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TABLE 1-1. SPECIFICATIONS

FREQUENCY CHARACTERISTICS.

RANGE: 5 Hzto 500kHz infive bands;5 to 50 Hz,
50 to 500 Hz, 0.5 to 5 kHz, 5 to 50 kHz, and 50 to
500 kHz.

ACCURACY: 4% from 5 Hz to 50 Hz, +2%
from 50 Hz to 500 kHz, +1% at 15.92 on FRE-
QUENCY dial from 159.2 Hz to 159.2 kHz, +2%
at 15.92 Hz.

MONITOR OUTPUT: level; 0.2 V rms minimum;
source impedance:600 ohms in series with 50 uF.
IMPEDANCE MEASUREMENT CHARACTERISTICS.
RANGE: 1 ohm to 10 megohms in seven ranges:
10 ohms, 100 chms, 1 K ohms, 10 K chms, 100K
ohms, 1 megohm and 10 megohms full scale.
ACCURACY: 5% of reading.
PHASE ANGLE MEASUREMENT CHARACTERIS-
TICS.
RANGE: 00 to +90°
ACCURACY: +6°
CALIBRATION: increments of 5°
DIRECT INDUCTANCE MEASUREMENT CAPABIL-~
ITIES.

RANGE: 1 uH to 100,000 H, direct reading atde-
cades multiples of 15.92 Hz.

ACCURACY: 7% of reading for Q greater than
10 from 159.2 Hz to 159.2 kHz; +8% of reading
for Q greater than 10 at 15.92 Hz.

DIRECT CAPACITANCE MEASUREMENT CAPA-
BILITIES.

RANGE: 0.1 pF to 10,000 uF, direot reading at
decade multiples of 15.92 Hz.

ACCURACY: #7% of reading for D less than 0.1

from 159.2 Hz to 159.2 kHz, +8% of reading for
D less than 0.1 at 15.92 Hz.

MEASURING TERMINAL SIGNAL CHARACTERIS-
TICS.

WAVESHAPE: Sinusoidal.

SIGNAL LEVEL: 2.7 mV rms 1 ohm to 1 K ohm,
approx. 2.7 mV rms 1000 ohms to 10,000 ohms,
approx. 27 mV rms 10,000 chmsto 100,000 ochms,
approx. 270 mV rms 100,000 ohms to 1 megohm,
approx. 2.7 V rms 1 megohm to 10 megohms.

EXTERNAL OSCILLATOR REQUIREMENTS,

LEVEL: 0.8 Vrms +5%

RECORDER OUTPUTS.

FREQUENCY: level; 0 to 1 volt nominal; source
impedance, 0 to 1000 ohms nominal, proportional
to FREQUENCY dial rotation.

IMPEDANCE: level: 0 to 1 volt nominal; source
impedance, 1000 ohms nominal.

PHASE ANGLE: level: 0 to £0.9 volts nominal;
source impedance, 1000 ohms nominal.

GENERAL.

ACCESSORIES FURNISHED: 13525A Calibration
Resistor, 00610A Terminal Shield, circuit board
extender, rack mounting kit.

DIMENSIONS:
19 (4B2,8) - — 48004
- — — 16§ (428.8) ——»
T NOTES'
£ (®) DIMENSIONS ARE 1 INCHES
IB% AND [MILLINETERS)
52,3 (8 RECOMMENDED CABLE
CLEARANCE
S
[0 | ] l
B Qp-stﬁ_{ @’
'Ein b 00 228801 J Fovn
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RECESS POWER CORD
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- {’ 13 377
— : U
REAR i 5§ .
[ N -3 74' vare ]

t I .
\ - g
POWER CORD RECEPTACLE stunm L:,i, wem %(u)r’

WEIGHT: net 25 1bs (11.3kg), shipping 36 lbs
(16.2kg).

POWER: 105 to 125 volts or 210 to 250 volts,
50 to 400 Hz, 27 w.
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SECTION III.
OPERATION

3-1. INTRODUCTION

3-2. The4800A Vector Impedance Meter measures
impedance directly by injecting a signal into the
"unknown" and comparing the ratio of voltage to current.
Depending on the impedance range, either the voltage
or current is held constant by an automatic leveling
control circuit (ALC). Impedance is directly proportional
to voltage with the current held constant, and inversely
proportional to current with the voltage held constant.
Phase angle is measured by comparing the phase
relationship between the voltage and current
waveforms. Impedance magnitude is measured from 1
ohm to 10 megohms in seven decade ranges; phase
angle is indicated from -90 degrees to i90 degrees.

3-3. The Z MAGNITUDE meter has two scales: a
direct-reading black scale used with the black engraved
Z RANGE positions X1, X10, and X100, and an inverse-
reading red scale used with the red engraved Z RANGE
positions X1K, X10K, X100K, and X1M. An off-scale
reading to the right, with the Z RANGE switch at a black
engraved position, indicates the range is too low and the
switch should be advanced clockwise. An off-scale
reading to the right, with the Z RANGE switch at a red
engraved position, indicates the range is too high and
the switch should be turned counterclockwise.

NOTE
After changing ranges, allow a few
seconds for circuits to return from an
overload condition; if pointer does not
indicate on scale, change to the next
range.

3-4. The analog outputs on the rear panel provide dc
voltages proportional to Z MAGNITUDE meter
deflection, PHASE ANGLE meter deflection, and
FREQUENCY dial rotation.

3-5. OPERATING CONTROLS
3-6. Figures 3-1 and 3-2 identify and briefly describes
the purpose of each panel control, switch, and

connector.

3-7. SLIDERULE CALCULATOR

3-1

3-8. A slide rule calculator ( 5952-251 b)has been
shipped with the equipment to simplify the more
common conversions and calculations that arise with
impedance measurements. One side of the slide rule is
a Vector Impedance Calculator that resolves the
impedance vector Z into its resistive and reactive
components. The other side of the slide rule is a
Capacitance-Inductance Reactance Calculator that is
especially useful for solving resonant frequency
problems. The calculator may also be used as a scale
factor "nomograph" when direct-reading component
measurements are being made with the 4800A (see
Paragraph 3-10). The simple instructions necessary to
use the calculators are printed on the slide rule
(P/N5952-2516),

3-9. MEASUREMENT PROCEDURES
3-10. MEASURING L AND C

3-11. The 4800A provides readings in capacitance and
inductance when the FREQUENCY dial is set to the
"LC" mark (15.92). Thus, at the frequencies 15.92 Hz,
159.2 Hz, 1.592 kHz, and 159.2 kHz, readings on the Z
MAGNITUDE meter scales can be converted to
microfarads or microhenries using the "LC" formulas
engraved on the front panel, and components may be
measured directly. Table 3-1 gives the scale factors
that apply when the 4800A is operated in this mode.
Example 1: A coil indicating 800 ohms on the Z
MAGNITUDE meter with the FRE-
QUENCY RANGE switch set to X10
(n = 3), has a value of:

LpH =7ZX 10n

L/H = goox 103

L=0.8H
Example 2: A capacitor indicating 30 K ohms on the
AGNITUDE meter with the FRE-
NCY RANGE switch set to X1K
= 1), has a value of:

CUF=1/Zx10n

CUF =1/30K 10 1

C =333 pF
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Z MAGNITUDE (OHMS) Meter - indicates impedance magnitude on two scales; a direct-
reading black scale used with Z RANGE positions X1, X10, and X100, and an
inverse-reading red scale used with Z RANGE positions X1K, X10K, X100K, and
X1M.

PHASE ANGLE (DEGREES) Meter - indicates impedance phase angle from -90 degrees to
+90 degrees.

LINE PUSH ON/OFF Switch - combination line power switch and power on indicator; push-
button glows when line power is applied.

FREQUENCY Control - selects test frequency from five available ranges. When dial is
get at "LC" mark(15.92), impedance scales on Z MAGNITUDE meter are cali-
brated in microhenries or microfarads and components may be measured
directly. - . - s

FREQUENCY RANGE (Hz) Switch - selects one of five available test frequency ranges:

X1, X10, X100, X1K, and X10K. Switch also indicates exponent {0-4) required
to compute "LC" formulas.

Measuring Terminals - ungrounded terminals used to connect component to be tested.

Z RANGE Switch - selects one of seven available impedance magnitude ranges.

Figure 3-1. 4800A Front Panel Operating Controls
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115/230 V Slide Switch - matches instrument to nominal line voltage.

MAGNITUDE - ANALOG QUTPUT Connector - dc output (0 to 1 V nominal) proportional to
Z MAGNITUDE meter deflection. Source impedance for analog voltage is 1 K
ohms,

MAGNITUDE - LEVEL ADJ - adjusts X-Y plot at full scale deflection of Z MAGNITUDE
meter (1 V nominal).

MAGNITUDE - ZERO ADJ - adjusts X-Y plot at 1/10 full scale deflection of Z MAGNITUDE
meter (0.1 V nominal).

INT OSC Connector - output of internal test oscillator.
FREQ MON Connector - output of internal test oscillator for counter readout.

EXT OSC INPUT Connector - for application of external test oscillator. Input require-
ments are 0.8 V +5% into 20 K ohms,

Banana jacks for storing 13525A Calibration Resistor.

PHASE - ZERO ADJ - adjusts X-Y plot at zero degree deflection of PHASE ANGLE meter.

PHASE - LEVEL ADJ - adjusts X-Y plot at +90 degree deflection of PHASE ANGLE meter.

PHASE - ANALOG OUTPUT Connector - dc output (0 to + 0.9 V nominal) proportional to
f}f{r:ss.E ANGLE meter deflection. Source impedance for analog voltage is 1 K

FREQ-ANALOG OUTPUT Connector - dc output (0 tc 1 V nominal) proportional to
FREQUENCY control rotation.

Power Connector - provides for connection of ac power line.

Line Fuse - correct fuse rating is indicated on rear panel.

Figure 3-2. 3800A Rear Panel Controls
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Table 3-1. Scale Factors for Direct L1C Measurements
(Frequency Direct Reading Direct Reading

Range) C Range L Range

(n=0) (n=4) (n=0) (n=4)
Z Range
X1 0.1AF to 10000pF  1pH to 100mH
X10 0.01IF to 1000pF  10Hto 1H
X100 0.001.F to 100pF  100IpH to 10H
X1K 100pF to 10pF 1mH to 100H
X10K 10pF to 1pF 10mH to 1000H
X100K 1pF to 0.1pF 100mH to 10000H
XM 0.1pF to 0.01pF 1H to 100000H

3-12. Measurements Involving DC Bias

3-13. If it is necessary to make impedance
measurements in the presence of dc bias, a blocking
capacitor must be used to isolate the de from the
4800A. The impedance of the capacitor must be small
compared to that of the device under test. This can be
verified with the 4800A. Since the de bias supply
appears in parallel , with the unknown, the impedance of
this portion of the circuit must be high with relation to
the unknown. If this condition cannot be achieved, the
bias supply impedance will reduce the impedance of the
unknown. This reading can be corrected, however, by
making a separate measurement of the bias supply
impedance and then correcting the data. The bias
supply must be ungrounded unless the regulating
resistor is very large. A large resistor with a grounded
supply will isolate the 4WOQO0A test signal from ground.
3-14. Transformer Measurements

3-15. The 4800A has the capabilty to quickly
characterize transformers by providing a plot of vector
impedance as a function of frequency. Measurements
that can be made include the primary inductance,
primary resistance, secondary inductance, secondary
resistance, and turns ratio.

3-16. Measurements with AC or noise sig-

nals present

3-17. Measurements with external ac or noise signals
present require the use of careful techniques. The
cording. The analog outputs may also be connected to
an -hp- Model 3440A Digital Voltmeter, providing a
digital readout for greater resolution. In addition, an
ideal go-no-go impedance checkout system can be
obtained by combining the 4800A with the -hp- Model
3434A Comparator.

3-20. Frequency Analog Output.
To calibrate the X-axis of an X-Y recorder to a given dial
frequency, proceed as follows:

NOTE
The FREQ ANALOG OUTPUT has no

3-4
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exact mathematical relationship to the fre-

quency dial but it is approximately

logarithmic.
impedance measuring circuits of the 4800A may amplify
an unwanted signal to the same order of magnitude as
the internal test signal. This situation will result in a
completely spurious impedance reading. The condition
is generally easy to recognize, however, since it will
become difficult to obtain a stable on-scale reading of
either impedance or phase, or both. To help eliminate
interference from unwanted signals, bandpass filtering is
used for each frequency range. Interference can
sometimes be effectively filtered by choosing a
frequency two decades away from the unwanted signal.
In measurements where interfering noise is likely, such
as with antennas, electrical isolation is often necessary.
In addition, devices which have the property of
converting some other parameter to electrical energy
must be isolated from excitation. For instance, a
piezoelectric transducer will have to be isolated from
mechanical vibration to prevent the generation of
unwanted signals. In addition to the precautions
mentioned, care should be taken not to apply more than
1 volt rms of external ac to the 4801A measurement
terminals; otherwise damage may result to protective
diodes CR1-4 in the 4801A.

3-18. Analog Output Measurements

3-19. The 4800A analog outputs may be used to drive
the -hp- Model 136A Two-Pen X-Y Recorder. This will
provide a continuous record of impedance and phase as
a function of various parameters, such as frequency or
bias current. Paragraphs 3-20 through 3-22 describe the
analog output adjustment procedures for X-Y re-

a. Connect FREQ output to the recorder X-axis
input.

b. With recorder pens raised, rotate 4800A
FREQUENCY dial from "5" to "50" and mark desired
frequency points on the recorder paper.

NOTE

Once this frequency calibration has been ac-

complished, it need not be repeated for sub-

sequent plots. The original calibration may be
transferred from one plot to the next.

3-21. Magnitude Analog Output. This procedure

adjusts the MAGNITUDE ZERO ADJ and LEVEL ADJ

for proper X-Y recorder operation. Proceed as follows:
a. Set 4800A controls as follows:

Z RANGE X10
FREQUENCY RANGE ~ X1K
FREQUENCY dial "LC" (15.92)

b. Connect dc voltmeter to MAGNITUDE output
and a 0.1 uF capacitor to measurement terminals.



¢. Adjust FREQUENCY dial for a reading of 10.0
on the Z MAGNITUDE meter black scale.

d. Adjust MAGNITUDE LEVEL ADJ for 1.0 V on
voltmeter.

e. Change Z RANGE to X100.

f. Adjust FREQUENCY dial for a reading of 1.0
on the Z MAGNITUDE meter black scale.

g. Adjust MAGNITUDE ZERO ADJ for 0.1 V on
voltmeter; due to interaction between controls, this
procedure must be repeated until desired accuracy is
achieved.

NOTE

The MAGNITUDE output voltage is di-
rectly proportional to readings on the
black meter scale ranges and inverse-
ly proportional to readings on the red
meter scale ranges.

T™ 11-6625-2851-14&P

3-22. PHASE ANALOG OUTPUT. This procedure
adjusts the PHASE LEVEL ADJ and ZERO ADJ for
proper X-Y recorder operation. Proceed as follows:

a. Set 4800A controls as follows:

Z RANGE X1K
FREQUENCY RANGE X100
FREQUENCY dial "LC" (15.92)

b. Connect dc voltmeter to PHASE output and 1
KQ Calibration resistor to measurement terminals.

c. Adjust PHASE ZERO ADJ for O V on
voltmeter.

d. Connect a 0.1 IF capacitor to measurement
terminals.

e. Adjust PHASE LEVEL ADJ for -0.9 V on
voltmeter; due to interaction between controls, this
procedure must be repeated until desired accuracy is
achieved.
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Figure 4-1. 4800A Block Diagram
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To obtain a low frequency limit of
6 Hz with a practical sized tuning

capacitors, resistance in the fre-
quency selective network must be
high - 50 M@ in the 4800A, The high
input impedance of an FET source

follower (A22Q1) minimizes ampli- )
fier Joading. All possible leakage
paths from the FET gate to ground

must be very high resistance.
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Oscillator circuits are de-
coupled from the +20 V
supplies through+17 Vre-
gulators which performas
active filters.
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The regulator pass transistor, Q5 (Q7),
is protected against failure (short eir-

cuita) of +20 V (-20 V) by CR6

which prevents emitter-base reverse
breakage and by CR7 (CRS) which pre-
vents damage caused by a forward bias
The
protection is against large current
pulges that develop dueto the discharge

of the collector-base junction.

(CR8)

of capacitors in the regulator load.
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The test signaloscillator is a resistance-capacitance
type (Wein bridge). The circuit consists of a feed-
back amplifier having bqth positive and negative
feedback loops. The positive loop includes the R-C
frequency selective network and causes the circuit to
oscillate. Resistanceis selected bythe FREQUENCY
RANGE (Hz) switch and capacitance by the getting of
the FREQUENCY tuning capacitor (A22C1A/B).
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Phase shift which occurs near the high and low fre-
gquency extremes causes exroxrs in dial calibration,
Low frequency phase shift caused by C5 and C6 in
the feedback path is compensated by the network C3 p' |
and R7. High frequency phase shift caused by delay ]
through the amplifier is compensated by C1-C2 and '

1
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R1. AL6C1 is adjusted for dial calibration at a high
frequency point (159.2 kHz).
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Complementary emitter followers
Q5 and Q6 decouple the AGC amp-
lifier output from external monitor-
ing equipment.
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The negative feedback Loop, which L l - |
reduces distortion, contains a " __
nonlinear resistance (A16R17 I"" Amplifier stage QL-Q4 comprise a
o« and R18, two small 3 V incan- :t"' feedback stabilized amplifier, One
5 descent lamps) which limit the element of the negative feedback
amplitude of oscillation. The Iw path is V1/DSL, a photocell lamp
lamps, with positive temperature modulator. Lamp current is sup-
coefficients, adjust their resis- plied as leveling feedback from DC S e iz0
tance higher or lowerto compen- Amplifier, Al4. As lamp current LKL
sate for any tendency of the o0s- is increased, photocell resistance @
cillations to vary in amplitude, decreases; the resulting decrease ’
Because lamp characteristics in feedback causes an increase in v[?'
vary widely, output amplitude is output voltage. ’
normalized to 0,8 V, approxi- e 51 permits breaking of the
mately, before being applied to The amplifier is the controlled ele- Jeveling loop for trouble-
following circuits. Output level ment in the overall levelingloopthat ___ shooting purposes. In the
supplies the measurement terminals TEST position thereis no
with a constant test current (or vol- ——~73 current through DS1; V1

ture changes, are reduced by
R16, atungstenfilament resistor
(positivetemperature coefficient)

I
I
' changes due to ambient tempera-
| of approximately 100 ohms.
|
|
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CONMECTONS © O E
o view)

USCILLATOR
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S

tage) depending on Z MAGNITUDE
switch position. Complementary
emitter followers are used to give
low impedance,

Figure 7-1. FUNCTIONAL BLOCK PROGRAM
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resistance is very high,
resultingin total feedback
around the Q1-4 amplifier
and thus a gain of unity.
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The 4801A Direct Measurement Plug-in consists of
a high impedance amplifier performing as a ''voltage
sensor" and a low input impedance '"current sensor".
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The Magnitude Range Switch selects
the test signal level for each mea-
surement range.

On the X1-8100 ranges, R4, R5, and
Ré form an approximate current
source, Leveling loop action adjusts
Al17 gain to provide the proper test
current,

On the X1K-X1M ranges, the switch
provides accurate 20 dB step attenu-
ation. Leveling on these "constant
voltage' ranges is accomplished by a
signal sample (approx 2.T mV) taken
from the attenuator. With the low
impedance of the attenuator, frequen-
cy compensation is not required.

In addition, the switch controls re-
lays in the 4801A which change its
current-to-voltage senaitivity.
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Rl is factory selected to keep the dec
potential on J1 below 10 mV. CRI and
CRZ prevent damage to Q1 when large
gignals or dc is accidentally placed on
the measurement terminals. Depending
on the input, they will conduct or short
out to prevent extensive damage.

7 B e

Kl and K2 switch the '""voltage sensor' be-
tween constant current ranges (X1-X100)
and constant voltage ranges (X1K-X1M).
On X1-X100 ranges the amplifier is
across J1 and J2. On X1K-X1M ranges,
the amplifieris switched to single ended
input across A20R14, approximately
2,7 mV (with the signal across A20R14
held constant by the leveling loop).
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Input impedance of the
"eurrent sensor" is low
because of the feedback
used, and is approximately
one chrn on X1 range and
5 ohms on X10 range and
up. CR3 and CR4 - see
CR1 and CRZ2 above.
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Power to all 4801A circuits I8
from 14 volt regulators which
serve to isolate high level ecir-
cuits (powered by 20 velts) from
the low level stages. This re-
duces undesired crosstalk and

feedback.
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The "voltage sensor' is a differential
amplifier - emitter follower configura-
tion with a gain of approximately 10.
Base-to-base input impedance must be
high because it is shunted across the
measurement terminals on X1 to X100
(impedances to 1 K. The amplifier is
neutralized to cancel a guadrature cur—
rent flowing through Cop of Q4. This
current affects phase readings at high
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Q7-Q11is a high-gain, phase-compensated amplifiexr, © oo oo
Output impedance is kept low through the use ofcas-

» caded emitter followers, Q10 and Q11., Theamplifier

and feedback form a 'transresistance amplifier",
where output voltage is proportional to input current.
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The ratio —
I

o ¢ o o O

is equal to the feedback resistance in

chms, 100 or 1000, With an additional 20 dB atten- -
uator switched by K4 (on range X1), transresistance

ratios of 10, 100, 1000 are obtained.
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Figure 7-2. OSCILLATOR-AGC AMPLIFIER
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The Utility Amplifier is a feedback stabilized
amplifier. The feedhack path is only partially
onthe circuit board - an external connectionis

Bandpass filter A10 reduces the effect of sig-
nal pickup onleads used to connect networks to
the 4801A measurement terminals.

required. If the external connection ig a short rrv—s
between pins 11 and 12, the amplifier gain is Low and high pass filtering is switched with a
10. If a resistor is connected between pins 11 relay and a series of diode switches controlled |
and 12, the gain will be legs than 10 and de- by the FREQUENCY RANGE switch setting. o |
pend on the resiator value. L
e . .
VOLTASE CHANMEL ' " Low pass filtering is accomplished in a Low pass ﬁ_ltermg the X10K
Wera 9 & Some de feedback (through variety of ways: o, ginge consists of R11 and
==& RI1l)stabilizes stage bias- I>—w On the X1 and X10K range K1 contacts 0 ’
»  ing with temperature and are clogsed: This directly couples the On the X1K range, current
' complementary  emitter input to Q1, an emitter follower, and no through the range switch
= followers Q3 and Q4 de- | filtering is done, contacts forwardbiases CR8
1 = ] x -
) veloplowoutput impedance. | -on3 and CRY heavily, returning
-2 The output is de coupled On th‘.a Xl’?o range, K1 contacts are open C7 to common and reducing
I through pin 13 —— and filtering is through Cl1 and C2 in the low cutoff f ce
2% pin La. series, and R8 to common, © low cu requency.
<o and C5 arenot grounded be-
I T;&. - On the X1K range two filtering sections cause of reversebias to CR5
-(-I g me [~  &re used, consisting of Cl1 - R1 and — &and CR7 (through R16 and
;(ol ) ' C2 - R8. (Op this range CR1 is made to R12, respectively.)
| .
_(,I The gain of A9 conduct heavily through CR2.) Low-pass filtering on the
~n is reduced by On the X10K range CR10 and CR3 con- X1 - X100 range, through
f the setting of duct, returning R9 to common. The the use of C5 and C6 func-
| R2, during ¢cal- filtering is essentially through C1 and tions in a similar manner.
I _ _ ibration. CZ in series, and R9 to common.
TRANMSTOR LOCATOR -2OVF. ~ 'r>-_-aw
_ _ B ;“i] ém: rou .
_sovr . — T 22
" v
v LT =
O 3 - LAt At A4 -~
AZIBIEF | E Y Y Y ¥ Y Y
w20
] D asem
D) B ronsca
CE an 0 Az Fa7-B
" ap TO AdS)

w2
=1

All uTILITY ANP
DABO0- B0
+20V

20

-)lr)— ~htrv
1

Utility Amplifier A11
is identical in oper-
ation to A9, except
the feedback produces
a gain of 10 by short-
ing pins 11 and 12 to-
gether., The output is
ac coupled by using
the output connection
at pin 14.
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|
I—) n
| ‘?i;]

AEFERENCE OF SRATONS

AR N AlD AN cHAR S
ci-8 Cisit AEF at
i cal-o
Lz L1l
Q-4 L
Ri-13 ]|

Ri-28

COPYRISMT 1958 BY HEWLETT PACHARD 0.
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The DC operating point of the detector is determined
by the value of R11 (factory selected). I magnitude

Y meter tracking is good near full scale, no adjustments
are necessary. Ri1l value is selected so waveform
chppingat TP1 does not occur with signals equivalent
to 115% of full scale.

| D e
= |(_f 1

Q1-Q5 form a feedback sta- hiryl
bilized amplifier. Closed-
loop gain to TP1 is approx-
imately two. A5 and AlZ

" are essentially identical in
hidd order to keep loading effects
1w on preceding amplifiers
equal. DC stabilization is

gained by using a differential

input stage, by thermally

lowers Q4/Q5, and
R19 form 4 current
source to drive the
full-wave bridge de-
tector. The bridges
are loaded with 2 Kq,
formed by A1ZR24 +

'
The overall function of Al4 is to increase ALC loop —  ——
gain for tight control of test signal level. Jt does

] this with low de drift and a low output impedance to
i drive the AGC Amp, Al7.
T s -
b fme UHE
k. ! w | |
e Rauy  QL/Q2 is a differential -
Lmo I I amplifier that gives good
W temperature tracking and Q3-Q6 is a cascaded differential amp-
"~ high common mode re- lifier with a gain of approximately 40.
Output £ le- & m ; B ApD. y
me;‘;ryrz:ii::rlgol— = I Jjection {CMR). Particu- H It amplifies the de difference between

larly at low frequencies
*. ripple from the bridge
I detector is reducedby the e
|
|

the first stage output and the level get
on R25, ALC Ref. R25 sets the leveling
loop operating point, which determines
full scale meter calibration.

- Ol

CMR. This ia because

the ripple is in phase at
. _Ql/QZ bases. Stage gain
" is approximately 0.4.

LA J:‘ITI" connecting Q1 and Q2 toim-~ Al4RZ in Al2, and [ Qutput from Q3 is trans—
—fod_y_  prove temperaturetracking, ____ By ASRZA+ ML in __ el o & e formed toa low imped- 5 hdse
vy ¥y anddofeedback through R13 5. (N ance to drive the AGC ‘T
(the dc feedtlna.ca; also im-~ | - @ z2 ——= Amp. A14R29 in the eol- = __
proves overlo Tecovery o8 lector supply is a safety
time). ’m*'(_'"“fl_“'m " device. It causes the @
TR *T  output of Q9 to saturate
e 122) Lanyy é atalevel below the burn—
omel A5 peTeCTON (METEM) __ — T T T =TV Y Y- et point of AIlTR14
C . "“_<n|<_ oreco-si0as YYY ih‘fltar.
a@lr AR SCHCMATIC SAME AS At ANV B T L
totoy v et oMY seLeCTED" H | e o o am L
—rov E. ]
. . A5 operation is stm- Atlow signal levels, wherethe detector diodebarrier R avo Tomen
ilar to Al2 above, potential is large compared to the signal, a small “:. e | aer | =
1 - - — | . except the signal nonlinearity results. ASR2l1 is selected to adjust a a7 | eas
levels vary over a small bleed current through M1 (approximately 1/2% o b
@ t @ _] 20 dB range depen- of full seale) compensating the detector nonlinearity. e | se
ding on impedance Selection is made to calibrate the meter at 1.0 onthe | e
CHARRYCL STATY T, Y placed on measure- black scale,
ey vy DELETED: AMCI.CAM®,A4-T . NI-12, AZI

ment terminals. o
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AT _SCHMITT TRNGER MEFENENCE OLSHNATORS
TTTTTTT Temewen | w ae
Filter Amplifiers A6 and A13 are identical. ———| e oroonteny cr-e

They have a gain of approx 4-1/2 to raise irll i
| PP . ey Schmitt triggers Q1/Q2 and Q4 /Q5
.' signal levels before driving the Schmitt trig: zeTo cTossing detectors. The

as .43 [cmasmn

[
s | gr-a

sisting of R1 and C5, o3
has a cutoff of approx our
20 kHz, This reduces, %0,
noise and spurious pick-
up from the measure- -—
mentterminals that may.
cause erratic triggering
of the schmitt triggers.

)
AN—IN—

|
sov—<or  gers. The amplifier is preceded by a low- [ Ri-to | m-2e
pass filter that changes with setting of the TRIGGS:]R LEVEIérADJ ‘51““;“‘:
FREQUENCY RANGE switch. place the upper trigger level a
0 V. The lower trigger level is
- approximately -1/2 V. The out- =
-tov ——<'(——""‘-I-~m v 1 put produced by the positive zero-
I e de 1 crossing of the input waveformis = o ®
[ y differentiated by C2-R8 (or O
o | C6-R17, with negative pulses re- Mo H -— —,;. -——
o Diferences in the plug-in erdi™ moved by CR1(or CR4). The fast
T amplifiers produce slightly - output pulses are 1-1/2 volts amp- Due to 180° phase inversion in the current
o \omal delay in the s litude, with durations of approx— channel (the trans-resistance amplifier in
e’ ’:&l;nflgfmgft?;;& the )m e imately 100 m8. ™~ the 4801A Plug-in) a resistor on the mea-
S voltage channel. This er- e g)")“ surement terminals produces Schmitt trig-
ror at 500 kHz, corrected L2 o ger outputs 180° out of phase. Duty cycle
for by the addition of C2 to o of the binary output waveform is 50%. When
& the filtering in A13 of the £ non-resistive networks are connected across
:<.' voltage channel. nee the measurement terminals, the phase be-
S COMPONENT SIDE TRANSISTOR é -(-I S8, tween e(;ur"i'eixntud voltngt: cl:nannel signalsis %"‘:‘.‘:’:
TRANSIE cof NT CONNECTIONS ¢ € h - changed. This changed thebinary duty cycle s
-.c:mcr:‘?: Ly ioe Tonaen FAR CIRCUIT 08 SIDE (TOP VIEW) '("I T on | e 51 with a corresponding change in phase meter * @
(& o current.
_(“l:_ I.f FREQUENCY RANGE EM’ .
S DY s:;‘ "’leo- Cl:: con- 3x Q3 is a temperature compensated voltage
TRIGEER TRIGE Ve a0 @ @ Level ans ucts heavily, returning [ source that limits the QL and Q2 collector 1
e d kg fay — p o — CSd thscommon. eCRZ ;&« waveform at approx 10 volts. The wave- i
Z?as od. T;:e%ﬂ::x",. zsz_ " . form, then, has constant amplitude, chang- u

ing from the -10 volt clamp level to the
transistor collector-emitter saturation po-
tential VCE (sat). This assures that the
following amplifier and phase meter will
only respond to change in duty cycle of the
binary output waveform.

The binary output is amplified by differential
amplifier Q4/Q5 and integrated by C3 before
being applied to the phase meter. Electrical

— A -z ————%

zero adjustment of the phase meter is ac-
complished by controlling Q5 coliector
current.

;»b »14 J’ \Jr »14 \b-\b N U —....] |
YYYYYYvy
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Figure 7-8. DETECTORS AND DC AMPLIFIER
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Figure 7-7. PHASE MEASUREMENT CIRCUITS
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Transformer and
rectifiera provide
+5¢ Vand £30V
required by the
% 20 Vregulaiors.

Q1 15 & constant. current source. It acts like a very
highres:stance in sories with the low dynamic resist-
ance of Zemer diode CR2 to filter ripple, The result |
is a regulated conptant voltage of approx, 31,7 V,
This veltage is needed to supply @4, whose collector
is normsally higher than +20 V.

Current limiter Q3 is reverse bissed with normal "
load currents of approx. 320 mA. An increase in l
load current to 700 mA (approx) causcs Q3 to begin
conducting. This starves Q2 of base eurrent to start
limiting action. A further increasc in load cauges a
drop 1n both output voltage and current until a short
circwd reduces the output current to lessthan 300 mA. I
Amplifiers Q2 and Q4 add additional gain to the feed-

back pathto produce atightly regelated output voltage. l

s Y| &=

Error amplifier Q5-Q6
is differentially con-
nected to reduce output
drift due to ambient

| N - 4

temperature, The two
transistors are cemen— "
ted together to keep «
-rry by —- them at the same tem-
! perature. <

e

The +20 V and -20 V repulators provide stable low
Tipple outputs {¢ operate most of the 4B0DA circuits.
The regulators are almest Identical in circuitry and
operation, The +20 V output is adjuatable, and refer-
enced to a breakdown dicde (CR4} while the -20 V
repgulator is referenced to +20 V. Since the regulalors
are similar, only deseriptionof the +20 Vregulator iz
given.

32}

To AssEMBLER

LR Y
The +14 V (A) and -14 V {B) regulators are
used to supply low level stages and are almost
identical in cireuitry and operation. The +14 V
and -14 V (A) regulators are referemced to
breakdown diodes CR5 and CRZ, respectively
while the ~14 V (B) regulator is referenced to
+14 V.

l(ﬂ ;II;I‘

L :I-lwl Fié -3
1 &
w4y l

Actual output voltages are not critieal ™
{14 =1 V). Princlpal function of regulatorsis T’ ner
as active filters, preventing signalson £20 V
gupplies from entering low level stages and
producing cross-talk.
t

ViL) To-
Since the regulatorsare gimilar, only deserip- "W Fe™3
tion of the -14 V (A} cirenit follews. The &

regulator is a conventional error amplifier-
driver - pass transistor type with the addition
of a current limiter (@3). A short circuit on
the supply, or high load current passes through
R54and biases Q3 into conduction, This starves
Q2 of base eurrent which limits Q1 eonduction.
To prevent QL from overheating on extended
short circuit operstion, a2 6.19 V breakdown
diode, CR1, limits collector - emitter voltage,
with @1, CR1 and R4 sharing heat dissipation.
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Figure 7-7. PHASE MEASUREMENT CIRCUITS
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Frequency analog outputis
nominally zeroto one volt,
proportional toc FREQUEN-
CY dial rotation. Rll is
a variable resistor, dial-
cord driven from the os-
cillator drive shaft.

® @ |l @ % ___
Q@ | +eov 1 amasos 1
@ @ .'-nu +2av I r-( JFREQ
Analog output amplifiers trans- ] .

form voltages proportional to |
meter current (OHMS OR DE-
GREES) to zero to one voltoutput 82
to drive external recorders or

other equipment. D¢ output slope

and intercept are adjustable with

gain and zero controls, respec-

tively. Each amplifier consists of
a cascaded differential amplifier
followed by an emitter follower.
Magnitude and phase amplifiers _|_|
are identical except for differ-
ences in input (differential or
gingle-ended). Qutput impedance N
is nominally 1 Kf.

|
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Figure 7-8. POWER SUPPLIES
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