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WARRANTY
CURRENT EQUIPMENT:

The Gould Instruments Division’s products as shown in the Current Equipment Catalog are warranted for a
period of one year from date of shipment to original purchaser. They are warranted to conform to the
applicable published specifications in effect at the time of shipment, and to be free from any defects in
material or manufacture when used with recommended Gould associated equipment and Gould chart
paper. LIABILITY OF THE GOULD INSTRUMENTS DIVISION UNDER SUCHWARRANTY IS LIMITED
TO SERVICING OR REPLACING DEFECTIVE PARTS EXCEPT PENS,STYLI, FUSES AND BATTERIES
AND DOES NOT INCLUDE CALIBRATION AND MINOR MAINTENANCE AS OUTLINED IN GOULD
OPERATING MANUALS. (Exception: The thermal pen in the 110 Strip Chart Recorder is guaranteed for
life.) IN NO EVENT SHALL THE GOULD INSTRUMENTS DIVISION BE LIABLE UNDER ANY CIR-
CUMSTANCES, FOR ANY LOSS OF PROFITS OR OTHER CONTINGENT, CONSEQUENTIAL OR
SPECIAL DAMAGES. Units are to be returned transportation prepaid by the buyer. The Gould Instruments
Division will have the right of final determination of the cause and existence of a defect under this
warranty. This warranty shall not apply to any products which have been subjected to misuse, improper
installation, repair, alteration, neglect, accident, inundation, fire or operation outside their published
maximum ratings. THE FOREGOING WARRANTY IS EXCLUSIVE AND EXPRESSLY IN LIEU OF ALL
OTHER WARRANTIES WHETHER EXPRESSED OR |IMPLIED, INCLUDING ANY IMPLIED
WARRANTIES OF MERCHANTABILITY OR FITNESS AND OF ANY OTHER OBLIGATION AND
SHALL CONSTITUTE THE SOLE REMEDY OF THE BUYER AND SOLE LIABILITY OF THE SELLER.

REPLACEMENT PARTS: Same as above —— except ninety (90) days from date of shipment.
if a defect occurs:

1. Notify your nearest ID Service Center (see below), giving full details of the difficulty, and include
the model number, type number, and serial number. On receipt of this information, service data
or shipping authorization and instructions will be forwarded to you.

2.  On receipt of the shipping authorization, forward the instrument prepaid to location indicated on
shipping authorization.

Compliance with the above procedure will assure the earliest repair and return of your equipment.

SERVICE CENTERS

BOSTON
INSTRUMENTS DIVISION
129 Middlesex Turnpike
Burlington, Massachusetts 01803
Phone: (617) 272-0750

BAY AREA (CA)
INSTRUMENTS DIVISION
25936 Eden Landing Road

Hayward, CA 94545
Phone: (415) 887-1300

CHICAGO
INSTRUMENTS DIVISION
1001 Oakton Street
Elk Grove Village, lllinois 60007
Phone: (312) 640-4380

CLEVELAND
INSTRUMENTS DIVISION
3631 Perkins Avenue
Cleveland, Ohio 44114
Phone: (216} 361-3315

DAYTON
INSTRUMENTS DIVISION
4668 Gateway Circle
Kettering, Ohio 45440
Phone: (513) 433-9586

DENVER
INSTRUMENTS DIVISION
730 West Hampden Avenue
Englewood, Colorado 80110
Phone: (303) 761-7021

DETROIT
INSTRUMENTS DIVISION
23775 Northwestern
Southfield, Michigan 48075
Phone: (313) 365-0900

COLUMBIA, SC
INSTRUMENTS DIVISION
c/o W.A, Brown Instruments inc,
1201 St. Andrews Road
Columbia, SC 29210
Phone: (803) 798-8070

HOUSTON
INSTRUMENTS DIVISION
10500 Northwest Freeway

Houston, Texas 77092
Phone: (713) 680-1121

HUNTSVILLE, AL
INSTRUMENTS DIVISION
c/o W.A, Brown Instruments Inc,
7917-C Charlotte Drive
Huntsville, Alabama 35802
Phone: (205) 883-8660

LANHAM, MD
INSTRUMENTS DIVISION
5900 Princess Garden Parkway
Lanham, Maryland 20801
Phone: (301) 459-7350

LOS ANGELES
INSTRUMENTS DIVISION
2526 Campus Drive
Irvine, California 92715
Phone: {213) 639-7301

ORLANDO
INSTRUMENTS DIVISION
c¢/o W.A, Brown Instruments Inc.
222 Weber Avenue
Orlando, Florida 32803
Phone: (305) 425-5505

PHILADELPHIA
INSTRUMENTS DIVISION
GSB Building
Belmont & City Line Avenue
Bala Cynwyd, Pennsylvania 19004
Phone: (215) 839-7066

PITTSBURGH
INSTRUMENTS DIVISION
Campbells Run Road
Parkway West
Pittsburgh, Pennsylvania 162086
Phone: (412) 923-2160

SADDLEBROOK
INSTRUMENTS DIVISION
74 Kenney Place
Saddle Brook, New Jersey 07662
Phone: (201) 846-0220

SEATTLE
INSTRUMENTS DIVISION
The Commons Bldg. Suite C-155
1200 112th Avenue NE
Believue, Washington 98004
Phone: (206) 463-8100

TORONTO
ALLAN CRAWFORD ASSOC., LTD
6503 Northam Drive
Mississauga, Ontario, Canada
Phone: 678-1500

EUROPE

GOULD ALLCO SA.
B7 rue St. Sauveur 81160
Ballainvilliers, France
Phone: 909-10-67

GOULD ADVANCE
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SECTION |

GENERAL INFORMATION

The Gould Universal Amplifier, Model 13-4615-65
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 e e e e e 50 microvolts full scale to 25 volts full scale

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

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

millivolts full scale plus X 1000 multiplier (volts)

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

plus X1000 multiplier (volts)

ATtenUAtOr [NACCUTACY . vt vt vt e e it n ettt e e s et +0.5% of calibrated step

Attenuator NOon-lNearity ... ...t i e e +0.1% of full scale

Input Circuit Configuration (acanddc) ................con.t. Differential and balanced to common
input Impedance

Millivolt RaNges ... ..ottt 100 megohms each input to common

VOIt RANGES © vt vt e e in e 2.5 megohms each input to common

Pulse Input

Circuit Configuration ... .. ...t i i e Single ended, floating

IMPEAANCE .+ . vttt e e 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 »

1503 Less than 10 milliseconds
N -3 P Compatible with time constant
Maximum Safe Voltage
CONTINUOUS . ot v et ettt e ettt et 400 volts peak either input to common
500 volts peak common to chassis
Defibrillator .. oo it e e s 2.5 kitovolts 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 change

. : +0.2% of full scale per °C

DC (at 500uV full scale sensitivity) ......ccviiiiiiiiin +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) ...t +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) .......... 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 oo v vt it e i +5.0 volts into 2 kilohms to greater
(03T 2oL V13 SR Single ended to common
NON-IINEAIITY + v vt v it e i et it i e e +0.1% of full scale
IMPEANCE . . ottt Less than 5 ohms
Monitor Qutput ....... e e +5.0 volts into 2 kilohms or greater
Tape OutpUt . . ot e Adjustable from 0 to £5.0 volts into 2 kilohms or greater
Frequency Response
Low CUtOTT .ot i e e s 0.05,0.1,0.3, 1, 3, 10, 30Hz (-3dB)
High Cutoff ... it i i e 10, 30, 100, 300, 1000, 3000Hz (-3dB)
Filter Rolloff ... v i i i i i e e 12dB/octave, +15% of indicated frequency
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Noise (From 50-kilohm source)

0.05 —10HZ .o i it it Less than 2uV peak-to-peak referred to input
005 —3kHz .......c i Less than 50uV peak-to-peak referred to input
Zero Suppression ‘
METHVOIt RBNGES .« v v v et e e et e e i e +10 mitlivolts, +100 millivolts calibrated
VOt RaNGES .ot ittt i e e e +2.5 volts, £25 volts uncalibrated
RESOIULION + e i e e e +0.1% of suppression range
NON-INBAIILY o v vttt ettt e e e e e e +0.03%
[NM@CCUFACY .+ v v v et e et e et ettt e e e et e et et e e e e +0.5%
Stability (After 30 minute warm-up)
WHth TImME « v e e e e e e e it it e et e e 10.05% per 24 hours
With Temperature ... ..ottt i nan e +0.05% per °C
WithLine ... ... i e e PR +0.02% for 10% line change
NOISE 4ttt it it ettt ettt e s e e +0.05% of suppression range
Operating Temperature ... ...t i 0°C to +50°C (+32°F to + 122°F)
Storage Temperatlire . ... ..vveivn et anansos -40°C to +70°C (-40°F to + 168°F)
HUMIAitY oo i e e it i s 80% from 0° to +30°C (+32 to +86°F)
non-condensing
Vibration and ShoCK . .o v v it it i i e e e e Best commercial practice
Power [nput
DC VOB . o v v v e it e e e e +15V +4% at 100 milliamperes
Lineand Load Regulation .. ... .. ...ttt i e e e +0.5%
- RIDPIE © vt e e e 5 millivolts rms maximum
Weight (Amplifier only) ... .ot e 3.6 pounds {1.5kg)
Dimensions (Amplifieronly) . ... ... .. i i i 6.1iNHx22inWx126in.D

(156.6cm H x 5.6 cm W x 32 cm D)
Depth dimension includes attenuator
knob and chassis mounted connector
1710 T T2 £ To T Retained from rear
Signal Input Connector . ...t e Multi-pin mating connector supplied
with each Amplifier (Mode! 11-56407-50)

Leakage (13-4615-56 only)

With 220Vac applied to any input combination ........ ... ... i -, less than 10ua rms

1.2 ACCESSORIES
Three-Lead ECG Cable Kt . oot ittt ittt ittt ittt ettt en e e s 684791-1
Heart Sound MiCrophone ..ot ittt ettt e i e ettt i 689836-1
Finger Pulse TransdUCer . ... v ittt e it ettt ittt et ot 688333-3
TEar PUISE TransdUCEE . . v oo ittt it it et e et e it e et e e e e 687196-2
Radial Pulse TransdtuCer . .. v v vttt i ittt et ettt r et e et 687198-2
Carotid PUlSe TransdUCer . . v vttt ittt ettt et e ettt ettt et oot enen 689837-1

1.3



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 slot:

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 locking 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

COMMON
e

SOURCE MAY OR
MAY NOT BE
GROUNDED

FIGURE 2-1 ECG CONNECTIONS

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

TABLE 2-1
INPUT CONNECTIONS

J-101

PIN # INPUT LEAD

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

OCONOOOTDLWN =

— e
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COMMON

" "FIGURE 2-2 PULSE CONNECTIONS

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 Qutput
signal listing.

2.5 PATIENT COMMON

Whether or not the right leg connection is isolated
depends upon which type amplifier is used. With
Model 13-4615-6b, 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 13-4615-56, 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 | £bv maximum
into 2Kohm or
greater
Monitor Output 11 b Scope Input +Bv maximum into
2Kohm or greater
Tape Output 4 11 FM Tape Level adjustable
Recorder from O to £5.0V
into 2Kohm or
greater,
Common 8 3 Signal LOW low
all output signals

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

2.2
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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 ...............
3 Millivolt-Volt Switch .............
4 Zero Suppression Switch ..........

3.1
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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 2.6
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 ...... v Selects low frequency cutoff at 8 points from DC
to 30Hz. Provides -12dB/Octave rolloff.

6 High Cutoff .......... ...t 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 V. times the ratio of
the optional resistor R to the total resistance in

that line: V. = VR (R + 2.6K). With no resistor

T
installed VT = VR.

FIGURE 3-2 INTERNAL CONTROLS
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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 ................... OFF
ZERO SUPPRESSION ............. OFF
VERNIER ... i 0.0
) Fully CW
LOWCUTOFF ...t DC
HIGHCUTOFF .............. .. oh.. 30
MV-V o i i e e \%

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., If 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 voitage. 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 shouid 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.

3.3.6 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 b 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 a 0.4 volt peak to peak output.
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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 bv peak to peak output signal.
The full scale setting is linearly adjusted anywhere
from +50uv full scale to +25 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 bv 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 position 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 O to 8 vdc input.

This instrument can also be used to display a volt-
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 -2mvdc. Now turn ZERO
SUPPRESSION switch to -1 and vernier control to
2.00. The instrument is adjusted for a range of
—2.00)mv (right chart edge) to +2.00mv (left chart
edge).

NOTE: Zero Suppression is calibrated in milli-
volts mode only. When operating in volts mode,
this unit is calibrated to a maximum of 25 vdc.

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 bvdc 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 (V_) is equal to recorder
output voltage (VH ) 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)
= VR-VT
2,828 » 2500
R ="5.000-2.828
_ 7070
R=72172

R = 3255 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
S-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 APPLICATIONS
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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Electroencephalogram
Electromyogram
Electronystagmogram

Electrocardiogram Lead |
Electrogastrogram
Electroretinogram
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 or 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: Ailso 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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SIGNAL INPUT

PIN 5
5.6 MEG \ \. . NORMAL OPERATION:
WA «— DRIVEN TO GROUND
POTENTIAL
|
|
T $ 56MEG '
U304 47 KOHM .

ABNORMAL OPERATION :
| HIGH CM VOLTAGE (SHOCK)

|UNGROUNDS PIN 5

v

FIGURE 3-3 GROUND ISOLATION AMPLIFIER
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SECTION 1V

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.

'~ 2) AVOID USE OF CHEMICAL CLEANING

AGENTS WHICH MIGHT DAMAGE PLAS-
TIC OR PRINTED SURFACES. DONOT USE
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. DO NOT USE
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

4.1

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
“bad’" test point indicates in which area the

" trouble lies. Going to that area on the board (and

the schematic) components may be checked to
find the failure. Be sure to 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

2. Set Internal Controls as follows:
FP-Norm NORM
.05-1 1

3. Remove unit right side cover,

4. Connect input to power source: +15vdc and
13vrms or power from a Gould 2000 Series
Recorder and extender cable.

5. Allow unit to warm up for 156 minutes.

6. Attach ECG Simulator to Amplifier per

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.

9. To check STAR No. 3 (TP8) set zero suppres-
sion switch to -10 and vernier to 10.00. After-
wards, return switch to OFF.

@ ~

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

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: Gouid Model 083500 or equal,

D.C. Power Supply: 15 vdc 4% @ 100ma
each.

c. Preliminary Procedure

The following is a list of test equipment necessary 1. Remove right side cover from preamp (Figure
for calibration. - - 4-3).
el
] TP-7
S P20 1§ R-306
R-3I8BR-3!G ™30 -
R-23l} @TP-5 P40
O
R-228 > ©TP-6
: . | _M Il R-324
R-246 ‘ 1 P-203 P-203
©
RO P-4 '
TP5 © ® R-aosu
® © TP-3 ljl ©TP-6
TP-2 R-253
R-ZGOD [:}R-zez
R-265
R-255 R-275E .
e -9
© ®
R- f
] s 2 Jrers zro TP-8
'R-263 R-2|6 S
R-283
P-7
TP-1
® ©

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

FullScale .............. ... .. ... OFF
MV-V it cninacne e MV
High Cutoff ............... ... ... 10Hz
Low Cutoff ........... ..., 1 Hz
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 ........ P 0.05
FP/NORM ... NORM
E1toE2........ ... ...

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-lIsolated 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 voit 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 0 volts £50uv.

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

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-255

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 £100uv.

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 to 5 and MV-V to V.

Tie together P-101 pins 2, 5 and 10. Apply
+5.0 V £0.1 mv to J201 pins 1 (High) and 2.
Connect DVM to TP6 (High) and TP 10, both
on amplifier board. Adjust R263 for +5.0V
*1mv.

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.

4.5

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 +2mv.

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 ZERQO 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

©

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

. Final Zero Adjust

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 \
FULLSCALE .......... . it 05
LOWCUTOFF ...t DC
HIGH CUTOFF ......... ... oot 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 .56. 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 13-4615-565, con-
sists of surge arrestors on each input lead, divider,
input amplifier, suppression network, high pass and
low 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.

.3 INPUT‘ AMPLIFIER AND DIVIDER
(See Figure 5-2)

The input amplifier is preceded by a 5:1 divider in
order to extend the amplifier range to 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 amounte = E, . E, =

oL

5.1

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

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

§ +R304+R31T .

20K — H
+ 298 =50in
R305 50 in the MV

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
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 voltage 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.

5.5 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 $201. 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 S102. 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 S201. 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 U209.

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 U210B
and associated components.

The output of U210B is connected to internal slide
switch S202. 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.




SECTION VI

PARTS

This equipment has been accurately calibrated and
adjusted before shipment from the factory and
should give long, trouble-free service. For servicing
beyond the scope of the instructions contained in
this manual or the technical equipment available,
contact your nearest Gould Service Engineer jisted
on the warranty card shipped with the equipment.

The following parts lists and schematic diagrams
are designed to assist in servicing and repairing the
equipment. For replacement parts, refer to the
appropriate figures and parts lists in this section.
The items listed present the lowest assembly or
part, but do not necessarily imply they are for sale.

Contact your local service branch for availability

6.1

IDENTIFICATION

of salable components, assemblies or parts.

To assure prompt and satisfactory delivery of re-
placement parts, include the following with the
purchase order:

1. Name and model number of the instrument.

2. Description of the parts as listed in the
manual.

3. Gould part number.

NOTE: Do not use the SYMBOL NUMBER from
the parts list for identifying desired parts on the
order.



EXPLODED VIEW PARTS LIST

AMPLIFIER ASSEMBLY, UNIVERSAL HI-GAIN 13-4615-55,-56

FIGURE 6-1
ITEM PART DESCRIPTION SYMBOL
NUMBER NUMBER NUMBER
13-4615-55 Amplifier Assy, Universal Hi-Gain
13-4615-56 Amplifier Assy, Universal Hi-Gain, |solated
1 889845 Board Assy, Non-Isolated (See Figure 6-2) (-55 only)
1 891851 Board Assy, Isolated (See Figure 6-2) (-56 only)
t 890682 Amplifier Sub Assy - Universal Hi-Gain (-55 only)
t 891864 Amplifier Sub Assy - Universal Hi-Gain (-56 only)
2 686421 Cover Assy
3 685944-1 Frame '
4 889846 Board Assy (See Figure 6-3) (-656 & -56)
13-2627 16-4004 Screw, Self-Tapping
*
690662 Switch Assy
5 230048 Switch, Pushbutton S-104
6 287489 Key, Polarizing
7 287491-6 Connector P-207
8 1-287490 Contact, Elec
790645 Switch Assy
9 286151-11 Switch, Rotary S-102
10 1-287490 Contact, Elec
11 287491-10 Connector P-208,P-209
12 287489 Key, Polarizing
790646 Harness Assy
13 286151-10 Switch, Rotary S-103
14 287491-15 Connector P-201
15 287489 Key, Polarizing
16 1-287490 Contact, Elec.
890647 Harness Assy
17 230050-103 Resistor, Vari R-101
18 286151-9 Switch, Rotary S-105
19 290477 Switch, Toggle S-101
20 287491-10 Connector P-204, P-206
21 287489 Key, Polarizing
22 1-287490 Contact
23 287491-2 Connector XDS-101
24 287491-15 Connector P-205
790663 Connector Assy
(A-P)
31-119918-4005 Screw
1-216741-411 Lockwasher
25 9-281501-12 Connector P-201
26 281506-4 Contact
27 288932 Contact
28 288926 Connector J-101
29 788971 Panel Assy, Rear
‘ (A-P)
13-262716-4004

Screw, Self-Tapping

6.2




EXPLODED VIEW PARTS LIST
AMPLIFIER ASSEMBLY, UNIVERSAL HI-GAIN 13-4615-55,-56
FIGURE 6-1 (Continued)

ITEM PART DESCRIPTION SYMBOL
NUMBER NUMBER NUMBER
30 691818 Cover, Side
31 390681 Panel, Sub
(A-P)
13-262715-4004 Screw, Self-Tapping
*
32 790667 _ Panel Assy, Silkscreened
33 285651-12 Knob
34 - 284990 Knob, Turns Counting
35 285650 Knob
36 285652-1 Knob
37 230049 Button
38 285651-2 Knob
39 2856563-1 Knob
40 663800-1 Nut, Knurled
41 289397-1 Diode, LED-Green CR-101

t Not a Procurable Part

6.3



6.4

FIGURE 6-1 UNIVERSAL AMPLIFIER 13-4615-55,-56



EXPLODED VIEW PARTS LIST
AMPLIFIER BOARD 889845 and 891851
UNIVERSAL AMPLIFIER 13-4615-55,56

FIGURE 6-2
SYMBOL PART DESCRIPTION
NUMBER NUMBER
489468 Board, Printed Circuit

C201 290067-205 Capacitor, 2uf
C202 10-125904-203 Capacitor, 0.02uf
C203 290067-205 Capacitor, 2uf
C204 10-125904-203 Capacitor, 0.02uf
C205 2625685-475 Capacitor, 4.7uf
C206* 262585-475 Capacitor, 4.7uf
C207* 290067-104 Capacitor, 0.10uf
C208* 10-247116-103 Capacitor, 0.01uf
C209 290067-334 Capacitor, 0.33uf
C210 290067-104 Capacitor, 0.10uf
c211 290067-334 Capacitor, 0.33uf
C212 10-125904-203 Capacitor, 0.02uf
C213 290091-203 Capacitor, 0.02uf
CR201 280435-2 Diode, IN823A
CR202 280435-2 Diode, TN823A
CR203 249747 Diode, TN7562A
CR204 244896 Diode, TN458A
CR205 244896 Diode, 1TN458A
E1
Thru 265154 Contact
ES
E201
Thru. 283172-1 Surge Protector
E203 ‘
J201 1-281711-12 Connector, 12 pin
J202 9-2855756-8 Connector, 8 pin
J203 9-285575-8 Connector, 8 pin
J204 1-287495-10 Connector, 10 pin
J205 1-287495-15 Connector, 15 pin
J206 1-287495-10 Connector, 10 pin
J207 1-287495-6 Connector, 6 pin
J208 1-287495-10 Connector, 10 pin
J209 1-287495-10 Connector,
J210 1-287495-15 Connector, 15 pin
Q201 247149 Transistor
R201 1-2656969-20003 Resistor,
R202  25-265969-47502 Resistor, 475 Kohm
R203 269085-203 Resistor, variable, 20Kohm
R204  25-265969-47502 Resistor, 475 Kohm
R205 1-265969-20003 Resistor

* Board Assy 891851 only.
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EXPLODED VIEW PARTS LIST
AMPLIFIER BOARD 889845

UNIVERSAL AMPLIFIER 13-4615-55, -56
FIGURE 6-2 (Continued)

SYMBOL
NUMBER

PART
NUMBER

DESCRIPTION

R206
R207
R208
R209
R210

R211
R212
R213.
R214
R215

R216
R217
R218
R219
R220

R221
R222
R223
R224
R225

R226
R227
R228
R229
R230

R231
R232
R233
R234
R235

R236
R237
R238
R239
R240

R241
R242
R243
R244
R245

5-283654-1R0

1-281851-40000
R1-288308-12001

1-2818561-40001
25-284694-12002

25-265969-40002
25-265969-12003
B-241111-225
25-288308-50000
R1-288308-15001

269085-203
1-281851-16900
1-281851-61100
1-281851-16901
1-281851-51101

1-281851-16902
1-281861-61102
R1-288308-20000
R 1-288308-20000
R 1-288308-40000

R 1-288308-12001
R 1-288308-20001
269085-203

1-281851-50000
269085-103

5-283654-1R0O
1-281851-40000
R1-288308-12001

1-281851-40001
25-284694-12002
25-265969-40002
25-265969-12003

5-241111-225

R1-288308-60000
R1-288308-10001
R1-288308-20001
R1-288308-60001
R 1-288308-40000

Resistor, 1 ohm
Resistor, 4 Kohm
Resistor, 12 Kohm
Resistor, 40 Kohm
Resistor, 120Kohm

Resistor, 400Kohm
Resistor, 1.2 Mohm
Resistor, 2.2 Mohm
Resistor, 56 Kohm

Resistor, 16 Kohm

Resistor, variable, 20Kohm

Resistor, 1.69Kohm, 1%, 1/8w
Resistor, 5.11Kohm, 1%, 1/8w
Resistor, 16.9 Kohm, 1%, 1/8w
Resistor, 51.1 Kohm, 1%, 1/8w

Resistor, 169Kohm, 1%, 1/8w
Resistor, 511Kohm, 1%, 1/8w
Resistor, 2Kohm
Resistor, 2Kohm
Resistor, 4Kohm

Resistor, 12. Kohm
Resistor, 2 Kohm

Resistor, variable, 20 Kohm
Resistor, Part of S201
Resistor, 5Kohm

Resistor, variable, 10Kohm
Not Used

Resistor, 1 ohm, 5%, 1w
Resistor, 4 Kohm

Resistor, 12Kohm

Resistor, 40Kohm

Resistor, 120Kohm
Resistor, 400Kohm
Resistor, 1.2 Mohm
Resistor, 2.2Mohm

Resistor, 6Kohm,.1%, 1/8w
resistor, 10Kohm, .1%, 1/8w
Resistor, 20Kohm, .1%, 1/8w
Resistor, 60Kohm, .1%, 1/8w
Resistor, 4Kohm
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EXPLODED VIEW PARTS LIST
AMPLIFIER BOARD 889845

UNIVERSAL AMPLIFIER 13-4615-b5, -56
FIGURE 6-2 (Continued)

SYMBOL PART DESCRIPTION
- NUMBER NUMBER

R246 269085-103 Resistor, variable, 10Kohm
R247 1-281851-16900 Resistor, 1.69Kohm, 1%, 1/8w
R248 1-281851-51100 Resistor, 5.11 Kohm, 1%, 1/8w
R249 1-281851-16901 Resistor, 16.9 Kohm, 1%, 1/8w
R250 1-281851-51101 Resistor, 51.1Kohm, 1%, 1/8w
R251 1-281851-16902 Resistor, 169Kohm, 1%, 1/8w
R252 1-281851-561102 Resistor, 511Kohm, 1%, 1/8w
R253 269085-103 Resistor, variable, 1T0Kohm
R254 25-288308-25000 Resistor, 2.5Kohm
R255 269085-103 Resistor, variable, 1T0Kohm
R266 . 5-241111-102 Resistor, 1Kohm
R257 1-281851-11000 Resistor, 1.1Kohm
R258 1-281851-11000 Resistor, 1.1Kohm
R259 25-288308-14000 Resistor, 1.4Kohm
R260 269085-202 Resistor, variable,2Kohm
R261 25-288308-10502 Resistor, 105Kohm
R262 269085-203 Resistor, variable, 20Kohm
R263 269085-102 Resistor, variable, 500ohm
R264 1-281851-13701 Resistor, 13.7Kohm
R265 2690856-103 Resistor, variable, 10Kohm
R266 1-281851-16900 Resistor, 1.69Kohm
R267 1-281851-90000 Resistor, 9Kohm
R268 R 1-288308-40000 Resistor, 4Kohm
R269 25-288308-40000 Resistor, 4Kohm
R270 269085-202 Resistor, variable, 1Kohm
R271 25-265969-33300 Resistor, 3.3Kohm
R272 1-281851-49502 Resistor, 49.5Kohm
R273 269085-201 Resistor, variable, 2000hm
R274 25-265969-303R0 Resistor, 380ohm
R275 2690856-502 Resistor, variable, 5K ohm
R276 1-281851-20001 Resistor, 23Kohm
R277 5-241111-471 Resistor, 470o0hm
R278 5-241111-161 Resistor, 160ohm
R279 5-241111-104 Resistor, 100Kohm
R280 5-241111-475 Resistor, 4.7Mohm
R281 1-2818561-50000 Resistor, 5Kohm
R282 1-281851-19101 Resistor, 19.1Kohm
R283 269085-103 Resistor, variable, T0Kohm
R284 b-241111-224 Resistor, 220Kohm
R285 5-241111-224 Resistor, 220Kohm
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EXPLODED VIEW PARTS LIST
AMPLIFIER BOARD 889845
UNIVERSAL AMPLIFIER 13-4615-5b,-56
FIGURE 6-2 (Continued) '

SYMBOL PART DESCRIPTION
NUMBER NUMBER
R286 5-241111-333 Resistor, 33Kohm
R287 5-241111-184 Resistor, 180Kohm
R288 5-241111-184 Resistor, 180Kohm
R289 5-241111-224 Resistor, 220Kohm
5201 289744 Switch, Rotary
S202 289742 Switch, Slide
S203 289742 Switch, Slide
TP1
Thru 265763-3 Contact
TP10 :
U201 291721 Semiconductor
U202 291721 Semiconductor
U203 289386 Semiconductor
U204 289385 Semiconductor
U206 289385 Semiconductor
U206 280863-3 Semiconductor
U207 2893856 Semiconductor
U208 289385 Semiconductor
U209 289385 Semiconductor
U210 283948 Semiconductor
CR206 291757 Current Regulator (891851 only)
CR207 291757 Current Regulator (891851 oniy)
CR208 291757 Current Regulator (891851 only)

6.8



LG8L 68 ANV G¥78688 AT9NIASSY AHVO09 HII4ITdIAV 29 3HNOId

"Ajuo 168168 Assy p.eog ,

. | 2020 8026 6021 °  jul
- [E8eE] £02¥ bee- ©
gocyl | gezy 4lcd M
6024 9c2H 82y,
oy | LgeH cled
fedl | _ 8e2-y 0ge
AT {1 [eee et
10867 8dL Eled) ool RS oiz-r
© 2020 | Bt
6dL 6b2-
g9z D 20 g
g
4
g3dWnr 962y =
- 102-40
- © 0
2-dl GdlL
* 80Z-HO
8023 2024 ] E
102 * £0Z-HD v0zH
2023
< q g
Y : 102
023 * 90Z-4D . g
. | Tv@.ﬁ \olm q g
6023 202 1oz ] U
q
302+ -

6.9




EXPLODED VIEW PARTS LIST
INPUT BOARD ASSEMBLY 889846

UNIVERSAL AMPLIFIER 13-4615-55

FIGURE 6-3

SYMBOL PART DESCRIPTION

NUMBER NUMBER
C301 240352-501 Capacitor, 500pf
C302 240352-501 Capacitor, 500pf
C303 288755-104 Capacitor, 0.1mf
C304 288755-104 Capacitor, 0.1mf
C305 262585-475 Capacitor, 4.7mf
C306 2625856-475 Capacitor, 4.7mf
C307 262585-475 Capacitor, 4.7mf
C308 262585-475 Capacitor, 4.7mf
C309 10-288757-560 Capacitor, 56pf
C310 10-288757-560 Capacitor, 56pf
P202. 9-286314-8 Connector
P203 9-285314-8 Connector
Q301 291729 Field Effect Transistor
R301 1-290003-60001 Resistor, 60Kohm, 1%, 3w
R302 R05-246659-20001 Resistor, 20Kohm, .05%,1/4w
R303 1-281851-60R00 Resistor, 50ohm, 1%, 1/8w
R304 R1-288308-10001 Resistor, 10Kohm, .1%, 1/8w.
R305 25-288308-400R0 Resistor, 400 ohm, .25%, 1/8w
R306 269085-101 Resistor, 100ohm variable, 20%
R307 1-290003-60001 Resistor, 60Kohm, 1%, 3w
R308 R05-246695-20001 Resistor, 20Kohm),.05%, 1/4w
R309 Not Used
R310 269085-101 Resistor, 100ohm variable, 20%
R311 R1-288308-10001 Resistor, 10Kohm, .1%, 1/8w
R312 R1-288308-50000 Resistor, 5Kohm, .1%, 1/8w
R313 Not Used
R314 R1-288308-50000 Resistor, 5Kohm, .1%, 1/8w
R3156  25-288308-50000 Resistor, 5Kohm, .1%, 1/8w
R316 269085-201 Resistor, 2000hm variable, 20%
R317 25-288308-50000 Resistor, 5Kohm, .1%, 1/8w
R318 269085-103 Resistor, 10Kohm variable, 20%
R319 5-241111-101 Resistor, 1000hm, 5%, 1/4w
R320 5-241111-101 Resistor, 1000hm, 5%, 1/4w
R321 5-241111-473 Resistor, 47Kohm, 5%, 1/4w
R322 5-115557-665 Resistor, 5.6Mohm, 5%, 1/2w
R323 5-115657-665 Resistor, 5.6Mohm, 5%, 1/2w
R324 2690856-501 Resistor, 500 ohm variable, 20%
TP1
thru 265763-3 Contact, Male
TP8 :
U301 289661 Integrated Circuit
U302 289661 Integrated Circuit
U303 289661 Integrated Circuit
U304 289385 Integrated Circuit

6.10




98688 ATAW3SSVY AHVOd LNdNI

€-9 34NOId

_zoeul— vee-y oeEd
20s-y _W ; £02-d £0e-d
—__Jele-y
e | —{Jsoeo [l i U 900
60€-0 —{ Jsog-y 9-dL 6 S0¢-0
Q ‘ —voscy vdl soeo[ |-
A — ) N G-dl o
] €-dl vied[__— gigy| (1g-d|  __1€080
_ _ 0182 soe-dl_J— 90¢-Y o 2sd[__1— 1402
ned[ S N-w _.m_m.m_uul S e
2051 [-d1© [E| .@ +0g-N0
oig-¥ i I [ gdl
o o —[mmsl-
iog-d  L0¢-¥ 202-d l-dL — — Iy
0§D 2089 12€-d

6.11



Lol N

. . e avems
30154 355156296 g ; -
YSE\SZ 9 AINC S5-Sr9t -E7 Nr TIOCY LON Bo2 D ONY L0272 902X ONY TIN0N3Y LoN 078
Tivroms P | 363566 Lo=E L. "ON 1300v KON G551 Ip~E£/ N/ EOZL FO 5/ OMNY B/ SNt N3 IITLIE LIOHS F2707 ONEH G
verBINg SauiniSuL JFLVWEHOS : :
"0 PINOY arww | 3:va r8
AINO DG -6r9P ~£1 N/
BO2YD.ONY LO2IT ‘9025 D At OL TSNS oy F
-2 B8
TLAY NIVD 3dWLHO0A BOLSISIY IWNOLLDO %4 _ T i _ .
NOLLYIOH ISIMHIOND SALVIIANI MONNY % 158163 r OF < &1 NONWOD
TWQHINOD ANV LNo"d =[] . _ $2BGRE WIVO- 1t TISAIIND CXSSY TF R iy s -m
20z=0'%e0 =1 %a=0" %1 =4"%Y =g | BT v TR DeolAd - 2 > o  Asi-
3 3ONVEINQL HOLSISIY 2 _ i 8>+ 8 L0dN 9y
252 'ME/l WOLSISIU TV Iy | . :
“SLIHO NI WOLSISIY TV | <022 : & "ox3du
"SAVEVAOHIIW N 3y ! B
TONVLIOVEYD VO3 ian IGMHIHIO SSIIND 1 “ Py ;
_ P/LHT X LL ASIH
— u&\mwﬁ L-02/ rASAL
N _ 10" . 8czy 10t
sozo
Mb. _ FaRwyy reorzo
@ | bl T 5
S f———~—= _ S =YYV _
v 1 1 < / . 2025 2¢\\D tolS
— | ho.aole~ g L <3 3 Azs o s 40 Lyvd
_ LT e 265 m 22 e-E02r oc
=93] | o K il ———
 ypors | [ N € 49" |
Tl Loz Loz 4-%02 umeNw\ 1 I R e s e ——
o g T A 4 sug |1 o= :
aLEe eozy NSt o2y | .._m g NS FIS-GIUY10ST NG G
| f g g ER “ m
e ot %y 1
i [CAZAA] P
s | 2915322 | w o
“ LIy 4 @
o | 3y /75022y ||
| +y62/*arzy
*/ -
[23omna woir] sk -5 CQfRy
ek ! PRI
¥
+ _w xe
| IS 252y OEZ
M M 4-XC S2Y g .
’ k H HXIYS CO5TY
il SYCY ‘azy v &
8 w T e 4 z ML oL !
o -yrs ony €020 Teny Ly
_ orzr VROV TS . = ——— iy |
z T P rdL l.'!!._.|°l0uﬂ | xoe*n\\wx_ |
. - ozt Vo] {
9’#@0 Ve >0||mm gy 34 I_ ._.Muduc 1%1 |_ IIM._Jow Nl z ] roa u\.wu !
4 Fioy ‘ 1602 01878 . ! o1 | 1P e NP
¢ 3 o *%%u. _ ::::::::: i T aq _ L M Oz telwar'goas €0}
— e S R N Or >0 1g¢ !
Eys 7 jm v ! # _ | Oz | a-uvtoey R
ot ! oo Y Love iger] OFT L I o go2r| Bozs | Y2015
! (TEEE T doke 159 2 ! | ez it
< | | ) e otco I Pery !
et e fibe: I | ]
s -
_ o—0 1 = ! 1w !
' ) 1 R arndd | ) S2ex
. ! 52008 - [ | o 1
N ! LE OI".TA £ ! s "m‘xﬁ d !
H - sz M "n_m o=z I | 222y ﬁ h
Gl X . o—+—< | O—
8426 pogsa woa waa aasiaza| O] i 420 — v ! _oL H ey | " d laver :
BRI ol Ao o = ! Lgeors feozs | g0zt ; o § 1288 ! H
862-%| ggzpzenn. 234 GaSIAIY | ) RS -2l TTTRG | e _ |
L B P R R L. B#° emyor L — = H
b-p FOAINI ol AISWNAf-g S T S me o ——emeooooo-oeen
SSAR>LOW
Fl-1-2] RILEZ N ¥3d A3SINaAl-V
g NolLini53a o
-3 SNOISIAZE




5 - 4 se19s %\N\v x\c\ -
T ek S P s
‘oo pocs N e
r——— T T T T e e -1
_ IS8168 3 SPGB "ASSV "QS 40 1uVd |
| LIO0RIS NGiS6Tdddns $ |
_ e k1
— e ——— e — e e ‘
© | [ N |
et oo - i —Se
® | | | — i 1
| R P
B | | : o—tp | | ! _\ e
7 ﬁ ! | | | X lo/sa
¢ qu.o ! g>l>2
_ R " _ A5~ M S sezr| s024 O/
_ _ _ _ ! | g _ 0N/ S o |40t
RW ﬁ ||||||| — _ | 1 I o— ~ _ 252 _
_ N o/ | * o “ _ i
) I 4 ! | o—¢ | 7 #
— _ I P 0 _ | | ! [ 4/
| RN Lo N | C sszs ||
AN e-viat | | . _ < S _
_ sozr 4 S0z | B\ﬁ “ _ _ | __ ! [ _
40 L6t | 0 Lir) ] 1l o owloe | | “
< _ N R ! ” | D 5023 Tk | |
_ IEEIREED] sozd _ [ | _ e _.ﬂomo\m s02/ |
_ Fogios | | ‘ _ ! ! (70 Lty |40 er00
_ mmwuu oz o Yo W Lo | | 939 | | | |
............. B & At NSRRI A0S S O B |
_ | Lo " “ _ _
025 | sozr _ ! %1! > i 0| Q-0 ' L J
20 145 W&& ssozr ] ” ﬁ z‘»\w\ «:m_% J "l | sors
T T s or D 022 m,m sozr| sozos Tttt
A s
| Lﬁ
b e e o e e = e e e - —
Wer] SWOISiAZY =




- L Ty ety
T P O s .
e e T TR P A
uoISING SBuIBY) I LYW3HIS Zpexi _._dmN.w
“24| pinos v | 30v )
_|’ S - - - - - — — — —— —— = — — 1
IPBERY "ASSY *Q]
_ QALY TOS - NON.
sdl olWlA 1<
2K
} e 1o1s
™~ 40 13vd
hd oI 11 ol A
b WW P : |
Wy P2
ES - v+ v | s | AW
il _ €O T S08) soex ¥ M €| yo3r voza
T 4 ool 2¢ [AZAr]
)Q).m\w\l 9dLO0— 1<
%G wa \ i<
Z1ed 24l gy S 03 T4 ¢0ed coar
M N-002 Y ¢ _
I ).\./wm_L 9leH  g-Mg LL6a0 .
—p 025y u GigY | ] n WW
= 34081, ¢ S W
g-siol 80€) 1_v+
iiey o1ED
N-Oof .
20¢y oov MY\ “1-502 7
_ MW\ socy N-001 OIgy 112 gocy !
. <
MEY-U09 ¢
I
ovgavy < -
3 2 Ty cc
Mo/l 128 1dL NMO/ L me4-poo
4d00S  4d 00% =5 3% 0cY 6 <
2083 10€2 4-05 20ed
| E—— AS) e s 2 N-008 < _
r-N9°g ~02d.L coed p2sy M
$¥7040|
> ; e g-X0l> 440S) .
M2/ £2gY 9 S yocY 6080 MY/
S e -%02
ie . < APV
pdl 8- 8-)G 2040 208y
pIeY 28y oqyoen
edy IN¢ H
S+
SI= 41
=5 SNOISIASY =




o

SNOISIAIY

sTU.«_Ewcn: OJ CQ:NE._OwC_ wwr_- __MLW SIIURISWNIIND OU u@ﬁ:D

@ 2 40 | 39vd « ut sz wey
OSIORGTTT 5 = serv -
\% &‘W%Qmm 0o ssenen yooo [SRELLS Q3MS [EICH [EI aT13IHs T13HS
s
SNOLLINSISNI ROILYTIVASHI — TANTT= = s
S Pows oo 3 1511 ONIdINS N QT 1aaN {(-) ) E °N L
i prog 0 e —
T TST1 SNI4dIHS ] NOWWOD O | jnani ()| LnaNt (+) N 2°N 1L
NOILdTE53d — | _ON idvd Hsndg____ | OK
1 BT1d JY0 L INNOD gz6g8e | L] g O'N O] NOWWOD NOWW0) NOWAG? NOWAOI ol
2L LDVINGD otépge | 2 N “o%3 (+) “9%X3 {+) *9%3 3570 *oX3a 38INd 3
T W13 37aYD 3 ONTHSA 90/-2666//-1 | € - J .
P NCRTRR R R TR N CIE LTI o | u N AR | 9x3 () %3 (=) | IndNl 3sind | 1ndni 3sind )
T )] {-EIZ0RE | € MOWIWOD t H YD Y ¥ 2aa GL (+) 20A GL (+) L
] OPaQVYIYHL LEISNI Lb©682 9 oM R T N San St () SN )
MOV L3 7 OB TSN 00 T=250t62 | | N
* ] *3N ‘N ER 1y T 4
3 NO WYYV ‘9N “9°N *3°N 1S3HD f
O = om
™ _” 330 Wiy 1Y *9°N *3°N 2°N Al €
W 2t 330 0NN - N N ThanNT (5] e 3
q €L ¥oLon) e *3°N LNdNE (+ \al 3
” Kl onsi.uu O'N N (+)
R <1 AR 5= oG- | . 9G-CG-|£9- muHL ‘09-|[ “ON Nid
y ST 952229 | zonoswval | TvstaINn 503 HOLOINNDD
MY -19Y-¢1 XX=G1gh-E1 *ON 1300W
*NMOHS SV 9 W3Ll ONV € swWill
HLIM XA1GWISSY 40 HUNIYW3Y 3HL 3LTIdW0D G
*107S ONIAIY 40 MOILVANIINO ¥3dOud ¥4 Y-V,
— . MaTA 335 *(¥31217dvy HOV3 ¥04 NOILV20T Nid
) 0 [s3nor *s/z0nLz Noo w34 103400 %04 NOILYINGVL OL ¥3434) 9L WALl OINI
- laE |x*~9195-E1 S1300R ¥IN LMISNI ONY 2 SA3Ll OL S3uIM ¥3q10S ¥O dWIHD *
31 [o141ak0s ois 03iz13a] 673 ¢
” NOLTTWH - %/@Lele NI
vl o NOWAOD *SYM H3CHO “dy n¥HL Yi SW3L! 40 SLSISNOD L Will @
I wwwum_ﬂﬁu.w\,\mw%_wwmw az.ﬂ_ L *SYIEWAN WIll 3IL¥IIGNI STTOMID NI SH3BWON 1  XS3LON
T Ylot-9ign-€. 04 3Lvadn | E-3
. o3 NOLTTAVH/G30vAva D180
g 21-] = S3IONVHD CN/LCHS3H 12-3
23 VD ¥ gqn mg |
“£ln9 - §1300% 903 43CAY )
V1D
bl 1L-Giop-€1 % ol
-by | ~Gion=€1 ¥04 d3LvddN li-g
“wi  aNv ‘g 39vd g3Iaay - M3AIA
ROLTTrvH “9/3e8G2 N30 XL-GLon-E1 v-v -
L] ‘19l WILl WOdd 4L % XX-NAH-EL )
- [7r SaLl mgwassvsidy %9-GLgn=E1
Tp| 5 *€ JLON 0313130 -2 C-Cloh-CL 1300
J- W3il_Q30av Ji=0 o OO
r WITLY SYINOILIONOD TWNIIS  gIN0D 0
64| TS-519m€1 ¥os Atva-dn [ T8
% Wo3Lo %
7 [xx-119%-g1 o4 3N0-40 |8 ; ,
e, SLLZZMOCO
4 Eloore 098wy P-Y
¢ ~wionCyTIARY F-b
N..E.otOun;d.u.ﬂ -4
. tto:suu m“\oaw (-4 ‘NOISIAIG SWILSAS INIWNULSNI “DNI QINOD JO Juasuod ualitim “Ajuo juswdinbe pinog
r0~“.”\\nﬂ\“nt3n-§\ -y ssa1dxa 2y} INOYiM SaNALSE yons up pabebue esoyl ueyl 194i0 15 gyueusjuiew pue BupIAIRS 8Ty ORIIDR O S| LojRULOL
L1 7, THLFTZT ﬂ-m uoyezyuebio 10 uosiad Aue Aq pesn Jo ‘ol pesopsIp ‘pednpoidal gy o osesioy ‘NOISIAI SWILSAS INFWNNISNI "ONI 01N09
o~ Evaouary | mava - ..ocx_-w!.. e

o} Asejpudosd PasopISUCD S| LIBIAY POUIRIUOD UOHRULIOJU]




ut §p mey

A 2 30 ¢ 35vq 9 =T 5896 | —
P
L K e T 1511 SMLAdHS s [ ] = =0
T HNAEN ON_T§¥Jd HSN¥t oN] _
2L
L
. o .
6
8
L
— . W
% ] 4
2 —
3
B 2
1
mum.sSz
“Nid
*ON 13a0n HOLIINNGD
— _ .
NCHWOD a131HS 3IHS TI3HS
R 1ndNI () LaNL (=) 2t
TYN¥3LY3 LNNT {+) 1NdNE (+) m
NCAWO NOWWOD NOWWO? o1
. *9X3 3570d *3'N "N 6
' LNdNT 3STnd ‘3N *3°N 8
A1+ *3*N *3°N L
a13tHS T1gvd ‘N "3°N 9
ce Ty "IN "IN G-
. LS3HD *3°N “3°N "
. EE| "IN "IN £
. Va “O°N “3°N 4
) . ﬁ “2°N “O°N 1
| T
IS XX=G19#=S 1 *ON T3dow w_wsu,zzﬁ ~
|
4 hh.l.!‘luFu: .nzo_!.ﬂnul. = —




