18K, 1/4W ±2% 16299 C4·18K±2% 
RI5 806680 I Resistor, Fixed Film 16K, 1/4W ±2% 16299 C4·16K±2% 
RI6 806722 1 Resistor, Variable 5K 80294 3389P5K 
R18, R20, RI09 801397 5 Resistor, Fixed Compo 5.IK, 1/4W ±5% 01121 CB5125 
R115,R139 
R19, R21 807110 2 Resistor, Fixed Wirewound 150n, 7W ±5% 80183 244E1515 
R22 806725 I Resistor, Variable IK 80294 3389PIK 
R23 805400 I Resistor, Fixed Film 9.53K, 1/4W ±27~ 16299 C4·9.53K±2% 
R24 806664 I Resistor, Fixed Film 10M, 1/2W ±I% 91637 HMF·I /2·IOM±1 o/~ T·I 
R25 801362 I Resistor, Fixed Wirewound 18K, 5W, ±3% 91637 RS-5·18K±3% 
R26 802730 I Resistor, Fixed Compo 1M, 1/4W ±5% 01121 CB·1055 
R27 803389 1 Resistor, Fixed Compo 10M, 1/4W ±5% 01121 CB·1065 
R28 802087 I Resistor, Fixed Comp. 620K, 1/4W ±5% 01121 CB·6245 
R29 803388 I Resistor, Fixed Compo 3.3K, 1/4W ±5% 01121 C8-3325 
R31 806663 1 Resistor, Fixed Film IK, 1/4W ±2% 16299 C4·IK±2% 
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REPLACEMENT PARTS LIST (Continued) 

NAI TOTAL CODE MFR. 
DESIGNATION PART NO. QTY. DESCRIPTION IDENT. PART NO. 

R32 801406 I Resistor, Fixed Compo 3K, 1/4W ±5(~, 01121 C8·3025 
R33 803223 I Resistor, Fixed Compo 470n, 1/4W ±IO% 01121 C8-47 15 
R34 801986 1 Resistor, Fixed Compo lOOK, 1/4W ±5% 01121 C8·1045 
R35 803000 I Resistor, Fixed Film IOn, I /8W ± I /4% 12126 M 1 /8·IOn-± 1/4% 
R3h 80343 I I Resistor, Fixed Film 21.6H, 27690 M6(}* 

1/8W ± 1/4%, TC ± 150 PPM 
R37 801478 I Resistor, Fixed Film 68.4n, 27690 M60·* 

1/8W ±1/4%, TC ± 150 PPM 
R3H 801477 I Resistor, Fixed Film 21M!, 27690 M6Q.* 

1/8W, ±1/4%, TC ± 150 PPM 
R39 801476 I Resistor, Fixed Film 684n, 27690 M60·* 

1/8W ±1/4%, TC ± 150 PPM 
R40 801475 I Resistor, Fixed Film 2.16K, 27690 M6(}* 

1/8W ± I /4%, TC ± 150 PPM 
R41 801474 I Resistor, Fixed Film 6.84K, 27690 M60·* 

1/8W ±1/4%, TC ± ISO PPM 
R42, R48, R45 806156 4 Resistor, Fixed Film 10K, 1/4W ±2,};. 16299 C4·IOK±2% 
R51 
R43 806665 I Resistor. Fixed Film 2.0K. 1/4W ±2'A 16299 C4·2.0K±2% 
R44, R50, R55 802232 3 Resistor, Fixed Compo I.SK, 1/4W ±5(l 01121 C81525 
R46. R52 806667 2 Resistor, Fixed Film 300n, 1/4W ±2% 16299 C4·300n±2% 
R47,R53 806723 2 Resistor, Variab Ie 200n 80294 3389P200n 
R49 806678 I Resistor, Fixed Film 3.0K, 1/4W ±2(l 16299 C4·3.0K±2% 
R54 804297 I Resistor, Fixed Compo 2.2M, 1/4W ±5?t 01121 C82255 
R56 205285 I Resistor, Variable 250n (Ref Adj) NAI 
R66, R73, R79. 801094 4 Resistor, Fixed Compo 2K, 1/4W ±5% 01121 C82025 , 
RI27 
R82 802192 I Resistor, Fixed, Compo 510n, 1/4W, ±5% 01121 C85115 
R83 801986 1 Resistor, Fixed, Compo lOOK, 1/4W, :!:.5% 01121 C81045 

R90 801638 I Resistor, Fixed Compo 47K, 1/4W ±5';~ 01121 C84735 
R91, RI21 801636 2 Resistor, Fixed Compo 20K, 1/4W ±5% 01121 C82035 
R92, RlO4, 805612 4 Resistor, Fixed Film 5.IIK. 1/4W ±I% 16299 C4·5.IIK±I9C 
RlO5, RI08 
R93 807101 I Resistor. Fixed Compo 6.8Mcg, 1/4W. !5'}i. 72136 C86833 
R95, RIll 807062 2 Resistor, Variable lOOK 32997 3299WI04 
R96, R99 802191 2 Resistor, Fixed Compo 2.7K, 1/4W ±5% 01121 C82725 
R98 205174 I Resistor, Variable 10K (I/> Trim) NAI 

RIOO, RI33 801988 2 Resistor, Fixed Compo 15K, 1/4W, ±5% 01121 C81535 

RIOI 801393 I Resistor,Fixed Compo 24K, 1/4W ±5% 01121 C82435 
R102. RlO3 801395 2 Resistor, Fixed Compo 6.2K, I /4W ±5% 01121 C86225 

RI06 806371 I Resistor. Fixed Compo 5.1 Meg, 1/4W, !,5'1i 72136 CR'i155  
RlO7 805613 I Resistor, Fixed Film 1O.2K. I ;4W ± 1% 16299 C4-lU.2K:t I '"Ie 

RllO 807112 I Resistor. Fixed Film 43K, I /4W ±2% 16299 C4-43K±2% 
RI13 806718 I Resistor. Fixed Film 5.61(. I /4W ±2% 

 
16299 C4-5.6K±2% 

RI14 806684 I Resistor, Fixed Film 2.7K. 1/4W ±2% 16299 C4-2.7K±2% 
RI16 806724 I Resistor, Variable. 10K 32997 3389PIOK 

*Add full description from "Description" column. 
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REPLACEMENT PARTS LIST (Continued) 

NAI TOTAL CODE MFR. 
DESIGNA TION PART NO. QTY. DESCRIPTION IDENT. PART NO. 

R1l7 801985 Resistor, Fixed, Compo 51K. ~W 5% 01121 CB5135 
RI18 803784 I Resistor, Fixed Compo IOn, 1/4W ±5% 01121 CBI005 
RI19 802182 I Resistor, Fixed Compo 22K, 1/4W ±5% 01121 CB2235 
RI20 800785 I Resistor, Fixed Compo 1.2K, 2W ±5% 01121 HBI225 
RI28, RI29, 801006 8 Resistor, Fixed, Compo 10K. 1/4W, :t5% 01121 CBI035 
RI31, R132, R134, 
RI38, R140, RI43 
RI30 801981 I Resistor, Fixed, Compo lOOn, 1/4W ±5% 01121 CBI015 
RI35 Resistor, Fixed 

Selected at Test From 
804400 270K, 1/4W ±5% 01121 CB2745 
802085 3OOK, 1/4W ±5% 01121 CB3045 
803553 330K, 1/4W ±5% 01121 CB3345 
806241 360K, 1/2W ±5% 01121 CB3645 
801987 390K, 1/4W ±5% 01121 CB3945 

RI41 802226 I Resistor, Fixed, Compo 200n, 1/4W ±5% 01121 CB2015 
RI42 802904 I Resistor, Fixed, Compo 36K, 1/4W ±5% 01121 CB3635 
SI 205224 I Switch, Range NAI 
S2 500846 I Switch, Function NAI 
S3 205284 I Switch, Power (Ref. Int-Ext) NAI 
S5 806796 I Switch, (Input, Dir-Trans) 31918 2DI5--BlAUGR 
S6 806675 I Switch, (I15V - 230V) 79727 GF-326uL 
TI 800536 I Transformer, Reference 80223 0-16 
T2 202819 I Transformer, Power NAI 
T3 201562 I SignaIlsolation Transformer (400 Hz and above) NAI 

782460 I Signal Isolation Transformer (below 400 Hz) NAJ 
Z2, Z3, Z4, 804749 5 Integrated Circuit MC 1437 L 04713 MCI437L 
Z6,Z7 
Z5,Z9 806347 2 Operational Amplifier, 30 I A 12040 LM30IA 
Z8 782957 I Detector Module NAI 

201722 I Knob, Medium Round NAI 
201719 2 Knob, Medium Pointer NAI 
201946 I Knob, Conc. Adapt. NAI 
205298-1 I Button (DIR) NAI 
205298-2 I Button (TRANS) NAI 
500268 I Phase Angle Dial Assy. NAI 
202561 I Window Meter NAI 
800119 2 Binding Post, Red 81073 29-IR 
800120 3 Binding Post, Black 81073 29-IB 
800546 I Binding Post 83330 137 
800339 I link, Shorting 24655 938C 

XFI 8001 I7 I Fuseholder 75915 342001 
800502 I Line Cord  70903 17408 

XDSI 804544 I Connector, Cartridge 72765 399-058 
802952 I Speed Clip 72619 7538-XP5 I 

6-.6 



REPLACEMENT PARTS LIST (Continued) 

NAl TOTAL CODE 
DESIGNATION PART NO. QTY. DESCRIPTION IDENT 

ALTERNATE REFERENCE COMPONENTS - FREQUENCIES BELOW 400Hz 

R122, RI23 801985 
RI30 801980 

Tl 800050 

R57, R69 806156 
R58, R70 806680 
R59. R71 806751 
R60, R74 806752 
R61 

807558 
806667 
803679 

R62, R72 80272.) 
R63, R76 806753 
R64, R77 806754 
R65,R78 801721 
R67, R80 806682 
R68, R81 806755 
R75 806663 

CI,C4 806756 
C2,C3 806764 
C30, C45 806693 
C31, C37, C39, 806762 
C46,C52,C53 
C32, C33, C48, 806763 
C49 
C36,C51 806686 
C64 806761 

CI, C4 806757 
C2,C3 806694 
C30,C45 806691 
C31, C37. C39, 806764 
C46,C52.C53 
C32, C33, C48, 806695 
C49 
(,36,C51 806763 
C64 806762 

·Rerlaces 801981 
··Replaces 800536 

2 Resistor, Fixed, Compo 51K, 1/4W ±5% 01121 
I Resistor, Fixed, Compo 5111, 1/4W ±5%· 01121 

I Transformer·· 80223 

RESISTORS - FREQUENCIES 92Hz OR BELOW 

Note 

For all frequencies above 92Hz, use Band 7 resistors. Refer to page 6.8. 

2 Resistor, Fixed, Film 10K, I /4W ±2% 16299 
2 Resistor, Fixed, Film 16K, 1/4W ±2% 16299 
2 Resistor, Fixed, Film 56K, 1;4W ±2% 16299 
2 Resistor, Fixed. Film 82K, 1/4W ±2% 16299 

Resistor, Metal Film, Select at Test From 
9IOn,I/4W,:!:2% 16299 
IK n, 1/4W, :!:2% 16299 
I.lK n, 1/4W, :!:2% 16299 

2 Resistor, Fixed, Compo 43K, 1/4 ±5% 01121 
2 Resistor, Fixed, Film 9.IK, 1/4W ±2% 16299 
2 Resistor, Fixed, Film 27K, 1/4W ±2% 16299 
2 Resistor, Fixed, Compo 12K, 1/4W±5% 01121 
2 Resistor, Fixed, Film 24K, 1/4W ±2% 16299 
2 Resistor, Fixed, Film 4.3K, 1/4W ±2% 16299 
I Kesistor, Fixed, Film IK, 1/4W ±2% 16299 

BAND 130Hz to 39Hz 

2 Capacitor, Fixed, Elec. 5.6uf, 20 VDC ±5% 06751 
2 Capacitor, Fixed, Film .27uf, 80 VDC ±5% 06001 
2 Capacitor, Fixed, Film .1 uf, 80 VDC ±5% 06001 
6 Capacitor, Fixed, Film .39uf, 80 VDC ±5% 06001 

4 Capacitor, Fixed, Film .33uf, 80 VDC ±5% 06001 

2 Capacitor, Fixed, Film .47uf, 80 VDC ±5% 06001 
I Capacitor, Fixed, Elec .. 68 uf, 20 VDC ±5% 06751 

BAND 240Hz to 59Hz 

2 Capacitor, Fixed, Elec. 3.3uf, 20 VDC ±5% 06751 
2 Capacitor, Fixed, Film .15uf, 80 VDC ±5% 06001 
2 Capacitor, Fixed, Film .068uf. 80 VDC ±5% 06001 
6 Capacitor, Fixed, Film .27uf, 80 VDC ±5% ' 06001 

4 Capacitor, Fixed, Film .22uf, 80 VDC ±5% 06001 

2 Capacitor, Fixed, Film .33uf, 80 VDC ±5% 06001 
I Capacitor, Fixed, Film .39uf. 80 VDC ±5% 06001 

NAI TM 5000 

MFR 
PART NO. 

CB5135 
CB5105 

(J-6 

C4-IOK±2% 
C4-16K±2% 
C4-56K±2% 
C4-82K±2% 

C4 
C4 
C4 
C84335 
C4-9.IK±2% 
C4-27K±2% 
CBI235 
C4-24K±2% 
C44.3K±2% 
C4-IK±2% 

TS2K20565 
AE28R274J 
AEI7RI04J 
AE36R394J 

AE29R334J 

AE36R474J 
TSIK20684 

TS2K20335 
AE22RI54J 
AEI7R683J 
AE28R274J 

AE22R224J 

AE29R334J 
AE36R394J 
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REPLACEMENT PARTS LIST (Continued) 

NAI TOTAL CODE MFR. 
DESIGNATION PART NO. QTY. DESCRIPTION IDENT. PART NO. 

BAND 3 60Hz to 92Hz 

Cl,C4 806758 2 Capacitor, Fixed, Elec. 2.2uf, 20 VDC ±5% 06751 TSIK20225 
C2,C3 806693 2 Capacitor, Fixed, Film .1 uf, 80 VDC ±5% 06001 AEI7R104J 
C30, C45 806767 2 Capacitor, Fixed, Film .047uf, 80 VDC ±5% 06001 AE17R473J 
C31, C37, C39, 806765 6 Capacitor, Fixed, Film .18uf, 80 VDC ±5% 06001 AE22R184J 
C46,C52,C53 
C32, C33, C48, 806694 4 Ca pacitor, Fixed, Film .15 u f, 80 VDC ±5 % 06001 AE22R154J 
C49 
C36,C51 806695 2 Capacitor, Fixed, Film .22uf, 80 VDC ±5% 06001 AE22R224J 
C64 806764 I Capacitor, Fixed, Film .27uf, 80 VDC ±5% 06001 AE28R274J 

BAND 493Hz to 137Hz 

CI, C4 806759 2 Capacitor, Fixed, Elec. 1.5uf, 20 VDC ±5% 06751 TSIK20155 
C2, C3 806691 2 Capacitor, Fixed, Film .068uf, 80 VDC ±5% 06001 AEI7R683J 
C30,C45 806693 2 Capacitor, Fixed, Film .1 uf, 80 VDC ±5% 06001 AEI7R104J 
C31, C37, C39, 806762 6 Capacitor, Fixed, Film .39uf, 80 VDC ±5% 06001 AE36R394J 
C46,C52,C53 
C32, C33, C48, 806763 4 Capacitor, Fixed, Film .33uf, 80 VDC ±5% 06001 AE29R334J 
('49 
C36,C51 806686 2 Capacitor, Fixed, Film .47uf, 80 VDC ±5% 06001 AE36R474J 
C64 806765 I Capacitor, Fixed, Film .18uf, 80 VDC ±5% 06001 AE22RI84J 

BAND 5138Hz to 204Hz 

CI,C4 806760 2 Capacitor, Fixed, Elec. l.Ouf, 20 VDC ±5% 06751 TSIK20105 
C2,C3 806767 2 Capacitor, Fixed, Film .047uf, 80 VDC ±5% 06001 AEI7R473J 
C30,C45 806691 2 Capacitor, Fixed, Film .068uf, 80 VDC ±5% 06001 AE17R683J 
C31,C37,C39, 806764 6 Capacitor, Fixed, Film .27uf, 80 VDC ±5% 06001 AE28R274J 
C46,C52,C53 
C32, C33, C48, 806695 4 Capacitor, Fixed, Film .22uf, 80 VDC ±5% 06001 AE22R224J 
C49 
C36,C51 806763 2 Capacitor, Fixed, Film .33uf, 80 VDC ±5% 06001 AE29R334J 
C64 806688 I Capacitor, Fixed, Film .12uf, 80 VDC ±5% 06001 AE22RI24J 

BAND 6205Hz to 309Hz 

Cl,C4 806761 2 Capacitor, Fixed, Elec .. 68uf, 20 VDC ±5% 06751 TSIK20684 
C2,C3 806689 2 Capacitor, Fixed, Film .033uf, 80 VDC ±5% 06001 AEI5R333J 
C30, C45 806767 2 Capacitor, Fixed, Film .047uf, 80 VDC ±5% 06001 AE17R473J 
C31, C37, C39, 806765 6 Capacitor, Fixed, Film .18uf, 80 VDC ±5% 06001 AE22RI84J 
C46,C52,C53 
C32, C33, C48, 806694 4 Capacitor, Fixed, Film .15uf, 80 VDC ±5% 06001 AE22RI54J 
C49 
C36,C51 806695 2 Capacitor, Fixed, Film .22uf, 80 VDC ±5% 06001 AE22R224J 
C64 806766 I Capacitor, Fixed, Film .82uf, 80 VDC ±5% 06001 AE17R823J 
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REPLACEMENT PARTS LIST (Continued) 

NAJ TOTAL CODE MFR. 
DESIGNATION PART NO. QTY. DESCRIPTION !DENT. PART NO. 

BAND 7310Hz to 464Hz 

R57, R69 806678 2 Resistor, Fixed, Film 3K, 1/4W ±2% 16299 C4·3K±2% 
R58, R70 806679 2 Resistor, Fixed, Film 5.1 K, 1/4W ±2% 16299 C4·5.IK±2% 
R59,R71 806680 2 Resistor, Fixed, Film 16K, 1/4W ±2% 16299 C4·16K±2% 
R60, R74 807122 2 Resistor, Fixed, Film 22K, 1/4W ±2% 16299 C4-22K±2% 

R61 Resistor, Metal Film, Select at Test From 
807558 non, 1/4W, :!:2% 16299 C4 
806667 300n, 1/4W, :!:2% 16299 C4 
803679 330n,I/4W,:!:2% 16299 C07 

R63,R76 806684 2 Resistor, Fixed, Film 2.7K, 1/4W ±2'jf, 16299 C4·2.7K±2'jf, 
R64,R77 806685 2 Resistor, Fixed, Film 8.2K, 1/4W ±2% 16299 C4·8.2K±2% 
R67, R80 805639 2 Resistor, Fixed, Film 7.5K, 1/4W ±2% 16299 NA60·7.5K±2';f, 
R68, R81 805640 2 Resistor, Fixed, Film I.3K, 1/4W ±2% 16299 NA60·1.3K±2'jf, 
R62, R72 801721 2 Resistor, Fixed, Compo 12K, 1/4W ±5% 01121 CBI23S 
R65, R78 801398 2 Resistor, Fixed, Compo 3.6K, 1/4W ±5% 01121 CB3625 
R75 806667 I Resistor, Fixed, Film 300n, 1/4W ±2'jf, 16299 C4·300n±2'jf, 
C30,C45 806689 2 Capadtor, Fixed, Film .033uf, 80 YOC ±S'h, 06001 AEI5R333J 
C64 806720 I Capadtor, Fixed, Film .056uf, 80 YOC ±5% 06001 AEI7RS63J 
C36,C51 806694 2 Capacitor, Fixed, Film .15uf, 80 YIX', ±5% 06001 AE22RI54J 
C32, C33, C48, 806693 4 Capacitor, Fixed, Film .1 uf, 80 YOC ±5% 06001 AEI7RI04J 
C49 
CI,C4 806686 2 Capacitor, Fixed, Film .47uf, 80 YDC, ±S'y" 06001 AE36R474J 
C2,C3 806687 2 Capacitor, Fixed, Film .022uf, 80 YlX', ±5'jf, 06001 AE ISR22JJ 
C31, C46, C52, 806688 6 Capacitor, Fixed, Film .12uf, 80 YIX', ±S% 06001 AE22RI24J 
C53, C37, C39 

BAND 8 465 liz to 6l)l)lIz 

CI,C4 806763 2 Capacitor, Fixed, Film .33uf, 80 YIX' ±5'jf, 06001 AE2l)R334J 
C2,C3 806771 2 Capacitor, Fixed, Film .0ISuf. 80 YlX' ±S';" 06001 AEI5RI53J 
C30, C45 806687 2 Capacitor, Fixed, Film .Onuf, 80 YIX' ±S'f" 06001 AEI5R22JJ 
C31,C37,C39, 806766 6 Capacitor, Fixed, Film .082uf, 80 YIX' ±S'/" 06001 AEI7R823J 
C46,C52,C53 
C32, C33, C48, 806691 4 Capacitor, Fixed, Film .068uf, 80 YIX' ±S';" 06001 AE 17R683J 
C49 
C36, C51 806693 2 Capacitor, Fixed, Film .1 uf, 80 YIX' ±S';; OhOOI AEI7RI04J 
C64 806768 I Capacitor, Fixed, Film .0.Nuf, 80 YIX' ±S'/' 06001 AEI7R.N3J 

BAND l) 700llz to 1.0SIIz 

CI,C4 806695 2 Capacitor, Fixed, Film .nuf, 80 YIX' ±5'jf· 06001 AE22R224J 
C2,C3 806690 2 Capacitor, Fixed, Film .0 I uf, 80 YI>C ±S'y" 06001 AEI3RI03J 
C30, C45 800771 2 Capacitor, Fixed, Film .01 sur, 80 YIX' ±5:, 06001 AEISRIS3J 
C31, C37, C39, 806720 u Capacitor, Fixed, Film .OS6uf, 80 YIX' ±S% 06001 AEI7RS6.U 
C46,C52,C53 
C32, C33, C48, 806767 4 Capacitor, Fixed, Film .047ur, 80 YIX' ±S% 0600 I AEI7R47.U 
C49 
C36, C51 806691 2 Capacitor, Fixed, Film .068uf, 80 YDC ±5,}{, 06001 AEI7R68JJ 
C64 806769 I CapacitOf, Fixed, Film .027uf, 80 YlX' ±S';:, 06001 AI: ISR27JJ 
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REPLACEMENT PARTS LIST (Continued) 

NAI TOTAL CODE MFR. 
DESIGNATION PART NO. OTY. DESCRIPTION IDENT. PART NO. 

BAND 10 1.06KHz to l.57KHz 

CI, C4 806694 2 Capacitor, Fixed, Film .l5uf, 80 VDC ±5% 06001 AE22RI54J 
C2, C3 806774 2 Capacitor, Fixed, Film .0068uf, 80 VDC ±5% 06001 AE13R682J 
C30,C45 806690 2 Capacitor, Fixed, Film .Oluf, 80 VDC ±5% 06001 AE13RI03J 
C31, C37, C39, 806689 6 Capacitor, Fixed, Film .033uf, 80 VDC ±5% 06001 AE15R333J 
C46,C52,C53 
02, C33, C48, 806769 4 Capacitor, Fixed, Film .027uf, 80VDC ±5% 06001 AEI5R273J 
C49 
C36,C51 806767 2 Capacitor, Fixed, Film .047uf, 80 VDC ±5% 06001 AEI7R473J 
C64 806770 I Capacitor, Fixed, Film .018uf, 80 VDC ±5% 06001 AEI5RI83J 

BAND II 1.58KHz to 2.36KHz 

CI, C4 806693 2 Capacitor, Fixed, Film .1Ouf, 80 VDC ±5% 06001 AEI7RI04J 
G, C3 806776 2 Capacitor, Fixed, Film .0047uf, 80 VDC ±5% 06001 AEI2R472J 
('30,(,45 806774 2 Capacitor, Fixed, Film .0068uf, 80 VDC ±5% 06001 AE13R682J 
('31, ('37, ('39, 806687 6 Capacitor, Fixed, Film .022uf, 80 VDC ±5% 06001 AE15R223J 
(,46,C52,C53 
C32, C33, C48, 806770 4 Capacitor, Fixed, Film .018uf, 80 VDC ±5% 06001 AEI5RI83J 
C49 
06,('51 806769 2 Capacitor, Fixed, Film .027uf, 80 VDC ±5% 06001 AEI5R273J 
('64 806773 I Capacitor, Fixed, Film .0082uf, 80 VDC ±5% 06001 AE13R822J 

BAND 12 2.37KHz to 3.55KHz 

('I, C4 806691 2 Capacitor, Fixed, Film .068uf, 80 VDC ±5% 06001 AEI7R683J 
C2,C3 806779 2 Capacitor, Fixed, Film .0027uf, 80 VDC ±5% 06001 AEI2R272J 
C30,C45 806776 2 Capacitor, Fixed, Film .0047uf, 80 VDC ±5% 06001 AEI2R472J 
C31, C37, C39, 806771 6 Capacitor, Fixed, Film .015uf, 80 VDC ±5% 06001 AEI5RI53J 
C46,C52,C53 
C32, C33, ('48, 806772 4 Capacitor, Fixed, Film .012uf, 80 VDC ±5% 06001 AEI5RI23J 
C49 
C36,C51 806770 2 Capacitor, Fixed, Film .018uf, 80 VDC ±5% 06001 AEI5RI83J 
('64 806776 I Capacitor, Fixed, Film .0047uf, 80 VDC ±5% 06001 AEI2R472J 

BAND 13 3.56KHz to 5.34KHz 

(,1,C4 806768 2 Capacitor, Fixed, Film .039uf, 80 VDC ±5% 06001 AEI7R393J 
C2,C3 806781 2 Capacitor, Fixed, Film .0018uf, 80 VDC ±5% 06001 AEI2RI82J 
C30,C45 806781 2 Capacitor, Fixed, Film .0018uf, 80 VDC ±5% 06001 AEI2RI82J 
01, C37, C39, 806690 6 Capacitor, Fixed, Film .Oluf, 80 VDC ±5% 06001 AEI3RI03J 
C46,C52.C53 
('32, C33, C48, 806773 4 Capacitor, Fixed, Film .0082uf, 80 VDC ±5% 06001 AEI3R822J 
C49 
C36, C51 806772 2 Capacitor, Fixed, Film .012uf. 80 VDC' ±5% 06001 AEI5RI23J 
('64 806778 I Capacitor, Fixed, Film .0033uf, 80 VDC' ±5% 06001 AEI2R332J 
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REPLACEMENT PARTS LIST (Continued) 

NAI TOTAL CODE MFR. 
DESIGNATION PART NO. QTY. DESCRIPTION IDENT. PART NO. 

BAND 14 5.35KHz to 7.9KHz 

CI,C4 806769 2 Capacitor, Fixed, Film .027uf, 80 VDC ±5% 06001 AEI5R273J 
C2,C3 806783 2 Capacitor, Fixed, Film .012uf, 80 VDC ±5% 06001 AEI2RI22J 
C30,C45 806781 2 Capacitor, Fixed, Film .OOl8uf, 80 VDC ±5% 06001 AEI2RI82J 
C31, C37, C39, 806774 6 Capacitor, Fixed, Film .0068uf, 80 VDC ±5% 06001 AE13R682J 
C46,C52,C53 
C32, C33, C48, 806774 4 Capacitor, Fixed, Film .0068uf, 80 VDC ±5% 06001 AE13R682J 
C49 
C36,C51 806773 2 Capacitor, Fixed, Film .OO82uf, 80 VDC ±5% 06001 AE13R822J 
C64 806780 1 Capacitor, Fixed, Film .0022uf, 80 VDC ±5% 06001 AEI2R223J 

BAND 158KHZtolOKHz 

CI,C4 806770 2 Capacitor, Fixed, Film .018uf, 80 VDC ±5% 06001 AEI5RI83J 
C2,C3 802333 2 Capaci tor, Fixed, Mica 91Opf, 500V ±5% 72136 DM-19-9IU 
C30,C45 806783 2 Capacitor, Fixed, Film .OOI2uf, 80 VDC ±5% 06001 AEI2RI22J 
C31, C37, C39, 806776 6 Capacitor, Fixed, Film .OO47uf, 80 VDC ±5% 06001 AEI2R472J 
C46,C52,C53 
C32, C33, C48, 806777 4 Capacitor, Fixed, Film .OO39uf, 80 VDC ±5% 06001 AE12R392J 
C49 
C36,C51 806775 2 Capacitor, Fixed, Film .OO56uf, 80 VDC ±5% 06001 AE13R562J 
C64 806782 1 Capacitor, Fixed, Film .OOI5uf, 80 VDC ±5% 06001 AEI2R152J 
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1 
2 
3 
4 
5 

6 
7 
B 
9 

10 

11 
12 
13 
14 
15 

16 
17 
1B 
19 
20 

21 
22 
23 
24 
25 

26 
27 
2B 
29 
30 

31 
32 
33 
34 
35 

COMPONENT LOCATION TABLE 

R C CR Z Q TP R C R C 

F7 F5 D2 - D3 D5 36 C9 D4 71 C7 D6 
F7 E4 D2 D3 D2 E6 37 C9 C4 72 CB D5 
FB E4 D2 E5 E9 E6 3B C9 D4 73 B7 C5 
GB F 5 D2 C5 E9 D6 39 D9 C4 74 C7 --
F5 C2 D3 D6 C5 E5 40 D9 D4 75 CB C5 

F6 D2 D3 EB C4 B5 41 D9 D4 76 BB D5 
F5 E2 D10 CB E7 E3 42 EB D4 77 BB E5 
F5 E2 D1 0 C6 E7 E3 43 EB C4 78 CB E5 
F5 FB D9 D5 F6 44 EB C4 79 B9 --
E5 F9 D9 D9 45 EB D8 BO B9 --
F5 FlO D9 B4 46 EB CB B1 C9 E9 
F5 FlO D9 D6 47 E8 C8 82 E9 E4 
F5 E9 -- 4B EB B7 B3 -- D4 
F5 E10 -- 49 FB CB B4 -- DB 
E5 E9 D5 50 EB BB B5 -- C9 

E5 E9 D5 51 FB B9 86 -- D6 
F6 D9 E9 52 E9 C9 B7 -- D4 
D3 D9 53 F9 CB BB -- D4 
E2 D9 54 E6 CB 89 -- B7 
D3 EB 55 E6 CB 90 C6 B9 

E2 FB 56 G3 BB 91 E6 B6 
F9 EB 57 D5 C7 92 E6 
F9 EB 5B D4 D7 93 D5 
FlO FB 59 E3 E6 94 -- E8 
El0 EB 60 D3 D6 95 C5 E9 

E9 E6 61 E4 D6 96 D6 
E9 D5 62 D3 D5 97 --
E9 D5 63 D4 D6 9B A4 
E9 E6 64 D4 B7 99 C5 
E9 D4 65 D3 C5 100 C5 

FB E3 66 C4 B5 101 B5 
E9 E3 6 7 C4 B5 102 B5 
E9 D3 6B D4 D6 103 B5 
D9 D3 69 DB D6 104 D6 
C9 D3 70 DB E7 105 D6 

TO LOCATE A COMPONENT ON THE COMPONENT LOCATOR. LOCATE ZONE USING ABOVE 
TABLE (ZONE FOR Rl IS F7, ZONE FOR C55 IS CBl . COMPONENT CAN THEN BE 
LOCATED ON COMPONENT LOCATOR WITHIN THE ZONE INDIcATED. 

R 

106 D', 
107 D5 
108 D5 
109 D5 
110 D5 

111 c ' 
112 --
113 D7 
114 D7 
115 D5 

116 D5 
117 c5 
118 C5 
119 C5 
120 C4 

121 C5 
122 F3 
123 F3 
124 --
127 D4 

128 E5 
129 D4 
130 E5 
131 FB 
132 BB 

1 33 C5 
134 B8 
135 --
136 F4 
137 F4 

DB D5 
139 E6 
140 C4 
141 E8 
142 E5 
143 E9 

A 

B 

C 

D 

E 

G 

H 

1 2 

POWER 
TRANSFORMER 

53 A 

Rl!: l" • 

ISOLATION 
TRANSFORMER 

3 4 

FUSE 

5 6 7 

OVERLOAD DETECTOR 

r MODULE 
OFfSET DETECTOR 

BALANCE 

90° REF 
VOLTAGE ADJ. 

PHASE 
AMPLITUDE ADJ. 

PHASE 
AMPLITUDE AD.] . 

B 9 10 11 

~- CIRCUIT GND . TERMINAL 

ADJ . 

NAI TM 5000 

ADJ . 

1000,1 
ATTENUATOR 
ADJ . 

R24 
c1 2 

1000.1 
PHASE ADJ 

SIS. ISOLATION TRANSFORMER 
Fi qure 6- 1 . Phase Angle Voltmeter, 

PARTS Location Diagram 
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SECTION 7 

VM 213 

STANDARD OPTIONS 
(FACTORY INSTALLED) 

BACK PANEL OPTIONS 

MODEL 213C 

Signal and Reference input terminals located on the fror • and rear of instrument are connected 
as shown. 

FRONT PANEL 
SIG 

REAR PANEL 

O~-------~: 
o CHASSIS 

REF 

?_= _d_i ______ ........-~:: 
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BACK PANEL OPTIONS 

FRONT PANEL 

SIG 
REAR PANEL 

L 

REF 

Lo 

? 

Hi 

MS CONNECTOR 

Hi 

The Meter (M I ) terminals are connected to the five-way binding posts at the rear of the 
instrument as shown below 

Ml 

+ 

CAUTION 

Both of these points are floating with respect to system ground and use 
of this DC level requires a device whose input is balanced to ground, in
cluding common-mode rejection. In addition, the unit's calibration 
should be checked for no loading effects. 

BLACK 
(CRT GND) 

The nominal full scale output voltage will be 20 to 30 millivolts. This output level may be 
checked, observing the above precautions. The output impedance of these terminals is 
normally 1.5K. 

PARTS LIST 

Binding Post Red 800119 

Binding Post Black 800120 

Connector MS31 02 A-I OSL-3P 800661J 



S2-E 

--01 

~2 

~3 

4 

~5 

--06 

--07 

Switch is closed in full CW position 

PARTS LIST 

1 Knob 

1 Potentiometer-Switch 10K 

R4 
DEGREES 

PHASE DIAL 

FULL SCALE ADJUST OPTION 

C58 C59 

10K H~ 
+ + 
100uf 100uf 

201720 

802589 

WIRING OF DEGREES PHASE DIAL 

FOR FREQUENCIES 2KHz THRU 10KHZ 

~:......J_O-~~ __________ ~~-OTO Z) PIN 8 

---YO POT CASE 
(CASE OF POT IS 
INSULATED FROM 
CHASSIS GND) 

TO Z3 PIN 12 

~ __ DTO CKT GND. 

NAI TM 5000 
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APPENDIX A 

APPLICATION NOTES 

FOR 

NORTH ATLANTIC 

PHASE ANGLE VOLTMETER 

The North Atlantic Industries Phase Angle Voltmeter is a truly unique, multifunctional 
instrument which will function as a sensitive voltmeter, a phase angle meter, a meter 
measuring in-phase signals (E cos 8), and quadrature signals (E sin 8), a phase sensitive 
null indicator, an impedance meter, and a power factor meter. 

NAI TM 5000 
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INTRODUCTION 

8.1 INTRODUCTION. 

The following notes will acquaint the user of the Phase 
Angle Voltmeter with the many ways in whch thest' 
versatile instruments can he USf'd. 

By virtue of the instrument's ability to mea!>ure the twu 
basic characteristics of any signal; namely, magnitude and 
phase angle, measurements are now possible which pre· 
viously either required extensive associated equipment or 
could not be made at all. 

An input signal is first attenuated by the range J1lultlpli!'1. 
The high gain amplifier drives a phase sensitive detector 
which in turn drives the indicating meter. A reference 
signal is also amplified and its phase angle shifted by the 
calibrated phase shifter. This signal driving the phase 
semitive detector results in the phase angle characteristics 
shown in Figures (5) and (6). 

The sections to follow describe the many ways in which 
this instrument is being used. Block Diagrams illustrate 
typical measuring set ups. 

SI AL 
INPUT 

RANGE 
ATTENUATOR 

ISOLATION 
REFERENCE XFMR 

INPUT 

ALIBRATED 
PHASE 

SHIFTER 

8.2 GENERAL NOTES ON GROUNDING TECHNIOUES 

Successful measurement with any high input illlpeaance 
voltmeter is dependen1 upon the elimination of a1l un
wanted or extraneous sIgnals from the measurement 
cin:uit. 

The most common sources flH extraneuus signal!> are the 
following. 

A. Internal noise 

B. Electro!.tatic pIckup 

C InductIve pickup 

D. Common ground runs 

Internal noise has been minimized by design and successful 
measurements can be.' made in circuits with impedances as 
high as 1.0 megohms. 

Electrostatic pickup, frequently a problem in high imped· 
ance circuits. is easily eliminated by shielded cable or 

PHASE 
SENSITIVE ~.........I 
DETECTOR 

FILTER SQUARING 
AMPLIFIER 

Fi~lIre.' I I)h;t~c Angle Voltmeter. Block Diagram 
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twisted leads one of which is at ground potential Care 
must be taken, however, to avoid loading the signal 
source by the cable capacitance. 

Inductive pickup is generally less often encountered than 
electrostatic pickup and possibly for that reason, methods 
for minimizing it are not frequently employed. Both 
twisted and shielded leads are effective in reducing this 
form of pickup because they minimize the effective area 
through which extraneous electromagnetic flux can pass. 
This is true in the case of a shielded lead, only if the 
shield, for example, is the return circuit for the signal. 

Inductive pickup in ground leads can and does occur 
with multiple point grounding systems. The effect of 
these ground loops frequently can be reduced by bundling 
cables together, again so as to minimize loop areas. A 
better method is to eliminate the ground loops altogether 
especially those in the signal system or that portion of a 
circuit where a measurement is being made. Figure (2) 
shows several workable methods for using the voltmeter 
as a phase sensitive null detector when making trans
formation measurements. All methods can be made to 
work by minimizing stray fields and bundling cables 
together. However, Figure (2A) is the most advantageous 
arrangement and is not at all critical to lead runs. Figures 
(2B) and (2C) both have loops which can be potential 
trouble spots. Note also that grounds other than those 
shown in Figure (2) can exist due to chassis contact, line 
cord ground, and reference grounds. All must be 
considered when setting up the measuring system. 

Common ground runs are sources of extraneous signals by 
virtue of voltage drops in the voltmeter input which 
arise from ground current other than the signal ground 
current. Figure (3) is a sketch of a typical arrangement 
wherein the power ground lead is in part that of the shield 
on the signal input. A portion of the load current as well 
as power supply leakage current to ground go through the 
voltmeter input cable. The voltage drop in the lc'!ngth of 
common ground is measured in addition to the signal. 

Figure (3) also illustrates the internal grounding arrange
ment. The fact that there are four places in which a 
ground can be made could mean that isolation transformers 
~~ required somewhere in the measuring circuit. 
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8.3 PHASE CHARACTERISTIC. 

8.3.1 RESPONSE TO HARMONICS. 

The response of the Phase Angle Voltmeter to the funda
mental frequency is given by: 

(I) E meter = E rms x Cos 8 
where E meter = voltage read on the meter 

E rms = rrns value of the input sine wave 
8 = angle between the reference and 

signal input (phase shifter at zero 
degrees) 

Response to even order harmonics is theoretically zero, 
while odd harmonic response varies inversely with the 
order of the harmonic. 

For example, for the 3rd harmonic equation (I) becomes: 

(2) E meter = E rms (3rd harmonic) x Cos 8' 
3 

where 8' is the phase angle of the 3rd 
harmonic with respect to the reference. 

Actually response to harmonics departs from equation (2) 
for a number of reasons. Since calibration of the instru
ment is at the fundamental frequency, measurements at 
frequencies other than the fundamental frequency will be 
somewhat in error. 

For instruments having selective ruters in the signal and 
reference channels, harmonic response will in all cases be 
more than 550B down. Table I shows typical measured 
responses. The values shown with ruters actually are the 
sum of the column I data and the filter characteristic. 

Table I 

No Signal Filter With Signal Filter 
FUNO (400cps) OOB OOB 

2nd Har. -550B -550B 
3rd Har. -9.50B -550B 
4th Har. -550B -550B 
5th Har. -140B -550B 

8.3.2 ACCURATE PHASE MEASUREMENTS. 

Measurements of phase angle using equation (l) are easily 
accomplished with good accuracy using the setup shown in 
Figure (4). The actual phase characteristic used in the 
measurement is E sin 8 tor purpose of convenience. The 
procedure is to adjust accurately the 8 = 90 deg. and the 
8 = 0 deg. point. Measurement than will be a voltage 
which can be directly translated into degrees using the 
curves of Figures (5) and (6). 
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Figure 4. Phase Angle Measurement 

The step~y step procedure is: 

A. Set reference level to red line value. 

B. With meter in "STD VTVM" position and external 
switch S I in position I, select a convenien t range and ad
just the signal level for full scale deflection. This will 
insure on-scale readings. (NOTE: Any external level 
set should be sufficiently low in resistance so as not to 
introduce phase shift error. 

C. Switch the refelence into the signal channel 
by switching SI to position 2 and adjust using the same 
external level control for full scale deflection. Switch the 
instrument to the "PHASE ANGLE VTVM" function 
and adjust the phase shift dial for zero meter reading. This 
establishes the 0 = 0 deg. point or quadrature null point. 

!'Jote 

FOR MAXIMUM ACCURACY, THIS POINT 
SHOULD BE RESET WHENEVER THE SCALE 
IS CHANGED. 



D. Return the switch SI to the signal input and read
just the full scale level with the instrument set as "STD 
VTVM". This establishes the 8 = 90 deg. point 
(E maximum). 

E. Swit~h back to the "PHASE ANGLE VTVM" posi
tion used in (3) above and read the meter. Enter the 
curves of Figure (5) or (6) to read degrees. 

Any full scale range in degrees can be used even down to 
-6 deg. - 0 - +6 deg., depending upon the full scale limits. 
For example, if the full scale 90 degree point is set on the 
1.0 volt scale and the zero point on the 0.3 volt scale, then 
the 0.3 volt scale will cover a range of -17.4 deg. - 0 - + 17.4 
deg. Table II summarizes typical setups and Figures (5) 
and (6) show curves which can easily be used to convert 
voltage measurements to degrees. These curves are actually 
arc sine functions. The angle can also be derived by direct 
computation from the voltage readings. 

Errors in using this type of measurement will be a function 
of the scale used and the angle. In addition, for large 
ratios of maximum voltage to full scale values being used, 
saturation for a portion of each cycle can occur and will 
result in a small scale error. ObViously, this condition is a 
function of reference level and for that reason, a level of 
twice the red line value is recommended when using this 
technique. 
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High accuracy Phase Angle Measurements to better than 
.Olo·can be made using the alternate methods discussed in 
Small Angle Measurements, paragraph 8.8.7. 

8.4 PHASE ANGLE MEASUREMENTS USING 
CALIBRATED PHASE SHIFTER. 

The built-in, cahbrated phase shifter can be used to 
measure phase angle directly simply by shifting the 
reference by an amount equal to the phase angle being 
measured so as to produce a maximum meter reading 
in accordance with equation (1). Precise determination 
of the maximum point is difficult due to the zero slope 
of the phase characteristic at 8 = 0 deg. To avoid this 
difficulty, the instrument is equipped with four scales 
90 degrees apart. Thus, by simply switching the refer
ence 90 degrees, the phase shifter dial can be readily set 
to a zero point on the meter and then by switching back 
to the original quadrant the unknown phase angle can be 
read. 

This procedure allows the measurement of phase angles 
from 0 to 360 degrees .. Ambiguity which exists for two 
quadrants is easily removed by adding ISO degrees to 
the dial reading if a negative maximum (meter deflection 
to the LEFT) is used for the measurement. For positive 
maximums (meter deflections to the RIGHT) the dial 
scales apply directly. 

Table II 

Full 
Scale for Scale Max. 

Maximum Measuring Overload Degree Error 
Voltage Degrees Ratio Range 3% Figure 

1.0 1.0 I: I 90 2.7 deg 5 

1.0 .3 3.3:1 17.4 .52 6 

1.0 .1 10:1 5.7 .2 5 

1.5 1.0 1.5: I 41.8 I.3 5 

1.5 .3 5: I 11.5 .33 6 
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8.5 MEASUREMENT OF QUADRATURE AND IN
PHASE COMPONENTS OF A SIGNAL_ 

The quadrature and in-phase components of a signal are 
defmed in accordance with the diagram of Figure (7) as: 

In-phase component = E cos 8 
Quadrature component = E sin 8 

Measurement of the in-phase component is made by plac
ing the Phase Angle Dial at zero degrees and reading the 
meter directly. This voltage will be E cos 8. (Function 
Selector must be in one of the PHASE ANGLE VTVM 
positions). By switching the Function Selector to an 
adjacent quadrant, the reference is shifted 90 degrees 
and the meter now reads the quadrature component of 
voltage E sin 8. For the greatest accuracy in this type 
of measurement, the null or 90 degree point should be 
calibrated on the scale in which the voltage component 
is to be read. See the section under PHASE CHARAC
TERISTIC for a description of this type of adjustment. 

E SIG 

t 
I E SIN e 
I 

~::-=ooooooo::-===-=-~=::::: ... ~-~ ERE F 
E COS e 

Figure 7 

8.6 MEASUREMENT OF POWER FACTOR AND 
IMPEDANCE ANGLE. 

Both power factor and impedance angle are defined as 
the angle which a current vector makes with the voltage 
reference. This measurement is conveniently accomp
lished by means of the set up shown in Figure (8). The 
angle is measured as previously discussed. 

8.7 IMPEDANCE MAGNITUDE. 

The magnitude of any impedance is measured by using 
the "STD VTVM" portion of the instrument. Figure 
(9) illustrates the manner in which the measurements 
can be made. 

Using Table III as a guide, a precision (-t 1%) resistor of 
convenient size is selected for Rs. With SI in position I 

A-IO 

for measuring current, adjust the scale set potentiometer 
to read full -scale voltage on any 10 scale. Note the actual 
voltage value. Switch SI to position 2 for measuring /Z/ 
and read the meter. This reading will be the impedance 
magnitude expressed in units of kilohms, ohms, hundreds 
of ohms, milliohms, etc. depending upon the value of Rs 
series resistance used per Table III and when divided by 
the current measurement noted above. 

EXAMPLE: 
Load impedance = 470K 

Rs= IK 
E line = 115 volts 

With SI in position I set the level using R2 to a convenient 
full scale of 10. This might be 0.1 volts. Switching then to 
position S2 will produce a meter deflection of 47K on the 
lOOK scale (100 volts scale is now lOOK per Table III). 
Dividing this by the current scale of 0.1 will yield 470K. 
Since the current factor is always set at a multiple of 10, 
this last correction is simple to accomplish. 

Table III 

Series Scale Current 
Resistor IV equals Factor 

10K 10K l/volts 
IK IK l/volts 
lOon loon I/volts 
IOn IOn l/volts 
In In I/volts 

8.7.1 MEASUREMENT OF AC RESISTANCE AND 
REACTANCE 

By using the circuit of Figure (9) the real and imaginary 
components of the impedance can also be measured directly 
by using the current as a reference and measuring the in
phase and quadrature of the signal measured with the 
switch in position 2. The in-phase component will be the 
AC Resistance and the quadrature component will be the 
reactance with the sign determined as positive for a right 
hand meter deflection and negative for a left hand 
deflection. 

The following series of block diagrams will illustrate how 
this instrument can be applied to some of the specific 
applications noted earlier. 
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Figure 8. Power Factor and Impedance Angle Measurement 
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0 
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Figure 9. Impedance Magnitude Measurement 

8.8 APPLICATIONS. 

8.8.1 PRECISION RA TIOMETER. 

In many analog computer systems the process of multi· 
plication, division, addition, and subtraction is acco~plished 
using precision potentiometers, or resistors. Those 
applications involving extremes of precision must be 
concerned with the distributed capacitance of the circuit 
element. Ordinary nulling sV'Item, for example, will not 
permit the manufacture of vt;ry precise r,- .stors because 
of the errors masked b:' quadrature signals. The circuit 
of Figure (10) permits precise zeroing of pots or matching 
and calibration of resistors and potentiometers independent 
of stray capacitances, or harmonics in the signal source. 

Two isolation transformers are actually not necessary. If 
the source is to be isolated then an inexpensive transformer 
can be used. If the outputs are to be isolated than a low 
capacitance transformer such as North Atlantic's T·110 
should be used. An alternate arrangement would be the 
circuit of Figure (1 I), which uses a summing network. 

8.8.2 TRANSDUCER NULLING. 

Applications involving transducerS, such as differential 
transformers or E·CoiJ pickoffs, are extremely difficult 
to zero due to the! large residual nuU voltage composed of 
signal and harmolllcs leom the source as well as harmonics 
generated in the transducer. Figure (12) shows a system in 
which a precise in phase balance can be achieved in the 

. A-ll 
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presence of quadrature and harmonics equal to 10 times 
the full scale sensitivity used. An order greater accuracy in 
nullirig is easily achieved over conventional nulling circuits. 

In addition, phase compensation for servo systems or for 
purposes o( linearity compensation are easily accomplished 
using variations of this same test set-up. 

8.8.3 SYNCHRO BRIDGE NULL DETECTOR. 

When measuring the electrical errors of synchros, a circuit 
such as that shown in Figure (13) is used. The phase 
sensitive characteristics of the Phase Angle Voltmeter as 
well as the harmonic rejection of the mters and detector 
makes possible nulls obtainable by conventional 
instrumentation. 

8.8.4 MAGNETIC AMPLIFIER AND THYRA TON 
CIRCUIT ALIGNMENT. 

Circuits using thyratron power stages or magnetic ampli· 
fler stages cannot be monitored using conventional 
instruments because measurement errors can be pro· 
lubitively large due to the chopped waveforms. If the 
Phase Angle Voltmeter is used to monitor the output of 
such devices as shown in Figure (14) the task of alignment 
for maximum torque or output is straightforward since 
the meter reading is equivalent to motor output. 

8.8.5 CARRIER CIRCUITS AND AMPLIFIERS. 

Circuits such as those used for phase compensation, sum
ming circuits, amplifiers, etc., must frequently be aligned to 
reduce quadrature effect to an acceptable minimum and to 
establish transfer functions at precise values of Phase Angles. 
Figure (15) is a test setup used to check the phase angle 
transfer characteristic of a 400 cps carrier amplifier. Switch, 
Sl, is used to adjust exactly the 90 degree point. A pre· 
cision of trim to a fraction of a degree can be obtained. 

8.8.6 TRANSFORMATION RATIO. 

Numerous circuit arrangements are used in making trans· 
formation ratio measurements. Two of the most practical 
are shown in Figure (l6a) and (l6b). 

8.8.6.1 SUMMING NElWORK TECHNIQUES. In Figure 
(l6a) the output of the test piece is arranged to have a 
polarity opposite to that of the ratio device. By means of 
precision summing resistors - the outputs are added. At 
null the ratio device will then read the in-phase ratio of the 
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item under test. In this particular test setup a line isolation 
transformer is utilized so as to avoid grounding one side of 
the line. 

In using the circuit of Figure (l6a) care should be exercised 
in evaluating the errors which can arise due to loading of 
the test piece by the summing resistors and inaccurate 
summing due to test piece source impedance. 

Phase angle is easily measured using the technique shown in 
the following section for small angle measurement. Allow
ance must be made in this case for the 2: 1 change in volt
meter sensitivity resulting from the summing network. 

8.8.6.2 BRIDGING TRANSFORMER TECHNIQUE. 

For greater accuracy, the circuit of Figure (I 6b) has found 
wide acceptance where the requisite polarity arrangement 
is feasible. In this case, matching of the test piece output 
to the ratio device is achieved by using a bridging transformer. 
Any good double-shielded isolation trans
former with suitable common~mode rejection 
and low input capacitance will suffice. 

Measurement errors in Figure (l6b) can occur due to 
capacitive loading of the test piece or capacitive coupling 
of the common mode signal into the secondary. The former 
can be minimized where shielded cables are used by using 
the so called "driven shield" technique shown in the Figure. 

Common-mode rejection is a function of the transformer 
shielding, the impedance level of each input to the trans
former and the relative values of these impedances. Each 
setup must be judged by itself as to its suitability for a 
particular measurement. 

Phase angle again is easily measured using the small angle 
measuring technique shown in the following section. Here 
allowance must be made for the bridging transformer 
transformation ratio 

Both of the above measuring systems are used to provide a 
direct reading of in-phase ratio. Transformation ratio is 
by defmition the ratio of the absolute magnitude of the 
secondary to primary voltage. To obtain "transformation 
ratio" the "in-phase" ratio must be divided by the cosine of 
the phase shift angle. 

Maximum accuracies for both setups required that the Phase 
Dial be adjusted to compensate for residual phase shifts 
arising from the various transformers in the system, etc., 
This is conveniently done by stepping the ratio device and 
adjusting the Phase Dial to produce zero output when the 
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Figure 15. Phase Angle Measurement of Carrier Amplifier 

Function Selector is in the 90° position. Operation will 
then be correct when the Function Selector is returned tel 
the 0° position. 

8.8.7 SMALL ANGLE MEASUREMENTS. 

Small angle measurements to better than .0]° can also be 
made using the setups of Figure (16). The process consists 
of making the in·phase null, described in the foregoing, 
using the precision ratio device. Then, by definition the 
phase shift angle a is: 

a = Tan-] E Input (quadrature) 
IE sec I 

= Tan- l (E Input (quadrature) 
IE pril x Ratio 

By measuring the magnitude of the secondary voltage and 
the quadrature component of the input signal, the angle 
a can be determined. 

For Example: 

Measured quadrature = 30.00 millivolts 

Secondary voltage = 30 volts 

a = Tan-I 0.03 
30 

:!! 0.03 = 0.001 Rad 
30 

== 0.00 I ). 57.3 = .057 degrees 

8.9 PHASE ANGLE GENERATION. 

It is frequently required to generate two voltages with a 

precisely known phase relationship with respect to each 
other. Described below are three techniques that will 
provide accurately phase shifted signals, 
if a phase generator is not available. 

8.9.1 RATIO BOX PHASE SHIFTER. See Figure (17) 

This circuit requires a precise 0° and 90° 
signal and a high-quality ratio box. 
Resistors should be of a type having a 
small reactive component such as metal-film. 
The capacitor should have a small dissipation factor such as 
polystyrene. It may be seen that any angle between 0° and 
90° can be selected depending on the setting of the Ratio 
Box. It should be noted, however, that the amplitude of 
the 0° and 90° signal should be set equal to each other. 
The output amplitude will vary through a minimum of 
0.707 of the 0° and 90° signals at 45° (Ratio Box 
setting of 0.5). 

Phase network component values and Ratio Box settings 
are determined by the equation shown. 

If this equipment is not available, it is suggested that 
the following methods be used: 

8.9. 2 RC PASSIVE PHASE SHIFTER. See Figure (18) 

Precise phase angles can be generated using the circuit 
configuration ~own below. These networks are very useful 
and are simple to construct. They do require, however, 
accurate measurement of component values. They may be 
constructed with the aid of the design equations shown in 
Figure (19). The components should be high quality, 
stable devices; such as mica, or polystyrene capacitors, and 
metal fIlm or deposited carbon resistors. 

A-IS 
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Evolution 0/ the Phase-Angle 

D~·~'''i CT ~=. _ ............ III" .. .. I• '--'" • .-
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THE VTVM WAS developed before World War II 
in order to add versatility to the simple d'Arsonval 

moving coil meter. Vacuum tube circuits raised meter 
input impedance by orders-of-magnitude; reduced er
rors caused by source loading. High gain coupled with 
closed-loop feedback permitted precise operation o .. er 
wide frequency bands with high sensitivity. 

Fig. 1 shows a simplified version of the ordinary vac
uum tube voltmeter. Basic elements include an amplifier 
or gain stage, a rectifier to convert AC signals into 
meter drive currents, and finally, a d'Arsonval meter 
calibrated to read the input voltage directly. 

Filtering-Most VTVMs use a moving coil meter 
that responds to the average value of rectified input 
signal. However, the RMS value of a sinusoidal signal 
is 1.11 times higher than the average value: thus, an 
RMS-reading VTVM is scaled to read 1.11 times the 
actual average value of voltage being measured. 

This relationship of RMS = 1.11 x AVERAGE only 
holds true if the input is a sinewave voltage. If it is not, 
a new scale factor must be used depending upon the 
actual waveshape. 

In many measuring applications the VTVM is equip
ped with a filter to take out the harmonics from the 
input signal (Fig. 2). If the filter can be switched in 
and out of the measuring circuit,. the VTVM will have 
"fundamental" and "total" voltage measuring modes. 
This is useful in measuring amplifier distortion. Assum
ing that pure sinewaves are fed to the amplifier's input 
from a quality signal generator, then the difference be-

INPUT 
TO BE 
MEASURED 

Vs 

LINEARIZING FEEDBACK 

FIG. I. VTVM raises input impedance of d'Arsonval meter, 
and increases sensitivity, permitting wideband operation. 
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tween separate readings for "total" and "fundamental" 
output voltages is a measure of the harmonic content 
(distortion) in the amplifier's output. 

The next step towards the phase-angle voltmeter 
roughly doubles circuit complexity by addition of a 
second amplification channel for reference signals. 

Phase sensitive voltmeters (PSVM) give information 
about the vector components into which an AC signal 
may be resolved (Fig. 3) .. 

The PSVM depends upon both input signal ampli
tude, and the degree to which the input signal "over
laps" or coincides "in time" with the reference. 

The ability to measure according to signal overlap
ping, or coincidence, depends on a special rectifier, call
ed a phase-sensitive demodulator (Fig. 4), which is 
controlled by the reference signal. 

Phase Sensitive Demodulators - The phase sensitive 
demodulator differs from conventional rectifiers in that 
no signal path is available between input source (ampli
fier) and output load (meter) until the reference volt
age drives the demodulator into conduction. An ordi
nary rectifier breakdown voltage is typically around 0.5 
to 1.0 volts. 

Phase sensitive demodulators can pass signals of both 
polarities once the reference voltage has established the 
conduction path. A rectifier's function is precisely the 
opposite; it can pass only unidirectional signals. The or
dinary rectifier may be regarded as a special case of 
phase-sensitive demodulation in which the input signal 
is always in phase with the demodulator tum-on signal. 

SIGNAL 
INPUT 

Vs 

FEEDBACK 

FIG. 2. FILTER allows meter to measure fundamental 
and total input volts. 
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FIG. 3, ANY AC signal may be resolved into in-phase and 
quadrature components with respect to an arbitrary reference. 
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FIG. 5. DEMODULATOR output depends upon phase an9le: or 
"overlap," between input signol ond demodulator conduction 
period. Reference input determines conduction period. 
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Owing to the demodulator's ability to conduct in both 
directions it is possible for the meter to read zero even 
though the input signal has maximum amplitude. 

For example, if the input and reference signals are 
exactly 90 0 out of phase, the signal crosses through zero 
and reverses polarity exactly at the mid-point of each 
demodulator conduction period. An oscilloscope con
nected to the meter terminals would show equal periods 
of positive and negative potential applied to the meter 
for every demodulator conduction period. A moving 
coil meter due to its considerable inertia, has a maxi
mum response frequency of about 2 Hz. The meter, un
able to follow rapid reversals of polarity, responds to the 
average input power. Since both the positive and nega
tive signal components are equal and have identical 
waveforms (assuming no harmonics), their algebraic 
sum is zero, and the meter reads zero when input and 
reference are 90° out-of-phase. 

The demodulator output and meter reading are 
related to input and reference voltage (Fig. 5) by 
V M = K V.cos Ct. where V,It is the meter reading, K is a 
calibration constant involving meter sensitivity (ratio 
of RMS to average, and the amplifier gain), V, is the 
input voltage, and Ct is the phase angle between input 
signal and reference. This relationship stems from the 
meter's ability to time-integrate the demodulator output 
and respond only to its average value: 

r ." 

Thus, V M - KJV. ~in (w/ + a) .II - KJV •. ~in (wi + a) dt 

~ K V. ens a 

FIG. 4. CONVENTIONAL rectifier, 
left, panes signal to the meter when
ever input voltage rises above break
down voltage of diodes. Phase sensi
tive demodulator, right, panes sig
nals only when reference input drives 
diodes into conduction. 

The component V,cos IX is seen from Fig. 3 to rep
resent the component of input signal V 8. resolved in 
phase with the reference. 

Phose Sensitive Voltmeter-The PSVM (Fig. 6) has 
two amplifier channels, which feed the signal and ref
erence inputs into separate terminals of the demodu
lator. 

The PSVM also measures the quadrature component 
of input voltage, represented in Fig. 3 as V,sin IX, as well 
as the in-phase voltage, V,cos IX. Measurement.of quad
rature voltage (V ,sin IX) is based on the demodulator's 
ability to develop a reading proportional to the cosine 
of the angle, IX, between input and reference, given by 
V JI = V,cos IX. By switching a precise 90 0 phase shift 
network into the reference channel, total phase shift 
between signal and reference is given (" _900

). Meter 
reading remains a function of phase angle, and is given 
by V M = V,cos (Ct -90 0

). But from simple trigono
metric identities, Cos (IX -90 0

) = Sin IX. Therefore, 
by introducing additional 90 0 phase shift between input 
and reference signals, meter reading is converted from 
V.v = V.cos (IX -90 0

) to V JI = V sin IX. This is a 
reading of quadra!ure voltage. 

Noise is cancelled through a combination of the 
meter's high inertia and the demodulator's ability to pass 
both positive and negative noise compon~nts. If the nO.ise 
is truly random, there will be equal amounts of positive 
and negative noise power fed to the meter during each 
conduction period. 

Harmonic Cancelling-The demodulator cancels har
monics by summing positive and negative harmonic 
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components in the slow-responding meter movement so 
that the average harmonic content is partly or wholly 
neutralized. For example, there are three full cycles 
of the sixth-order harmonic during each half cycle of 
the signal fundamental, hence, an equal number of posi
tive and negative half-cycles of sixth-harmonic are fed 
to the meter. These even-order harmonics cancel them
selves out, leaving the meter to respond only to the 
fundamental. Odd order harmonics do not cancel ex
actly, because there is always one half-cycle of ~d
order component left over. However, one rem81mng 
half-cycle of say 11 th order harmonic, means t~at the 
ten other harmonic half-cycles that occurred dunng the 
fundamental half period were cancelled out. That .is, 
the demodulation process reduces odd-order harmoru.cs 
to a fraction given by the actual order of that harmoruc. 
Fifth order harmonics are reduced fivefold, seventh 
order harmonics are reduced by a factor of seven, etc. 
(Fig. 7.) 

The Phase-Angle Voltmeter-One step beyond the 
phase sensitive voltmeter's capability is ~e~ded if an. ~C 
signal is to be completely specified. Th~s IS a prOVISion 
for measuring phase angle, IX, between mput Signal and 
reference. The phase-angle voltmeter (PAVM) (Fig. 
8) differs from the PSVM by embodying a precise, cali
brated, broadband phase shift network that reads out 
phase angle directly. 

It is possible to calculate phase angle, IX, from read
ings of in-phase and quadrature voltage, V cos IX, and 
V sin IX. (tan IX = V sin IX/V cos IX.) However, phase 
measuring accuracy is limited by the accuracy to which 
the voltages can be measured. 

FIG. e. PAVM measures phase angle, quadrature yaltage. 
in-pha.~ yoltage. total yoltage and null yoltage. 
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FIG. 6. PSVM drive. demodulator with 
reference and input signal to measure 
in-phase and quadrature componenf'l 
of input .ignal. Meter also mea.ure. 
total and fundamental input yoltage •. 

FIG. 7. DEMODULATION reduces odd-order harmonics. 

Phase angles may be measured directly to 1"",0 ac
curacy over the PA VM's full 0 to 360 0 range. The 
principle of phase angle measurement lies in using the 
meter to measure the quadrature component of input 
voltage, then observing the amount of additional phase 
shift required to make the quadrature voltage disappear. 

To make the measurement, the instrument is switched 
to its quadrature-reading mode (a fixed 90 0 phase-shift 
network is introduced into the reference channel) and 
the quadrature voltage read on a coarse scale. Next, 
the calibrated phase shift network in the reference chan
nel is adjusted to reduce the quadrature voltage towards 
zero. Instrument sensitivity is progressively improved 
by switching to lower voltage ranges, until the desired 
accuracy has been achieved. The phase-shift-dial read
ing is then the actual phase difference between input and 
reference.· 

Nul/ Measurements-Besides measuring total, funda
mental, in-phase, and quadrature voltages, as well as 
phase angles, the phase angle voltmeter also makes an 
excellent null detector. Here, the variable phase shifter 
provides subtle but important advantages for null de
tection that even the phase sensitive voltmeter used as 
a null detector cannot provide. One particularly useful 
advantage of the phase shifter is its use in A.C. Bri~ge 
work, where, Ly proper positioning of the phase dial, 
the 'nteraction between'the bridge's balancing controls 
can be eliminated. 

-It would be equally valid to measure phase angle by ad
justing the phase dial for maximum in-phase voltage in
stead of minimum quadrature voltage, .but null voltages 
(voltage minima) can be read more preclsel.v than voltage 
maxima. 
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STATUS OF CHANGE PAGES 

Following is a list of all pages in this manual, their change 
status and the date of change. A zero (0) in the Change Status 
column indicates an original issue. Changed text is indicated 
by a vertical bar in the margin. Changed illustrations are 
indicated by a vertical bar next to the title. 

Original - November 1980 
I Change 1 - March 1982 

Pages Change Status 

Title. • 0 
A. • • • • Cl 
i thru iii . • • • 0 
1-1 thru 1-4 • 0 
2-1. • • • • 0 
3-1 
4-1 
5-1 
6-1 
6-4. 
6-5 
7-1 
A-I 
B-1 

thru 
thru 
thru 
thru 
. . 

thru 
thru 
thru 
thru 

3-8 • • • 0 
4-7 • • • 0 
5-17. • • 0 
6-3 • • • 0 
• • • • • Cl 
6-17. • • 0 
7-3 • • • 0 
A-17. • • 0 
B-4 • • • 0 

CAUTION 

High voltage exists at several points in this instrument. 
Normal precautions consistent with good practice should be 
taken to eliminate shock hazard. 

A potential shock hazard exists with ungrounded power source 
or ungrounded case operation. Operators of the instrument 
should be aware of and take precautions against this condition. 

North Atlantic Industries, Inc. cannot be held responsible 
for damage to persons or property in the process of or as a 
result of maintenance, calibration, or setting up of the 
instrument. 

Cl 

 



MODEL 213C (NAI TM 5000) - Product Revision Sheet 1 APRIL 1982 

A. PCRs COVERED BY THIS PRS: 21308 

B. ASSEMBLIES AND REV LEVELS AFFECTED: 

Distribution Board 500847, Rev Bl and above 

,c. CHANGES: 

Change the distribution board parts list as shown below: 

Designation Old NAI New NAI 
Part No. Part No. 

C15 800510 880073 
C58, C59 806726 880075 
C66 805623 880710 
C70 803453 882455 

1 of 1 



MODEL ZllC (HAl lM '000) - Product Revision Sheet 2 March 1983 

A. PCRS COVERED BY THIS PRS: ZZ491 AND ZZ701 

B. ASSEMBLIES AND REV LEVELS AFFECTED; 

Distribution Board '00847, Rev Nl and up 

C. PURPOSE: 

To meet noise specifications. 

D. CHANGES: 

1. Delete R18, RZO. OR'. OR6. Ql. and QZ from the parts list. 

Z. In the parts list. change Rl09. Rll'. and R139 from NAI PIN 
80l}97 to NAI PIN 880089. 

}. Add the following components to the parts list: 

Ref. Description NAI PIN Code MFR PIN 

CI00 Capacitor. Tant. 88077' '6ZS9 nODH4XOOHA 
. Huf. "V • +-ZO~ 

ClOl Capacitor. Tant. 80SZ0l 11100 POT-Z .lIn 
Z.Zuf. l'V. +-ZO~ 

Zl Regulator SOSlSS 0471} MC78l'CT 

1I0 Regulator SOSl90 0471} MC79l'CT 

4. Change figure 6-1 as shown below: 

...... -.. r ,CG. 
" 

',' ----;----J."~- ;! , 
, .I 

.CGo 

WAS -. _., l..S... .. ,_ .. 

1 



~. Change figure 6-4 as shown below: 
&., 

150 ... ,,,, 

WAS 

~ 
f8o-oj~~~-I"VOc.. 

T 

IS 
6. In paragraph 4.7, substitute QI and Q2 with II and llO. Delete 

the last sentence from the paragraph. 

7. In table '-2 (in the +- l~Vdc check), replace QI and Q2 with II 
and lIO, respectively. and delete CR~ and CR6. 

2 



MODEL 213C - ERRATA SHEET 1 December 1982 

Add paragraph 1.5 to the Operating and Maintenance Manual. 

1.5 REAR PANEL FEATURE CODE LABEL EXP~~A~ION 

Table 1-2 explains the feature codes on the rear-panel label. 

Table 1-2. Rear Panel Feature Code Explanation 

Feature Option 
No. Description 

Fll Internal code number for 
frequency specified 

Rear Input External Meter 
F12 Rear panel configuration 5-way bl.nd- MS Tenninal 5-way bind-

ing posts strip ing posts 

1. --- -- --- ---
2. yes -- --- ---
3. --- yes --- ---
4. --- -- --- yes 

5. --- yes yes ---
6. yes -- --- yes 

7. --- yes --- yes 

8. --- --- yes ---
9. yes --- yes ---

F13 Input power line voltage 1. 115V 
2. 230V 

1 of 1 


	TABLE OF CONTENTS
	1: INTRODUCTION
	Overview
	Specifications

	2: PREPARATION FOR USE
	3: OPERATING INSTRUCTIONS
	Grounding
	Low Frequency , High Level Voltages
	Controls & Indicators
	Measuring Voltage
	Measuring Phase Angle
	Differential Measurement & Common Mode Rejection

	4: THEORY OF OPERATION
	General Overview
	Detailed Circuit Descriptions
	Block Diagram 
	Amplifiers
	Detector
	Overload Circuit
	Phase Bridge
	Power Supply & Filters 
	Input Isolation

	5: MAINTENANCE
	Performance Tests
	Voltage
	Frequency Response
	Signal & Refernce Pahse Alignment
	Phase
	Overload
	Phase Angle Generation 
	Phase SHifters
	Power Supply
	Noise

	Adjustment
	Voltage
	Phase
	R135 Trans  Mode 
	C79 Trans Mode
	T1 Phase Shift Balance
	Frequency Response
	Troubleshooting
	Test Circuits

	TroubleShooting Procedures
	Circuit Voltage Table


	6: REPLACEMENT PARTS & DIAGRAMS
	Manufacturers Code List 
	Parts List 
	Parts Location Diagram
	Bottom Photo View
	Top Photo View
	Schematic

	7: OPTIONS
	A: APPLICATION NOTES
	Introduction
	Grounding
	Phase Characteristics 
	Calibrated Phase SHifter 
	Voltmeter Characteristics
	Phase Angle Characteristics
	Quadrature Measurement
	Power Factor
	Impedance
	Reactance
	Applications

	B: EVOLUTION OF THE PHASE VOLTMETER 
	C: CHANGES 

