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SECTION |

GENERAL

The Gould Universal Amplifier, Model 13-4615-55
or 13-4615-56 (with patient isolation) is a versatile
medical research and clinical quality instrument. It
is designed for electrocardiography, electroence-
phalography, phonocardiography and many other
procedures. The amplifier featurea a wide range of
ac/dc sensitivities, high input impedance and a
full compliment of accessible and understandable
controls.

The Universal Amplifier is designed for operation
with Gould 2000 Series Direct Writing Recorders,
Gould Monitor System or in a portable or rack-
mounted case for use with other types of readout
instruments. In a recorder, it receives operating
power directly from a companion pen drive ampli-
fier located in the same analog channel. This fea-
ture reduces amplifier complexity, eliminates
power supply noise pickup, and improves reliabil-

ity.

A ten-position full-scale switch selects nine stepped
ac or dc sensitivities. In addition, a vernier control
provides stepless adjustment between 1 and 2.5
times the setting on the fixed sensitivity control.
The front-panel millivolt/volt switch can increase
range by 1000X. OFF position on the full-scale
switch disconnects the input signal; it does not de-
energize the module.

A momentary calibration signal of 1 millivolt or
1 volt {internally selectable to 50 microvolts or 50
millivolts) is available with the front-panel push-
button for ease of.voltage calibration.

Zero suppression is provided with eight voltage
ranges, each of which has a resolution of one
part per thousand. Thus, the static portion of
any complex signal can be suppressed a known
amount and the dynamic portion amplified for
more detailed evaluation. The attenuator position
can be altered without readjusting the zero sup-
pression control.

Optional 10-microampere current limiting isolators
provide patient microshock protection. These are
factory installed in Model '13-4615-56. A Light
Emitting Diode on the front panel glows green

1.1
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FIGURE 1-1 GOULD UNIVERSAL AMPLIFIER

when the isolators are used. Defibrillator pro-
tection is provided in the amplifier and protects
the unit from voltages up to 2.5 kilovolts for 20
milliseconds.

The Universal Amplifier will condition signals
from finger, ear, and radial pulse transducers,
and from carotid pulse and heart sound micro-
phones.

An 8-position Low Pass Filter Switch selects from
dc through 30Hz. The 6-position High Pass Filter
Switch selects from 10Hz to 3kHz. Common mode
rejection is greater than 80dB at 60Hz with 5-kilo-
ohm unbalance. Filter roll-off is -12dB per octave
+15% of indicated frequency.



1.1 SPECIFICATIONS

Measurement Range
AC e e 50 microvolts full scale to 25 volts full scale

D s e e e e e 500 microvolts full scale to 25 volts full scale

AC e e 0.05, 0.1,0.25,0.5, 1, 2.5, 5, 10 and 25

millivolts full scale plus X 1000 multiplier (volts)

DG e e e e e e 0.5, 1, 2.5, 5, 10 and 25 millivolts full scale

plus X 1000 multiplier {volts)

AtteNUETOr INBCCUTACY .+ o v v vt v et ettt it a e i e e e +0.5% of calibrated step

Attenuator NON-lINEAIITY . .o v vt it et i e +0.1% of full scale

Input Circuit Configuration (acandde) ................covvin Differential and balanced to common
Input Impedance

Millivolt RANgEs . ... v vt i 100 megohms each input to common

VOt RANGES & o vt vt e it 2.5 megohms each input to common

Pulse Input

Circuit Configuration ... .. .cvr it i e e Single ended, floating

CIMPEANCE . . Greater than 10 megohms

Common Mode Rejection....... Greater than 80dB (-55) and 75dB (-56) at 60Hz with 5-kohm unbalance

on mv F.S. ranges. Greather than 40dB on volts F.S. ranges.
Overload Recovery Time

D e e e e e e e e Less than 10 milliseconds
A e e e e s e e Compatible with time constant
Maximum Safe Voltage
CONTINUOUS + o o vt ettt e et et e e 400 volts peak either input to common
' 500 volts peak common to chassis
Defibrillator .. .o v e e e e 2.5 kilovolts for 20 milliseconds
Zero Line Instability (After 30 minute warm-up)
AC (at 50uV full scale sensitivity) ...... ... oo +0.1% of full scale per 24 hours

+0.1% of full scale for 10% line ¢hange
_ : +0.2% of full scale per °C
DC (at 500uV full scale sensitivity) ....... ..ot +2% of full scale per 8 hours
+1% of full scale for 10% line change
+1% of full scale per °C referred to input

Gain Instability (After 30 minute warm-up)
AC (at 50uV full scale sensitivity) ....... .. oo +0.03% of full scale per 24 hours
+0.03% of full scale for 10% line change
+0.03% per °C
DC (at 500uV full scale sensitivity) ....... ..o vii i, +0.03% of full scale per 24 hours
+0.03% of full scale for 10% line change
+0.03% per °C

Amplifier Output

Recorder Qutput Voltage . . ... ..o iiiii i i +5.0 volts into 2 kilohms to greater
(04 e 10 1 SRS IR Single ended to common
NON-lINEAMILY .« . ittt ettt i it e i e +0.1% of full scale
IMPEANECE .« v v ottt et e Less than 5 ohms
Monitor OULPUL ... v vt e e i e ce e +5.0 volts into 2 kilohms or greater
Tape Output . . ..o it i Adjustable from 0 to +5.0 volts into 2 kilohms or greater
Frequency Response
Low CUtOTf ..t i it e e e i s 0.05,0.1,0.3, 1, 3, 10, 30Hz (-3dB)
High Cutoff ... . i i i e 10, 30, 100, 300, 1000, 3000Hz (-3dB)
Filter Rolloff ... it i et v e aas 12dB/octave, *156% of indicated frequency
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Noise (From 50-kilohm source)

005 —10HZ ...t i e Less than 2uV peak-to-peak referred to input
005 —3KHZ ... oo e Less than 5OuV peak-to-peak referred to input
Zero Suppression
MIlIVOIL RANGES .« o v v v v it e et +10 millivolts, £100 millivolts calibrated
VOt RANGES .« oo ot it ii et +2.5 volts, £25 volts uncalibrated
RESOIUTION & vt vt e et e e ittt aaaa s +0.1% of suppression range
NON-HNEAFITY « v vt e e e e e et i et +0.03%
FT e s 2R T R +0.5%
Stability (After 30 minute warm-up)
TV el W Tt s - T I +0.065% per 24 hours
With Temperature .. .......oeouevnene i nnenes e +0.05% per °C
WIth Line .ot ittt et it e e +0.02% for 10% line change
N OISE .+ vt et et e et et e et e e +0.05% of suppression range
Operating TeMPerature . ........ceoveunionnernnaen e 0°C to +50°C (+32°F to + 122°F)
Storage TEMPEratUure . .. .. ..vvveeren e euneenonnnrsaeronss -40°C to +70°C (-40°F to + 158°F)
HUMIAILY oot e e i e 80% from 0° to +30°C (+32 to +86°F)
non-condensing
Vibration and SHOCK .+ v v v v ittt et e Best commercial practice
Power [nput
DC VORAGE . o v et et et +15V +4% at 100 milliamperes
Lineand Load Regulation .. ... ..ottt +0.5%
- RIDPIE « o et 5 millivolts rms maximum
Weight (Amplifier only) ... ..o 3.6 pounds (1.5kg)
Dimensions (Amplifieronly) ....... . i 6.1in.Hx22inWx12.6in.D

(15.5cm H x 5.6 cm W x 32 cm D)
Depth dimension includes attenuator
knob and chassis mounted connector
IVIOUNTING + v v v et ve e e te e e et m e m s a e en s et Retained from rear
Signal Input ConNNeCtor . .......c.cvvrvn i e Multi-pin mating connector supplied
with each Amplifier (Model 11-5407-50)

Leakage (13-4615-56 only)

With 220Vac applied to any input combination . ........ oo -, less than 10ua rms
1.2 ACCESSORIES
Three-Lead ECG Cable it . o v v vt et it e ettt a e e 684791-1
Heart Sound MIiCrOPRONE . v vt e vt ettt ie et ian e e 689836-1
Finger Pulse TranSQUCEr . . ..ot v vttt it it e a ettt 688333-3
Ear PUISE TranSOUCEE & o v v v v v s s ettt ittt et tnan e et iasae e aennens 687196-2
Radial PUISe TransdUCEr & o v vt i i et e ettt e et e e s e 687198-2
Carotid PUlSe TransdUCer . o v et i et ettt e et e e e 689837-1

1 1



SECTION
INSTALLATION

2.1 INITIAL INSPECTION

Prior to any electrical connections or operation of
this equipment, visually examine the unit for
broken or loose knobs, dented or nicked panels
and damaged connectors.

2.2 PHYSICAL INSTALLATION

This unit may be mounted in a Gould 2000 Series
Recorder frame, in a Gould Preamplifier Frame or
a portable carrying case or a Gould Monitoring
System.

a. Insertion

To install the preamplifier into its appropriate siot:

1. Slide the preamplifier into the enclosure until
the rear output card edge connector is en-
gaged.

2. Tighten the rear retaining screw. This locks
the preamplifier into the enclosure.

3. Connect the input signal connector and secure
it by grasping rear of connector and pushing it
onto the female connector. A snap will be
heard as the connector locks on and an orange
colored ring will be visible.

b. Removal

1. Disconnect the input connector by pulling on
the focking ring.

2. Loosen the rear retaining screw. The preamp-
' lifier will move forward about 1/8 of an inch.

3. Carefully slide the entire preamplifier out of
the enclosure.

2.3 SIGNAL CONNECTIONS

All input connections may be made to connector
P-101 (Model 11-5407-50) per Table 2-1. Figure
2-1 shows input connections for ECG applications
and Figure 2-2 shows input connections for pulse
applications.

2.1

MAY NOT BE
GROUNDED

COMMON
>

SOURCE MAY OR

FIGURE 2-1 ECG CONNECTIONS

NOTE: Do not terminate cable shieid
at signal source when recording from
Bioelectric signal sources.

TABLE 2-1
INPUT CONNECTIONS

J4-101
PIN #

INPUT LEAD

OCONOOTDAWN =

— 3
N —=O

Left Arm {+)

Right Arm (—)

Not Connected

Not Connected

Right Legsignal common

.-15vdc

+15 Vdc

Pulse Input

Pulse Excitation

Pulse & ECG cable shield
Not Connected

Not Connected




COMMON

2.4 OUTPUT AND POWER

This amplifier is designed to operate on regulated
+ and —15Vdc @ 200ma power supplies. Output
and power connections are made through a 16 pin
card edge connector at the rear of the unit, The

mating connector is located in the rear of the
preamplifier slot of the recorder, carrying case
or frame. The amplifier provides a 5 volt full
scale output signal. Refer to Table 2-2 for Output
signal listing.

2.5 PATIENT COMMON

Whether or not the right leg connection is isolated
depends upon which type amplifier is used. With
Model 13-46156-565, the RL is an isolated ‘‘driven
ground”. The right leg driver is capable of sinking
up to 2 microamps and force the patient to vir-
tual ground, thus eliminating unwanted noise.

With Model 13-4615-566, the patient is isolated by
10 microampere current limiters.

2.6 DIMENSIONS

Refer to Figure 2-3 for outline dimensions.

TABLE 2-2
OUTPUT SIGNALS
SIGNAL NAME TERMINAL NUMBER * TYPICAL CONFIGURATION
ON PREAMP FRAME ON PREAMP CAGE USE
& CARRYING CASE 11-1202-15
Recorder Output 9 1 Recorder input | £5v maximum
into 2Kohm or
greater
Monitor Output 11 5 Scope Input *5v maximum into
‘ 2Kohm or greater
Tape Output 4 11 FM Tape Level adjustable
Recorder from 0 to £56.0V
into 2Kohm or
greater.
Common 8 3 Signal LOW low
all output signals

*Terminals located on rear of preamplifier
cage or carrying case.
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SECTION |

GENERAL

1.1 INTRODUCTION

The Gould Model 13-4615-30 D.C. Bridge
Preamplifier (Figure 1-1) is a high gain preamplifier
designed to work with resistive transducers,
including strain gages and strain gage based
transducers. It is designed for use with Gould 2000
series recorders, and receives its operating power
from a companion pendrive amplifier located in
the same analog channel of the recorder.

This single channel preamplifier module expands
measurement capability of the recorders to include
strain gages, strain gage based transducers,
resistance temperature devices and low-level DC
input signals. Common mode rejection of 130db at
dc and 1004~ at 60Hz permits operation in noisy
industrial environments.

Calibrated Zero Suppression is provided with four
voltage ranges, each of which has a resolution of
one part per thousand. The attenuator position can
be altered without readjusting the zero suppression
control.

Both the input circuit and the dc excitation supply
are fully floating, which permits the preamplifier
to be operated at potentials up to 500 volts off-
ground. A variable sensitivity (CALIBRATE)
control has a continuous pre-calibrated range
from 1 to 10, and a maximum resolution of one
part per thousand. This calibrated sensitivity
control provides known amplifier gain settings
for each of the 6 fixed gain ranges, assuring precise
direct calibration for all types of signal inputs.

Internal switching is provided for selection of 5
or +10 volt dc excitation, positive or negative
shunt calibration, and bridge excitation polarity
reversal. Low- pass output filtering is internally
selectable to eliminate objectionable high
frequency signal components.

a. Important Features of the D.C. Preamplifier

1. Ten turn calibrate dial for calibration to a
known transducer sensitivity or gage factor.

2. Shunt Cal pushbutton to set calibrate dial to a
known load in conjunction with the shunt
trim pot.

INFORMATION

3. Zero suppression to 0.1 volt.

>

Zero suppression vernier for setting suppres-
sion between zero volts and maximum range.

5. Bridge balance pot.

6. Either *5 volts or *10 volts excitation,
switch selectable.

7. Internal terminals for bridge completion
resistors, calibration resistors, or “+" or u_r
cal. selection.

bi 1677

FIGURE 1-1 GOULD MODEL 13-4615-30
D.C. BRIDGE PREAMPLIFIER
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GENERAL INFORMATION

1.2 SPECIFICATIONS

All operating specifications are based on 5 volts excitation, 350 ohms across input and a sensitivity (gage

factor) of 2.0 mv/volt unless ptherwise stated.

Signal Input

C|rcu1t ...... ,.Differential.'
Impedance ..........: B R R R R R 50K ohms
MeaSUrEMENT RANGE 4.« v v s vnernensonsrensuasansresmrsersses . . {. 250 microvolts full scale to |
- ( 100 millivolts full scale .-
Maximum SEnsitivity .. oeeesennmaennaanrrrercces  ere e 25 microinch/inch full scale with 4

active arm bridges (gage factor of 1).

Sensitivity Steps ... ... .- e  eeene e . 5,10, 20, 50,.100 and 200%
" of load full scale and off.

Maximum Safe Voltage ............ o eeeeaes e e 50 volts peak-either input terminal to
' ' common. 500 volts peak-common to chassis.

Signal Output

CITOUIT o+ v v nevennonanasansasanasass A R Single ended to common.

Voitage: B .
Linear RANGE .. vovronnnonnnnnnmensmonnsaeneereess ... +56.0voltsinto 2 K ohms or greater.
Minimum Load Resistance ..... e eaeeaaeaaeeas e Zero ohms (Short circuit proof).
Calibration INACCUFACY .« v vvvevevnnannnannnsumusese s t” .. $0.1% of full scale in the 100% of
(at 25° C and nominal line voltage) load setting with the calibration dial set to 2.
Attenuator ACCUraCy ......eecesses 4. I R R R +0.5% of ca|ibratéd step.
Non-Linearity . .....o. .- TP TP RO TP RTPRRRR Y e il ... £0.1% of full scale.
Impedance «....... .. Ve T e e AP e Less than 5 ohms.
INSEADIITY v v ve v nern e At a calibration setting of 2 and attenuator setting of
5% of load full scale, after 15 minutes warmup.
ZeroWith TIME v vevvvivresraoranseanes ....... L. .. 25 mv/24 hours.
' " (+0.5% of full scale/24 hours.)
Zero WIth LiNe «ovivpervevnaeneesnroneenones ey +10mv for a 10% line change
(+£0.2% full scale for a 10% line change).
Z6r0 WIth TEMP « «vs s veennernsennennsns e £10mv/° C (£0.2% of full scale/°C).
GainWIth TEMP v evenvrnrcnnenassnancenares . +0.05%/24 hours after 15 minute warmup.
GainWIth LiNg «vvverrvrvesonnearenenecnnnee e +0.1% for *10% line change.
Gain WIth TEMP « e v v v seeeesvaaseesannnnsesssunnanseesunsseeesessess ...10.03%/°C.

page 1.2




GENERAL lNFORMATIONF

Frequency Response

Without Filter . .oesevunneenmerssssr st intoms 4d-c to 100Hz +0.5% (Less than 3 dB down
o ~ at 5 kHz)
With Internal 5 Hz N A -, .. 3dBdownat 5 Hz £10%
Eiltor ROMNOFT « v s eeensnsnnseemnssessess st mntniin s 12 dB/octave or 40 dB/decade
NOISE + o v v v s m m e e I "~ Less than 1% of full scale from dc to 100Hz.
Common Mode Rejection: ‘ B -
Common to Chassis » «.o ¢ oo oo m o m oo s e e e e Greater than 100db from dc to
. .60Hz at 100 ohm unbalance.

Bridge Excitation '

Voltage . « « « = = = ¢ " e e e e e e . 5 or 10 volts dc, 16.1% ih‘»ternall'y selectéble; L
100 ma capacity. Normal or reverse polarity internally selectable.

Noise . - - - - T R R .. 0,1% peak-to-peak from dc to 1KHz.

Stability (after 156 minute warmup)

TompOratUIe + « « + e e e 0,060
B 1 +0.05%/24 hours.
A I +0.1% for £10% line change.

RanNge . « « o ¢ o v v oo n st R -1, -.01, off, +.01, +.1 volts.
T .. ... *05%
MO LISy + « « oo s e m e +0.3%
Resolution . .« .+« - S P BRI e +0.1% of suppression range.

Stability (after 156 minutes warmup)

&‘iiﬂ‘e":p'::'::i-:::::::::::::::::::::::::::::::.'.'.*fb??&%eé
With Line . ...+« - e e P +0.02% for £10% line change.
T T +0.05% of suppressic;n. range
Environment '
Temperature: ‘
Storage 40° C to +70°C.
Operating . .« « » « ....... 0°C to +50°C.

Humidity, Non-Condensing:

Operating « « « o+ o s ettt than 95% relative humidity; 0°C to 30°C.
Less than 95% relative humidity; 30°C to 50°C.
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GENERAL INFORMATION

Physical Characteristics

Dimensions . . . .. - - - e e e e e . ... Referto Flgure230utl|ne Dlmen5|ons
Weight . .« .« - - R I e 3.6 Ibs (1.5kg)
Mounting . .« « « « o o ¢ = = e e e e e e e Ce e S e e Retainedfrdm.Rear.'
Finish .« v« v - e e _ Molded Front Panel, Color:
L|ght Parchment.’
Controls

Front Panel: - ‘
9 Lead Full Scale . . .. ... Selects%ofloadforafull
' ’ 4 - sca!e output.

Shunt: :
Cal ...... J T LI Push button swntchthat connects shunt CAL R,
trim pot, or both across oné arm of bridge.
TEM o o v oo e e one e e e e e e e e e Muiti turn pot for cahbratmg brldge
Zero Suppression (-volts+): e e e e ................ Selects range and polarity of

suppression voltage.

Zero Suppression (Vernier) I A Provide cahbrated setting of suppression
voltage from 0% to 100%.

Calibrate . .« « ¢ o o v o s e e e e e e Sets mv/v sensitivity of preamplifiér.
Balance . . . .« « « o o - I e e e e Multi-turn pot to balance bridge.
NO.TE: No Pen Pc;sition Control ‘
Internal:
INPUEZEIO .+ v v v v o e sme s s me s mmn s “ e 15turnpottosetzeroofmputamphfler
Output ZEro . . « o o o v o o e v i e e e e Single turn pot to set zero of output ampllfler

InputBal ... .. R I Smgleturnpottobalancemputs1
' and 2 to common.

AV CAL .. ... 1B turn pot to set accuracy of .1
' volt suppressmn

-
-
-
-
-
-
.
-
.
.
-
-
-
-

.01V CAL 15turnpottosetaccuracyof01
' volt suppression.

BYCAL + v v v vev v n s mm e nnnnt 15turnpottosetaccuracyovaoIt
‘ bridge excitation.

OV CAL v v v o e e im0t Singleturnpottosetaccuracyof10vo|t '
bridge excitation.
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GENERAL lNFORMATION

Normal-Reverse Switch . . o« o o v o ot e e e e e e Slide switch to reverse the polarity
- : ' of the excitation voltage.

+CAL, —CAL . ... R .. Terminals provided for jumper to'produce
e ~ either a positive or negative voltage when the
CAL R, is placed across one arm of the bridge.

BHz Filter o o v oo v s mmm st " e _Terminals and capacitors provided
to permit adding an active filter.

. Rear Panel:

Input .« . o0 oot RPTE e e e e e Guarded Multi-pin Connector (Proprietary).
' Mating Connector 11-_5407—03vsuppiied7

Output  « v v e v s st e e e e e e e .. . Card edge mates with AMP 582140-5
. , or equivalent.

power Input From Recorder

Voltage DG+ « « - « - - e ... ..t15volts, 0.6 volts @ 100ma.
Line and Load Regulation . .« « v - - " . e e e e . P 1.6%
Ripple . . - -« -« e e e e e e e e . Bmv max

Voltage AC .« v v v v v st 0t P e e e e e e cie s . 13 vrms @ 200ma.

System Specifications When used with Series 2000 Recorders

Gain Accuracy « .« » o+ e e e +0.7% of full scale.
Non-Linearity . . . - - - +0.45% of full scale.
Instability (at 2mv/v cal sétting and 5% of load full scale).
ZerowithTimé I iO.G%bffuilscale/24—houfs.l
JeroWithTemp « o o eoveesvm om0 e e e +0.3% of full scale/°C.
Zerowith Line . oo oot e e e e .k.._10.3%offullscaiefora10%

line change.

i With TIME « v e e ee e et _+0.15% /24 hours.

Gainwith Line . . oo s mn e e e e ‘;‘:0'.6:’,6fora10%|inechange.
GainwithTemp..'....................."......"........10.08%/°C.
Frequency Response . . ... . e e e e e e Refer to Specifications, 2000
~ Series Recorder Manual.

NOiSe .+ + « o+ - - Less than 1% of full scale
peak-to-peak.

Maximum Safe Input . .« oo e e m 0 e e e e i50voltspeak,inputs1and2
. : to common.

Common Mode Rejection . . . . . . . Referto Specifications, page 1.3 of this manuai.

-
-
-
-
-
-
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GENERAL INFORMATION

Accessories
* *Extonder Card and Cable Assembly . . . . . . . . e T 887291
*Balance RESISTOr & v v v v v o v e v o o ma e s e e e e e e 1-265469-15001
*Calibration Resistor:
15K ohm (120 ohmbridge) . . . . v v v v v v oo o e 1-265969-15001
50K ohm (350 ohm bridge) . . . . . v e e e e e s 1-265969-50001°
* *Bridge Completion Resistor: ' 4
1200RM & o v v e e e e s e e s e e e e D e e e e e e e e e e 242879-121
350o0hm . . ... .... A R T A R ) 10-240368-350R0
N i
*Input CONMECLOT « » « o e e e s e e oo e a o m o mm e m e e as s s . «. . 11-5407-03

*Supplied with Preamplifier
* *Ordered Separately
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o4 e
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~ INSTALLATION

If either the bridge or the sensor enclosure is
grounded, the jumper from AMPLIFIER

3. Connect the transducer excitation pair to 2.
connector pins 6 and 7, and the outer shield

to the sensor enclosure and to the guard ring.

NOTE: Detailed instructions for connecting one,

COMMON to CHASSIS GROUND must be
removed. A : .

If the bridge is to be operated off-ground at

two or four arm gages is given in Section Iil, 3.

Operation, : a potential (500 volts maximum) the jumper
_ from AMPLIFIER COMMON to CHASSIS

¢. Grounding GROUND must be removed. ‘

1. For most applications, with both the sensor 4, Both jumpers must be removed if the Preamp
and sensor enclosure floating, both dotted is to be used as a DC amplifier with a ground-
jumpers shown in Figure 2-2 should be in . ed signal source configuration. Observe good
place. grounding practice; make certain that the

— shield is tied to earth ground at one point and
one point only.
J101 PINS 1 & 2: SIGNAL

N\

I
|
l
l
|
|

PINS 6 & 7: EXCITATION
J: REMOVABLE JUMPER

TERMINALS ON
AMPLIFIER BOARD

1

BRIDGE

AMPLIFIER
o _ﬂlﬂgbb outpuT
| ] io i, \RECORDER
SENSOR ; ¢| Al
ENCLOSURE [_—_—O 0 .
, —L_ CHASSIS
AMPLIFIER COMMON ~  GROUND
FIGURE 2-2 TYPICAL SIGNAL CONNECTIONS
100
1
J- HATl‘t wWiTH
6.09

.-12‘1L : 10.88

' jo——2.18 ——

FIGURE 2-3 OUTLINE DIMENSIONS
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SECTION

OPERATION

3.1 INTRODUCTION

This section describes and illustrates the controls
of the Universal Amplifier and provides complete
operating instructions, with examples as necessary.

3.2 CONTROLS AND INDICATOR

Controls listed below are shown in Figure 3-1
except as noted.

ITEM NO. CONTROL
1 Sensitivity Control ...............
2 Vernier Sensitivity ........c. ...
3 Millivolt-Volt Switch .............
4 Zero Suppression Switch ..........

3.1

./
UNIVERSAL
full scale

g o,

2870 SUppPY

= X103+ vernier

FIGURE 3-1 FRONT PANEL CONTROLS

DESCRIPTION

Ten position switch provides nine preset ranges and
OFF. Settings represent the input necessary.to
cause full scale output.

Provides continuous adjustment from 1.0 to 2.5
times the setting on the stepped Sensitivity Control
to cause full scale output.

Whether stepped Sensitivity settings are in milli-
volts full scale or volts full scale determined by this
switch.

Connects selected zero suppression voltage to
Zero Suppression Vernier Control.



ITEM NO. CONTROL DESCRIPTION
5 Low Cutoff ...covvv v Selects low frequency cutoff at 8 points from DC
to 30Hz. Provides -12dB/Octave rolloff.

6 High Cutoff ... .covvvvinnee: Selects high frequency cutoff at 6 points from
10Hz to 3KHz. Provides -12dB/Octave rolloff.

7 Zero Suppression Vernier ......... .. Provides known calibrated zero suppression offset
voltage in mv mode to eliminate static portion of
input signal. In volts mode, zero suppression is
uncalibrated.

8 Calibrate Pushbutton ............. With mv-V switch in Volt position, pressing button
provides either 50mv or 1 volt (internal switch
selectable). In millivolt position, provides 50
microvolts or 1 millivolt at output. This allows cali-
bration and/or correlation of all display devices.

9 Isolation Indicator . .............. Green light emitting diode illuminates when
patient isolation components are installed.

10 05-1 Switch (see Figure 3-2) ....... Internal control which selects either .05 or 1 (mil-
livolt or volt, depending on setting of mv-V switch)
calibration signal.

1 FP-NORM (see Figure 3-2) ......... Selects input to recorder. NORM: Signals applied
to pins 1, 2, 5 and 10 of J-101. FP: Sensor input
J-101 pins 8, 9 and 10. This is an internal control.

12 Resistor (E3 to E4) (see Figure 3-2) .. Internal optional mounting location to change out-
put level of unity-gain tape output buffer. If this
resistor is installed, tape output voltage V. is equal
to recorder output voltage Vg times the ratio of

the optional resistor R t the total resistance in
that line: V. = Vi (R + 2.6K). With no resistor

installed VT = VR .

FIGURE 3-2 INTERNAL CONTROLS

3.2



3.3 OPERATION
3.3.1 Preliminary

1. Before installing amplifier.in recorder or case,
set front panel controls to the following posi-

tion:

FULLSCALE ....civuivvinainrns OFF
ZERO SUPPRESSION .........ovv OFF
VERNIER .. ivi e iviaan s 0.0
)& P ... FullyCW
LOW CUTOFF ... es DC
HIGHCUTOFF ... . i iiicscnen 30
Y VA R R \Y

2. Remove right side cover of amplifier and set
the internal controls to the appropriate posi-
tion,

3. Replace side cover and install amplifier.

4. Apply power to system and allow 15 minutes
warmup before beginning procedure.

5. Attach patient electrodes and/or transducers
as required, observing best medical practices.

6. If the largest amplitude of input signal is
known, set FULL SCALE and MV-V switches
to appropriate positions. |f not, operate re-
corder at Bmm/sec. Start in least sensitive
position (25 volts full scale) and increase
sensitivity until an acceptable amplitude out-
put is acheived.

7. The unit is now ready to be used in the de-
sired procedure.

3.3.2 Off-Center Zero Operation

It is often desirable to record signals which will
always appear on one side of zero, i.e., will contain
a significant static dc component. In such cases,
the recorder PEN POSITION control is used to
displace the output reference voltage. Operation in
this manner does not affect the performance of the
amplifier: its specifications remain unchanged.
While this capability is available on both ac and dc
ranges, it is useful only during dc operation.

3.3.3 DC Operation

In the DC setting of the LOW CUTOFF switch, all
of the amplifier sections of this unit will ‘“pass on”’

or couple any dc offset present on the input. This
offset represents the static or constant portion of
the signal. If it is desired to see this (such as using
the amplifier to provide a beats per minute out-
put), the Low Cutoff Switch must be in the DC
position.

3.3.4 AC Operation

If the input signal contains an unwanted constant
or slowly changing component, one of the Low
Cutoff settings other than DC should be used. The
non-DC settings attenuate that portion of the in-
put below the frequency indicated by the Low
Cutoff Switch.

EXAMPLE: The input signal is a 20Hz sinewave
superimposed on a 3Hz triangular wave. In the DC
position the output would look like this:

However, with the Low Cutoff set to 10Hz: the
trace would look like this:

These traces are shown with the High Cutoff set
at 30Hz or higher. If reset to 10Hz High and DC
low, the output would be:

This demonstrates that the High Cutoff attenuates
any signal of a higher frequency than that to which
the High Cutoff is set. These controls can therefore
be used to analyze the same input signal several
times, allowing you to look at a different (and
specific) range of frequencies each time.

3.3.5 Output Amplitude

The output of the Universal Amplifier is 5 vdc full
scale for any non-OFF setting of the FULL SCALE
switch. For example, set FULL SCALE to 5 and
MV-V to mv (millivolt rnage). An input of 2mv
peak to peak will cause a 2 volt peak to peak out-
put. In the 26mv FULL SCALE position, an input
of 2mv p-p will yield a0.4 volt peak to peak output.

3.3



With an 8 mv p-p input, the output will be 1.6v
peak to peak. Note that the output amplitude will
be affected by the settings of High and Low Cut-
off switches and variable sensitivity as well as the
FULL SCALE switch. See paragraph 3.3.4 for an
explanation of the Cutoff switches. The variable
sensitivity control enables you to determine what
input will generate a v peak to peak output signal.
The full scale setting is linearly adjusted anywhere
from +50uv full scale to +95 volts full scale and
can be used up to £6.25 volts.

EXAMPLE: The input connected has a maximum
8V peak to peak amplitude. You desire to repre-
sent 8V peak to peak as a Gv peak to peak (full
scale) output. To do this, place the mv-v switch to
V and FULL SCALE to OFF. Apply +8vdc to the
input and adjust the recorder pen pasition to right
chart edge. Now place the FULL SCALE switch to
5 and rotate the variable sensitivity control until
the pen is exactly on left chart edge. Full scale
is now 0 to 8 vdc input.

This instrument can also be used to display a volit-
age range with something other than Ovdc at one
end.

EXAMPLE: You wish to monitor a signal which
can vary between +2mvdc and -2mvdc. Set FULL
SCALE OFF and mv-v to mv. Apply +2.0mvdc
to input. Adjust recorder pen position to right
chart edge. Place FULL SCALE switch to 2.5 and
adjust variable sensitivity to place pen on left chart
edge. Change input to -2mvde. Now turn ZERO
SUPPRESSION switch to -1 and vernier control to
2 00. The instrument is adjusted for a range of
.2.00mv (right chart edge) to +2.00mv (left chart
edge).

NOTE: Zero Suppression is calibrated in milli-
volts mode only. When opetrating in volts mode,
this unit is calibrated to a maximum of £26 vde.

To calibrate the output in the volts mode, connect
an input of known amplitude to be suppressed.
Then adjust the zero suppression controls to pro-
duce the desired output. Remove calibrating input
and connect signal. Unit is ready to use.

3.3.6 FM Tape Output

Because a full scale signal of 5vdc is too high for
most instrument tape recorders, provision is made
to decrease the amplitude of the tape output. This
does not affect the recorder output level. A resistor

is mounted bewteen terminals E3 and E4. Then
the tape output voltage (VT) is equal to recorder
output voltage (V ) times the ratio of the optional
resistor (R) to the total resistance in that string.

EXAMPLE: Tape input level must be limited to
1vrms (2.828v peak to peak) In this case:

_ VT (2.5K)
R="Vr-VT
2.828 « 2600
= 5,000 -2.828
7070

R=72172
R = 3265 ohms

3.3.7 Calibration Button

During the display of signals on a recorder or oscil-
loscope, it is often convenient to introduce a
known amplitude signal. On a chart recording this
is used to correlate one chart to another. This sig-
nal is also used to adjust the gain of an oscilloscope
to a known input level.

When the front panel CAL pushbutton is depressed
and held, it disconnects the input signal from the
amplifier. It inserts a DC calibration signal of either
0.05 or 1.0 depending on setting of internal switch
5.203. Further, the CAL switch automatically
places the amplifier in the DC mode so that the cal
signal level will remain constant when the Low
Cutoff switch is in a non-DC setting. When the
CAL button is released the input is connected to
the amplifier and the Low Cutoff is as indicated
on the front panel.

3.4 TYPICAL APPLICATlONS
3.4.1 General

The Gould Universal Amplifier accommodates
either ac or dc signals at different maximum sensi-
tivities; therefore this unit can be used for any bio-
medical application which requires signal amplifica-
tion.

The following analog recordings are especially well
suited to this signal conditioner:
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Electrocardiogram Lead | Electroencephalogram
Electrogastrogram Electromyogram
Electroretinogram Electronystagmogram
Phonocardiogram

In addition to the above applications, the Universal
Preamplifier is ideally suited to interface with
other instrumentation, such as flow-meters, dye-
dilution equipment. and PH meters. Even though
the output of such apparatus may be of sufficient
magnitude to make further voltage amplification
unnecessary, other capabilities of this signal condi-
tioner are often advantageous oF essential. These
include permanent and constant calibration, fre-
quency filtering, and power amplification.

3.4.2 Phonocardiogram

By using the Universal Amplifier in conjunction
with a high-quality instrument tape recorder and a
Gould direct-writing oscillograph, superb cardio-
grams can be obtained in ink on low-cost chart

paper.

Without FM tape, the direct recording of highfidel-
ity a phonocardiogram on chart paper is impos-
sible, owing to the oscillograph upper frequency
limitation of 400Hz. This problem is avoided by
first recording the phonocardiogram on FM tape at
a tape speed of 30 inches per second. The tape is
then played back at a speed of 15/16 inches per
second.

This technique results in a recording on chart paper
with an effective bandwidth of 0 to 12,800Hz
(400Hz times 32).

After this maximum-bandwidth recording, the tape
can then be played back again at other settings

of the HIGH CUTOFF control for comprehensive
bandwidth analysis.

This technique can also be employed using a multi-
channel oscillograph with the phonocardiogram on
one channel and one or two leads of ECG on other
channels.

3.5 GROUND ISOLATION AMPLIFIER

Pin 5 of input connector is not connected solidly
to ground but is called a ““driven ground’’ and is
actually separated from ground by 2.8 megohms.
It is driven to ground potential by an amplifier
shown in Figure 3-3.

NOTE: Also refer to Preamplifier schematic
291354,

Under normal operation this arrangement mini-
mizes 60-cycle noise in the output owing to the
fact that the amplifier's output current is re-
turned to the patient, lowering his floating poten-
tial. Therefore, anything connected to pin 5 ap-
pears to be at chassis-ground potential. Yet should
a high-common-mode voltage appear suddenly
between ground and patient the amplifier will be
driven to saturation and the 2.8 megohms of resis-
tance effectively ungrounds the patient.

This “‘ungrounding’’ occurs instantly—and for the
duration of the potentially hazardous voltage. The
isolation amplifier offers a very low impedance to
ground during normal operation, and an extremely
high impedance whenever a hazardous potential
between the patient and ground exists.

Moreover, the Gould isolation amplifier cancels
out more than 2 ua of noise pickup, an achieve-
ment which permits recording in a room plagued
with relatively high electrical noise.
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U304

SIGNAL INPUT

PIN 5

5.6 MEG NORMAL OPERATION:

VAAAN- «— DRIVEN TO GROUND

POTENTIAL
|
l
T $ 56MEG '
47 KOHM AN

ABNORMAL OPERATION :
| HIGH CM VOLTAGE (SHOCK)
| UNGROUNDS PIN 5

Y

FIGURE 3-3 GROUND ISOLATION AMPLIFIER




SECTION

v

MAINTENANCE

4.1 GENERAL

in addition to maintenance procedures, this sec-
tion contains information on calibration and
troubleshooting.

4.2 MAINTENANCE

a. General

Maintenance on the preamplifier is limited to
cleaning only.

b. General Cleaning :
CAUTION

1) BEFORE ATTEMPTING TO CLEAN THE
PREAMP, TURN POWER OFF AND RE-
MOVE FROM ENCLOSURE.

AVOID USE OF CHEMICAL CLEANING

2
AGENTS WHICH MIGHT DAMAGE PLAS-
TIC OR PRINTED SURFACES. DONOTUSE
CHEMICALS WHICH CONTAIN TOLUENE,
CELLUSOLVE, ACETONE OR SIMILAR
SOLVENTS.

EXTERIOR: Remove loose dust with a soft cloth

or small paint brush. Dirt which remains can be

removed with a soft cloth dampened in a mild

detergent and water solution.

ABRASIVE CLEANERS.

INTERIOR: Dust in the interior should be re-
moved occasionally due to its electrical conducti-
vity under high humidity conditions. Blow off ac-
cumulated dust with dry low pressure air. Remove
any dirt which remains with a soft paint brush or a
soft cloth dampened in a mild detergent and water
solution. A cotton-tipped applicator is useful for
cleaning in narrow spaces and/or printed circuit
boards.

4.3 TROUBLESHOOTING

Troubleshooting may be performed in conjunction
with the STAR and Schematic diagrams and the
following test equipment: ECG Simulator, Oscil-
loscope, Gould Model 0S4000 or equivalent.

4.4 STAR DIAGRAM

in order to facilitate troubleshooting of Gould
Universal Amplifier, the following Signal Tracing
And Replacement (STAR) Diagram'’s included. A
STAR diagram is a block diagram, expanded to

DO NOT USE

4.1

" trouble lies. Going to that area on

include certain wiring diagram information, sche-
matic diagram information and engineering main-
tenance information (signal levels, waveforms, test
points, etc). initially, this diagram can be used in
conjunction with the Theory of Operation in
Section V of this manual. As service personnel gain
familiarity and experience with the equipment,
the need to refer to the supporting descriptive
text will gradually be eliminated.

The STAR diagram provides the essential informa-
tion required to isolate a fault to a functional
block. To use the STAR diagram, perform the
Preliminary Setup procedure below. Then, by
applying the scope probe to each test point in
numerical order, proceed through the unit until
the signal you obtain is different from the informa-
tion on the diagram for that test point. Having
done this, the block immediately prior to the
"pad” test point indicates in which area the
the board (and
the schematic) components may be checked to
find the failure. Be sure 10 verify that all power
supply voltages are present and correct.

1. Set Front Panel Controls as follows:

Full Scale OFF

Zero Suppression 0.0

Mv-V . MV

Variable Sensitivity X1

Low Cutoff .05

High Cutoff 300

Set Internal Controls as follows:

FP-Norm NORM

.05-1 1

Remove unit right side cover.

Connect input to power SOurce. +15vdc and
13vrms or power from a Gould 2000 Series
Recorder and extender cable.
Allow unit to warm up for 15
Attach ECG Simulator 10
Table 2-1.

Place Full Scale to 10 position.

Set oscilloscope to DC coupling, 100mv/cm
and 50usec/cm. Probe should be 1:1 attenua-
tor type.

To check STAR No. 3
sion switch to -10 and vernier
wards, return switch to OFF.

W

minutes.
Amplifier per

oo

oo~

(TP8) set zero suppres-
to 10.00. After-

10, Proceed to troubleshoot unit.

11. Remove test equipment when finished.
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4.5 CALIBRATION
a. General

The Gould Universal Amplifier has been accurately
calibrated before shipment from the factory and
should give long trouble free service. Should recali-
bration be required, it should be performed by
qualified technical personnel only.

CAUTION
CALIBRATION SHOULD NOT BE ATTEMPTED
UNLESS SUITABLE, SPECIFIED TEST EQUIP-
MENT IS USED.

NOTE: Performance checks in this section specify
limitations based on optimum “new-equipment’’
values. Should any results be unacceptable, please
see the troubleshooting section of this manual or
your Gould Service Representative.

b. Test Equipment Required

The following is a list of test equipment necessary
for calibration. -

C.

1.‘

Extender card and cable assembly, Gould P/N
887291 (necessary if power is furnished by
Gould 2000 Series recorder or preamplifier
power supply.

Digital multimeter AC/DC Fluke 8100A

or equivalent,
A.C. Source: Wavetek Model 110 or equivalent. -

D.C. Source: 0.5% accuracy; Electronic De-
velopment Corp. Model — VS330H or equal.

Oscilloscope: Gould Model 083500 or equal,

D.C. Power Supply: 16 vdc £4% @ 100ma
each.

Preliminary Procedure

Remove right side cover from preamp (Figure
4-3).

|

S R-310
TP-8 ©
® -7

S TP-20

R-318 R-316 TP-3@
TP-4©
@TP-5
@TP-6

1 P-203

JL P-203 J-\ R

L——

TP-10
®

—

T%—t? ® @ [® R'ZOSlQ ©TP-6
TR2 P31 |r253

R-265
®

FIGURE 4-3 CALIBRATION CONTROLS
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Set front panel controls as follows:

FullScale ..........cc.co ... OFF
MV-Y e ie e i e s MV
HighCutoff .................. ... 10Hz
LowCutoff ......... ... ...t 1Hz
Zero Supp. Switch ................ OFF
VernierDial ........... Remove & set pot

full CW. Set dial to 10.00,
lock and remount.
X1 Sensitivity fully CW (detent)

Set internal controls as follows:

CAL ... 0.05
FP/NORM .........coiiiinnn. NORM
E1toE2............... Jumper installed

Short together pins 1, 2, 5 and 10 of P-101.
Connect preamp chassis to unit providing
power.

Turn on power and allow 30 minute warm up.

. Non-Isolated Board

Connect DVM to TP6 (High) and TP7 on
input board 889846. Adjust R270 for +4.0
volts £0.2mv.

Connect scope to TP4 {High) on input board,
low to chassis. Check for no oscillations with
front panel MV-V switch in both positions.
Remove jumpers and DVM.

Connect one jumper from J-101 pins 1 to 2
and another jumper from P-101 pin 5 to chas-
sis. Apply 2 volt p-p 60Hz squarewave be-
tween P-101 pins 1 (High) and 5.

Set front panel MV-V switch to MV and ad-
just R-316 for minimum squarewave at TP4.

Set MV-V switch to V and increase input
signal to 20 volt p-p. Adjust R-203 for mini-
mum ‘square wave. Remove jumpers and
scope.

Short together P-101 pins 1, 2, 5 and 10.
Connect DVM to TP1 (High) and TP10.
Set MV-V to V and FULL SCALE to .05. Ad-
just R-216 to O volts +50uv.

Set FULL SCALE to OFF. Connect the
DVM between TP10 (Low) and given Test

4.5

10.

11.

12.

13.

Point (High). Adjust the corresponding
potentiometer for O V £50uv,
TEST POINT CONTROL

TP3 | R-228

TP4 R-231

TP6 R-253

TP7 R-2556

Set FULL SCALE to 1. Connect DVM to
TP5 and adjust R246 for OV +1mv.

Connect DVM to TP4 (High) on input board

and TP10. Adjust R318 for OV z100uv.

Alternately switch front panel MV-V switch

between MV and V. Alternately adjust R310

(MV) and R318(V) until TP4 reads OV
+100uv in both settings of the MV-V switch.

Set front panel LOW CUTOFF to DC, FULL
SCALE to5and MV-V to V.

Tie together P-101 pins 2, 6 and 10. Apply
+5.0 V 0.1 mv to J201 pins 1 (High) and 2.
Connect DVM to TP6 (High) and TP10, both
on amplifier board. Adjust R263 for +5.0V
*Tmv.

Set front panel MV-V to V and FULL SCALE
to 10. Apply 0 volts to amplifier input. Veri-
fy that DVM reads OV *1mv. Adjust R318
to this if necessary.

Set front panel mv-v to mv. Apply +10mv to
input and adjust R-306 for +5.0V £1 mv.
Remove jumpers and DVM.

e. Suppression Voltage

1.

Set front panel ZERO SUPPRESSION switch
to OFF and rotate vernier fully CCW.

Connect DVM to TP8 (High) and TP10.
Adjust R265 for OV +50uv.

Rotate SUPPRESSION vernier fully CW. Set
front panel FULL SCALE to 10 and MV-V
to MV,

Tie together P-101 pins 1, 2, 5 and 10. Con-
nect DVM to TP6 (High) and TP10. If neces-
sary adjust R310 until meter indicates OV
*2mv. remove jumpers.

Tie together P-101 pins 2, 5 and 10. Apply



+10mv from J201 pin 1 (High) to 2. Set
front panel SUPPRESSION switch to +1.
Adjust R262 for OV t2mv.

Change input to +100mv and move SUP-
PRESSION switch to +10 position. Adjust
R260 for OV £bmv.

Remove input, DVM and jumpers. Set front
panel ZERO SUPPRESSION switch to OFF
and vernier to 0.0.

f. Internal CAL Voltage

1.

Tie together P-101 pin 1, 2, 5 and 10. Set
front apnel FULL SCALE switch to .05 posi-
tion and LOW CUTOFF to 30.

Place the internal .05-1 switch to the .05 posi-
tion. Depress the front, panel CAL push-
button and adjust R273 for +5.0V £10mv.

‘Set the front panel FULL SCALE switch to

the 1 position and the internal .05-1 switch
to 1.

Depress the front panel CAL pushbutton and
adjust R275 for +5.0V £2mv.

4.6

5.

Remove DVM but leave jumper installed.
Set FULL SCALE switch to OFF.

g. Final Zero Adjust

1.

Install right side cover and set preamp in
vertical position. Apply power and allow 30
minute warmup time after instaing side cover.

Set front panel controls as follows:

MV=V i \%
FULLSCALE ...... ..o 05
LOWCUTOFF .. oo es DC
HIGH CUTOFF ... ..o 10

Connect DVM to output pins 2 (High) and 5
of printed circuit edge connector. Adjust
R318 to OV +25mv.

Set MV—V switch to MV and FULL SCALE
to .5. Adjust R310 for OV +50mv.

Repeat steps 3 and 4 as necessary as these
controls are interactive.

Remove jumpers, power and DVM. Set
front panel FULL SCALE to OFF. Unit is
ready for use.



SECTION V

THEORY OF OPERATION

The Universal Amplifier, Model 13-4615-55, con-
sists of surge arrestors on each input lead, divider,
input amplifier, suppression network, high pass and
fow pass filters, interstage amplifiers with cali-
brated go in steps, X1 attenuator and output amp-
lifiers. In addition it contains a built in calibration
signal and a pulse sensor amplfier. It also contains
a specialized amplifier — the right leg driver.

5.1 CIRCUIT DESCRIPTION

See Figure 5-1 Block Diagram and schematic
291354 (located after parts section).

5.2 SURGE ARRESTORS

Each input lead is protected by surge arrestors
(E201, 202, 203). The arrestors will clip an in-
. coming voltage to approximately 900V within
microseconds and protect the circuitry from
damage.

5.3 INPUTF AMPLIFIER AND DIVIDER
(See Figure 5-2)

The input amplifier is preceded by a 5:1 divider in
order to extend the amplifier range t¢ 25V. The
divider is selected by front panel MV-V switch
S101.

The input amplifier consists of a pair of monolithic
FET’s Q101 and associated circuitry, arranged to
form an instrumentation amplifier. Op amps U301
and 302 have their plus {+) inputs tied to a ref-
erence voltage, while their minus (-) inputs are
connected to the drain resistors of the FET.s. The
op amp outputs are tied back to the sources of
their respective FET's.

Due to op amp action the drain voltage is forced
to the same potential as the reference voltage and
the output of the op amps will produce the correct
bias on the sources to cause the proper drain cur-
rent for this potential. Thus a constant 200ua cur-
rent flows in each FET.

This drain current remains constant so long as the
FET’'s are operated within their linear range.
The op amps also buffer and amplify while acting
as constant current sources since the potential
difference between the plus and minus input
need only change by an amount e = E, . Ej =

oL

output voltage and AL, = open loop again of the
op amp.

The closed loop gain of the input amp is given by:

1 + R304 + R311

20K H
| =

408

range since R305 is connected. The gain is con-
trolled by MV-V switch S101.

The supply voltage for the FET amplifier is zener
referenced and buffered by op amp U208. The sup-
ply voltage is divided and used as a reference volt-
age for op amps U301 and 302 by resistors R267
and R268.

The outputs of U301 and U302 are summed into
U303 by resistors R312, R314, R315 and R317

~ to produce a single ended output. Potentiometer

5.1

R316 balances the inverting and non-inverting gain
of U303.

Potentiometer R310 is used to balance the offset
to voltages of the FET's in the mv range and R318
balances the op amp U303 in volts ranges.

5.4 SUPPRESSION VOLTAGE

A stable suppression voltage is generated by zener
reference CR201, It is then divided down by R261
and R262 and potentiometer R101 for the 1 range
or else R259 and R260 and R101 for the 10 range.
The polarity is determined by which end of the
zener is grounded.

The amount of suppression voltage is determined
by the setting of Vernier suppression pot R101.
The voitage is buffered and summed into U303 to
null out d.c. input voltages.

Front panel switch S105 selects the full scale range
and polarity of suppression.

5.6 HIGH PASS FILTER — FIRST SECTION

The output of U303 is connected to buffer ampli-
fier U201 thru one half of the front panel Low
Cutoff switch S102. The signal is either directly
connected to U201 in the DC setting or coupled
through capacitor C201 in any of the .05 through
30Hz settings. The cutoff is determined by resis-
tors R207 through R213.
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5.6 BUFFER AMPLIFIER U201

Op amp U201 acts as a buffer for the output of
the high pass filter. It also provides a gain of 4 in
the MV setting of the MV-V switch and a gain of
approximately 1 in the V setting.

5.7 LOW PASS FILTER — FIRST SECTION

The output of U201 is connected to one half of a
low pass filter by front panel High Cutoff selector
switch S103. Resistors R217 through R222 along
with capacitor C202 determine the cutoff fre-
guency.

5.8 GAIN AMPLIFIER U202

The output of the low pass filter is buffered by
amplifier U202. U202 also provides calibrated gain
steps by means of resistor R223 and gain resistors
R224 thorugh R227. The resistors are selected by
front panel full scale switch S201. Theoutput of
U202 is connected to the front panel X1 sensitivity
control R229. This control allows the sensitivity
to be varied by a factor of 2.5 times the calibrated
full scale setting.

5.9 BUFFER AMP U203

The wiper of R229 is connected to unity gain amp-
lifier U203 to prevent loading and provide a linear
gain change with rotation of the pot.

5.10 HIGH PASS FILTER — SECOND SECTION

The outpu of amplifier U203 is connected to the
second half of the high pass filter. The operation of
this section is identical to that of first section as
previously described. It is composed of capacitor
C203 along with resistors R234 through R240
and is controlled by the front panel Low Cutoff
switch S$102. Together the two sections of the high
pas filter provide a 12dB/Oct filter at selected fre-
quencies from DC to 30Hz.

5.11 GAIN AMPLIFIER U204

The output of the high pass filter is connected to
U204 which buffers the filter and provides cali-
brated gain steps by means of resistor R245 and
gain resistors R241 through R244. The gain re-
sistors are selected by the front panel full scale
switch S201.

5.4

5.12 LOW PASS FILTER — SECOND SECTION

The output of U204 is connected to the section of
the low pass filter composed of resistors R247
through R252 and capacitor C204 and is control-
led by front panel High Cutoff switch S§201. The
two sections of the filter provide a 12 dB/Oct
rolloff for selected frequencies from 10 to 3Khz.

5.13 OUTPUT AMPLIFIER

The outpu of the low pass filter is connected to
unity gain amplifier U205 to prevent loading.
U205 provides a low output impedance for driving
chart recorders.

5.14 TAPE AMPLIFIER

The output of U205 is also connected to tape amp-
lifier U206 through resistor R254 to drive tape
recorders. Terminals are provided (E3-E4) for the
insertion of resistors to vary the output of U206
in order to accomodate various recording levels.
Refer to Operation Section for calculation of U206
output amplitude.

5.15 RIGHT LEG DRIVER U304

The right leg lead of the Universal amplifier is not
connected directly to circuit common. Instead it
it is connected to the inverting input of FET op
amp U304 through 5.6 megohm resistor R322.
Due to the action of the op amp the inverting
input of U304 is forced to the same potential as
the non-inverting input which is connected to
chassis common.

Thus the right leg lead, when attached to a patient,
causes the patient to see a virtual ground con-
nection under normal conditions of capacitive line
pick-up. However under an abnormal condition —
such as the patient being accidently connected to
line— the amplifier will saturate and normal op amp
action will cease.

When this happens the patient will float up to line
potential, but the maximum current which can
flow in the right leg lead is limited by the parallel
combination of the two 5.6 meg resistors less than
50 ua.

5.16 INTERNAL CALIBRATION SIGNAL

During the recording of signals it is often con-
venient to introduce a calibration signal for later



reference. When the front panel momentary push-
button CAL switch is depressed it disconnects the
normal signal from amplifier U202 and inserts a
DC calibration signal of either .05 or 1 depending
upon the setting of internal slide switch S203. The
CAL switch automatically places the amplifier in
the DC mode so that the CAL signal level remains
constant: when the Low Cutoff filter switch is in
one of the AC coupled settings.

The CAL signal is automatically multiplied by the
setting of the MV-V switch.

5.17 SENSOR AMPLIFIER

The sensor amplifier is composed of a constant cur-
rent source to drive the sensor LED and is AC

5.5

coupled into high impedance amplifier U208.

Amplifier U209 provides a gain of approximately
5. The output of U209 is connected to a two sec-
tion active filter composed of U210A and U2108
and associated components.

The output of U210B is connected to internal slide
switch $202. When placed in the FP position the
normal signal path is interrupted and the sensor
amplifier output, U210B, is connected to U202
and sensor pulses are displayed on the chart re-
corder.













































