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FINAL REPORT

SS/FM TELEMETRY SYSTEM STUDY

INTRODUCTION

This report is in compliance with contract NAS 8-11988 issued
by NASA/MSFC to AVCO Corporation, Flectronic Division for the
study and development of the SS/DSB Multiplexer.

The 0S/DSB Multiplexer frequency multiplexes 19 data channels

with information up to 3,0 kHz into a base band of approximately

100 kHz. Each channel is multiplexed into SSB or DSB with sup-

pressed carrier. The output data plus two pilot tcones for phase

coherent regeneration are followed by an AGC amplifier for ccnstant energy
in the base-band, ’

A 1 kHz auxiliary channel (amplitude preserved. is alsc available for
time sync information so that each channel may be time multiplexed for
channel multiplication. Internal calibration of all channels is
provided.

This report is compiled in sections of increasing detail concerning

the design, operation and partial test results of the prototype model,

No conclusions can be drawn at this time concerning the system's
correspondence to anticipated results since fabrication was not completed.
Individual modules have been built and tested, however, and the results
are presented, :

The appendices include: the filter tuning procedure, the prototype
test procedure and data record sheet, and the preliminary breadboard

" report. The variations from breadboard to prototype design are noted

in the appendix.
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2.0

2.1

2.2

2.3

2.4

SPECIFICATIONS AND OPERAT ING INSTRUCTIONS

The prototype model is designed to conform to sp:cification 110114A
(NASA/MSFC). In addition, an amplitude linearity of 1%, a phase
linearity of 17, and a channel isolation greater than 60 dB are
éxpected.

Data Input

The input signals for each of the 19 channels may consist of information

up to 3 kHz with a positive amplitude of zerc to 5 volts. Any channel may bemodi-
fied for + 2.5V inputs by moving the jumper wire at R32 on the channel

board module from the negative supply pad to the ground pad. The input
impedance for each data channel is 100 kilohm + 1%.

Special Service Channel Input

The special service channel input may consist of information from 10

Hz to 1 kHz whose level is less than + 10 volts. The special service
channel input impedance is greater than 100 kilohms. This channel may
be used to transmit sync information if the data channels are externally
time multiplexed.

Calibration Input

A positive going pulse from 12 to 20 volts at the calibration input
will decouple the input signual from ali channels and connect the 4CO
Hz calibration sine wave with an equivalent amplitude of 1 vpp. The
inputs will be reconnected and the calibration signal removed in 300
milliseconds if the calibration input is not pulsed again. Pulsing
at a rate greater than 3.3 pps will allow continuous calibration.

Transmission Modes

Each channel may have either a 1.5 kHz bandwidth or a 3.0 kHz
bandwidth. Either single sideband or double sideband nodulation may
be used on each channel, except that a 3 kHz bandwidth cannot be used
on any channel directly telow a 3 kHz double sideband mode channel un-
less the latter is channel 16,

Mode selection for each channel is accomplished by selecting the plug-
in IF filter module. One module is a 7 pole upper sideband filter for
lower side band transmission. The other module is a 5 pole filter for
double sideband transmission.
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2.5 Outout

Each of the 2 isolated outputs contain the special service channel
attenuated by less than 3 dB, and the data and pilot channels attenuated
by cthe AGC. The output level may be independently varied from 250

to 350 millivolts RMS by adjusting potentiometers R9 and R27 on the AGC
module. Neither output is affected by loading of 300 ohms and .05 micro-

[ — ] mt———— ey

V.Wo

farad.
3 2.6  Power Requirements
.- The nominal power consumption is 20 watts when supplied from a 24 to
) 32V DC supply.

. Isolation is provided between the input power terminals, the calibra-
i tion input terminals, the chassis, and the data input/output terminals.

[~ 2.7 Connsctor Pin Specification
N Connector/Pin : Function
; J1/T Channel i Input

- J1/u Channel 1 Return
J1/R Channel 2 Input

B : J1/8 Channel 2 Return

- ' JIN Channel 3 Input
J1/p Channel 3 Return

1" Ji/L Channel 4 Input

; JIM Channel &4 Return

a J1/J Channel 5 Input

] J1/K Channel 5 Return

’ Ji/6G Channel 6 Input
JIMH Chanrel 6 Return
J1/E Channel 7 Input

5 J1/F Channel 7 Return

! T J1/c . Channel 8 Input
J1/D Channel 8 Return

: J1/A Channel 9 Input

i J1/B Channel 9 Return
J1/v Channel 10 Input

) J1/w Channel 10 Return

I J1/q Channel 11 Tnput

! J1l/r Channel 11 Return
Ji/n Channel 12 Input
J1/p Channel 12 Return
Ji/k Channel 13 Input
J1/m Channel 13 Return
J1/h Channel 14 Input

J1/1 Channel 14 Return
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{ 2,7 Connector Pin Specification - (Continued)
i Connector/Pin Function
J1/f Channel 15 Input
{ J1/g Channel 15 Return
L J1/4 Channel 16 Input
J1l/e Channel 16 Return
1 J1/b Channel 17 Input
? J1/c Channel 17 Return
) J1/2 Channel 18 Input
. J1/a Channel 18 Return
j J1/j Channel 19 Input
: J1/X Channel 19 Return
J1/Y Chassis
i J1/s Spare
:{ Ji/t Spare
- J2/A _ Calibration Control Input
J2/B Calibration Control Return
J2/K : Special Service Channel Input
N J2/L Special Service Channel Return
" J2/E Output No. 1
- J2/F Output No. 1 Return
J2/c Output No. 2
- J2/8 Oulput No, 2 Return
k J2/H Chassis
- J2/b,G,J Spares
; J2/M,N,P Spares
s - J2/R,T,V Spares
J3/A ' 28V Power Input
i - .J3/B | 28V Power Return
f S J3i/c - Chassis

J3/D,E Spares
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3.0

3.1

3.2

THEORY OF OPERATION

The system block diagram is shown in Figure 1,

Data Modulation

Channel data js introduced into the first .mplifier through an
integrated switch. A calibration pulse input will throw this
switch to the 400 Hz calibration signal for 300 ms. This is
equivalent to placing the 1V p-p, 40C Hz sine wave on all inputs.

The chanrel data is next mixed with 14.22 kHz in a chopper-type

‘suppressed carrier modulator. The signal spectrum then consists of

information sidebands on the 14.22 kHz IF frequency and on all odd

harmonics of the IF frequency. The signail is then passed through a
buffer amplifier. All of the amglifiers shown on the block diagram
are primarily used for impedance isolation rather than voltage gain.

The next block is an TF filter which removes the harmonic sidebands.
The DSB IF filter (5 pole) will pass both fundamental sidebands
while the alternate SSB IF filter (7 pole) will pass only the upper
fundamental sideband.

Each channel's IF signal i{s then translated to its correct frequency
slot in the output spectrum by a modulator identical tn the IF modu-
lator.

The chopper frequency of this modulator is 14.22 kHz above the center
frequency of the channel's output spectrum., For example, if a 1 kHz

" tone is placed at the input to Channel 5, it will be modulated by the

IF to produce fundamental sidebands at 13.22 and 15.22 kHz., The DSB
IF filter will pass both these sidebands while the SSB IF filter will

- pass only 15.22 kHz, The second modulator for Channel 5 has a chopper

frequeﬁcy of (5 X 4.74) + 14,22 = 37,92 kHz, The fundamental sidebands

" produced are at 23.70 + 1,0 kHz and 52.14 + 1.0 kHz in the DSB Mode and

23.70 - 1.0 kHz and 52.14 + 1.0 kHz in the SSB mode.
Channel 5 output filter passes all frequencies from (5 X 4.74) - 3 kHz
to (5 X 4.74) + 3 kHz so the output of the example is at 23.6 kHz (SSB
or DSB) and 23.8 kHz (DSB).

Subcarrier Generation

The subcarriers consist of square waves at multiples of 4.74 kHz

from 3 to 18 and 21 to 24. They are used for the two pilot tones and
the chopper iaput of the IF modulators and output modulators.

All are produced by clocked, logical. division of tre four oscillators.

The three voltage controlled oscillators are phase and frequency locked
to the stable crystal oscillator by the use of phase-locked loops and
presets, Fach oscillator is followed by a digital divider chain, one
of whose outputs is a 28,44 kHz (Ch. 6) square wave, Each phase-locked
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3.2

3.4

Subcarrier Generation - (Continued)

loop adjusts the frequency and phase of its oscillator until {its 28,44
kHz is sya:hronous with that of the crystal oscillator divider chain.

The crystal oscill-tor also produces a pulse with a 4.74 kHz repetition
rate which presets all chains such that every synthesized subcarrier has
zero phase angle when the preset pulse occurs. The final division block

preceding each subcarrier output consists of a single flip-flop or divide =

by 2 network for symmetrical square wave output.

AGC and OQutput Circuits o S

AGC action is applied to all data channels and both pilct tones. " Both
pilot tone square waves are individually filtered to remove all harmonics
before being combined with the channel outputs. The amplitude level of
the upper pilot tone (17 X 4,74 kHz) is the same as the amplitude of

any channel output when operated in the single sideband mode, with a

5 volt peak-to-peak sine wave at the input. The lower pilot tome (16 X
4.74 kHz) is twice the amplitude of the higher pilot tome. The AGC
keeps the total level of all data channels plus the pilot tones constant_
within 5% regardless of channel usage. This output level can be set )
from 250 to 350 millivolts. Two output amplifiers provide separate
output for the transmitter and for the ground equipment. These ampli-
fiers combine the special service channel data with the AGC controlled
data. -

Power Supply

The power suppiy operates cn a standard 28 volt line. The input is
first regulated to 15 volts and then applied to a DC-DC converter.

The 5 volt logic supply is tcken directly from the converter while the
4+ 13 volts for the operctional amplifiers are regulated to a nominal
value + 17%.
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4.0

4.1

4.1.1

PROTCTYPE MODEL ANALYSIS

Channel Module

Channel Modulation

Each channel board frequency translates one data or calibration input
iato the output spectrum by a superhetiodyne process. The specifica-
tion of constant input impedance, even during calibration, requires a high
impedance amplifie. This is achieved by using the positive input of

the operational amplifier. Since this configuration does not allow a
vr'tage gain of less than unity, a resistive attenuator is placed at

the input so that the maximum allowable signal will not over -drive the
first mixer. A FET switch is used to apply the calibration signal when
a positive voltage is placed on thke control input. The switch is arranged
to draw current only during calibration and the external resistors (15
Meg.) provide the required bias without exceeding the back current speci-
fication.

Both mirers on the board are balanced bridge types. The output
consists of the input signal with polarity reversal at each change of
state of the digital input. Since the digital subcarrier acts merely
as a switch, small amplitude variations in either of its two states
are not reflected .onto the output. Variations in the switching level
of the diodes are swamped by the series resistors. These resistors
also prevent. reflection of a non-linear impedance to the amplifiers
which would cause hamonic distortion.

The output of the fiist mixer and buffer amplifier is an AM IF signal
with suppressed carrier plus higher frequency terms which are at-enuated
by the IF filter The signal received from the IF filter module is im-
pedance buffered and mixed with a subcarrier whose frequency is equal

to the chaanel center frequency plus the IF frequency. The output there-
fore contains the information in sidebands about a frequency equal to

ths sum of the channel frequency and two times the IF frequency plus
higher frequency terms which will be attenuated by the channel filter.
Only the sidebands about tne channel center frequency will be passed.

Since the passed information results from the selection of the difference
rather than the sum of the two input frequencies, the sidebands of the
output will de reversed from those of the input. Lower sideband infor-
mation on the IF becomes upper sideband information at the output, This
fact helps to reduce the amplitude distcrtion error due to the filters.

The inherent arithmetic skewing of band-pass filters causes the phase
shift at equal distances from the geometric center to be unequal in
magnitude. The lower frequency phase shift (pl) will be greater in mag-
nitude than the upper frequency phase shift (pZ). When these sidebands
are combined in the demodulation process this difference in phase shift
will cause an ervor in amplitude.

-7-
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4.1.1

4.1.2

Channel Modulation - (Continued)

J: the DSB case, the IF and output filters have equal bandwidth
s. that a curve of phase shift versus normalized frequency wculd
be fdentical for both filters., This is a monotonicly increasing
curve passing through zero phase shift at channel center. The
upper sideband therefore was a positive phase shift while the
lower has a negative phase shift. The upper sideband of the

IF would therefore receive a positive phase shift equivalent

to p2 in the IF filter. It would then become the lower sideband
due to the second mixer and receive a phase shift equivalent to
-pl in the output filter. Since the mixer also reverses the sign
of the phase shift, the phase shift at the output is -(pl + p2)
on the upper sideband.

The lower sideband of the IF receives a negative phase shift
equivalent to pl in the filter and a phase shift equivalent to p2
in the output flilter. The output phase shift on the lower side-
band-is then + (51 + p2). Therefore; the phase magnitude on both
sidebands is more nearly equal in magnitude. This effect, which
reduces the denodulated amplitude error due to arithmatic skew, is
most effective on the lower charnels.

Channel Filters

The channel filters are des:gned by a predistorred pole technique which
decreases the required Q of the inductors. The polynominal for .01

dB chebychef filter is first derived in factored form. A constant,
termed "d" is then added to each root and the factors multiplied to-~
gether to produce the distorted polynominal. This polynominal is then
realized as the denominator of a transfer function using the Darlington
single-loaded technique. The pole distortion is cancelled by adding re-
sistance in series with all inductors and in shunt with all capacitors.
The resulting network is then frequency scaled for correct handwidth,
bandpass transposed to the correct center frequency and impedance equalized
for equal capacitors,

Each output filter (except Channel 1) has a 9 kHz, 0,1 dB bandwidth
geometrically centered at the channels's center frequency. The center
frequency for channels 1 to 15 is 4.74 kHz times the channel number.

Center frequency for channels 16 to 19 is 4.74 kHz times the channel number
Plus 2. Channel 1 has a 0.1 dB bandwidth of 8.925 kHz, geometrically
centered at 4,25 kHz., The lower frequency of this filter requires it to

be different than the other channels so that its skewing will not inter-
fere with channel 2,

The resulting filter is shown on the channel board schematic, (dwg. No,
360014S). The tuning of this filter consists of the following steps:

1. Each parallel and series RLC circuit must be tuned to the correct
center frequency. This is zccomplished by adding or subtracting
turns from the toroid inductor.

-8-
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4.1.2

Channel Filters - (Continued)

2. Each parallel and series RLC circuit must be'adjusted to the correct
bandwidth by varying the resistance. Double resistors are used so
that 1% accuracies can be obtained with 5% resistors. The 3 B
dandwidth must be made equal to the ripple bandwidth times "d"
(1.69 kHz).

3. The taps on each shunt coil must be adjusted.so that the correct
impedance match exists betwcen adjacent tuned circuits. Since in
this filter any two adjacent circuits form an over-coupled pair,
the degree of coupling can be determined by the amount of separation
of the two peaks in gain which result when any two adjacent circuits
are isolated.

The formula is: Af = «ano ¥ - (1690P may Le used to set

each top value,

where: A f is the separation in the two gain peaks in Hz.
f, is the channel center frequency in Hz.
n is the fraction of the total number of turns
corresponding co the tap point.

Complete information on the coils is contained on drawing D360043.

After this preliminary tuning, the filter response should be very close
to ideal. The respunse of a Channel 5 filter after this preliminary
tuning is shown in Figure 2. The frequency response plot is folded
over about the center frequency. The theoretical upper and lower res-
ponses then coincide 2s shown. In this filter and particularily in
high frequency filters, problems such as electrostatic and magnetic

" coupling due to proximity, limited accuracy (one turn) in inductor tuning

and core deformation in coil mounting mav require additional final tuning.

Although there is no analytic procedure available, several guide lines
have been established:

1. Asymetrical ripple is usually due to one or more coils not resonating
at the proper frequency. The coil at fault can best be found by
varying the resistance of each secticn which will show one section
to have more effect on the asymetry than the rest., This coil can

~then be adjusted to create a symmetrical pass band.

2. A gradual slope in the pass band is usually due to proximity

coupling and can be corrected by slightly shifting the resonant
frequency of the initial stages.

-9-
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4.1,2

6.2

Channel Filters - (Continued)

3. Ripple can be smoothed by varying the resistance of the stages.
The first stage has most effect at the edges and middle of the
passband while the third stage has most effect at the center,

The second and fourth stage have greatest effect between the
center and edge of the passband, Variation of the load resistor
can be used as a fine control to reduce the ripple. In general,
the first stages have more effect on the pass band characteristic
than those near the load.

4, Bandwidth can be corrected and some ripple improvement made by

slight adjustments of the tap points.

Figure 3 shows the effect o! final tuning on the response curve in
Figure 2.

IF Modules

The DSB module is a 5 pole, 0.0l dB, Tchebychef filter with a 0.1 dB
bandwidth of 9 kHz, geometrically centered on the IF frequency. This
filter attenuates all IF harmonic sidebands by greater tham 60 dB

while passing the fundamental sideband with less than 0.1 dB amplitude
ripple. This filter is identical to the channel 3 output filter. The
SSB module is a 7 pole, 0.01 dB, Tchebychef filter with a 0.1 dB band-
width of 5.2 kHz. The lower 0.1 dB point is a2t the IF frequency so that
the lower sideband is attenuated. A bandwidth larger thas required by
data spectrum is used in botk IF filters to reduce the group delay error
which is greatest at ‘the edges at the pass band.

Crystal Oscillator

A standard Pierce crystal oscillator is used for high stability.

The crystal is electrically tunmed by the voltage variable capacitor

to the correct frequency. Small thermal reactance changes in the cir-
cuit are corrected by the temperature sensitive biasing resistors which
change the voltage variable capacitance to maintain frequency stability.
Buffer amplifiers couple and amplify the signal until its rise time and
impedance level are sufficient to clock the digital divider chain,

VCO and Phase ".ocked Loop

The VCO is a Colpitts oscillator capable of being tuned by its voltage
variable capacitors with a frequency shift of 1% per volt. Distortion
due to the non-linear varactors is reduced by using two devices comnect-

ed such that odd harmonics which cause cross-over distortion are cancelled

-10-
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4.4

4.5

4.5.1

VCO and Phase Locked Loop - (Continued)

in the same manner as in class B amplifiers. The phase detector,
which compares the 28.44 kHz derived from the VCO with the same
frequency signal derived from the crystal oscillator, is a digital
"exclusive or" circuit., This type of detector is small and well suited
to the phase comparison of digital signals. The output is a 56.88
kHz repetition rate digital signal whose duty cycle and therefore

DC level is proportioral to the phase difference between the inputs.,
When the lcop is locked the two input signals will be in quadrature
and the output duty cycle will be 50%, corresponding to a DC level of
2-1/2 volts. This signal is then integrated in a 3 pole low-~pass
filter, breaking at 8 kHz, to attenuate all but the DC information

.by a least 50 dB. In order to prevent changes in the digital logic

supply level from affecting the DC level at which loop-lock occurs,
the compliment of the output is also derived, integrated and sub-
tracted from this signal. The output of the differential amplifier

is therefore zero when the loop is locked, independent of fluctua-
tions of the logic levels. The phase detector is followed by a lag-
lead loop filter with break frequencies of 1.3 and 2.8 kilohertz,

The resultant second order loop has a gain margin of 13 dB and a phase
margin of 470, insuring high stability.

Digital Divider Chains

Digital Synchronization

Four divider chain modules, each driven by an oscillator, are used
to produce all the necessary internal frequencies, Each divider
chain is composed of Sequential, synchronously clocked, JK fiip-
flops. Gated feedback is used to set the devisors and gated feed-

forward is used to suppress toggling of the flip flops on adjacent
clock periods, )

Since the VCO's are adjusted until 6F (6 X 4.74 kHz) in the oscillator
divider chain is synchroncus with 6F in the TCXD chain, it is necessary .
to preset the flip flops in each VCO chain so that they are syn-
chronous with the output of the flip-flop producing 6F. This preset
signal is derived within each divider chain by gating that chain's
6F with a signal “D" from the TCXO divider chain as shown in Figure
4, The signal "D" has a frequency of 1F and is derived by gating

TF, 2F, %F, BF, and T6F from the TCXO devider chain. This signal is
then delayed by four microseconds to overlap zero phase time in the
TCXO. The delayed signal is gated with 6F from the VCO and then
differentiated to form a preset pulse. The delay and differentiation
process is necessary to overcome any VCO delay caused by the phase
locked loop. The TCXN is preset without this delay.

-11-
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4,5,2

Digital Phase Errors

The phase error between sub-carriers generated by the same divider
chain is due to differences in time delay between flip-flops. The
maximum specified differance in time delay here is 40 nanoseconds at
25°C. The change in time delay due to temperature and power supply
changes is swmall and will be the same direéction for all flip-flops
in the chain and will therefore not affect the worst-case time delay
difference,

Sub-carriers genecated by different divider chains may have relative
phase errors due to the phase-locked loop. The possible errors are:

a, A change in the reference (TCX0) frequency, This creates a
maximum error of 1 nonosecond when the temperature compensating
resistors are selected to lower the frequency error to
+10 parts per million,

b, VCO frequency change, Changes in the VCO frequency will ke

: ‘corrected by the phase-locked loop, but this creates a phase
error, A% 27 change in supply voltage will give a maximum
time error of 40 nonoseconds,

c. Variation in VCO control voltage, The initi2l control voltage
is accurately adjusted at room temperature for zero time error.
Offsets of this voltage over temperature will cause a maximum
of 18 nonoseconds tire error. ~The method of phase detection
. does not allow variation in the logic levels or the 5 vol: power
supply to affect the VCO control voltage when the loop is locked
This is achieved by adjusting R19 for symmetrical DC gain for both
inputs of the phase detector. Temperature variation can only
affect the logic levels and therefore does not affect the control
voltage, -

d. Ripple in the VCO control voltage, The three-pole detector
fr:filter and ome-pole loop filter will not completely attenuate
- -'the 12F ripple, This will cause a phase modulation of the VCO
- ~with a maximum peak time error of 5 nonoseconds,

These errors when summed at room temperature give 2 worst case fixed

time error of 40 nanoseconds maximum plus a varying error of 40 nano-
seconds maximum, which toge “er will give a maximum phase error of 3°

in the 24F sub-carrier used on channel 17. With temperature variations,
the varying phase error can increase in the worst case to 250 nanoseconds.
This error can be lowered by temperature .ompensating the VCO (the main
error source) by using capacitors with compensating temperature
coefficients, ’
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4.6

4.7

4,8

Power Sugglx

The power supply comsist of a pre-regulator, a DC-DC convertor

and two post regulators. A switching type inductive pre-regulator
is used for high efficiency. Feedback varies the conduction time
keeping a constant 19 volts at the input to the DC-DC convertor.
The logic supply (+5 volts) is taken directly from the convertor
output while the positive and negative 13 volt operational ampli-
fier supplies are individually regulated to isolate them from any
power line transient in the logic supply.

The load regulation of the 13V supply is shown in Figure 5,
Figure 6 is a thermal analysis of the power dissipation in the
power transistors,

Calibration

The calibration circuit produces a stable low distortion 400 Hz

sine wave by using a modified Wien bridge osciliator. A non-loading
detector senses the amplitude of the output. This level is compared

to a level preset by Rl4 and the difference is used to force the ampli-
tude of oscillations to the requircd level. Control is retained over
every period of the 400 Hz signal to prevent the oscillator from
saturating. Variation of the FET conductance is used to set the gain
of the oscillator's amplifier while the frequency is set by the re-
active positive feedback. The calibration signal is gated into the
channel modules when the calibration control signal is grounded., A
positive calibration command pulse above the noise margin of 12 volts
is coupled to the control circuitry by a photon switch to provide
isolation. The input impedance is greater than 1 megohm and the in-
put will decay to a re-triggerable position before the 300 milli-
second burst of 400 Hz is completed. The output of the photon isolator
is amplified and applied to a one shot with a 300 millisecond pulse
width., The calibration gate on the channel mcdule is connected such
that it draws power only during the calibration operation,

AGC

All data channel plus the pilot tomes are summed in the first AGC
amplifier. The summing resistors are located on their individual

modul:s so that the summing node on the AGC board and on the mother
board is a low impedance node. This node, or trace, on the mother

board is flanked on ejther side by traces connected to the chassis to
guard the summing node., After summing, the composite signal is attenuat-
ed for low AGC distortion. The ACC amplifier is followed by the two
output ampliffers where the special service channel is added.

-13-
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4,8 AGC - (Continued)

The output of the AGC amplifier is full-wave, average detected, The
specification of equal attack and recovery time requires an averegiag
detector since a peak detector would inherently produce a longer re-
covery than attack time, The output of Ql is therefore a DC level
corresponding to the average amplitude of the spectrum, plus ripple,
The rectified signal is supplied to a two-pole active low pass filter
to remove the ripple. Filter theory states that the lower the fre-
quencies to be attenuated in a low-pass filter, the greater the time
delay of the DC response, Due to full-wave rectification, the lowest
ripple frequency is twice the lowest frequency in the spectrum so
that a minimum time delay is necessary in the filter,

The DC output of the rilter is compared to a pre-set level (adjust-
able by R12) and the difference ampiified and applied to Q3 to set its
Source to drain conductance, The gain of the AGC amplifier is R6 times
the conductance of Q3, This conductance is linear over a 20 dB range
of inputs to the AGC amplifier (Figure 7) which is sufficient because
the input is only allowed to vary 14 dB due to the presence of the two
pilot tones, Since Q3 is at the input to the amplifier, the amount

of spectrum signal across it .s small, and therefore, the distortion

is also small,

Any ripple that is not completely attenuated by the filter will vary
the conductance of Q3 and therefore modulate the entire output spectrum
to 2 small degree, This modulation is less than 5% and since it is
applied to the pilot tones as well as the information channel, the
ground AGC can cancel this effect,

4.9 Special Service Channel

The special service channel filter is a ten pole, 0.05 dB ripple,
active low-pass filter, The pass band extends from below 10 Hz to

1 kHz and all frequencies above 1, kHz are attenuated by more than
50 dB. Each s*tage of the filter realizés two conjugate poles whose
break frequency and damping factor are set by the values of the two
capacitors, The second stage has added feedback to produce a very
small damping factor and an added emitter follower to improve the
stage isolation., The capacitors used are the nearest 57 values to
those required for a ,N5 dB ripple, so that the ripple of the actual
filter, while less than 3 dB is not .05 dB.

4,10 Tone Filter

The two pilot tones (16 X 4.74 kHz and 17 X 4,74 kHz) are filtered

on the tone filter module, Each pilot tone square wave, from the digital
iogiz, is amplified and limited in a stage powered from 13 volts to re-
move the ripple on both levels of the logic signal which is inherent

in JK flip-flops and caused by the clock and input gates. The square
wave level produced is set by the collector resistor, This state is
fullowed by a 3 pole 0,01 dB ripple, Tchebychef filter to attenuate

the first harmonic of the square wave to 1% of the fundamental,

“14-
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Circuitry guarding {s accomplished by a chassis shield on the com-
ponent side of all modules except the digital board and the power
supply, by shielding of the flex print and by the location of the
power lines and chassis lines on the mother board. Three separate
internal grounds are used. The 5V return for the digital logic is
connected to the plus and minus 13 volt return at only one point, the
power supply. A separate return is used for the output of the second
modulator and the output filter and its buffer amplifier. These re-
turns are joined to the + 13 volt return at the AGC module. This
prevents undesired signals from flowing in the grounds of the initial
and final stages of modulation. The separation of these three ground
1is enabled by the use of input and output transformers on the mixers.

=-15-
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5.0

5.1

5.2

5.2.1

5.2,2

5.3

5.3.1

INITIAL DATA AND PRODUCTION NOTES ON THE SYSTEM MODULES

TCXO

The module has been tested and is operationél but the frequency is
.027% high., This can be corrected by changing C2 and/or C3.

The temperature compensating resistors are omitted and the open end
of Rl is grunded. ’ ‘

VCO Assemblies

Test

The oscillators on all three VCO asscmblies are operational but

the stability of operation for VCO 1 and 2 is dependent on the control
voltage. To correct this, change Cl on VCO 1 to 470 pf and Cl on

VCO 2 t6 680 pf. To adjust the frequency on the VCO, ground test
point one and set Cl5 to the middle of its range, Cl4 should then be
selected for the approximate center frequency of 6.54 MHz for VCO 1,
5.18 Mz for VCO 2 and 1.88 MHz for VCO 3., Cl5 can then be adjusted
for the exact frequencies,

Construction Notes

(a) Assembly drawing 360003 - Note that lead 1 on transformer 1 is
color coded and is not labeled,

(b) PC Board - The test receptical pads are too small., The comnector
staking pin near connector pin A should be moved. Component C8
should be separated from the adjacent jumper wire. The bround
plane must be removed from the area at the end of the jumper

. -~wire near Z1. v -

(c) PL 360003 - Item 31 should be changed to CMOSD471JO3 for dash
1, CMO5D681J03 for dash 2, CMO5D472J03 for dash 3. Items 41, 42,
and 43 should be changed to the values selected for Cl4.

Special Service Channel

Test

Component C9 is not assembled and Rl must be changed to 100K. The
card has been tested with equivalent components and has a 3 dB band-
width from 5 Hz to 999 Hz and a 0.5 dB ripple from 100 Hz to 800 Hz,
Wher. the system is assembled, set the output amplifier for 350 milli-
volts output with no input on the special service channel. Then set
the service channel for an attenuation of 0 4B at 100 Hz by redefining
R7 and R25 on the AGC module,

-16-
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5.3.2

5.4

5.4.1

5.4.2

5.5

5.5.1

5.5.2

SS/FM TELEMETRY SYSTEM STUDY

Construction Notes

(a) PL 360006 - Item 11 should be RCO5 GF104J. Items 29 to 34
should be MC 602 and MC 502 type capacitors.

Calibration Oscillator

Test

The assembly is operational. The calibration time is approximately
250 milliseconds. The following adjustments should be made: Set
R14 for a dc voltage of approximately 2 volts at TP4. The exact
voltage is dependent on the particular FET (Ql) used, and will detnr-
mina the amplitude change over the temperature range. R7 should be
set to give the specified output amplitude of 0.161 Vpp at TP3 with
the output load=d by the channel inputs,

Construction Notes

(a) PC Board - More areashould be provided for R10 and the conne-tor
pads in the lower row should be moved to the left. Both drains
-of Q2 should be connected to +13V,

{b) PL 360007 - The transipad for Item 13 should be added. Item
30 should be Aerovox type MC602C105M. Item 37 should be RN
65C2003%,

AGC

Test

L e

The assembly is operational. Make the final adjustments on the circuit
by performing 5.1.5 in the test procedure. The voltage at TPl should

be approximately 1 volt RMS maximum. R12 should be adjusted for between
60 and 70 millivolts RMS at TP3. The difference in levels at TP3 for
high and low input levels should be less than 0.4 dB. R22 may be in-
creased to reduce the cutput distortion and the attack and decay times
can be affected by changing Cll and Cl12. Increasing R16 will decrease

the output variations, but will also lower the stability margin of the
loop.

Construction Notes

(a) PC Board - Space is marginal for Items 10, 12, and 28, The
shielding plane is too close to the strip near Item 15 and there
should be an open area in the plane at the point where it is
connected to its cohnector pin by the z wire,

-17-
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5.5.2 Construction Notes - (Continued)

(b) Drawing 360012 ~ The transipad for Item 12 should be Item 3,
t.e transipad for Item 10 should be Item 4.

5.6 Tone Filter , ,;/, S

The tone filter is operational and both filters hive been tuned. .

- 5.7 Power Supply Construction Notes

(a) Drawing 360042 - Item 18 is R8, not RIE,
(b) PC Board - Space provided for T1 is marginal,
(¢) PL 360042 should be changed as follows: Delete Item 30, change

Item 35 to CS13BB337K, Change Item 23 to Spectral type 50-3<1/1K.
- Change Item 24 to Spectral type 50-3/50K. R

5,8 Charnel Mudules

5.8.1 Test
Initial data on four of the channel modules is:

(a) Channel 10 - .60 dB at upper band-edge, -.3 dB at lower
band-edge, .3 dB ripple, 1~ phase shift at center frequency,

(b) Channel 17 - .3 dB at lower band-édge, ~.7 dB at upper edge,

less than .3 dB ripple, less than 1/2° phase shift at center
frequency. -

(¢) Channel 18 - .5 dB at upper bandaedge, -.5 dB at lower band- _
edge, ripples less than .4 dB, 6° phase shift at center frequency.

(d) Channel 19 - ,25 dB at lower band-edge, ripple .3 dB, less than -
1" phase shift at center frequency.

Since Channel 1 filter is slightly different from the others, the

individual stages must be tuned to 1.57 kHz rather than 1.69 kHz
bandwidth.

5.8.2 Construction Notes

The input terminals of the FET switch on the chaunel board has been
reversed. This means that the 400 Hz calibration signal will be applied
to all channel inputs unless a calibration control signal is applied.
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5.8.2

5.9

Construc-ion Notes - {Continued)

This can be corrected by using output pin A instead of pin F on

the one shot (Z4) on the calibration card. If the increase in suppiy
current this causes is intolerable, then termxnals 9 and 4 must be
reversed on Z1 on zach channel board.

IF Modules

Initial data on the three single sideband IF mcdules is:

(a) Module 1 - 1.8 dB at upper band- edge, -1 0 dB at Iouer band-
edge, .5 dB ripple at center frequency less than 1/2 phase
shift.

(b No. 2 - -1.5 dB at upper band-edge, ~.7 dB at lower band-
edge, .4 dB ripple, 1  leading phase shift at center frequency.

(c) No. 3 -.3 dB at upper band- edge, + .1 dB at lower band-edge
1.6 dB ripple, 1 leading phase shift at center frequency,

Initial data is available on four DSR IF modules:

(2) Ne. 1 - -.5dB at upper band-edge, - .3 dB at lower band- -edge,
.5 dB ripple less than 1/2° phase shift at ceuter frequency.

(b) No. 2 - 0 dB at upper band-edge, + .23 dB at lower band-sdge,
s ~0 . .
.3 dB ripple, 3 lagging phase shift at center frequency.

(c) No 3 - O db at upper band-edge, 0 4B at lower band- -edge, .3
dB ripple, less than 1/2° phase shift at ceutet frequencv,

(d) No. 4 - 0 dB at upper band -edge, .2 dB at lower band-edge,
.5 4B ripple, less than 1/2 phase shift at center frequency.

-19-
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i 6.0 S§S/DSB MULTIPLEXER DRAWINGS
; PL 360000 Multiplexer Assembly
t- PL 360001 Power Supply Assembly
PL 360002 TCXO Assembiy
& PL 360C03 ) VCO Assembly
! PL 360006 Aux. Channel Assembly
PL 360007 Calibration & Osc. Assembly
: PL 360012 "Tone Filter Assembly
PL 36C013 IF Filter Assembly
T PL 360016 Tone Filter Assembly
PL 360017 Parent Board Assembly
PL 360029 Retainer Support, Center
- FL 360039 Retainer- Support, Side
A319058 Holder, Crystal
) B360019 Inductor, Heatsink
B360020 ) Choke
- B360023 Guide
B360024 Guide
- B350025 Guide
R B360026 , Block, Heatsink
I B360031 Support, Center
- B360032 Spacer
B360035 Insulator
{‘ : B360037 Cushion
] B360041 Bracket
B B360048 Transformer (VCO)
.- 5360051 Transformer (AGC)
i €3560018 ’ Transformer (Pwr. Supply)
: €360022 Crystal Unit
C360027 Block, Heatsink
i C360028 Block, Heatsink
C360034 Cover, Top. Assembly
C€360035 : Cover Top Assembly
D360002 TCXO Assembly
D360003 VCO Assembly
D360006 Aux, Ch. Assembly
D360007 Calib. & Csc. Assembly
D360013 Filter Assembly
D360029 : . Retainer Support, Center
: 0360030 Retainer Support, Side
v : D360033 Cover
D360039 P.C. Board
D360040 P.C. Board
D360043 ' Transformer, Filter
D360046 P.C. Board
D360047 P.C, Board
D360049 . P.C. Board
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6.0 SS/DSB MULTIPLEXER DRAWIN3S - (Continued)
E360012 AGC and Output Assembly
E360014 Chan. Board Assembly
- E360016 Tone Filter Assembly
E360038 P.C. Board
. E360042 Pwr. Supply Assembly
: , E360044 P.C. Board
) E36005C P.C. Board
- J 360015 Chan. Assembly
A360013 S,D IF Filter Schematic
A360016S Tone Filter Schematfic
§ B360002S Temp. Comgensated Crystal Usc. Schematic
{ : B360003s5-1,2,3 VCO Schematic
B360007s Calibration Schematic
~ B360012S AGC Schema.ic
l“ €360006S Spec. S=2rvice Ch. Schematic
) £360008s TCXO Counter Schematic
’ ' €360009s VCO-1 Counter Schematic
1o €360010s VCO-2 Counter Schematic
C360011S VCO-3 Counter Schematic
i“ : C360014S Channel Board Schematic

-21-
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PROTOTYPE REVISIONS FRCM BREADBOARD MODEL

Two output amplifiers are added.
An AGC network and a special service channel are added.

A calibration netwovk, housing, and prvn*ed interconnection of all
components and connectors are added,

Thz crystal oscillator frequency is raised from 2.22 MHz to 7.75
Mhz,

Three phase-locked-loops and threes digital counter modules ave
added to gererae 22 synchromous sub-carrier frequencies Instead of
7. :

The mechod of presetting the digital counters is changed.

The upper pilot *tone is generated digitally rather than *y
mixing 5F and 12F. -

The pilot tone filters are 3 pole instead ¢f 2 pole.

The DSB IF filter is 3 pole instead of &4 pole and 19 are provided
instead of 1.

The channel filters are = pole instead of & pele and geometrically
rather than arithmatically centered on the channel center frequency.
19 channel filters zre provided instead of 3.

R
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INTRODUCTION

This is the final report on contract NAS-8-11988 covering the period from
August 1965 to March 1967. The contract required a two-phase study program
concerning techniques applicable to the NASAkMSFC SS/Fn Telemetry System.
The first phase of the contract was anlytical in nature; the second, ex-
perimental. The object of the prozgram was to investigate and develop new

techniques to improve and update the existing 3S/FM Telemetry System.

The primary goal of the program was to provide an SS/FM Telemetry breadboard
with the following characteristics:
1. Data Bandwidth

a) Single sideband; 10 Hz to 3000 Hz at 0.1 db points.

b) Double sideband; DC - 3000 Hz at 0.1 db points, -
2. 1% system amplitude accuracy using calibration,
3. Phase consistency between channels.
4, Interchangeability between SS3 and DSE channels in the final system,
5. Sign: ficant hardware improvements such as easier alignment, reduced size,.

weight and cost in the vehicle-borne equipment.

SUMMARY OF RESULTS

The results of the design study, Phase I, indicated that a double modulation
scheme for all channeis would provide the best channel-to-channel amplitude

and phase characteristics. It also provided for the basic design of L-C filters
using practical compnnents.

Breadboard system measurements show that the basic design using digital
frequency synthesis. double mcduiation and distorted-pole filters is feasible.

The goal of 0.1 db maximum psss bnad ripple was not achieved on all filters.




SUMMARY OF RESULTS - (Continued)

System measurements show that the amplituvde response of each channel (SSB

mode) is dependent, primarily, upcn the characteristics of the 3F filter ccmmon
to all SSB channels. The DSB filters cause é slight high frequency roll-off
for the lower numbered channe!s due to phase nonlinearity at the band edges.
Amplitude control can be provided by resistive voltage dividers associated with

each filter.

DISCUSSION

Phase I

During Phase I of this program, several approaches to meeting the primary system
goals were investigated. The most critical problem area was the selection of
filter types and filter operative frequencies.

With the data bandwidth requirement of DSB, DC-3 kHz, flat within 0.1 db and SSB,
10 Hz-3 kHz, also flat within 0.1 db, it was necessary to consider several types
of filters and modulation schemes.

Results of a detailed investigation indicated that L-C filters could meet the
electrical requirements and were practical in a double modulation system. The
critical parameters in the design of L-C filters for the required frequency range
are temperature stability and "Q" of the toroids. High "Q" requirements lead to
impractically large cores., A very important factor therefore was a design approach
using the lowest possible "Q" in the individual cores. The method of pfedisterted
poles was selected as the most practical approach since it allows minimum Q"
designs of Butterworth and Chebyshev filters.

The required filter frequency stability was determined to be approximately + 0.1257%
at the channel 5 frequency in order to meet system requirements. Stabilized

cores with guaranteed inductance change of less than + 0.25% (40.125% frequency
change) over the temperature rénge of ~65°C to +125% were selected. Since

the system temperature requirements are less stringert, '2°°C to +35°c, the
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DISCUSSION - (Continued)

Phase 1

cores were judged suitable for critical muli-pole applications at channel 5

or lower frequencies.

Estimated maximum volumes of complete 6-pole filters indicated the advantage
of aveiding the use of L-C filters above 55 kHz. Since any doubtle-modulation
scheme which met this criterion would use an I-F frequency, it seemed logical
to investigate a hybrid approach using single modulation for selected low
channels and doutle-modulation for channels. bThe system would be tailored

to the characteristics of L-C channel filters, using them oniy at the lower

frequencies where they are small and most stable.

At iow center frequencies, however, the skirt selectivity is skewed toward

the high frequency side due to the high ratfo of 3 db bandwidth to center
frequency. Therefore, it is necessary to use double modulation on some of the
lower channels to prevent excessive upper sideband feed through into the ad-

Jacent channel.

After considering further the natural filter skew, it was decided to use double

modulation on all channels for several reasons.

1. Double modulation provided increased selectivity against the undesired
sideband by taking advantage of skirt skewing.

2. Double modulation provided the flexibility required to allow optimum
design of small, stable L-C filters.

3. Only four different SSB filters and four different DSB filters were

required for all 15 channels.




DISCUSSION - (Continued)

4, Simple, stable oscillator divider-chain frequency synthesis was possible
using integrated circuits and no selectivé filters.

5. Using double modulation on all channeis further assured consistent

channel-to-channel performance,

After further consideration and discussion, MSFC Engineering Personnel de-

cided that all data channels should be modulated with the channel 3 carrier in the
first sFage. The succeeding filter is then either a channel 3 SSB or 3.0 kHz DSB
type. In this scheme, the channel 3 SSB filter with 7 poles is the most complex.
All other filters are relatively wide 4-pole DSB filters that are used for both
SSB aund DSB operation. This system requires a more complicated frequency synthe-
sizer since the subcarriers for all 21 channels must be derived. However, the

end product should be a more uuiform airbornelsystem offering more consistent

channel-to-channel amplitude and phase characteristics.

PHASE I1
The second phase of the program was devoted to building a breadboard and proving
the feasibility of the system developed in Phase I, Figures 1 and Z show block

diagrams of the airborne and ground systems as they are at the present time.

A description of the over-all system is presented. In addition to this, the

individual components of the system are described.

System Description

Airborne Subcarrier Generation

A block Diagram of the system is shown in Figure 1.




i Airborne Subcarrier Generation - (Continued)

A 2,275 MHz oscillator is used as the clock in digital count-down chains

to produce synchronous waves at the subcarrier frequencies. (Figure 2)

Channel one subcarrier square wave is differentiated and used to preset
: ] all the counter chains so that all generated square waves go positive
synchrenously with channel one. Channel 17 pilot tone is produced by

taking .he product of channel 5 and channel 12 quadrature, This sin-

cos product gives a sin cutput from the mixer.

I- The unwented outputs are czttenuated by a simple 2-pole filter so that all

parasitic frequencies are attenuated by a least 50 db.

The harmonics of the channel 16 square wave are similarly reduced by the
simple channel 16 filter., The tranémission of these two pilot tones pro-
vides all the information necessary to regenerate all of the required sub-

carriers in phase synchronism on the ground.

i Airborne Modulation

The information intended to occupy channel "N" is first used to amplitude

! modulate a channel 3 subcarrier. A filter selects either the upper or
both sidebands for mixinz with the N+3 subcarrier in the second modulator.
A sfmple 4-pole filter selects either the lower or both sidebands for

frequency multiplexing into the composite output signal,

This superheterodyne procedure allows all channels to be filled using only
N simple output filters while only one highly selective SSB filter is re-
3 quired following each first modulator. In DSB operation, a low-pass filter

following.thg sensor will provide the high selectivity required external to

the airborne unit,




Ground Subcarrier Generation

All carriers are digitally regenerated on the ground (Figure 3). AVCO

is used to clock digital count-down chains producing the subcarrier frequencies
and their quadratures (Figure 4). The regenerated channel 16 square wave

and the channel 16 sine wave received are passed through a phase detector
(Figure 5). The difference in phase between these two waves is converted

to a DC voltage which varies the frequency of the VCO to lock the channel

16 regenerated subcarrier in phase with the received subcarrier. ue

to the nature of the phase detector, the generated subcarrier is pro-

duced in quadrature with the received subcarrier.

Although channel one is generated with the correct frequency, it has 16
possible phase relationships with the airborne channel one. For this reason,
channels 16 and 17 pilot tones are mixed to produce a channel_one frequency

in phase synchronism with the airborne, but in quadrature with it (Figure 6).

Channel 16 is used to clock a digital chain to produce a channel one frequency.
This is fed to a phase comparator with the channel one mentioned above., Any

phase difference is detected as a DC output by the low pass filter,

If a negative output occurs, one pulse initiated by CHk is added to clock
pulse train, If a positive output occurs, one clock pulse is inhibited so

that the channel one preduced is stepped into synchronism with the airbormne
system. This mechanism allows phase correction in the direction which Tequires
a minimal time, This channel one is actually out of phase with channel one

airborne due to filter delays as will be discussed later.

The square wave thus generated is differentiated and used to preset all the

ground digital chains to assure phase coherence.




Ground Demodulation

Each channel is removed from the signal by a double sideband filter.
Single sideband transmission is demodulated by the polyphase demodulator
while double sideband is demodulated by mixing with the subcarrier in

i quadrature, A 3 KHz low pass filter is followed by the audio power

amplifier,

[R————

i Component Description

Filter Design

For the airborne SSB channel 3 filter following the first mixer stage,
amplitude and selectivity requirements lead to a 7-pole Chebyshev design
having ,001 ab ripple. This in turn leads to a "Q" requirement of 40 for
a distorted-pole design having a 3.6 KHz 0,1 db bandwidth and a low pass
equivalent "Q" of 10, The required temperature stability to 1imit the
filter drift with temperature to 430 HZ is equal to +0.2%. Phase slope

in the filter passband is approximately 0.175'degrees fro each HZ of

frequency drift so that a +30 HZ drift of the filter response curve is

i equal to a phase error of +5.25 degrees,

All other filters in the modulation scheme are simple bandpass filters
with relatively wide band. A 4-pole filter following the second mixer and
centered on each channel was found satisfactory for all three operating
modes, SS, DS (1.5 KHz) and DS (3.0 KHz), making it unnecessary to switch
this filter when changing modes. To change modes requires only a change

of the channel 3 filter following the first mixer stage.

The channel filters preceding the polyphase demodulator in the ground

station are essentially the same design as the 4-pole channel filters in

the airborne system,




Digital Phase-lock-Loop (F’ -ure 4)

This system uses a digital loop which senses the phase difference between
ground and air channel 1 carriers, At 422 us irtervals, it corrects the
phase by 22,5° increments. The increment is always made in the correct
direction so that sync correction takes a minimum of time,

Channel 8 60° (not used in demodilation) is digitally generated to have
the phase relationship with channel 16 shown in Figure 7. Correction of
phase can occur once every 16 cycles of channel 8 6oousing the positive
half cycle to blank a clock pulse and its leading edge to add a clock
pulse. The filter is designed for maximum attenuation of unwanted fréquencies
while the step input response is adequate to provide a corrective voltage
output within the allowed time intervai. A 2-pole LC low-pass filter 3 dB
down at 1.13 KHz with a damping factor of 0.7 is used resulting in an

attenuation of 24 dB for the lowest undesired frequency and a time response

to a step DC input of 9%, after 422 us,

Two operational amplifiers are used as sign and level detectors. This
enables the detection of three levels; greater than 0.35V, from =-0.45V to
0.35V, and less than -0,45V., The DC output in sync is 0,1V while the levels
corresponding to one phase increment on either side of this are +0.98V and
~0.8V., The per cent frequency shift of channels 16 and 17 necessary to
move the sync output to -0,45V or +0,35 V is defined as the digital loop

bandwidth,

Analog Phase-Lock-Loop (Figure 3)

A second order phase-lock-loop is used to lock the voltage contrulled

oscillator's 126th subharmonic (channel 16} to the received channel 16




Analog Phase-Lock-Loop (Figure 3) - (Continued)

pilot tone, The loop filter is optimized for minimum time delay and

maximum signal-to-noise gain assuming white noise on channel 16 received,

The noise bandwidth is further reduced by 24 dB per octave beyond the
! bandwidth of the equivalent bandpass filter to reduce frequency jitter.
Although a second order loop has a capture range less than the lock-in
range, the capture range was made as wide as possible to minimize the

time delay to the VCO,

Polyphase Demodulator

An ideal polyphese demodulator completely rejects on~ sideband while

passing the other,

The information at the carrier frequency to be detected is mixed with its
carfier and witn its quadrature. If upper siéeband information were on

the channel, the outputs of the two mixers would have a phase difference

of 90°. Lower sideband information would resulit in a phase difference

of 90°C. By creating a 90° phase difference between the two outputs, orne

! sideband can be made to cancel, while the other reinforces. The phase
shifting networks limit the single sideband selection capability of the

device to from 10 Hz to 3 kHz.

Test Results
Phase versus frequency response for the individual filters in the airborne
and ground systems are presented in Figures 6 through 13, Figure 14 is

the amplitude response of channel 3 USB filter common tc all channels.

Figure 15 through 17 represent the phase versus frequency response through

the entire system for channels 2, 12, and 21,




» r—————
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Test Results - (Continued)
Amplitude response of the three chancels is shown in Figures 18 through

23 and represent data fnr both SSB and DSB operation,

Time delay measurements of a tone burst were made to determine *he delay

from input to output,

The pictures of Figure 24 illustrate the results for SSB and DSB configura-
tions. It appears that transients decay within 2 milliseconds for a 1 K¢

tone burst,

Fhase-lock-loop measurements were made to determine capture range and

lock range., Using channel 1, (4.74 Hz) as the‘reference frequency, caenture
was obtained at 4,729 KHz and a 4,770 KHz, Phase lock was retained between
4,715 KHz and 4.776 KHz. Thus, ghe capture bandwidth is 41 Hz (0.8%) and
the lock bandwidtt is 61 Hz (1.3%). The design bandwidth is 37.5 Hz.

Similarly, the digital-loop lock bandwidth was 43 Hz,

Due to the difficulty of simulating worst case tape recorder effects, no

tracing data was taken.

Figure 25 shows the system linearity of the three breadboard channels, using
a 2 RHz signal. Up to 40C mv rms input, the linearity appears to be better
than -.2 db which is approximately the resolution of the test equipment used,
No attempt was made to equalize the insertion loss of the filters. By use
of attenuators on filters and variable resistors on operational amplifiere,

the system gain can be adjusted for equal insertion Ioss for SSB and DSB

cperatisn,
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SYSTEM TIME DELAY

T e T o p—— - Mj

i : \\/f\viﬂx“/\\/’\v Input
! ____/\J/\\/“\/f\v/\ { Output

I NI 3
Ch 2, DSB, Freq. 1 kHz

Time-Scale 0,5 ms/div.

i

Input

———-/\\/\/\/* Output

l--._ W S A P S L ST IV AL e el

Ch 12, DSB. Freq. 1 kH
Time-Scale 0.5 ms/div.

r-__.—__....__._- " . e — ""-.1

——UAA ]

T -l - Input
» : AN\ Output
ETIR R i

Ch 21, DSB. Freq. 1 kHz
Time-Scale 0.5 ms/div.

FIGURE 24
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CARD
Al2

Al

> > > > »
~

AlO

All

Al3
Al
Al5
Al6
A17
A18
Al9
A20
A21
A22
A23

A24

TABLE I - BREADBOARD COMPONENTS

AIRBORNE COMPONENTS

4 4-Input Power Gates and Pulseshape Circuits
3 J-K Flip-Flops (7470)

J=K Flip-Flops
9 3-Input Gates in 3 Packages (7410) (4 unused)
3 J-K Flip-Flops |

J-K Flip-Flops
12 2-Input Gates in 3 Packages (7400) (1 unused)
3 J-K Flip-Flops

J=-K Flip-Flops

J-K Flip-Flops

J-K Flip-Floups

J-K Flip-Flops

Unused

Mixer (inf X Ch 3F)

Filter (Bandpass Ch 3; DSB or SSB).

2 Amplifiers (Before mixer 1F; after mixer 17)
Mixer (inf. converted to Ch 3 X Ch (3 + N)F)
Filter (Ch. N DSB)

1 Amplifier (After mixer 14)

Mixer (Ch, SF X'Ch. 12FQ)

Unused

2 Amplifiers (Summing output; unused)

Filter (Bandpass, Ch, 17)

Filter (Bandpass, Ch. 16)
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TABLE I - BREADBOARD COMPONENTS - (Continued)

CARD
GO
Gl

G 2

(2]
o

G10
Gl1
G12
G13
Gl4 "
G15
G16
Gl17
G18
G19

G20

G21
G22
G23
G24

G25
G26

GROUND COMPONENTS

vco
4 4-Input power gates in 2 Packs & Pulseshapes
3 J-K Flip-Flops

J-K Flip-Flops
| J=K Flip-Flops

J-K Flip-Flops

J-K Flip-Flops (1 unused5

J-K Flip-Flops

J-K Flip-Flops

J=-K Flip-Flops

Mixer (Ch., 16 Air X Ch., 16 Ground)
Low-Pass Filter & Amplifier
3 J-K Flip-Flops (1 unused)

J-K Flip-Flops

6 3-Input & 2 4-Input Gates (3 3-Input used)
12 2-Input 2 &4-Input Gatés (1 unused)
Sample-Circuit
Sign-Det.. (2 Op. Amplifier uA 709)
Mixer
Low-Pass Filter and Amplifier

8 2-Input gates in 2 Packages & Add-inhibit circuit
2 4-Input gates (Unused)

Mixer (Ch, 16 X Ch, 17)
Filter (Bandpass Ch, 17)
Filter (Bandpass Ch, 16)
2 Amplifiers (After filter G22, After filter G23)

Filter (Ch N, DSB)
2 Op. Amplifiers (After filter G25, unused)



EFFECT OF TAPE RECORDER

An analysis of the effects of tape recorder wow and flutter is given in

the Appendix.

From EQ I. The maximum percent "wow and flutter" tolerable by the digital

loop is:

17 /16
w T max, =
w Vv (w17(Tf-Te)-wng)

= (TT/16) (506 x 10° (.387 x 1072 - 241 x 103)-29.8 x 10° x .233 x 10°3)
= ,2827%

This is less than the given value of .396% through which range lock cannot

be retained. The solution is apparently to reduce the channel 17 filter de-

lay time if such a large range is necessary,

Equation 2 is the channel to channel phase error due to the recorder. Channel
2 and 21 have an error of:
A2z, 21 =21 =41 u a1 (Tg# Ty = Typ) = wy (T + T, = T,) +w (T, - T,))

= + .00396  625(.233 + .241 - ,077)-59.5(.233 + .241 - .082 +
18.8 (.005)

= + .893 radians or i 51,2°
The error is nearly proportional to the difference in channel numbers and
the above is the worst case. One solution is to reduce the difference

between Tn and T8 + Pe.

The problem is that the carrier generation is delayed by about 475 ps while
the signal is only delayed by about 80 us before it is joined with the carrier

in the demodulation process.




EFFECT OF TAPE RECORDER - (Continued)

Narrowing the information channel filters bandwidth and/or increasing

the number of poles will raise its delay. The present bandwidth is about

1 KC greater than the required 6 KC so that the only significant improvement
in the signal delay is to increase the number of poles in the filter. In-
creasing the present four poles to eight would only double the delay time,

a por trade off,

A second possibility is to increase the delay time of the channel filters
by using all pass delay filters in series with the present filters, Pre-
'liminary analysis indicates that a minimum of 6 reactors per all pass would
be needed. Although this approach is theoretic#lly capable of reducing the

phase ambiguity to zero, the attendant increase in hardware volume is

prohibitive,

The third possible approach is to lower the delay time for carrier regenera-

tion aue to the channel 16 filter'and the phase-locked loop.

The present channel 16 filter has a 4,74 KRC half bandwidth at 50 db. The
nearest signal energy is due to channel 15's upper sideband signal. This
woula receive an attenuation of only 30 db being 3.24 KC below channel 16,
If the 50 db bandwidth were allowed to occupy the full space from channel 15
+ 1.5 KC to channel 17, the same type filter would satisfy the complete
ctFenuation requirements with an attendant dely time increase of only about
20%. The phase-lock-loop bandwidth could then be made very large, reducing

its delay to a very small value.

i —
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EFFECT OF TAPE RECORDER - (Continued)

————

Alternatively, the phase-lock-loop can be made to do most of the filtering
and the attenuation and attendant delay of the channel 16 filter could be
reduced. It is felt that some decrease in delay time through the filter
and loop can be made while still fulfilling the attenuation requirements
(all unwanted energy down 50 db). Whether sufficient time delay reduction

to comﬁletely cancel the phase error is possible is not known.

If the phase error is too large for the.application, an effort would first

be made to lower the pilot tone delay time as mentioned. If this is not

sufficient, channel delay networks can be designed to further reduce the

error to a tolerable level.

The digital-loop phase-lock problem is due to the difference in time between

generatiﬁg a channel one carrier and receiving the channel one produced by

beating channel 16 and 17 pilot tones.

If the present phase error is acceptable, then the digital phase-lock-1loop

bandwidth may be widened to accept the specified wow and flutter by beating

channel 17 received with channel 16 generated and then increasing the delay
of the channel 17 filter by a factor of about 2 by narrowing its bandwidth,

This easily corrects the digital-loop problem,

If it is decided to reduce the phase error, this method can still be used

if the reduction is only about one half of the present error (to about 30°).

If it is desired to further reduce the error between channels, then a system

cah be used which, once locked, remains locked until an error is sensed for

more than the maximum wow period.

o
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Theoretical Phase Delay of SSB System - (Continued)

Channels 16 and 17 pilot tones are passed through filters "c¢c" and "d"

respectively to become, before transmission: K, sin <"16 (t - Tc) - 0c)

and K, sin (w” (t-‘l‘d) - 0d) where T, and T, are the group time delays of
channels 16 and 17 at center frequency. ©Oc and 0d are the phase shifts
of these filters at center frequency. After transmission, reception and

tape transmission, channel 16 and 17 become respectively: K2 sin

[w“ (t - T .+ T, sinwt) - OJ and K, sin [w17(;-Td + T, sin wwt) - Od] o

Channel 16 and 17 are then filtered by filters "e" and "f", The resulting
vgveform ares Kz sin ["16 (t'Tc'Te + Tv sin th) - 0c - Oe] and Kz sin
Evu (t-'l'd-'l.'f + Tv sin wwt) - 0d - Gf] where:

'l" is the group time delay and Qe is the phase shift of
gt

filter "e" at Y16 (1+ T, v, cos wwt)

‘l'f is the group time delay and Of is the phase shift of
nen *

filter "f" at v19 (1'+ Tv w, cos wwt).

Channels 16 and 17 are mixed to produce cos ["1 (t + Tv sin v, t) + Y16

(‘l'c'+ ‘l“) - W, (Td + Tf) - (0d - 0c) - (of -.Oe)] plus higher frequencies.

The phase-locked-loop, when presented with the Channel 16 pilot tone give

above produces: Y16 (t - To = T - 1“ + T, sin w't) - 0 - 0e - 0g where

the loop acts as filter "g". This is divided by 16 to produce channel one:

sin ["1 (t - 'rc - ‘l‘. - 'l“ + 'rv sin w't - 'rh) = (Oc + Oe + 0g - 2n1T)/16]

where Th is the divider time delay due to clocking the chain with channel 16.




Theoretical Phase Delay of SSB System - (Continued)

When the two channel one's are mixed, the low frequency output is:
sin E’ls (T, +T,) + V7 (Tg + Tp) +2077/16-w; (T_+ T  + A T,) - 1/16
(6 + 0e + 0g) - (0e - 0f) - (0c - 6a)]

Assuming, for this part, that all group delays are constant with frequency,
the above wave is rewritten with the values for phase shift substituted
and all constant terms represented by the sylnbolyf H

sin [(‘l‘f Y17 = Y6 ('!‘e + ‘l'e/l6 + Tg/“)]"w T, cos (wwt +¥Y). -

- The condition for the digital phase lock to retain phase stability is then:
- £ ' :
Ern'rf Y16 (‘l‘e + ‘I‘e/16 + T‘[16)] v Tv" /16 EQ1l

17 1
1 ('l‘f - Te)'lT 'r‘ £ 104 us

Channel "N" ground carrier is given by:

: N
sin .(wu(t -T2~ T, - 'l" + T, sin wwt’).1—6— (6c + 0e + 0g) ).
Chxnnel N is passed through filter j to produce:

stn [Goy - wp) (£4T, stnwe) - w, (1, + TP 4wy T b (T, 4T 4T
-0a - 6b - Oj] where 0j and ‘l‘j are respectively the phase shift and time
delay of filter "j" at frequency ("N - el) 1+ v, T, cos wwt). These waves
are mixed to produce: cos E’It + wy (Tb + 'l‘j - Tc'Te - Tg) =W, T - vp
N

(‘l‘.+'l'b+'1'j - T, sinwt) - g (oc+0e+93)+oa+0t~+ej] « 1If
channel M were similarly transmitted and passed through filter "k' instead
of "b" and "m" instead of "j", it would produce a wave whose phase difference

(A9) from that on chat.mel N isQo = (v" - "ll) [(9‘:_*":;_"'2! -(Tc + '1'e + TJ]‘
Vo (T + Ty) = wy (T, + T)) +0b+03) - (6k + om).

-3-

e ——



Aom due to recorder = w T |cos wwt] Eﬂm (Tg+T -T) - wy (T, +T -
EQ. 2

Theoretical Phase Delay of SSB System - (Continued)
Assuming again linear phase delay, the wave is rewritten.with the values
T,) +
j)

for phase shift substituted and all constant terms neglected:
4

v (Tm - TJZ] .

-
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FO.  ES 150.001
& K REV,
. cooe 10ent. wo. 80045 PACE 2
REV.
' FILTER TUNING PROCEDURE
FOR
§S/DSB MULTIPLEXER
P/N 360000
1.0 Introduction )
| This tuning procedure specifies the initial tuning of the RLC
. five and seven pole filters used on the SS/DSB Multiplexer.
These are the o.l1 db chébychef designs used in the channel
board and IF assemblies, The design is a distorted pole
ladder network driven from a voltage source and terminated in
a prescribed load resistance.
! 2.0 Equipment
= 2.1 Oscillator 1KC to 120 KC.
[ | 2. Power Supply (2) 13V at 30 ma.
2.3 Oscilloscope Voltage Probe, x10, 10 Megohm, 7 pf.
2.4 Oscilloscope Current Probe, Tektronix Type 134 or equiv.
2.5 Oscilloscope ' '
3 2,6 Frequency counter, 5 place reading.
2.7 AC Voltmeter, Ballantine Model 643 or equiv.
i 2.8 Decade Resistance Box with ﬁetnl case and terminai, 1 ohm
to 1K ohm, 1K ohm to IM ohms.
3.0 Preliminary tuning of five pole filters for channel board.
. assemblies (P/N 360014-2 thru 19), ,
3.1 Assembly Information

These filters must be tuned before assembly is completed.
Referring to P/N 360014 schematic or assembly drawing, this
procedure must be executed before assembly of L1 thru LS,

Rl thru Rl1, and lead 4 of Tl. Cl thru C7, R12 thru R14,
Al, and T.P. 1 thru 4 must be already assembled. Assembly
of the remaining components on the channel board is not per-

- tinent to the tuning procedure.
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REV,
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\ . ‘

3.2

3.3
3.31

3.3.2

3.3.2.1

3.3.2.2

3.3.2.3

Test Set-Up

The test equipment configuration is shoﬁn in Figure 1 with
reference made to the equipment specified in Paragraph 2.0.
Reference is also made to temporary test points shown on

the schematic and assenbly drawings by letter des;gnation.

Tuning of Resonant Circuits
Tuning of L1, Selection of R10 and R1l
Connect a decade resistance box from T.P. 4 to lead 2 of

L1l (clip type comnection). Set the resistance to 50 ohms.

-Solder lead 1 to the board by removing the wire insulation

with Formvar, Leave sufficient lead length for about 1/4"
slack when the inductor is mounted. Place the current probe
around one lead of the decade :esiétance box. Connect test
point B (clip type connection) to T.P. 2.

Series Tuned Circuit Adjustment

Adjust the oscillator frequency for a maximum indication on
the output meter, Place an ungrounded voltmeter across the
inductor and set the oscillator level for a reading of 0.5
VRMS. Disconnect this voltmeter. .
Adjust the oscillator frequency for a maximum indicatisn on
the output meter. The vertical trace on the oscilloscope
should never be more than full scale. The vertical volts
per centimeter scope control may be adjusted for full scale
or zero db deflection of the output meter. Record this voltage
as Vl. Raise and lower the oscillator frequency until the
output indication drops by 3.0 db. Record these frequencies
as f1 and f2' '

Calculate Vz as shown on the work sheet. Adjust the decade
resistance box to produce a reading of v2 on the output meter
ge!k frequency :

xgn n perform Paragraph 3.3.2.1.
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3.3.2.4

3.3.2.5

3.3.2.6

3.3.2.7

3.3.2.8

3.3.2.9

Again perform Paragraph 3.3:2.2. Do not gecord the voltage.
Record the frequencies as f3 and fé' Calculate f5 as shown
on the work sheet,

Add two turns to the coil using lead 2 of the inductor. These
turns must be added in the same directions as the previous
windings. This is terméd the plus direction. Perform Para-
graph 3.3.2.2 recording the frequencies only as f6 and £7.

" Calculate f8'

Calculate T as shown on the work sheet. Add (T-2) turns in the
5 is
greater than the value shown. If fS is less than the value

plus direction (same direction as previous winding) if f

shown, turns must be removed. ‘The first two turns may be re-
moved. To remove more than these two turns, turns must be
added in the minus direction (oppoaite to the original winding
direction).

Perform Paragraph 3.3.2.2, noting bnly;lower‘S.O db frequency.
Adjust the decade resistance box and repeat Paragraph 3.3.2.2
untf{l the lower 3.0 db freqﬁency correspohds to the value shown.
Sufficient accuracy is achieved if the resistance is determined
to three significant figures. '

Check that the upper 3 db frequency (found by repeating
Paragraph 3.3.2.2) corresponds to the ralue shown.. If the

actual value is too high (low) add one turn in the plus (minus)
direction to lead 2 of the coil and repeat Paragraphs 3.3.2.7 and
3 3.2.8. ‘

Record the value of resistance and remove the decade box. Mount
lead 2 of the coil allowingl/4" slack lead and assemble the
mounting screw and washer by holding the washer and turning the
screw finger-tip tight. Do mnot cut lead 2 of the coil. Remove
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V.

3.3.2.9

3.8.2.10

3.3.3

3.3.3.1

3.3.3.3

(Continued)
only sufficlent Formvar to make the solder connection and allow the
end of the lead to extend through the board.

Select resistor R10 whose yalue is the smallest resistor provided, which
is greater than the value adjusted on the decade resistance box. Mount
R10. Remove the test lead on test point B and place it on test point C.
Connect the decade resistance box across R10. Adju.st thé resistance

in 5% RMA value steps and perform Paragraph 3. 3. 2.6 until the value

of lower 3.0 dB frequency is closest to that shown on the work sheet.
This is the value of resistor R11. Mount R11 and remove the test
connector between T.P. 2 and test point C,

Tuning of L3, Selection of R6 and R7,

Connect a decade resistance box from T.P. 4 tolead 2 of L3 (clip type
connection). Set the resistance to 50 ohms. Solder lead 1 to the board
by removing the wire insulation with Formvar. Leave sufficient lead length

for about 1/4" slack when the inductor is I.mounted. Place the current probe
around one lead of the decade resistance box. Connect test point D (clip
type connection) to T; P, 2.

Perform Paragraph 3. 3.2.1 thru 3.3.2.9,

Select resistor R7 whose value is the smallest resistor provided which

is greater than the value adjusted on the decade resistance box. Mount R7.
Move the test lead from lead 2 of L3 to test point E. Connect the decade
resistance box across R7. Adjust the resistance in §% RMS value s_tepc
and perform Paragraph 3. 3. 2. 6 until the value of lower 3.0 ‘db frequency

is closest to that shown on the work sheet. This is the value of R6.

Mount R6 and remove the two test connectors.

A0 s ‘Ni‘}
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3.3.4

3.3.4.1

3'3.4.2

3.34.3

3.3.5

3.3.6

3.36.1

Tuning of L3, Selection of Rl, R2, and R3,

Connect a decade resistance box from T.P. 4 to lead 2 of LS
(clip type connection). Set the resistance to 50 ohms. Solder
lead 1 to the boards by removing the wire insulation with
Formvar. Leave sufficient lead length for about 1/4" slack
when the inductor is mounted. Place the current probe around
one lead of ihe decade resistance ‘box. éonnect test point F
(clip type connection) to T.P. 2,

Perform Paragraphs 3.3.2.1 thru 3.3.2.9.

Mount resistors Rl and R2, Remove the test connector from

- T.P. 2 to test point F. Calculate R3 as shown on the work

sheet. Mount R3.

Tuning of L2, Selection of R8, R9.

Solder lead 1 of L2 to the board by removing the wire in-
sulation with Formvar. Leave sufficient lead length for about
1/4" slack when the inductor is mdunted. Connect a decade
resistance box from T.P. 4 to lead 4 of the coil (clip type
connection), Set the re:ist;ncc\to 30K ohms, Connect test
point G (clip type connection) to lead 4 of the coil. Place
the voltage probe on test point G.

Shunt tuned circuit adjustment.

Adjust the oscillator frequency for a maximum indication on

the output meter. Adjust tha oscillator level for an absolute
value of l.4v pp. Record the output meter reading. Move the
voltage probe to T.P. 4 and record the output meter reading as
V2. Return the. probe to lead 4 of the coil.

W
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3.3.6.2

3.3.6.3

3.3.6.4

3.3.6.5

3.3-6.6

3.3.6.7

3.3.6.8

3.3.6.9

Adjust the vertical volts/cm oscilloscope control for a full
scale or zero db deflection of- the output meter. Raise and
lower the oscillator frequency until the output indication
drops by 3.0 db. Record these frequencies as fl and f2.

Calculate R8 as shown on the work sheet and set the decade
resistance box to R'. Adjust the oscillator level for an
obsolute reading of 1.4V pp on the oscilloscope.

Perform Paragraph 3 3.6 .2, recording the frequencies as f3 and
f4. Calculate f5 as shown.

Add two turns in the positive direction to the coil using lead
4, Perform Paragraph 3.3.6.2 recording the two frequencies
as f6 and f7. Calculate f8 as shown,

Calculate T as shown on the work sheet. Adjust turns as
shown (vefer to Paragraph 3.3.6.6 for more explicit information).

-

Perform Paragraph 3.3.6.2 noting only the lower 3 db

frequency. Adjust the decade resistance box until this frequency °
'is closest to that specified on the work sheet Three signifi-

cant figure accuracy of resistance is sufficient.

Check that the upper 3 db frequency (found by repeating
paragraph 3.3.6.2) corresponds to the value shown. If the
actual value is too high (low); add 1 turn to the coil in the
plus (minus)direction and repeat Paragraphs 3.3.6.7 and 3.3.6.8.

Record the value of resistance and remove the decade box and
test connection to lead 4. Mount lead & of the coil allowing
about 1/4" slack lead. Do not cut lead 4 of the coil. Remove
only sufficient Formvar to make the solder connection and allow
the end of the lead to extend through the board. Do not mount

the center screw and washer.
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3.3.6.10

3.3.7

3,3.7.1

3.3.7.2

Select resistor R8 whose value is the largest resistor pro-
vided, which {s less than the value adjusted on the decade
resistance box. Temporarily connect R8 from T.P. 4 to one
lead of the decade resistance box. Connect the other lead
of the box to test point G, Adjust the decade resistance
box in 5% RMA value steps and perform Paragraph 3,3.6.2

noting only the lower 3 db frequency until this frequency is closest

to that specified on the work sheet. Select R9 whose value is
that adjusted on the resistance box. Mount R8 and R?. Remove
the decade resistance box.

Tuning of L4, Selection of R4 and R3,

‘Solder lead 1 of L4 to the board by removing the wire insulation

with Formvar, Leave sufficient length for about 1/4" slack

when the inductor is mounted. Connect a decade resistance box
from T.P. 4 to lead 4 of the coil (clip type comnection)., Set
the resistance to 50K ohms. Connect test point H (clip type con-
nection) to lead 4 of the coil.  Place the voltage probe on test
point H.

Perform Paragraphs 3.3 6.1 thru 3.3.6.9.

Select resistor R4 whose value {s the largest resistcr
provided, which is less than the value adjusted on the decade
resistance box. Tempcrarily connect R4 from T.P. 4 to omne
lead of the decade resistance box. Connect the other lead of
the box to test point H. Adjust the decade resistance box
in 5% RMA value steps and perform Paragraph 3.3.6.2 noting
only the lower 3 db frequency until this frequency is closest
to that specified on the work sheet. ‘Select R5 whose value is
that specified on tﬁe work sheet. Select R5 whose value is that
adjusted on the resistance box. Mount R9 and R3. Remove the
decade registance box.
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EV.

3.4

3.4.1

3.4.2

3.4.2.1

3.4.2.2 °

30“.2.3

3.4.3

Tap Adjustment

Adjustment of Tap Lead 3 of L2

Temporarily connect T.P. 4 to test point E, Temporarily
connect test point D to lead 3 of L2, Place the voltage probe on
test point D,

Method of Tap Adjustment

W‘ "’m

By varying the oscillator frequency, the output meter can be
observed to produce a maximum indication at two frequencies.
Adjust the oscillator to one of these frequencies

Place the voltage probe on test'point G and set the oscillator

level for a 1.4V pp absolute reading on the oscilloscope.
Return the voltage probe to test point D,

Adjust the osciliator frequency and record the two frequencies

at which the output meter gives a maximum indication. Calculate

the difference in these two frequencies. By adding turns to the

coil with the tap lead, this frequency difference should be

brought as close as possible to the value given on the work sheet.

If the frequency difference is too small, add turns in the positive
direction which is the direction in which the coil is wound. Add- é
ing turns in the spposite (negative)direction will decrease the i

~ frequency difference.

Remove the test connection from test point E, Remove the test
connection between test point D and lead 3 of L2. Be careful :
not to change the turns on lead 3 of L2. %

Adjustment of tap lead 2 of L4

(3 . . - $

Temporarily connect test point D to T.P.4. Tedporagfly connect
lead 2 of L4 to test point E. Place the voltage probc_oﬁ test

point E.
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! 3431

| 3.4.3.2

% ' 3.4.3.3

3.4.3.4

3.4.4

3.4.4.1

3.4.4.2

3.“.4.3

3.“.5

Perform Paragraph 3 4.2 Place the voltage probe on test
point H and set the oscillator level for a 1.4V pp absolute
reading on the oscilloscope. Return the voltage probe to
test point E.

Perform Paragraph 3.4.2.2.

Connect t;p 2 of L4 to the board. Remove only sufficient
wire insulation to make the solder connection. Do not cut
the lead but allow the excess length to extend through the
board. When the coil is mounted the lead should have about
1/4" slack. ‘

Remove the two test connnections.

Adjustment of tap lead 3 of L4°
Temporarily connect T.P. 3 to T.P.4. Temporarily connect lead
3 of L4 to test point F, '

Perform Paragraph 3.4.3.1 but return the voltage probe to
test point F,

Perform Paragraph 3.4.3.2. Connect tap 3 of L4 to the board

as in Paragraph 3.4.3.3. Remove the two test connectioms.

Mount the nylon screw and washer to secure L4 to the board by
holding the washer and turning the screw. Tighten the screw
with finger tip pressure only.

Adjustment of tap lead 2 of L2.
Temporarily connect lead 2 of L2 to test point C. Place the

voltage probe on test point C.

™




{( ES 150,001
) REV,
-' cooe 10ext, no. 80045 PAGE 11
r . -
3.4.5.1 Perform Paragraph 3.4.2, Perform Paragraph 3.4.2.1

1 except return the voltage probe to test point C.

i 3.4.5.2 Perform Paragraph 3.4.2.2. Remove all test connections.
Connect leads 2 and 3 of L2 to the board .as in Paragraph

U . 3.4.3.3. DMount the nylon screw and washer as in Paragraph

3.4.4 3,
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P P/N 360014- 2 Coil L
; WORK SHEET
L
(L1, L3)
. Ref, Para.
2 | 3.3.2.2 Measure Voltage at peak - v (V1)
: Upper 3 db Frequency = KHz (f1)
i . Lower 3 db Frequency = KHz (f2)
3.3.2.3 Calculate [(er - £2) /169 Kiz) | (V1) = v (v2)
Set Output meter to V2 volts by selectink resistor.
Set Voltage across coil to 0,5V RMS.
& 3.3.2.4 Measure -Upper 3 dB frequency = ) KHz (f3)
= Lower 3 dB frequency = KHz (f4)
Calculate - f£4 + (£3 - £4)/2 - (£3 - £4) 2/(8£4) = KHz (f£5)
3.3.2.5 Add Z turns to coil in + direction.
| Measure Upper 3 dB frequency = KHz (f£6) L
_§ ' Lower 3 dB frequency = KHz (f7) )
'O  Calculate £7 + (£6.: £7)/2 - (£6 - £7) 2/(8£7) = KHz (£8)
3.3.2.6 Calculate E(fs)(fs - 2:+8KHg)j / E(?.wk!(e)(fs - st] - turns (T)
 Add (T-2) turns in + direction if £5> Z 8 kH# 2z -
Add (T-2) turns in - direction if £5& J F8KH >
3.3.2.7 Select resistor for lower 3 dB frequency = 2 52 f KHz
| | |
1 3.3.2.8 _Check that upper 3 dB frequency = /2 3// 7 /0.4 kH+
( ' Read decade box R= Ohms
[ i
t 9
1
I
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' P/N 360014~ _ 3 Coil L
WORK SHEET
(L1, L3)
Ref. Para.
o 3.3.2.2 . Measure Voltage at peak - _ v (V1)
% Upper 3 db Frequency = KHz (fl)
Lower 3 db Frequency = KHz (£2)
3.3.2.3 Calculate [¢e1 - £2) /169 kH2) ] (V1) = v (v2)
Set Output meter to V2 volts by selecting resistor.
Set Voltage across coil to 0,5V RMS,
I 3.3.2.4 Measure Upper 3 dB frequency = ' Kz (£3)
Lower 3 dB frequency = KHz (f4) |
} Calculate £4 + (£3 - £4)/2 - (£3 - £4) 2/(8¢£4) = Kiz (£5)
) 3.3.2.5 . Add 2 turns to coil in + direction.
JT Measure Upper 3 dB frequency = KHz (f6)
Lower 3 dB frequency = KHz (£7)
’ Calculate £7 + (£6 3 £7)/2 - (£6 - £7) 2/(3£7) = Kz (£8)
| EEEE Catculate 2(f8)(¢5 - .2200] / [(1e.22000(85 - £8)] = turns (1),
] Add (T-2) turns in + direction if £5> )42 2K Hs "
Add (T-2) turns in - direction if f5& /422 <H>
3.3.2.7 Select resistor for lower 3 dB frequency = /3400 KHz
- 3.3.2.8 ‘Check that upper 3 dB frequency = /50/5 % J5/56 KHe ___.
* Read decade box R=_ Ohms
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Ref. Para.

3.3.2.2

3.3.2.3

3.3.2.4

3.3.2.5

3.3.2.6

8.3.2.7

3.3.2.8

Check that upper 3 dB frequency = [1.725 7 /772 3'kH'%

P/N 360014~ f‘_ Coil L

WORK SHEET
(L1, L3)
Measure Voltage at peak - : v (V1)
Upper 3 db Frequency - KHz (f1)
Lower 3 db Frequency = KHz (£2)
Calculate [¢e1 - £2) /1.69 kH2) ] #v1) = v (v2)
Set Output meter to V2 volts by selecting resistor.
Set Voltage across coil to 0.5V RMS,
Measure Upper 3 dB frequency - ' KHz (f3)
| Lower 3 dB frequency = KHz (f4)
Calculate £4 4 (£3 - £4)/2 - (£3 - £4) 2/(8£4) = Kiz (£5)

Add 2 turns to coil ‘in + direction,

Measure Upper 3 dB frequency L KHz (£6) -
A Lower 3 dB frequency - KHz (£7)
Calculate £7 4+ (£6 = £1)/2 - (£6 - £7) 2/(8£7) = RHz (£8)

Calculate E(fs)(fs - [Xmggg)] / [(/a.n KH (£5 - fsﬂ = turns (T) 0
Add (T-2) turns in + direction if £5> /8.9¢ kH2
Add (T-2) turns in - direction if £5& 18.9¢ KH=

Select resistor for lower 3 dB frequency = /3.13 KHz

Read decade box R= Ohms

S S - cimn S e
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Ref. Para.

3.3.2.2

3.3.2.3

3.3.2.4

3.3.2.3

3.3.2.6

343,2.2

3.3.2.8

_ Select resistor for lower 3 dB frequency = 22.87 KHz

.Check that upper 3 dB frequency = 24437 7 z4683 K Hz

P/N 360014- £ Coil L

WORK SHEET

(L1, L3)

Measure Voltage at peak - } v (V1)

Upper 3 db Frequency = KHz (fl)

Lower 3 db Frequency = KHz (£2)
Calculate [te1 - £20 /(169 KHz) | (V1) = v (v2)
Set Output meter to V2 veclts by selecting resistor.
Set Voltage across coil to 0.3V RMS.
Measure Upper 3 dB frequency = ) KHz (f£3)

Lower 3 dB frequency - KHz (£4)
Calculate £ + (£3 - £4)/2 - (£3 - £4) 2/(8£4) = Kz (£5)

Add 2 turns to coil in + direction.’

Measure Upper 3 dB frequency ' = KHz (f£6)
Lower 3 dB frequency - KHz (£7)
Calculate £7 + (f6 = £7)/2 - (f6 - £7) i/(tm) = KHz (£8)

Calculate E(:a)(rs - 23.70!({{3)] / ‘:(23.‘70 kHe) (£5 - f8§] = turns ('l‘)d
Add (T-2) turns in + direction if £5> 2270 KH= '
Add (T-2) turns in - direction if f5& 2270 KH%

Read decade box R= Ohms
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Ref. Para.

3.3.2.2

3.3.2.3

3.3.2.4

3.3.2.5

3-3‘2 .6

3.3.2.7

3.3.2 .8

. Check that upper 3 dB frequency = 27 /5/ 7s 27444 K”%

P/N 360014~ (’2 Coil L

WORK SHEET
(L1, L3)
Measure Voltage at peak - _ v (V1)
Upper 3 db Frequency = KHz (fl)
Lower 3 db Frequency - KHz (£2)
Calculate [t - 20 /169 KHz) | (V1) = W (v)
Set Output meter to V2 volts by selecting resistor.
Set Voltage across coil to 0.5V RMS.
Measure Upper 3 dB frequency = ) KHz (f£3)
Lower 3 dB frequency - : KHz (f4)
Calculate £4 + (£3 - £6)/2 - (£3 - £4) 2/(8£4) = KHz (£5)

Add 2 turns to coil in + direction. :
Measure Upper 3 dB frequency = KHz (f£6)

Lower 3 dB frequency = KHz (£7)
Calculate £7 + (£6 3 £7)/2 - (£6 - £1) 2/(8£7) = KHz (£8)

Calculate E(fs)(fs - 2gifkﬂa)j / 'L'(zaiwems - 8)] = turns (T)
Add (T-2) turns in + direction if 5> 2844 KH2 i
Add (T-2) turns in - direction if f5<& 28.44 KH%

Select resistor for lower 3 dB frequency = 27.408 Khz

Read decade box Re= Ohms
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Ref. Para.

3.3.2.2

3.3.2.3

3.3.2.4

3.3.2.5

3.3.2.6

3.3.2.7

3.3.2.8

Check that dpper 3 dB frequency = 33 844 7o 24204 KH 2
Read decade box ; R= . * Ohms

ES 150.001
coor 10ent. wo. 80045 PAGE 18
P/N 360014~ Z Coil L '
WORK SHEET '
(L1, L3)
Measure Voltage at peak = v (V1)
Upper 3 db Frequency = ’ KHz (f1)
Lower 3 db Frequency - KHz (f2)
Calculate [(n - £2) /(1.69 KHz) | (V1) = v (v2)
Set Output meter to V2 volts by selecting resistor.
Set Voltage across coil to 0,5V RMS,
Measure Upper 3 dB frequency - ' KHz (f3)
‘ Lower 3 dB frequency = KHz (f4)
Calculate £4 4 (£3 - £4)/2 - (£3 - £4) 2/(8£4) = Riz (£5)

Add 2 turns to coil in + direction,

Measure Upper 3 dB frequency '« KHz (£6)
Lower 3 dB frequency = KHz (£f7)
Calculate £7 + (£6 3 £7)/2 - (£6 - £7) 2/(8£7) = RHz (£8)

Calculate[z:(fs)(fs - 3.[8K&e):]'/ [(.?IIQK,‘I})(ES - f&ﬂ = turns (T) 6
Add (T-2) turns in + direction if £5> 33 /8 KH=2
Add (T-2) turns in - direction if £5<& J33./8 KHz

Select resistor for lower 3 dB frequency = J2 3446  KHz
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Ref. Para.

3.3.2.2

3.3.2.3

3.3.2.4

3.3.2.5

3.3.2.6

3.3.2.7

3.3.2.8

Measure

Calculate
Set
Set

Measure

Calculate

P/N 360014- 8 Cofil L

WORK SHEET

(L1, L3)
Voltage at peak = v (V1)
Upper 3 db Frequency - KHz (fl)
Lower 3 db Frequency = KHz (f£2)
[¢e1 - £2) 7(1.69 RH2) | (V1) = ¥ (v2)

Output meter to V2 volts by selecting resistor,

Voltage across coil to 0.5V RMS.

Upper 3 dB frequency =

' KHz (f3)

Lower 3 dB frequency -

KHz (f4)

f4 + (f3‘- £4)/2 (£3 - f4)

Add 2 turns to coil in + direction.

Measure

Calculate

Upper 3 dB frequency -

2/8£4) =

KHz (f£6)

Lower 3 dB frequency =

KHz (£7)

£7 + (£f6 = £7)/2 - (t6 - £7) /(sm =

Catculate [2(£8) (€5 - 3292KH)] / Lw(fs - £8)] =
Add (T-2) turns in + direction if £5> 37.92kH,

Add (T-2) turns in - direction if £5& 3792 x}»

Select resistor for lower 3 dB frequency =37Z0R4 KHz

.Check that upper 3 dB frequgncy = ?ﬁsez + 38.968 KkH:

Read decade box R=

Ohms

KHz (£5)

KHz (£8)

turns (T)

" b

/
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[ WORK SHEET
(L1, L3)
: Ref. Para. - <
1
: 3.3.2.2 Measure Voltage at peak - . v (V1)
b0 Upper 3 db Frequency - KHz (fl1)
g § Lower 3 db Frequency - KHe (f2)
= ! .
3.3.2.3 Celculate  [(f1 - £2) /(1.69 Kiz) | (V1) = ¥ (v1)
Set Output meter to V2 volts by selecting resistor.
N Set Voltage across coil to 0.5V RMS,
{) 3.3.2.4 Measure Upper 3 dB frequency = ) KHs (f£3)
’ Lower 3 dB frequency = KHz (f£4)
§ Calculate £4 + (£f3 - £4)/2 - (£3 - f4) z/(Bf‘o) - KH: (£S)
) 3.3.2,5 Add 2 turns to coil in + direction.
i Measure Upper 3 dB frequency & KHz (f£6) ' i,
i ~ Lower 3 dB frequency - KHe (£7) ‘
: M Calculate £7 + (£6.> £7)/2 - (f6 - £7)1/(8f7) - KHz (£8)
e A

(] |2 Catulate [2(£0)(£5 42,6000) | / {26605 - £8)] = turns (D) )

Add (T-2) turns in + direction if £5> 42.66 kH;
{3 : Add (T-2) turns in - direction if £5& 42 £2 KH.
3.3.2.7 Select resistor for lower 3 dB frequency =14[,823 KHz
3.3.2.8 Check that upper 3 dB frequency -Itz‘)% H 43731 _Khe
[
i Read decade box R= Ohms
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P/N 360014~ |10 Coil L
WORK SHEET
} , (L1, 13)
Ref. Para.
| (]
| 3.3.2.2 Measure Voltage at pecak - v (V1)
[I Upper 3 db Frequency = KHz (fl1)
; Lower 3 db Frequency - KHz (f2)
I 3.3.2.3 Calculate [(fl - £2) /(1.69 KHz):] (V1) = v (v2)
Set Output meter to V2 volts by selecting resistor.
[‘ Set Voltage across coil to 0.5V RMS. |
g [ 3.3.2.4 Measure Upper 3 dB frequency - ) KHz (f3)
' Lower 3 dB frequency. = KHz (f4)
Calculate €6 + (€3 - £6)/2 - (£3 - £4) 2/(8£4) = Kz (£5)
3 3.3.2.5 Add 2 turns to coil in + direction.
e L Measure Upper 3 dB frequency - KHz (£6) e
5 ) Lower 3 dB frequency = KHz (f7)
Calculate £7 + (£6 : £7)/2 - (f6 - £7) “/(8£7) = KHz (£8)
‘ 3.3.2.6 CalculateE(fB)(fS -yzm)] / L(w(fﬁ - fa-)-\ - turns (T) )
Add (T-2) turns in + direction if £3> 47040 KHs
! ~ Add (T-2) turns in - direction if f5 {4740 KHs
3.3.2.7 Select resistor for lower 3 dB frequency ='4+5563 KHz
3.3.2.8 ‘Check that upper 3 dB frequency = 4BOII to HBUIE Khe {
Read decade box R= Ohms L
- i
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Read decade box R= Ohms

ES  150.001 L
REV,
cooz 10ext. wo. 80045 PAGE 22
Tv.
P/N 360014- | Coil L
WORK SHEET
(L1, L3)
Ref. Para.
3.3.2.2 Measure Voltage at peak - . , v (V1) 1
Upper 3 db Frequency = KHz (fl)
Lower 3 db Frequency = KHz (£2)
3.3.2 3 Calculate [te1 - £2) 7€1.69 kHz) ] (V1) = ¥ (v2)
Set Output meter to V2 volts by selecting resistor.
Set Voltage across coil to 0.5V RMS.
3.3.2.4 Measure Upper 3 dB frequency - ' KHz (f3)
- Lower 3 dB. frequency = KHz (f4)
Calculate £4 + (£3 - £4)/2 - (£3 - £4) 2/(8f4) = KHz (£5)
0 3.3.2.5 Add 2 turns to coil in + direction.’
Measure Upper 3 dB frequency '« KHz (f6) .
Lower 3 dB frequency - KHz (£7)
Calculate £7 + (£6 = £7)/2 - (£6 - £7) 2/(8€7) = KHz (£8)
3.3.2.6 Calculate E(fB)(fS -52.H~KH3)] / L(iZ.!LKH:)(fS - ESE - turns (T) (
Add (T-2) turns in + direction if f5> 2'?,14KH,
Add (T-2) turns in - direction if £5 52./14KHs
3.3.2.7 Select resistor for lower 3 dB frequency = 51302 KHz
3.3.2.8 Check that upper 3 dB frequency = 52.727 4, 53257 KkHs




Eorm 822=0

ES 150.001
REV,
cooe 1oeat. wo. 80045 PAGE 23
frevs
P/N 360014~ [2 Coil L
WORK SHEET
(L1, L3)
Ref. Para,
3.3.2.2 Measure Voltage at peak - . v (V1)
Upper 3 db Frequency - KHz (f1)
Lower 3 db Frequency = KHz (f2)
3.3.2.3 Calculate L(f1 - £2) 7(1.69 Kiz) | (V1) = _ v (v2)
. Set Output meter to V2 volts by selecting resistor.
i Set Voltage across coil to 0.5V RMS.
f 3.3.2.4 Measure Upper 3 dB frequency = ) KHz (£3) !
Lower 3 ¢B frequency = z KHz (f4)
Calculate £4 + (£3 - £4)/2 - (£3 - £4) 2/(8f4) = KHz (£5) .
i . ' ‘
¥ 3.3.2.5 Add 2 turns to coil in + direction.
Measure Upper 3 dB frequency - KHz (£6)
Lower 3 dB frequency - KRHz (£7)
Calculate £7 + (£6 = £7)/2 - (£6 - £7) 2/(8£7) = KHz (£8)
3.3.2.6 Calculate E(fS)(fS -55.89!(!-{2)] / }_(rg.eg ko) (£5° - fsﬂ = turns (T)
Add (T-2) turns in + direction if £5> 56.88 KH, .
Add (T-2) turns in - direction if £5<& 55.858 kv,
3.3.2,7 Select resistor for lower 3 dB frequency = 55 )1} KHz i
3.3.2.8

Check that upper 3 dB frequency = 57.443 + 58020 K He

Read decade box R= Ohms




ES 150,001
: REV,
coor 1omat. wo. 80045 PAGE
24
REV.
P/N 360014- 13 Coil L
WORK SHEET
(L1, L3)
Ref. Para. *
3.3.2.2 Measure Voltage at peak = . v (V1)
Upper 3 db Frequency - KRHz (fl)
Lower 3 db Frequency = KHz (£2)
3.3.2.3 Calculate [¢er - £2) /(1.69 RH2) ] (V1) = ¥ (v2)
Set Output meter to V2 volts by selecting resistor.,
Set Voltage across coil to 0.5V RMS.
3.3.2.4 Measure Upper 3 dB frequency - . KHz (£3)
Lower 3 dB frequency = KHz (£4)
Calculate £4 + (£3 - £4)/2 - (£3 - £4) 2/(8£4) = __KHz (£5)
3.3.2.5 Add 2 turns to coil in + direction.
Measure Upper 3 dB frequency = KHz (f£6) _ =
Lower 3 dB frequency - _ KHz (£7)
Calculate £7 + (£6 = £7)/2 - (€6 - £7) 2/(8£7) = _ KHz (£8)
3.3.2.6 Calculate E(f&)(fs -61.62 .‘(Hz)] / [(Qﬁﬁi;)(fs - _fBB = turns (T) ¢
Add (T-2) turns in + direction if £5> 6£[.62 KHe
Add (T-2) turns in - direction if £5& 51.62 KH»
3.3.2.7 Select resistor for lower 3 dB frequency = £0,75) KHz
3.3.2.9 ‘Check that upper 3 dB frequency = 62./58 4, 62,783 KHe

Read decade box R. - ) Ohms




rorm g22-0

-

3.3.2.6 Calculate E(:s)(fs - €535 m)] 7 o es - t8)] =

Add (T-2) turns in + direction if 5> 53534 k¥s
Add (T-2) turns in - direction if £5& 66.35 Ki»

3.3.2.7 Select resistor for lower 3 dB frequency = 55.520 KHz
3.3.2.8 Check that upper 3 dB frequency = (5.274 1, £7.54G KH:

4

Read decade box R= Ohms

ES 150.001
: “v.
coor toeat. wo. 80045 PAGE 25
HAR
P/N 360014- |4 Coil L
WORK SHEET
(L1, L3)
Ref. Para.
3.3.2.2 Measure Voltage at peak = v (V1)
Upper 3 db Frequency = KHz (fl)
Lower 3 db Frequency = RHz (£2)
3.3.2.3 Calculate [¢er - £2) 7169 KHz) | (V1) = v (v2)
Set Output meter to V2 volts by selecting resistor.
Set Voltage across coil to 0.5V RMS.
3.3.2.4 Measure Upper 3 dB frequency = ' KHz (f£3)
Lower 3 dB frequency © KHz (f4)
Calculate £4 + (£3 - £6)/2 - (£3 - £4) 2/(8£4) = Kiz (£5)
3.3.2.5 Add 2 turns to coil in + direction.:
Measure Upper 3 dB ftequeucj - KHz (£6)
Lower 3 dB frequency = _ KHz (£7)
Calculate £7 + (£6 = £1)/2 - (£6 - £7) 2/(8£7) = KHz (£8)

turns (T)




| 1 ES  150.001
; ® REV.
E cooe tomar. no. 80045 PAGE 26
‘ P/N 360014- )5 Coil L
[ j, ' WORK SHEET
\ (L1, L3)
?' 3 Ref. Para.
e
3.3.2.2 Measure Voltage at pecak - v (V1)
; Upper 3 db Frequency - KHz (f1)
E | ’ Lower 3 db Frequency - KHz (£2)
3.3.2.3 Calculate [(e1 - £2) 7169 kH2) ] (1) = v (v2)
Set Output meter to V2 volts by selecting resistor,
Set Voltage across coil to 0.5V RMS.
8 3.3.2.4 Measure Upper 3 dB ffequency- = ) KHz (£3)
' Lower 3 dB frequency . = KHz (f4)
. Calculate £4 + (£3 - £4)/2 - (£3 - £4) 2/(8f4) = KHz (£5)
- | . .'-; - i
) 3.3.2.5 . Add 2 turns to coil in + direction. "R
Measure Upper 3 dB frequency w KHz (f£6) Lo
_ Lower 3 dB frequency = KHz (f7)
< | Calculate £7 + (£6 = £7)/2 - (£6 - £7) 2/(8£7) = KHz (£8)
© 3.3.2.6 CalculateE(fS)(fS - ZLIn K &)] / r('7£IQ rv.)(fs - fsj turns (T) (
: ' Add (T-2) turns in + direction if f£5> ZLID kHa | T
' _ Add (T-2) tumsnin - direction if £5& Z//D kHs
3.3.2.7 Select resistor for lower 3 dB frequency = 78260  Khz
3.3.2.8 Check that upper 3 dB frequency = 7/590 7. 72,3/0 KHs
- Read decade box R= Ohms
| =& =
i




s

ES 150.001

) “v.
coot 10ent. wo. 80045 PACE 27

Ref. Para.

3.3.2.2

3.3.2.3

3.3.2.4

3.3.2.3

©3.3.2.6

3.3.2.7

3.3.2.8

P/N 360014~ |4 Coil L

WORK SHEET
(L1, L3)
Measure Voltage at peak - ) v (V1)
Upper 3 db Frequency - KHz (f1)
Lower 3 db Frequency - KHz (£2)
Calculate [(n - £2) /(1.69 Kiz) | (V1) = v (v2)
Set Output meter to V2 volts by selecting resistor.
Set Voltage across coil to 0.5V RMS,
Measure Upper 3 dB frequency = ) KHz (f3)
Lower 3 dB frequency - KHz (f4)
Calculate £4 + (£3 - £4)/2 - (£3 - £4) 2/(8£4) = KHz (£5)

Add 2 turns to coil in + di.rection.

Measure Upper 3 dB frequency = KHz (£6) | _ \
Lower 3 dB frequency - KHz (£7)
Calculate £7 + (£6 - £7)/2 - (£6 - £7) 2/(8£7) = KHz (£8)

Calculate E(f&)(fs -Qqazrg.)] / im(f." - fSB - turns (T} 6
Add (T-2) turns in + direction if £5> 25.32 KW, ' |

Add (T-2) turns in - direction if £5< 35.32 KkhHs

Select resistor for lower 3 dB frequency = 84.479 KHz

Check that upper 3 dB frequency = a'-"»‘ 728 +. 86.600 KHz
Read decade box R= Ohms

{
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ES 150.001

REV,
PAGE 28

LV,

Ref, Para.

3.3.2.2

3.3.2.3

3.3.2.4

3.3.2.5

- 3.3.2.6

3.3.2.8

P/N 360014- |7 Coil L

WORK SHEET
(L1, L3)
Measure Voltage at peak = } v (V1)
Upper 3 db Frequency = KHz (fl)
Lower 3 db Frequency = KHz (f2)
Calculate [(e1 - £2) /(169 H2) | (V1) = v (v2)
Set Output meter to V2 volts by selecting resistor,
Set Voltage across coil to 0.5V RMS.
Measure Upper 3 dB frequency = ' KHz (f£3)
Lower 3 dB frequency - KHz (f4)

Calculate

Measure Upper 3 dB fre:quency

Calculate

f4 + (£3 - f4)/2

* Add 2 turns to coil in 4+ direction.

Lower 3 dB frequency
£7 + (£6 - £7)/2 - (f6

(£3 - £4) 2/(8£4) =

. KY

- KHz (£6)

= KHz (f7)
- £7) 2/(8£7) =

Calculate E(fB)(fS -90rs kHz)] / i (QN kHe) (£5 - fSJ

Add (T-2) turns
Add (T-2) turns

in + direction if £5>
in - direction if f5¢

an

D256 KHe

C. 05 ks

Select resistor for lower 3 dB frequency = 92,219 KHz

R=

‘Check that upper 3 dB frequency = 20,454 ‘tﬁ 2),354 KHz
Read decade box’

Ohms

'y

KHz (£5)

e -4 w W 0y

KHz (f£8)

turns (T)

el

¢




| ES  150.001
- ) REV'
: coot 1oent. no. 80045 PAGE 29 -
P/N 360014- l& Coil L
‘ * WORK SHEET
¢ ) (L1, 1L3)
Ref. Para.
(-1
it 3.3.2.2 Measure Voltage at peak - v (V1) .
Upper 3 db l"x'esquenclzr1 - RHz (f1)
Lower 3 db Frequency = KHz (f2)
3.3.2.3 Calculate [ce1 - £ /7160 kH2) ] (V1) = v (v2)
Set Output meter to V2 volts by selecting resistor., ,
.1 Set Voltage across coil to 0,5V RMS, ;
8 3.3.2.4 " Measure Upper 3 dB frequency = ) KHz (£3)
= Lower 3 dB frequency = KHz (f4)
U . Calculate £4 + (£3 - £4)/2 - (£3 - £4) 2/(884) = Kiz (£5)
. 3.3.2.5 Add 2 turns to coil in + direction.
] Measure Upper 3 dB frequency = KHz (£6) ' .
_ : ' Lower 3 dB frequency - KHz (£7)
11| Calculate £7 + (£6 = £1)/2 - (£6 - £7) 2/(8£7) = Kiiz (£8)
| ©3.3.2.6 Calculate E(fS)(fS - 94.80v) | / E(?,a%.ﬂ&ﬂ.)(fs - fBﬂ = _ turns (T) a
- | Add (T-2) turns in + direction if £5> 94,80 k%, |
r ' > =, Add (T-2) turns in - direction if £5& 9480 KHz
. 8.3,2.7 Select resistor for lower 3 dB frequency = 93 952 KHz
: 3.3.2.8 " Check that upper 3 dB frequency = 25 )7] +, 96,127 kH=
Read decade box R= Ohms
r ” .
1]
1
|




i ES 150.001

L ] REV.

g cooe 10ent. wo. 80045 PAGE 30

- P/N 360014- |9  cofl L ___
WORK SHEET
- (L1, L3)
Ref. Para.

- 3.3.2.2 Measure Voltage at peak = v (V1)

(] - Upper 3 db Frequency = KHz (fl)
| ' Lower 3 db Frequency - KHz (f2)

3.3.2.3 Calculate [¢e1 - £2) 7169 RHz) | (V1) = v (v2)
Set Output meter to V2 volts by selecting resistor.

[} Set Voltage across coil to 0.3V RMS,

{* 3.3.2.4 Measure Upper 3 dB frequency = - KHz (f3) ‘
i . H
- . Lower 3 dB frequency = KHz (f4)

[ Calculate £4 4+ (£3 - £4)/2 - (£3 - f4) 2/(Sflo) = KHz (£5)

3.3.2.5 Add 2 turns to coil in + dire;tion." )
Measure Upper 3 dB frequency - KHz (f£6) N

) ' Lower 3 dB frequency = KHz (f7)

L Calculate £7 + (£6 < £7)/2 - (£6 - £1) 2/(8£7) = KHz (£8)

©3.3.2.6 Calculate E(fs)(fs -w:] /| (94 kP (£5 - fsz] = turns (T) (
Add (T-2) turns in + direction if £5> 29.54 ke
Add (T-2) turns in - direction if £5& 99,54 KH.
3.3.2.7 - Select resistor for lower 3 dB frequency = 38,699 KHz .
3.3.2.8 -Check that upper 3 dB frequency = 29,827 4 /00.89] KHs. _ |
Read decade box ~ R= Ohms




As ) - ES 15.001
s REV,
E cooe toent. wo. 800495 . PAGE 31
o1 v
PN 360014- 2 Coil L 5
) WORK SHEET
Ref. Para.
3.3.2.2 Measure Voltage at peak - vV (V1)
Upper 3 db frequency - ’ KHz (f1)
Lower 3 db frequency - KHz (f2)
3.3.2.3 Calculate Cee1 - £2) /(1,69 Ruz) ] (V1) = v (v2)
Set Output meter to V2 volts by select ng resistor.
Set Voltage across coil to 0.3V RMS.
3.3.2.4 Measure Upper 3 dB frequency K = ' KHz (£3)
Lower 3 dB frequency = KHz (f4)
#
Calculate £4 = (£3 - £4)72 - (£3 - £4) “/(8f4) = ___ Kis (£5)
, 3.3.2,5  _ Add 2 turns to coll in + direction. '
' Measure Upper 3 dB frequency = KHz (f£6)
Lower 3 dB frequency @ KHz (f ) o
Calculate £7 + (£6 - £7)/2 - (£6 - £7) 2/(3¢7) = KHz (£3)
3.3.2.6 Calculate [2(£8)(£5 - 9.48 Khz)] / [(248 kha )(£5 - £8)] » _curns (T} ;
Add (T-2) turns in = direction {f £5> 9.48 KkHs .
' Add(T-2 iurns in - direction 1f £5<__9.48 Kz
7| 3.3.2.7 N Select resistor for lower 3 dB frequency = _£.£93 KHz
3.3.2.8 ' Check that upper 3 dB frequency = /0.3 %, /O.214 KHs _
Read decade box ‘R= Ohms
3.3.4.3 Calculate 23 = (R(I%01K) b (&73M) »,
T (%0°K ) - R




ES 15.001
' REV,
coot 1oet. wo. 80045  PAGE 3

_{REV.

Ref. Para.

3.3.2.2

3.3.2.3

3.3.2.4

3.3.2.5

3.3.2.6

3.3.2.7

3.3.2.8

3.3.4.3

Measure

Calculate
Set

Set
Measure

Calculate

Add 2 turns to
Measure

Calculate

PN 360014- 3 Coil L 5

WORK SHEET
Voltage at peak - v (V1)
Upper 3 db frequency - ' KHz (f1)
Lower 3 db frequency - KHz (f£2)

T(£1 - £2) /(1.60 KHz) ] (V1) = v (v2)

Output meter to V2 volts by select ng resistor.
Voltage across coil to 0.5V RMS,

Upper 3 dB frequency - KHz (f3)
Lower 3 dB frequency - RHz (f4)
£4 = (£3 - £6)72 - (£3 - £4) 2/(8£4) =

coil in + direction.

Upper 3 dB frequency - KHz (£6)
Lower 3 dB frequency L] KHez (f )
£+ (£6 - £7)/2 - (£6 - £7) 2/(3£7) =

Calculate 2(£8)(£5 - 4,22 kip )] / [(422kHs)(£5 - £8)] @
Add (T-2) turns in = direction {f f§> 14.22 KH»
Add(T-2 turns in - direction if £5<_ |4.22 KH»

Select resistor for lower 3 dB fréquency = 12400 KHz

.Ch'eck that upper 3 dB frequency = /5.0/5 to |B.J6G KHe

Read decade box R= Ohms

Calculate R} =

(RY(UL3IK) X (W7632H)

(Q67K ) -r

KHz (f5)

KHz (f%3)

_turns .('l')é .

(
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ES 15.001
“v.
PAGE 33

REV.

PN 360014- 4-

__Coil L 5

WORK SHEET
Ref. Para.
3.3.2,2 Measure | Voltage at peak - vV (V1)
Upper 3 db frequency - KHz (f1)
Lower 3 db frequency - KHz (f2)
3.3.2.3 Calculate Te1 - £2) /(1,69 KHz) ] (V1) = v (v2)
Set Output meter to V2 volts by select ng resistor.
Set Voltage across cofl to 0.5V RMS,
3.3.2,4 Measure Upper 3 dB frequency = KHz (f3)
Lower 3 dB frequency - KHz (f4)
Calculate f6 = (f3 - £f4)72 - (f3 - f4) “/(8f4) = KHz (f5)
3.3.2.5 Add 2 turns to coil in + direction, . i
‘ " Measure Upper 3 dB frequency - KHz (f6) |
Lower 3 dB frequency d KHz (f )
, o Calculate £7 4 (£6 - £7)/2 - (6 - £7) 2/(3€7) = KHz (£2)
! . '
3.3.2.6 Calculate 2(£8)(£5 -/20: vuo )] / [12% kis) (€5 - £3)] =

Add(T-2 turns in - direction if 5 < _ /8.06 Khs

Add (T-2) turns in = directfon {f £5> )8.95 U.

(7.25K) - R

-l 3.3.2.7 Select resistor for lower 3 dB frequency = /8./34 KHz
3.3.2,8 Check that upper 3 dB frequency = /9.725 +, 19.923 kHK:
‘Read decade box ‘R = Ohms
3-3.4.3 c.lcuI.te B3 = m(,o:'SK) "4‘ (5‘4‘1,5»

tgm AT) a
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D] . REV,
£ cooe 10ear. wo. 80045 PAGE 34
2| o '
' PAN 360014- 5 Coil L &
WORK SHEET
Ref. Para.
3.3.2.2 Measure Voltage at peak '] v (V1)
Upper 3 db frequency = i KHz (f1)
Lower 3 db frequency = KHz (f2)
3.3.2.3 Calculate TC£1 - £2) /(1.69 Kz) | (V1) = v (v2)
Set Output meter to V2 volts by select ng resistor.
Set Voltage across coil to 0.5V RMS,
3.3.2.4 Measure Upper 3 dB frequency = KHz (£3)
L ' Lower 3 dB frequency = KHz (fa4)
Calculate £6 = (£3 - £4)72 - (£3 - £4) 2/(8£4) = KHz (f£5)
j 3.3.2.5 Add 2 turns to cofl in + direction.
Measure Upper 3 dB frequency - KHz (£6)
-Lower 3 dB frequency ] KHz (f ) .
. Calculate £7 4 (£6 - £7)/2 - (£6 - £7) 2/(3£7) = Kiz (£3)
| 3.3.2.6 Calculate 2(£8)(£5 - 2270/ 7 [(2A7Cke(£5 - £8)] » ‘turns (T)
D Add (T-2) turns in = direction if f5'> 2370 kis ‘
_Add(T-2 turns in - direction if f5< 22,70 k¥«
{1
") 3.3.2.7 Select resistor for lower 3 dB frequency = 22.87 KHz
3.3.2.8 Check that upper 3 dB freguency = 21437 ¢, 21,283 kk:
Read decade box R= Ohms
3.3.4.3 . Calculate R3 = (li)(IO.S‘iK) L (3631570 1
‘ (2£2/K) - r




ﬂ' . ES  150.001
s REV.
cooe 1oent. wo. 80045 PAGE 35
w {FEV.
PA 350014- & cofl L _5
‘ WORK SHEET
P Ref. Para.
‘ 3.3.2.2 Measure Voltage at peak - v (V1)
4 - :
i Upper 3 db frequency = KHz (fl)
Pl Lower 3 db frequency = KHz (f2)
3.3.2.3 Calculate T(£1 - £2) /(1.69 kHz) ] (V1) = v (v2)
Set Output meter to V2 volts by select ng resistor.
[ Set Voltage across cofl to 0.5V RMS,
_ 3.3.2.4 Measure Upper 3 dB frequency =  KHz (£3)
‘ ' : Lower 3 dB frequency - KHz (f4)
: Calculate £6 % (3 - £4)72 - (£3 - £4) 2/(8£4) = RHz (£5)
e . R ) T o 4 % 9 b o
3.3.2.5 Add 2 turns to cofl in + direction..
i Measure . Upger 3 dB frequency - KHz (f£6)
{ R —
Lower 3 dB frequency L] KHz (f ) .
; Calculate £7 4 (£6 - £7)/2 - (£6 - £7) 2/(3£7) = KHz (£3)
3.3.2.6 Calculate 2(£8)(£5 -25.24 vrs)] / [(B44k4) (€5 - €5)] = " turds’ (T ]

‘ Add (T-2) turns in = direction {f £5> 28.44kH; -
Add(T-2 turns in - directfon if £f5 < 2344 kbt

3.3.2.7 Select resistor for lower 3 dB frequency = 27508 KHz i
3.3.2,8 Check that upper 3 dB frequency = 29./5/ £ 24,44.4 KHe [

Read decade box R= Ohms ol %
3.3.4.3 Calculate B3 = (RY(I0.40K)  + (/61.6K) ST -.

(578K ) - r




3 : ES  150.001
b REV.
£ cooe 10ent. no. 80045 PAGE 36
31ka.
] PMN 360014- 7 Coil & 5
WORK SHEET
Ref. Para.
3.3.2.2 " Measure Voltage at peak - vV (V1)
Upper 3 db frequency = . ~ KHz (f1)
Lower 3 db frequency = KHz (f2)
3.3.2.3 Calculate T(FL - £2) /(1.69 KMz) | (V1) = v (V2)
Set Output meter to V2 volts by select ng resistor.
Set Voltage across coil to 0.5V RMS,
4 :
3.3.2.4 Measure Upper 3 dB frequency = KHz (f3)
i Lower 3 dB frequency = ___KHz (f4)
‘ Calculate 4% (£3 - £6)72 - (€3 - £4) 2/(8£4) = KHz (£5)
3.3.2.5 Add 2 turns to coil in + direction.
Measure Upper 3 dB frequency = KHz (£6)
~ Lower 3 dB frequency @ KHz (f )
Calculate £7 + (£6 - £7)/2 - (£6 - £7) 2/(3£7) = KHz (f )
{ - . ' e
3.3.2.6 Calculate 2(£3)(£5 - 33/8K4x)] / [(33./8 k) (£5 - £2)] = turns (T),

Add (T-2) turns in = direction {f £5> 323,/8 kHe !
Add(T-2 turns in - direction if f5< 33.)8 kHz

3.3.2.7 S?ect resistor for lower 3 dB frequency = 32,345 KHz

3.3.2,8 Check that upper 3 dB frequency = 33.855 4, 34,2C6 K¥;
‘Read decade box .R= Ohms
3.3.4.3 Calculate R3 = (RY(/0.23K) + (96,73R

(705 K) - R
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REV.

~Earm 822.0_

Ref; Para.

3.3.2.2

3.3.2.3

3.30264

3.3.2.5

3.3.2.6

3.3.2.7

3.3.2,8

3.3.43

WORK SHEET
i

Measure Voltage at pea% = vV (V1)

Upper 3 db frequency = ’ KH> (f1)

Lower 3 db frequency = KHz (f2)
Calculate T(F1 - €2) /(1.6° RHz) ] (V1) = vV (v2)
Set Output meter to V2 volts by select ng resistor.
Set Voltage across co’l to 0.5V RMS,
Measure Upper 3 dB frequency = KHz (f3)

Lower 3 dB frequency = KHz (f3)
Calculate o4 (£3 - £6)72 - (£3 - £4) 2/(8£4) =

Add 2 turns to

Measure
Calculate
Calculate E{(fa)
Add (T-2) turns

Add(T-2 turns i

Select resisto

"Read decade box

Calculate R3 =

PAN 350014- Q Cotl L 5

coil in + direction.

Upper 3 dB frequency = KHz (f6)

Lower 3 dB frequency el KHz (f )
£7 4 (€6 - £7)/2 - (€6 - £7) 2/(3£7) =

(£5 - 3292 k) /7 [(32.92Kk) (€5 - £2)] =
Jn = direct’ontif £5> 3792 kHa
n - direction if f5< 3792 kM,

r for lower 3 dB frequency = 27084 KHz

R = Ohms

(RY(/G.SIK) + (27/,6K)
(488K ) - r

KHz (£°)

turns (T)

I
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CODE IDENT. NO. 80045 PAGE 38

‘REV.

Ref. Para.

3.3.2.2

3.3.2.3

3.3.2.4

3.3.2.3

3.3.2.6

f

3.3.2.7

3.3.2.8

3.3.4.3

PA 360014- @ CoilL 5

WORK SHEET
Measure Voltage at peak - v (V1)
Upper 3 db frequency = : KHz (fl)
Lower 3 db frequency = KHz (f2)
Calculate :(fl - £2) /(1.6 Kﬂz')j, (V1) = v (v2)
Set Output meter to V2 volts by select ng resistor.
Set Voltage across co’l to 0.5V RMS,
Measure Upper 3 dB frequency = KHz (f3)
Lower 3 dB frequency = KHz (f4)
—_—
Calculate £4 w (£3 - £f4)72 - (f3 - f4) “/(8f4) =

Add 2 turns to coil in + direction.

Measure Upper 3 dB frequency = KHz (f6)
Lower 3 dB frequency & KHz (f )

Calculate £7 + (£6 - £7)/2 - (£6 - £7) 2/(5£7) =
Calculate 2(£8)(£5 -42.55K%)]) / (4266009 (£5 - £3)] o
Add (T-2) turns in = divrection {f £5> 42 .26 Ktz
Add(T-2 turns in - direction if £5 < 42.66 KHa

Select resistor for lower 3 dB frequency = 4.823 KHz

Check that”upper 3 dB frequency = 43236 {, 43.731

" Read decade box .R= Ohms

Calculate R3 = (RY(/0. $0K) + (/92,8K)

(957K ) -Rr

KHz (f5)

KHz (f°)

tarns ("




i - ES  150.001
5 : REV,
o cooe toent. no. 80045 ~ PAGE 39
i REV.
P PAN 360014- 0 Coil L 5
WORK SHEET
o
§ 3.3.2.2 Measure Voltage at peak - vV (V1)
; Upper 3 db frequency = ] KHz (f1)
s Lower 3 db frequency = KHz (f2)
3.3.2.3 Calculate (g1 - £2) /(1,60 RH2) ] (V1) = v Ev2)
Set Output meter to V2 volts by select ng resistor.
Set Voltage across cofl to 0.5V RMS, |
. 3.3.2.4 Measure Upper 3 dB frequency = KHz (f3) ;
Lower 3 dB frequency = KHz (f4) i
Calculate £4 % (€3 - £4)72 - (£3 : £4) 2/(8£4) = KHz (£5) |
) 3.3.2.5 Add 2 turns to cofl in + direction. !
Measure Upper 3 dB frequency - KHz (£6) »n
Lower 3 dB frequency @ KHz (f )
Calculate £7 + (£6 - £7)/2 - (£6 - £7) 2/(3€7) = - KHz (£°)
1| 3.3.2.6 Calculate @(f&)&fs =472k )] / [@zs0iw:) (€5 - £5)] = ' turns (T)
| Add (T-2) turns fn = direction if £5> 474D fpa !
Add(T-2 turns in - direction if £5 < 4740 ks !
71 3.3.2.7 Select resistor for lower 3 dB fréquency = 465563 KHz
3.3.2,8 Check that upper 3 dB frequency = 48,0/l 1, 48.494 kHe
Read decade box R = Ohms
3.3.4.3 Calcilate B3 = (RY(J0.75K) + (£37,8K) ' x




Form 822-0

CODE IDENT, nO. 80045

ES
REV,
PAGE

150.001

40

REV.

Ref. Para.

3.3.2.2

3.3.2.3

3.3.2,4

3.3.2.5

3.3.2.6

3.3'2.7

3.3.2,8

3.3.4.3

Calculate R3 =

WORK SHEET

C (RY/0.62K) (4442910

(932.5K) - r

" PA 360014- || coftlL & °

Measure Voltage at peak = Vv (V1)

Upper 3 db frequency - KHz (f1)

Lower 3 db frequency - KHz (f2)
Calculate :(fl - £2) /(1.6 KH:)] (V1) = v (V2)
Set Output meter to V2 volts by select ng resistor.
Set Voltage across coil to 0.5V RMS, '
Measure Upper 3 dB frequency = KHz (f3)

Lower 3 dB frequency = KHz (f4)

—_—

Calculate £f4 9+ (£3 - £4)72 - (£3 - £f4) “/(8f4) = KHz (f5)
Add 2 turns to coil in + direction.
Measure Upper 3 dB frequency = KHz (f6)

Lower 3 dB frequency # RHz (f )
Calculate £7 4 (£6 - £7)/2 - (£6 - £7) %/(5£7) = KHz (f )
Calculate 2(£8)(f5 - 524 KHa)] / [G2)4 KH) (€5 - £8), = turns (T) |
Add (T-2) turns in = direction {f £5> 52(4 k>

\
Add(T-2 turns in - direction if £5 < B2.4 KHe
Select resistor for lower 3 dB frequency = 5/,307 KHz
Check that upper 3 dB frequency = 52.727 1, 53.257 ki
‘Read decad¢ box R= Ohms
T e w9 b ’




; v - ES  150.001
R

(=]
1
P
o™ .
£ cooe 1oent. no. 80045 . PAGE 41
(-]
£ - EV. -
P U | PA 360014- |2 coil L5
' WORK SHEET
E Ref. Para.
.’ 3.3.2.2 Measure Voltage at peak - vV (V1)
’ ‘
3 Upper 3 db frequency - . , ~ KHz (f1)
Lower 3 db frequency - KHz (f2)
3.3.2.3 Calculate it - £2) /(1.60 KHz) ] (V1) - v (v2)
Set Jutput meter to V2 volts by select ng resister.
| Set Voltage across coil to 0.5V RMS,
P 3.3.2.4 Measure Upper 3 dB frequency = | KHz (f3)
E [ Lower 3 dB frequency = KHz (f4)
P Y Calculate £4 % (£3 - £4)72 - (3 - £4) 2/(8E4) = KHz (£5)
= 3.3.2.5 Add 2 turns to coil in + direction, '
i Measure Upper 3 dB frequency = KHz (£6)
E Lower 3 dB frequency L KHz (f )
] Calculate £7 + (£6 - £7)/2 - (£6 - £7) 2/(3£7) = KHz (f°)
3.3.2.6 Calculate 2(£8)(£5 - 56.3kk)) / [(S688 k39 (£5 - £5), » turns (T)
Add (T-2) turns !'n = difection i{f £5> 56.85 kia o - 1

Add(T-2 turns in - direction if f5 < 56.88 kis

3.3.2.7 Select resistor for lower 3 dB frequency = 56,04/ KHz
3.3.2.8 Check that upper 3 dB frequency = 57,443 +#, SB,OEQMAKH;
"Read decade box R = Ohms

3.3.4.3 Calculate R3 = R0, 52K) ¥ (305K B
(% #74K) - & |




cove 1oeut. wo. 80045

ES 130.001

PAGE 42

Ref., Para.

3.3.2.2

3.3.2.3

3.3.2.4

3.3.2,5

3.3.2.6

3.3.2.7

3.3.2,R

3.3.4.3

Measure

Calculate
Set
Set
Measure _

Calculate

Add 2 turns to
Measure

Calculate

PN 360014- /3

WORK SHEET

Voltage at peak -

vV (V1)

Upper 3 db frequency =

KHz (f1)

Lower 3 db frequency =

KHz (f£2)

(61 - £2) /(1,60 Kuz) ] (V1) =

v (v2)

Output meter to V2 volts by select ng resistor.

Voltage across coil to 0.5V RMS,

Upper 3 dB frequency =
Lower 3 dB frequency =
fo 4 (f3 - f4)/2° -

coil in + direction.
Upper 3 dB frequency =
Lower 3 dB frequency @

KHz (f£3)
KHz (f4)

(£3 - f£4) i/(m.) -

KHz (f6)
KHz (f )

£7 4 (£6 - £7)/2 - (t6 - £7) 2/(3¢7) =

Calculate 2(£8)(£5 - 4142 k)] / (6162 ¢#) (£S5 - £8)] =

Add (T-2) turns in = direction {f £5> /.62 kis
Add(T-2 turns in - direction if £5 < _4] 62 KMN»

Select resistor for lower 3 dB frequency = £0.78/ KHz

Check that upper 3 dB trequency = £2.158 4. £2.783 kHz

" Read decade box

Calculate R3 =

R= Ohms

(RX(10.58K) _+ (39520

(4/8K ) - R

Coil L é;

KHz (f3)

taras (T .




PN REV,
g coot 1o, no. 80045 PAGE 43
& e “ -
PA 360014- |4 cofl L 5
WORK SHEET
Ref. Para.
§ . . S
i 3.3.2.2 Measure Voltage at peak “ v (V1)
£ ' : Upper 3 db Prequency = - KHz (f1)
£ ‘ o
: _Lower 3 db frequency = KHz (f2)
3.3.2.3 Calculate Teer - £2) /701069 miz)J (V1) = v (v2)
’ . i ) » »
Set . Output meter to V2 volts by select ng rcsiator. .
Set - Voltage across coil to 0.5V RMS, '
g 3.3.2.4 Measure | Upper 3 dB frequency = KHs (£3)
J : ’ P Lower 3 dB frequency = - KHs (f4)
Calculate £4 o (€3 - £4)/2 - (£3 - £4) 2/(8£4) = KHz (£5)
N 3.3.2.5 Add 2 turns to cofl fn + direction, :
2 ‘Measure Upper 3 dB frequency .= KHz (£6)
& o '  Lower 3 dB frequency @ RHz (f ) ™
CCaleulate  £7 4 (t6 - £)/2 - (6 - £1) 2/(827) = Kt (£2)
©3.3.2.6 cncume 2(£8)(¢5 - ggﬁf .)] ! [(Gaookr(es - £8)] o _turns.(T)|
Add (T-2) turns in = direction {f £5> 2236 ie f
- Add(T-2 turns in - direction if £5 < _ 4534 iz
7| 3.3.2.7 ' Select resistor for lower 3 dB frequency = (£5.520 KHz
3.3.2,8 Check that uppels3 dB frequency = 56,87 4 67.546 Kiis
: ' 'Read decade box l - Ohms
3.3.4.3 Calculate R} = Q:&(/D ‘;OK) '4 (260,58 5” .
’ (9.498K ¥or
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ES  1%0.001
v

cooe 1oent. wo. 80045 PAGE 44

———

Ref. Para,

3.3.2,2

3.3,2.3

3.3.2,4

3.3.2.5

3.3.2,6

3.3.2.7

3.3.2.8

3.3.4.3

PAN 360014- 5 Coil L é

WORK SHEET
Measure Voltage at peak - vV (V1)
Upper 3 db !nsuency - - KHz (f1)
Lower 3 db frequency = KHz (£2)
r g
Calculate (f1 - £2) /(1,60 KHz) ; (V1) = v (v2)
Set Output meter to V2 volts by select ng resistor,
Set Voltage across co'l to 0.5V RMS,
Measure Upper 3 dB frequency - KHz (f3)
Lower 3 dB frequency - KHz (f4)
. )
Calculate fa -+ (£3 - £4)72 . (£3 - £4) /(8£4) = KHz (f£5)

Add 2 turns to coil in + direction.
Measure Upper 3 dB frequency - KHz (f£6)
Lower 3 dB frequency o KHz (f )
Calculate £7 4 (£6 - £7)/2 - (26 - £7) 2/(3£7) = KHz (£°)

Calculate 2(£8)(£5 - 75 Kt )] /7 [C2L0 kHy ) Ces - £5), turns (T) )
Add (T-2) turns in ~ direction {f £5> 710 XY ‘
Add(T-2 turns in - direction if f£5 ~ 7210 kHa

Select resistor for lower 3 3B frequency = 70,260 KHz

Check that upper 3 dB frequency = L8390 % 72.3/0 XKhHa_

"'Read decade box R= Ohms

Calculate R3 = R0, $%K) + (284,6 k)

(L416K) - R



I‘_ ' ES 130,001
= : . RLYV,
g cooe toent. wo. 80045 PAGE 45
3 REV.
PA 360014- |6 cotl1 L _5
‘ WORK SHEET
3 Ref, Para.
;
E 3.3.?.2 Measure Voltage at peak w v (V1)
% Upper 3 db frequency = o KHz (f1)
: Lower 3 db frequency - KHz (£2)
3.3.2.3 Calculate TCf1 - £2) /(1,69 KHz) ] (V1) = vV (v2)
Set Output meter to V2 volts by select ng resistor.
Set Voltage across co'l to 0.5V RMS,
3.3.2.4 Measure ~ Upper 3 dB frequency = KHz (£3)
' : Lower 3 dB frequency - KHz (f4)
*
Calculate f4 & (€3 - £4)72 - (£3 - £4) “/(8f4) =
3.3.2.5 Add 2 turns to coil in + directiom,
Measure Upper 3 dB frequency - KHz (£6)

Lower 3 dB frequency d KHz (f )
Calculate f £7 + (€6 - £7)/2 - (£6 - £7) 2/(3£7) =

3.3.2.6 Calculate 2(£3)(£5 - 8532xh) ) / [(85.32ka) (€5 - £3)] =
Add (T-2) turns ‘n = directfon if £5> 85.32 K#e
Add(T-2 turns in - direction if £5<_85.32 ki

3.3.2.7 Select resistor for lower 3 dB frequency = £4.479 KHz

3.3.2.8 ~ Check that upper 3 dB frequency = £5.738 fo 86.600 ku»
Read decade box R« Ohms

3.3.4.3 Calculate B3 = (RX([0.40K) + (/72,8K)

(7.595K) - R




Form §22-D

] .
h : ES  150.001
REV, '
! cooe toeur, wo. 80045 PAGE 46 ‘
PA 360014~ |7 Cotl L S
WORK SHEET
-8
L Ref. Para.
|
| 3.3.2.2 Measure Voltage at peak - vV (V1) ‘
- Upper 3 db frequency = S KHz (f1) |
Lower 3 db frequency = KHz (£2) |
|
: 3.3.2.3 Calculate (f1 - £2) /(1.60 Kz) ] (V1) = v (v2)
: Set Output meter to V2 volts by select ng resistor.
f Set Voltage across coil to 0.5V RMS. '
i 3.3.2.4 Measure Upper 3 dB frequency = KHz (£3)
= ' . Lower 3 dB frequency = KHz (f4) |
= . ' ———r- ;
[J Calculate f4 ¢ (f3 - £4)72 - (£f3 - £4) “/(8£4) = KHz (fS)
1 3.3.2.5 Add 2 turns to coil in + direction.
- Measure Upper 3 dB frequency - KHz (f6)
i Lower 3 dB frequency o KHz (f )
g Calculate £+ (£6 - £7)/2 - (£6 - £7) 2/(3£7) = KHz (£°)
! 3.3.2.6 Calculate 2(£8)(£5 - 90,00 kw)] / (9008 kB(£5 - £2)] turns (T) 2
i Add (T-2) turns ‘n = directfon {f £5> 90.06 ks |
Add(T-2 turns in - direction if £5 < QQ.06 KH:
:
. 3.3.2.7 Select resistor for lower 3 dB frequency = 84.219 KHz
3.3.2,8 Check that upper 3 dB frequency = 90,454 4, 91344 kHe
‘Read decade box R= Ohms :
’ |
: 3.3.4.3 Calculate B3 = (R}(10.37K) + (/22,1K) L
| . >
r.J =




Al ' . ES  150.001
g cooe toeur, wo. 80045 PAGE 46
4 | TV
PAN 360014~ |7 cott L 5
U » WORK SHEET
-1
§ Ref, Para.
3.3.2.2 Measure Voltage at peak - vV (V1)
- Upper 3 db frequency = T KHz (f1)
Lower 3 db frequency = KHz (f£2)
[ 3.3.2.3 Calculate T(F1 - £2) /(1.69 KHz) ] (V1) = v (v2)
Set Output meter to V2 volts by select ng resistor.
& Set Voltage across coil to 0.5V RMS, -
B _ | '
‘ 3.3.2.4 Measure Upper 3 dB frequency = KHz (£3)
F ‘ : ‘Lower 3 dB frequency = KHz (f4)
Calculate £4 % (£3 - £4)72 - (3 - £4) 2/(8£4) = Rz (f5)
3 : : N
1 3.3.2.5 Add 2 turns to coifl in + direction.
: Measure Upper 3 dB frequency - KHz (f6)
y . ~ Lower 3 dB frequency o KHz (f )
. Calculate £7 4+ (£6 - £7)/2 - (£6 - £7) 2/(3£7) = KHz (£)
| 3.3.2.6 Calculate 2(£8)(£5 - 90.06kw)] / ({9008 kA (£S5 - £5)] = turas (T)
| Add (T-2) turns ‘n = direction {f £5D> 90.06 kHs
Add(T-2 turns in - direction if £5 < 20.0% KHz
.
B EEXR) Select resistor for lower 3 dB frequency = 89.219 KHz
B . | '
3.3.2.8 Check that upper 3 dB frequency = 90.454 4, 91364 kMg
‘Read decade box Rs= Ohms
3.3.4.3 Calculate R3 = (RY(10,37K)  + (122,1K : I 1
(10‘36,() « R '
| |
| |
¢




-~ ' ES  150.001
REV

 cooe tomar. wo. 80045 PAGE 47

Ref, Para;

3.3.2.2
3‘3.2.3
3.3.2.4
3.3.2.5
]
3.3.2.6

3.3.2.7

3.3.2,8

3.3.‘.3

P 360014- )8 Coflt &

WORK SHEET '
Measure - ‘,letage at 'peak &" . v (V1)
‘ . Upper 3 db Trequency - KHz (f1)
Lower 3 db frequency = KHz (£2)
Calculate [(fl - £2) /(1.69 ‘Kizﬁ)J (V1) = v (vV2)
Set Output meter to V2 volts by select ng resistor.
 Set " Voltage across coil to 0.5V RMS.
Measure Upper 3 dB frequency = KHs (£3)
R ) Lower 3 dB frequency = KHz (£4)
o Ty ——
© Calculate ~ f& % (£3 - £4)/2 - (£3 - £4) 2/(8£4) =
.Add 2 turns to 'cdil in + direction.,
Measure ' Upper 3 dB frequency - _KHz (f£6)

. Lower 3 dB frequency ‘¥ - Kz (f')

.'c.alcul:t'e- B | (7 + (f6 - £7)/2 - (£6 - £7) /(8f7) -

VACalculate [(fa)(fs -'.zd,gs (Ja)] / [(74 8 gﬂ,)(fs - fa)] ..
" Add (T-2) turns in = direction {f £5> 34.80 s
»Add(’t‘-t turns in - direction if £5 < 94,80 80 _Kis

Select resistor for lower 3 d!i frequency = 43,959 KHz

‘Clie_ck that upper 3 dB frequency = Q5.1 % 9e6.127
Read decade box : Re - Ohnms

-

‘C.§1c01¢'|te k3 - - @(10.3'2)() ‘e (144,30

©(9.672K) -

KHs (fs)

KH:. (£8)

turas:()




(9.702K) - ®

: - ES 150001
_ coot toenr, vo. 80045 - PAGE 48
PA 360014- [9 cotlL S
*. WORK SHEET
Ref. Para. . L8 T \0  . PRI .
" 3,3.2.2 Henuro' Voltage at peak -b ! v (V1)
. Upper 3 db Prequency = . ~ KHz (fl)
- Lower 3 db frequency = = KHz (£2)
3.3.2.3 Calculate  [(f1 - £2) /(1.69 Kis) ] (v1) = v *
Set . Output meter to V2 volts by select ng resistor.
Set Voltage across cofl to 0.5V RMS, f
3.3.2,4 Measure Upper 3 4B ftequenc} - . KHz (f£3)
s : Lower 3 dB frequency = KHz (£4)
Calculate 4 -o- (£3 - £4)/2 - (£3 - £4) /(8f4) = KHz (f5)
3.3.2.5% Addz turns to coil in + dir,ection.l ‘ . :
Measure  Upper 3 dB frequency = ‘ KHz (£6) |
, ;'. . - Lower 3 dB frequency @ KHz (f ) T
Calculate ' £7 4 (£6 - £7)/2 - (6 - £7) 2/(8£7) « KHs (£8)
3.3.2.6 calcume@(fa)(fs -'-L_i'_'g'_)] / [(ow B)CES - m] - turas:(T).
Add (T-2) turns in = directfon if £5> 92.54 ks ' (
Md('l‘-z turns in - direetion if £5<_99.54
3.3.2.7 Select resiscor for lover 3 dB frequencj = QS.éqq KHz
3.3.2,8 Check that upper 3 dB frequency - a? 887 % 100.891
'Read ﬂecade box ' R - Ohms
3.3.4.3 cucul'.te ;3 . Wuedm B (5770




ES 150.001

Read Decade box R= K Ohms

REV,
cooe 10eny. wo. 80045 PAGE 49
%’5'{’5“ P/N 360014- 2 Coil L
Ref, Para.
3.3.6.1 Measure Voltage at lead &4 Vv (V1)
Voltage at T.P. 4 v (Vv2)
3.3.6,2 Measure Upper 3 dB frequency = KHz (f1)
Lower 3 dB frequency = . KHz (€2)
V1 1.69 KHz
3.3.6.3 Calculate (10.0K Ohms) / 1 + ’??’FT'?'?E' = 1) = K Ohms (RB)
Set " Decade box to RB
3.3.6.4 Measure Upper 3 db frequency =  KHz (f3)
4 Lower 3 db frequency = KHz (f4)
Calculate £4 + (€3 - £4)72 - (£3 - £4) 2/(8£4) = KHz (£5)
3.3.6.5 Add two turns in the positive directton.
Measure Upper 3 dB frequency = KHz (£6)
' Lower 3 dB frequency = KHz (£7)
Calculate £7+ (£6 - £7)/2 - (f6 - £7) 2/(3¢£7) KHz (£3)
3.3.6.6 Calculate T2(e)(e5 -948km " 7 T@#8kHD(e5 - £8)] + Turns (T)
Add (T-2) turns in + direction if £5> 9, ¢8KH=
Add (T-2) turns in - direction {f £5< 9,48KH=
- 3.3.6.7 Select resistor for lower 3 dB frequency = £93 KHz
Check that upper 3 dB frequency = 10,3/ = 10,414KH=
3.3.6.9




. Es  150.001
REV, .
cooz 1otar. wo. 80045  PAGE 50
i w?%.ﬁfleET h B P/N 360014- 3 Coi.l L .
Ref. Para. ‘ o _ ' o
3.3.6,1 . Measure Voltage at lead 4 v (V1)
. Voltage at T.P. & v (Vv2) .
. .
3.3.6.2 Measure Upper 3 dB frequency - KHz (f1)
Lowcr 3 dB frcquency = = _ * = KHz (2)
. » VL L.69 o R
3.3.6.3 Calculate (10.0K Ohns) / | + —y:62 KHz )y K Ohns . (R.)
100K ’ vier -2 — (Rg?
Set Decade box to RB '
3.3.6.4 Measure Upper 3 db f-requencyi' - Kiz (f))
_ Lower 3 db frcquency = - KHz (fs) e
- Calculate  £4 4 (f3 - €6)72 - (f3 - €4) 2/(304) « Kkuz (€5)
3.3.6.5 Add two turns In the positive dircction. . .
 Measure Upper 3°dB frequency = - KHz (€6)°
. , _ Lower 3 dB frequency = Kiz (F7)
Calculate 7.+ (€6 - £7)/2 - (f6 - f7) /(17 Kiiz (€9)
3.3.6.6 Calcul~te Cace-)(es - wpz2ey’] 4 " (h22tan(cs - fS): + Turns (T.

Add (T-2) turns in + d'rection ff £5 > [4.22 KHe
Add (T-2) turns In - direction 1€ £5< |4.27 KHe -

3.3.6.7  Select resistor for lower 3 dB fré.ciuency - 13.4ODA KHz
: Check that upper 3 dB frequency = [5.015 4. 15.166 KHs . _
3.3.6.0 Read Decade box . o R = ____K Ohams R




ES 150.001

REV,
I coor toenv. no. 80045 PACE sy  _
i WORK SHEE 60014- 4 i1 L
?Ll.iﬁ§ T P/N 36001 Coi
Ref, Para.
3.3.6.1 Measure Voltage at lead 4 vV (V1)
Voltage at T.P. 4 v (V2)
3.3,6.2 Measure Upper 3 dB frequency ‘= KHz (f1)
Lower 3 dB frequency = : KHz (£2)
. VL 1.69 KHz _ .y _
3.3.6.3 Calculate (10.0K Ohms) / 1 + —v—z( 1 - £2 1) =______ KoOhms (Ry)
Set Decade box to B‘B
3.3.6.4 Measure Upper 3 db frequency =  KHz (£3)
' Lower 3 db frequency = KHz (€£4)
Calculate £6 + (£3 - £4)72 - (£3 - £6) 2/(8F4) = KHz (£5)
3.3.6.5 Add two turns in the positive direction., ,
Measure Upper 3 dB frequency = KHz (£6) ' :
Lower 3 dB frequency = KHz (£7) 1'
Calculate £7 + (€6 - £7)/2 = (f6 - £7) 2/(3£7) KHz (£3)
3.3.6.6 Galculate Cocesyes -mrer))] / [0836km)(es - )] + Turns (T)
Adé (T-2) turns in + direction if £5> 18.96 Kte
Add (T-2) turns in - direction {f £5< /8,96 Khg
3.3.6.7. Select resistor for lower 3 dB frequency = [B./34 KHz
Check that upper 3 dB frequency = /9725 t, /9923 KHz
3.3.6.9 Read Decade box , R= - K Ohms




Form 822-D

CODE IDENT. WO. 80“5

ES 150.001

REV,
PAGE 52

REV.

Ref, Para.

3.3.6.1

3.3.6.2

3.3.6,3

3.3.6.4

3.3.6.5

3.3.6.6

3.3.6.7

3.3.6.9

Measure

Voltage at T.P. 4

Measure

Calculate

Set

Measure
Calculate

Add two turns |
Measure

Calculate

Calculate

'Upper 3 dB frequency "

ML, ESET

Voltage at lead 4

P/N 360014- 5 Cofl L

v (V1)

v (Vv2)

Lower 3 dB frequency =

(10.0K Ohms) / 1 + ——? 1

Decade Box to RB

Upper 3 db frequency =
Lower 3 db frequency =
fo + (£3 - £4)/2 - (f3 -

n the positive direction.
Upper 3 dB frequency =
Lower 3 dB frequency =

V]l 1.69 KHz
v

KHz (f1)
KHe (£2)

— - =

KHz (£3)
KHz (£4)
£4) 2/(8t4) =

KHz (f06)
KHz (£7)

£+ (€6 - £7)/2 - (£6 - £7) 2/(i€7)

K Ohms (RB)

KHz (£5)

Ktz (€3)

Caces)(£5 -23.7000) 7 [@3720ki)(es - £8)] + - Turns (T)
Add (T-2) turns in + d'rection if £52> 23.70 kHe :
Add (T-2) turns in - direction if £5<p3,90 kpa

Select resistor for lower 3 dB frequency = 22.87 KHz
Check that upper 3 dB frequency = 24.437 7o 24.68%2

Read Decade box

R o=

K Ohms




Read Decade box

‘ ES 150,001
REV,
. cooe 10ent. no. 80045 PAGE 53
w?lé%’iﬁ;m P/N 360014- 6 Coil L
Ref, Para,
3.3.6.1 Measure Voltage at lead 4 v (V1)
Voltage at T.P. 4 vV (v2)
3.3.6.2 Measure Upper 3 dB frequency - KHz (f1)
Lower 3 dB frequency = KHz (f2)
3.3.6.3 Calculate (10.0k Ohms) / 1+ —k L6 KHz K Ohms (R,)
V2 1 - f2 e »’
Set Decade box to RB
3.3.6.4 Measure Upper 3 db frequency = KHz (£3)
Lower 3 db frequency = KHz (f4)
Calculate £4 + (€3 - £4)/2 - (f3 - £4) 2/(8£4) = Kz (£5)
3.3.6.5 Add two turns in the positive direction.
Measure Upper 3 dB frequency - KHz (f£6)
Lower 3 dB frequency = . KHz (£7)
Calculate £7 + (f6 - £7)/2 - (f6 - £7) 2/(Sf7) KHz (f£8)
3.3.6.6 Calculate ra(ea)(es -28,49k) / [@a.eemm) (£S5 - £8)] + Turns (T}
Add (T-2) turns in + d'rection {f £3 D244 k¥p
Add (T-2) turns in - direction {f £5 <2844 ks
3.3.6.7 Select resistor for lower 3 dB frequency = 27.60% KHz
Check that upper 3 dB frequency = 29.{5) 4o £9.444 ki
3.3.6.9 Re K Ohms




i

' Eorm §22af-

- '-mnmmln.’ *

.. ES 150,001
N V REV.
cooz 10eav, wo. 80045 PAGE 54
H-Ev.
4-
‘ U?ﬁg'i§§ET P/N 360014- 7 Coil L
Ref, Para.
3.3.6.1 Measure Voltage at lead & v (V1)
‘ Voltage at T.P. & v (v2)
3.3.6.2 Measure Upper 3 dB frequency - KHez (f1)
Lower 3 dB frequency - . KHz (f£2)
Vvl 1.69 KHz
3.3.6.) Calculate (10.0K Ohms) / ) + 31 1) = K.Ohms (Rp)
Set Decade box to R'
3.3.6.4 Measure Upper 3 db frequency = KHz (£3)
Lower 3 db frequency = KHz (€4)
Calculate £4 4+ (03 - €6)/2 - (€3 - £4) 2/(8(4) = KHz (f5)
3.3.6.5 Add two turns i{n the positive direction.
Measure Upper 3 dB frequency - KHz (£6)
Lower 3 dB frequency - KHz (£7)
2,,.
Calculate £7 4+ (€6 - £7)/2 - (£6 - £7) “/(3€7) KHz (£9)
3.3.6.6 Galculate Caes)(es -3308k0] 7 [@3.cm(es - 18)] + Tuens (T)
Add (T-2) turns in + d°rection ff £5> 33,8
Add (T-2) turns {n - direction {f 5 < 33./8
3.3.6.7 Select resistor for lower 3 dB frequency = 32.344 KHz
Check that upper 3 dB frequency = 32,844 f. 34.206
3.3.6.9 Read Decade box R = K Ohms




g ES 1350.001
REV
- 2 coot tomar. no. 80045 :
':1 e RK SHEET P/N 36001?685- = Coll L
. xRy B —
Ref, Para.
3.3.6.1 Measurc Voltage at lead & v (V1)
: Voltage ut T.P. & v (v2)
3.3.6,2 Measure Upper 3 dB frequency - KHz (f1)
Lower } dB frequency = L KHz (f2)
Vi 1.69 KHz
3.3,6.3 Calculate (10.0K Ohms) / 1 + -ﬁ - f2 -1)s=s____ KOs (l')
Set Decade box to R‘
] 3.3.6.4 Measure Upper 3 db frequency = Knz (£3)
‘ Lower 3 db frequency = KHz (€4) i
Calculate £ + (63 - €6)72 - (3 - £4) 2/(884) = Kz (£3)
3.3.6.5 Add two turns in the positive direction.
Measure Upper 3 dB frequency - KHz (£6)
Lower 3 dB frequency = KHe (£7)
Calculate £7 + (t6 - £7)/72 - (t6 - £7) “/(3€7) KHz (£3)
3.3.6.6 Galculate RaeR)(es <32 ] 2 [BR12KM(es - 18)] + Turns (T)
Add (T-2) turns in + d’'rection if £5> 3792 K¥»
Add (T-2) turns tn - direction {f f35< 3792 K#r
L 3.3.6.7° Select resistor for lower 3 dB frequency = 37084 KHz
Check that upper 3 dB frequency = 38.58/ ¥ 38.96 8 kAs_
-§~ 3.3.6.9 Read Decade box R= K Ohms

L™



T Es  150.001
M _
e REV.
| - coor tomr. vo. 80045 PACE -56
= & ‘iEV.
. "?RK SH?ET . PN 360014-9 Cofl L
L2,Ls —_—
Ref, Para. :
E 3.3.6.1 Measure Voltage at lead 4 \} (fll)
i Voltage at T.P. 4 v (v2)
g
3.3.6.2 Measure Upper 3 dB frequency = KHz (fl)
' Lower 3 dB frequency = : KHz (f2)
Vvl 1.69 KHz
3.3.6.3 Calculate (10.0K Ohms) / 1 + -Tz( TR 7 1) = K Ohms (RB)
Set v Decade box to RB
3 3.3.6.4 Measure Upper 3 db frequency =  KHz (£3)
Lower 3 db frequency = KHz (f4)
E Calculate f4 + (£3 - £4)72 - (£3 - f4) 2/(8(6) = KHz (£5)
. 3.3.6.5 Add two turns in the positive direction.
1 - Measure Upper 3 dB frequency = KHz (f£6)
2 , . Lower 3 dB frequency = KHz (£7)
i ‘ Calculate £+ (€6 - £7)/2 - (£6 - £7) 2/(3€7) KHz (€8)
f‘ 3.3.6,6 Galculate [2es)(es 4266x¥s] /7 [[@2.648(£5 - £8)] + Turns (T)
Add (T-2) turns in + d'rection if £5 > 42.66 Ki: :
Add (T-2) turns in - direction if £5< 42.66 Kie
i 3.3.6.7 Select resistor for lower 3 dB frequency = 41.623 KHz
- Check that upper 3 dB frequency = 43.296 4, 43.73!
- 3.3.6.9 Read Decade box R = ‘K Ohms




ES  150.001

' - REV,
coot toent. wo. 80049 PAGE &5
\l?!l(lg ?lll ET .P/N 360014-J(0  Coil L
ol gl
Rcf, Para. ' .
3.3.6.1 Measure Voltage at lead 4 v (V1)
Voltage at T.P. 4 v (V2)
3.3.6.2 Measure Upper 3 dB ffequency C - ~ KHz (f1)
o Lower 3 dB frcquency = ’ KHz ([2)
o : V1 1.67 KHz . b (&
3.3.6.3 Calculate (10.0K Ohms) / 1 + —V;——ﬂ .y s 1) K- Ohns (RB)>
Set ,'. . Decade box to RB o
3.3.6.4 Measure Upper 3 db frequency = | Khz (£3)
S - " Lower 3 db frequency = KHz ((%) _
Calculate fa + (03 - €6)72 - (f3 - (4) 27(504) = Ktz (£5)
3.3.6.5% Add two turns In the positive direction, _
Mecasure Upper 3:dB frecquency = Kiz (€6)
.  Lower 3 dB frequency = : KHz (f7)
Calculate €7+ (6 - £7)/2 - (f6 - 7) 2/(>€7) Ktiz (£9)
3.3.6.6 Calculnte ‘:Z(fz-)(fs -?7-40“1)] / [(47.40“9([5‘ - fB):] + Turns (T)

Add (T-2) turns in + d’rection if £5> 4740 Ki:
Add (T-2) turns in - direction V€ 65< 47.40 Khs

3.3.6.7 Select tesistor for lower 3 dB frequency = 46563  KHz
Check that upper 3 dB frequency = :4Q-Q’l 7o 48.49¢__ KHe
3.3.6.%  Read Decade box . " R= K Ohns




weszy

ot

Es  150.001
" " REV,
| cooe 1otar. wo. 80045  PAGE S8
ReV. *
U?RK {llEET . P/N 360014-y]  Coil L _ .
L, tey . . el _
Ref, Para. . : ‘ T
3.3.6,1 H_easufc " Voltage at iead 4 Cvo(vl)
Voltage at T.P. & v (v2)
3.3.6.2 Measure Upper 3 dB _f_fequency - KMz (£1)
| Lowcr 3 dB frequency = _ - KHz (f2)
| A VI 1.67 KHz .. L
3.3.6.3 Calculate .(I0.0K.Ohms) / 1+ -75( it '- _1) - K Ohﬁs_(g’)
Set Decade box to Ry ‘ S -
3.3.6.4 Measure Upper 3 db frequency. = ~_ KMz (£3) |
) Lower 3 db frcquency = KHz ((4) o
Calculate f4 4+ (13 - €6)72 - (f3 - f6) 2/(3f4) = ___Kuz (€9)
3.3.6.5 Add two turns in the posftive dircetion, .
Measurc Upper 3 dB frequency = : KHz (f0)
~ Lower 3 dB frequency = __ KHz (f7)
Calculate  £7 4 (f6 = £7)/2 = (f6 ~ £7) 2/(5(7) Kiiz (€3)
3.3.6.6 Caleulate Cates)ces -s2uarn] / [Gasarcur(es - €8)) + _ Turns (T
Add (T-2) turns in + d'rection !f £S5 >52.14 kHs ' S
Add (T-2) turas tn - direction {f €5< 52./¢ kHe
3.3.6,7 Select resistor for lower 3 dB frcqﬁenéy’ = 5'1.303' __KHz
Check that upper 3 dB frequency = 52.727 + 53.257 kMz_
3.3.6.9 Read Decade box ' 1 - Ris : KOs - . ™

-
Mo
v .
-
-




-

Es 150,001

REV,
cooe totar. wo. 80045 PAGE 59
4REY.
RK SHEET P 60014~ Coil L
s 115 Aotz ot L
Ref, Para.
3.3.6.1 Measure Voltage at lead 4 v (V1)
Voltage at T.P. 4 : v (V2)
3.3.6.2 Measure Upper 3 dB frequency - KHz (t‘l)v
Lower 3 dB frequency = . KHz (£2)
V], 1.69 KHz ’ ‘
3.3.6.3 Calculate (10.0K Ohms) / 1 + -72-( -2 1) = K Ohms (RB) ,
Set Decade box to RB ‘
3.3.6.4 Measure Upper 3 db frequency = ' __KHz (£3)
Lower 3 db frequency = KHz (f4)
Calculate  f4 4 (£3 - £4)72 -  (£3 - ¢4) 2/(8f4) = KHz (£5)
3.3.6.5 Add two turns in the positive direction.
Measure Upper 3 dB frequency = KHz (£6) )
A Lover 3 dB frequency = Kz (€7) e
Calculate £7 + (€6 - £7)/2 - (£6 - £7) 2/(3£7) __kHz (£3) .,
3.3.6.6 Calculate C2£8)(es -Bosenys] 7 [(6isrme)(£5 - £8)] + _ Turns (T3
Add (T-2) turns in + direction if f3 D Be.86 Ky _ _ ? ‘
Add (T-2) turns in - direction if f5< 54.86 Kws : j a
3.3.6,?7 Select resistor for lower 3 dB freqhency = 56 04/ KHz
Check that upper 3 dB frequency = 52443 fo 58.020 KM
3.3.6.9

Read Decade box R'= K Ohms




: ) ES 150,001
n REV, '
cooz toenr, xo. 80045 PAGE g0
REV.
. P/N 4=
. N?ﬁé’EQEET P/N 360014-/3 Coil L
Ref, Para,
i 3.3.6.1 Measure Voltage at lead 4 v (V1)
' Voltage at T.P. 4 v (V2)
3.3.6,2 Measure Upper 3 dB frequency = KHz '(f1)
Lower 3 dB frequency - . KHz (£2)
. < V1 1.69 KHz N '
3.3.6.3 Calculate (10.0K Ohms) , 1 + -v—z( L -3 1) K Ohms (RB)
Set Decade box to RB
3.3.6.4 Measure Upper 3 db frequency = KHz (£3)
Lower 3 db frequency = KHz (€4)
Calculate £4 + (£3 - £4)72 - (€3 - £4) 2/(3£4) = KHz (£5)
3.3.6.53 Add two turn$ in the-posiﬂve direction,
Measure Upper 3 dB frequency = KHz (f6) ‘
Lower 3 dB frequency = KHz (£7) o
Calculate £7 + (£6 - £7)/2 - (€6 - £7) 2/(5¢7) KHz (£3)
3.3.6.6 Calculate Catesyes -arezimg) /7 [(ere2em(rs - £3)) + Turns (T).
Add (T-2) turns in + d'rection if £5>45/.62 kW2 |
X Add (T-2) turns in - direction {f £5< /.62 KHa
3.3.6.7 Select resistor for lower 3 dB frequency = £(.74/ KHz
Check that upper 3 dB frequency = 62./58 fo 42.783 fkha
3.3.6.9 Read Decade box ' R= K Ohms




. ESs 155.001 )
. ‘ REV,
coor 1oear, no. 80045 PAGE 61
HEE 6 4= *
"?E%,iél§ T , P/N 360014 14 Coil L
Ref, Para. ,
3.3.6.1 - Measure Voltage at lead & ' V (vl)
' - Voltage at T.P. 4 . v (v2)
3.3.6.2 Measure Upper 3 dB frequency = ~ KHz (f1)
' Lowcr 3 dB frequency . : " KHz ((2)
: ' vl 1.6" Khz -
3.3.6.3 Calculate (10,0K Ohms) / 1 + _VZ(W - l), - K Ohns (Ry)
Set Decade box to R§ ’ A
3.3.6.4 . Measure Upper 3 db frequency.= = KHz (f3)
Lower 3 db frequency = ' KHz ((4) :
Caleulate £4 4+ (£3 - £4)°2 - (F3 - £4) 2/(314) = Kiz (£5)
3.3.6.5 Add two turns in the pos{tive dircction,
Measurc Upper 3 dB frequency = . KMz (f0)
] Lower 3 dB fre‘quenc)} - KHz (£7)
Calculate £7 + (€6 - £7)/2 = (f6 - £7) 2/(5F7) Kilz (f3)
. - . : ﬂ .
3.3.6.6 Galculate L2¢eeyes -6a36k¥g] 7 [(6e.30m)(e5 - £8) + Turns (T)
S Add (T-2) turns in + d'rection if £5 > (526 kKHe
Add (T-2) turns n - direction ¢f €5< £6.3¢ KHs __
3.3.6,7" Selcct resistor for lower 3 dB frcqueﬁcy = £5.52¢ __KHz
Check that upper 3 dB frequency = £5.574 4, £7.546 kHa

13.3,6.9

Read Decade box . , R'= ) K Ohms

’




: ES’ 150,001

, REV,
, coor 10ext, wo. 80045  PAGE 62
RV, : —
1. w?nx SH?ET P/N 360014 Cofl L
: L2,t4 o —
Ref, Para. ‘
3.3.6.1 Measure Voltage at lead 4 v (V1)
Voltage at T.P. 4 v (v2)
, 3.3,6,2 Measure Upper 3 dB frequency = KHz (f1)
Lower 3 dB frequency - : KHz (£2)
V1 1.69 KHz , |
3.3.6.3 Calculate (10.0K Ohms) / 1 +‘—v§ - f2 - 1) K Ohms (RB)
! Set Decade box to RB
‘ 3.3.6.4 Measure Upper 3 db frequency = KHz (f3)
Lower 3 db frequency = KHz (€£4) ]
Calculate Fo+ (€3 - £6)/2° - (£3 - £4) 2/(8E4) u KHz (£5)
3.3.6.5 Add two turns in the positive direction.
Measure Upper 3 dB frequency - KHz (£6)

Lover 3 dB frequency = KHz (f7)
Calculate £7 4+ (€6 - £7)/2 - (£6 - £7) 2/(3£7) Khz (£9)

3.3.6.6 Galculate  [2(£8)(£5 -7nokw ] 7 [(ZMOKM(es - £8)] + Turns (T)
Add (T-2) turns in + direction if £5> 7/.10 kHy
Add (T-2) turns {n - direction {f £5< .10 KHe

3.3.6.7 Select resistor for lower 3 dB frequency = 70260 _ KHz

Check that upper 3 dB frequency = 7.5 90 to 72,310 kle
3.3.6.9 Read Decade box A R = K Ohms




FOTT Bad~{¢

cooe toenr, no. 80045

ES 150.001
REV,
PAGE 63

5T,

Ref. Para.

3.3.6.1

3."".:

3.3.6.3

3.3.6,4

3.3.6.5

3.3.6.6

3.3.6.7°

' 3.3,6.9

R

P/N 360014-16

Coil L

Measure - Voltage at lead 4 v (V1)

_Voltage at T.P. 4 v (Vv2)
Measure’ Upper 3 dB frequency KHz (1)

Lower 3 dB freducngy " KHz (f2)
, 6 _ .
Calculate (100K Ohms) / 1 + YL L1 K Ohms (k)
Set Decade box to Ry
Measure Upper 3 db_frequencyl- KHz (£3)

Lower 3 db frequency = . ‘KHz (€4)
Caleulate Fo+ (13- €4)72 < (f3 - £6) 2/(S04) = Ktz (£3)
‘Add two turns In the. posftive direction.
Measure Upper 3 dB frequency = KHz (€6)

o  Lower .3 dB frequency = KHz (f7) _
Calculate ' f7 + (f6 - f7)/2 . (f6 - f7) /(ﬂf ) . Kiiz (€4) - e
Caleulate [z(fsms -ss.szxn{l N cma::mxrs . m] + ____ Turns (T)
Add (T-2) turns in + d'rection 'f £5>85%2/m =~ - o ‘ '
Add (‘I‘-Z) turns !n - direction 1( €5 <e§__3££rg____ T S a
Select resistor for lower 3 dB froquency - Q4 470 KHz Sl
Check that upper 3 dB frequency 22 773 to_86.600 k#b , R

. Read chndc box . = ~ R= : K Ohns S
» .




Es 150.001

EV.
3 coot toent, no. 80045 :AGE 64
4R
E -
U?E%'EEE T P/N 360014-}7 Coil L
Ref. Para,
3.3.6,1 Measure Voltage at lead 4 vV (V1)
Voltage at T.P, 4 v (V2)
3.3.6.2 Measure Upper 3 dB frequency = KHz (f1)
k Lower 3 dB frequency - . KHz (f2)
[ . ' :
8 V1, 1.69 KHz -
3.3.6.3 Calculate (10.0k Ohms) / 1 + === Df . 1) K Ohms (Ry)
Set Decade box to RB
3.3.6.4 Measure Upper 3 db frequency = _ KHz (£3)
N Lower 3 db frequency = KHz (f4)
g Calculate £4 + (£3 - £4)72 - (£3 - £4) 2/(84) = KHz (£5)
3.3.6.5 Add two turns in the positive direction.
| Measure Upper 3 dB frequency - KHz (f£6)
Lower 3 dB frequency = KHz (£7)
Calculate £7 4+ (€6 - £7)/2 - (£6 - £7) 2/(3t7) KHz (€3)
3.3.6.6 Galculate C2ce8)(£s -20060) 7 [@oostm(es - £8)) + Turns (T)
Add (T-2) turns in + d'rection {f £5:>90.04 khe_
i Add (T-2) turns in - direction {f f5 < 40.06 k#z _
3.3.6.7 Select resistor for lower 3 dB frequency = 89.219 KHz
Check that upper 3 dB frequency = 90.454 ¢, 9l344 KHe
3.3.6.9 Read Decade box o . R = K Ohms




o

Fore 9822-D

. .
v+

S

cooe 1omar, vo. 80045

gs 150,001

~ REV,
PAGE 65

7

‘Ref, Para,

ek A

Voltage at lend &

P/N 360014 1D

v (V1)

Coll L

“3.3,.6.1 Me&surc
Voltage at T.P, 4 .V (V2)
- 3.3.6,2 Measurc Upper 3 dB frequency - KHz ({1)
Lowcr 3 dB frequency’ = _ o KHaz (f2)
. : . 1,67 kHz ‘ '
3.3.6.3 Calculate (10,0K Ohms) / 1 + -—? = 1) = K Ohns (Rg)
** set Dccade box to Ry -
3.1.6.4 Measure Upper 3 db frequency = Kiz (r3)
, Lower 3 db frequency = KHz (r4) .
Calculate fo+ (03 - £4)°2 = (03 - £4) 27(304) = Kilz (£5)
3.3.6.% “Add twn turns In thc polltlve dircction. )
Mcasure Upper 3 dB frequency - Kiz (€6) .
Lower 3 dB frequency = " KHz (F7)
* -
Calculate €74 (€6 - £7)/2 - (f6 - (7) i/(~f») Ktiz (f-)
3.3.6.6 Calculate r_'mems -%eom] 7 [@4806m(rs - £9Y] + ___ Turns (T)
Add (T-2) turns in + d'rection 'f £3>94.80 ki
Add (T-2) turns In - divection {f €5< 94.80 kug__
3.3.6.7 Sclect resistor for lower 3 dB frequency = 93.35??' | KHz
- Check that upper 3 4B frequency = 93.17/ ¥, 35, 27 KkHa _
3.3.6.9 Read Decade box ' Re K Ohns
. ’ * . .

¢ :‘v'X“




£oon 823=0...

. ESs 150.001
: REV.,
e CODE (DENT. NO. 80045 PACE "
i v,
, RK SHEET P/ 0014-
' “?Ll.ibg /N 360014- 19 Coll L
Ref, Para.
3.3.6.1 Measure Voltage at lead 4 v (V1)
’ Voltage at T.P. 4 v (v2)
3.3.6.2 Measure Upper 3 dB frequency - KHz (f1)
Lower 3 dB frequency - KHz (£€2)
3.3.6.3 Calculate (10.0K Ohms) / 1 + —cixon¥BE o K Ohas (Ry)
Set Decade box to 33
3.3.6.4 Mcasure Upper 3 db frequency = KHz (f3)
. Lower 3 db frequency = KHz (f4)
Crlculate £+ (£3 - £4)/2 - (f3 - £4) 2/(cf4) = Kiiz (f5)
3.3.6.5 Add two turns in the positive direction,
Measure Upper 3 dB frequency - KHz (f0)
Lower 3 dB frequency - KHz (€7)
Calculate £ 4 (€6 - £7)/2 - (£6 - £7) 2/(507) . Kz ()
3.3.6.6 Calcul-te C2ce8)¢es 995 ) /7 [@stmma) (5 - £8)] + Turns (T
Add (T-2) turns in + d'rection {f £5 > 99.54 ikHs_
Add (T-2) turns in - direction {f £5< 99,54 k#z
3.3.6.7 Sclect rosistor for lower 3 8B frequency = 958.599 KHz
Check that upper 3 dB frequency = 37.887 4 /00.69/ kHs
3.3.6,9 Read Drcade box ' K Ohms

b e YOO TS



i' ES 15 001
-3 REV,
coot 1omer. wo. 80045 PAGE 47
[wev.
. P/N 360014- coll 2
Tap
WORK SHEET
Ref, Para.
[ 3.4.2.2 Measure Upper peak frequency - KHs (f1)
A Lower peak frequency = KHs (£2)

~ Calculate frequency difference: fl - f2 = KHz (£3)
Add turns in + direction if £3< 820374 Kis
Add turns in - direction 1if 3> 820346 KHz

-




ES 15 fal
REV,

! .
ixf cooe 1oear. wo. 80045 PACE 68

.
P/N 360014- Coil _2
Tap 3
WORK SHEET
Ref, Para,
3.4.2,2 Measure Upper peak frequency = . KHz (f1)
LA Lower peak frequency - KHz (£2)

% . " Calculate frequency difference: fl - f2 = KHz (£3)
Add turns in + direction if £3< £ 77/0 KHz
Add turns in - direction if £3> . 7770 Kz




!

Ll T e

SHIEREN T

R R e A e e

Form 822-0

Ref. Para.

3.4.2.2

Measure

T.

WORK SHEET

Upper peak frequency = KHz (f1)
Lower peak frequency - KHs (£2)
Calculate frequency-difference: fl - f2 =
Add turns {n + direction {f £3< 5. 4402 KHz
Add turns in - direction if £3> £ 4402 KHz

| ES 15 Jol
3 , . * REV,
| coot 1otur, no. 80045 PAGE 69
LI —
P/N 360014 coil 4
' Tap 2

Kiz (£3)



3.“.2.2

Ref, Para.

Measure

-

ES 15 o0l
i m. .
cooe 1omr, wo. 80045 PAGE 70
P/N 360014- Cotl 4
Tap K}

WORK SHEET

Upper peak frequency - KHz (f1)

Lower peak frequency - RHz (£2)

Calculate frequency difference: fl - f2 = KHz (£3)
Add turns in + direction if £3< #2247 KHz

Add turns in - direction if £3> 72267 KHz




ISSUE

REV, DATE PAGE PARA. DESCRIPTION OF CHANGE AUTHORIZATION

A 5 3.3.3.3 Change wording in third sentence | Typographical error,
to read as follows: "Move the
test lead from lead 2 of L3 to
test point E. " :

A 9 .3.14..1’ f.}hange Lead 2 to Lead 3 Typographical error.

A 3 3.3.2.3 |Add "at the peak frequency." Clarification

A - 10 3.4.4 Change T.P. 2 to T.P. 3 Typographical error.
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1.0

Introduction

The purpose of this document is to define tests to be conducted
on the prototype unit to demonstrate the degree to which the
§S/DSB Multiplexer conforms to NASA Specification 110114A,

Sections 1.0 thru 7.0 define these tests and refer to Data Sheet
ES 150.003 for recording the results. Section 8.0 diagrams the
location of the test poiﬁts.
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2,0
2,1.1
2,1,2

2,1,3

2.1.4

2.2.0

Power Supply
Purpose - To verify that the power supply i{s functioning in the system,

Test Equipment Required

(a) Multiplexer with all cards inserted,
(b) Power supply 28 Vdc/4 A,
(c) Voltmeter
(d) Oscilloscope
Bench Setup
See Figure 1,
Test
(a) Apply 28 Vdc to the Multiplexer, With the VIVM measure the
voltage between the testpoints shown on the chart below, If the
readings are not as shown adjust R16 for +5,0V, and thereafter R13 .
and R15 for £13,0V,
TP9 .to TP10 = 45,0V
TP8 to TP1l = +13,0V
TP7 to TP1l = -13,0V
(b) Adjust the input voltage to 23,8 Vdc and record the voltage at
the same test points, '
(c) Adjust the input voltage to 32,2 Vdc and record the voltage at
the same test points,
(d) Measure and record the peak-to-peak value of the ripple and the spikes
with the oscilloscope.

System Isolation

2,2,1, Purpose - To insure mutual isolation between system ground, chassis, power

2.2,2

return and calibration return,

Equipment Required

(2) Nulling Voltmeter (Fluke)

(b) Power supply (50VDC)

(c) Multiplexer (all PC cards installed)
(d) Resistor, 100K £ 1%

.....“-m............‘,..m,._
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2,2,3

2.2.4

2.3,0
2.3.1

2,3,2

2,3.3

2,3.4

Bench Setup

(a) Connect the equipment as shown in Figure 2,
Test .

(2a) Read and record the three voltmeter readings,

(b) The values read on the VIVM shall not exceed 0.1 Vdc,

Power Drain : ] :
Purpose - To verify that the Multiplexer operate? within the input
current limits, '

Test Equipment

(e) 28 vdc supply

(b) Multiplexer (All cards 1nserted)-

(c) DC ammeter (2 amp)

Bench Setup

(a) Connect the equipment as shown in Figure 3,

(b) Set the power supply to 28 + 1 Vdc,

Test \ '

(a) Read and record the line current,
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3.0
3.1

3.2

3.3

3.4

Carrier Generation Modules

Purpose - To check and adjust the phase between sub-carriers generated
in different divider-chains,

Test Equipment

(a) Multiplexer

(b) Power-supply 28 Vdc

(c) Oscilloscope

Bench Setug
(a) See Figure 4,

(b) Connect one input of the scope to the reference signal, 12F
in the T-CXO-counter, pin C on fhe connector.for Module 8,

Test

(2) Connect the second scope input to 6F in the VCO-counter under test,
Module 9, T.P, 2, _ .

(b) Adjust Cl5 on the adjacenﬁ VCO-card (Module 3) until the time
differonce between the éositive going edges of the two sigrals
is less than 40 ns, Record the resultant time difference,

(c) Repeat (a) and (b) for the other two VCO0-divider-chains,
(Module 10, T,P. 2 and Module 11, T. P, 2)
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4,0 Channel and IF Modules .
4.1,0 Input Impedance and Back Current of Channel Units

4,1.1 Purpose - To verify the input impedance is 100K ohms and that the
back current is not {n excess of 1 microamp,
4,1,2 Test Equipment
(a) Differential VTVM
(b) VTVM H,P, v :
(c¢) Resistors, 100K & ,1%; 10K + 5%
(d) Multiplexer with all cards inserted.
(e) Audio oscillator
(f) Power supply 28 Vdc
4.1,3 Bench Setup Input Impedance

See Figure 5,
4.1.4 Test
(a) Place the 100K resistor in series with the audio oscillator
and the channel {nput under test,
(b) With the power on set the output of the audio osé¢illator at
1,54 .1 kHz and 2,0 Vrms, Measure and record the voltage
across the 100K resistor,
(c) Measure the input at the channel card, The reading taken at
this point shall be within £ ,5% of that read in (b) above.
(d) Repeat (a) through (c) for each channel,
4,1.5 Bench Setup-Back Current

See Figure 6,
4,1,6 Test '~ .
(a) Apply 2.5 Vpp at 1.5 kHz to the 18 channel inputs not under test,
Measure and record the AC and DC cémponents across the 10K resistor
"7 across the input of the channel under test,
(b) Repeat (a) for all channels,
4,2,0 Data Source Faults ,
4,2,1 Purpose - To verify that each channel input shall accept a signal up

to 5.0 Vpp and no data loss shall occur upon application of 15,0 vpp. ' ‘ i
4,2,2 Test Equipment '

(a) Spectrum Analyzer
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4,2,3

4,2,4

4,3,0
4,3.1

4,3,2

4,3.3

4.3.4

(b) Multiplexer (DSB-1F filters inserted)

(c) 28 vdc power supply '

(d) Resistors 3000 Ohm & 1% 1500 Ohm + 1%

Bench Setup

(a) Connect the equipment as shown in Figure 7,

(b) Set the audio oscillator output for 1,5 kHz, 15.0 Vpp using a
H.,P. 410 B or equivalent,

Test

(a) With the switch in the 5 volt position observe the spectrum of the

7. system output,

(b) Put the switch in the 15 volt position for 20 seconds, Only one
channel in the spectrum should be affected,

(c) Return the switch to the 5 volt position

(d) At 5 seconds after step (c) record that the output spectrum is
identical to that of (a). ,

(e) Repeat (a) through {d) for all chamnels,

Amplitude Level Linearity

Purpose - To check the amplitude linearity and verify the sideband
amplitude symmetry of each channel unit,
Test Equipment

_ (a) Multiplexer (One- DSB-IF filter.inserted)

(b) Power supply 28 Vdc,

(c) Audio osc,

(d) vrem:

(e) SSB-IF filter

(f) Wave-Analyzer

Bench Setup

(a) See Figure 8,

(b) Set audio osc. to 1500 Hz,

(c) Set the wave analyzer to a band-width of 200 Hz,
Test

(a) Read and record the level of both sidebands at the output of the

channel unit under test with audio oscillator settings of .05, .1,
2, .4, .8, 1.6 Vrms, Calculate the gain and the average of the

. gain, Maximum divergence from this average shall be less than .ldb,
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reterm patea

V.

4.4
4,6,1
6.4,2

4,4,3

b.4,4

4,5.0
4,5.1

4,5.2

(b) ~ Power supply 28 Vdc.

(b) Replace the DSB-IF filter with an SSB-IF filter and make the
same measurement,

(c) Repeat (a) and (b) for each channel,

Amplitude Spectral Linearity

Purpose - To verify that the channel ripple is less than .1 dB,
Test Equipment

(a) Wave analyzer i

(b) Multiplexer (SSB-IF filters)

(c) Power supply 28 Vdc.

(d) Audio Oscillator

(e) VTWM

Bench Setup

(a) Connect the equipment as shown in Figure 9,

(b) Set the oscillator to 2.5+ .01 Vpp and apply to the channel
input under test,

Test

(a) With the wave analyzer (20 Hz bandwidth) read and record the
channel output amplitude at the system output with audio os¢illator
setting of 10, 30, 2780 and 3C00 Hz,

(b) Sweep the oscillator from 10 to 3000 Hz and with the wave analyzer

(200 Hz bandwidth) read and record all the peaks and valleys at
the system output,
(c) Remove all IF filters and insert one DSB IF filter in the channel
to be tested. Repeat (a) and (b), but sweep from DC to 3000 Hz, ’
Absolute and Relative Time Delay

Purpose - To test the time delay in each channel and the time-correlation
from channel to channel, .

Test Equipment ‘

(a) Multiplexer (DSB-IF filters inserted)

(¢) Audio oscillator . -~

(d) op. amp,
(e) Freq. compensating network for Op. amp.
(f) Oscilloscope (Dual Beam)
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4,5,3 Bench Setup
(a) See Figure 10.

(b) Connect the output from the Schmitt trigger to the oscilloscope
vertical input, which has a time base unit with a delayed trigger
output, Connect it as well to the trigger'input of this time base
unit and set for external triggering, The oscilloscope delayed
trigger output should be connected to the trigger input of the
second time base unit, Connect the output of the channel under
test to the other vertical input (B), '

4,5.4 Test ‘
(a) Set the oscillator to 1000 Hz, 2 Vpp and adjust the delayed
trigger for coincident zero-crossovers of the two signals, Use

the same time/cm. for both beam sweeps,

(b) Va;y the input frequency and measure the maximum time difference
between the two zero cfossovers. It shall be less than S5 us,

(c) Repeat (a) and (b) for all channels,

(d) Repeac (a) for channel 19 '

(e) Without changing the delayed trigger, connect the other 18 channels,
one at & time, and record the time difference between zero |
vérossings on the scope. The time difference shall be less than
2.3 microseconds for each channel and no channel shall differ by
more than 2,3 us from any other channel,

5.0  ACC Modules | | “
5,1.0 Attack/Recovery Time and Input Range

5.1.} Purpose - To measure the attack and recovery time of the AGC and the
AGC-input range, '

5.1,2 Test Equipment
(a) Oscillator, Audio
(b) Oscillator, Square Wave

(c) Power Supply, 28 Vdc,
(d) Multiplexer » A
(e) Test card (See Figure 11), s .
(f) Oscilloscope ' :
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5.1,3

5.1.4

5.1.5

"5.1.6

5.2.
5.2.1

5.2,2

Bench Setup Attack & Recovery Time

(a) Remove the calibration card (Module 7) and insert the test card

(b) Make the necessary connections as shown in Figure 11, Connect
the square wave generator to the test card and set it to 100 Hz,
5 Vpp squarewave and set the Audio-Osc, to 1000 Hz,, 5 Vpp
sinewave,

Test

Read and record the attack and recovery time at 90% of the steady

state level, as defined in Figure 11 b

Bench Setup - AGC-range

Disconnect the square wave generator and instead switch the input

manually between 0 and +3V with a power-supply,

Test

Read and record the difference in output level, It shall be less
than .4 db,

Relative Data Output Levels and Harmonics Suppression

Purpose - To verify the proper functioning of all channels and
summing amplifiers, and the suppression of the harmonics.

Test Equipment

(a) Wave Analyzer

(b) Power supply, 28 Vdc

(¢) Multiplexer (all cards 1nserted)
(d) Audio oscillator

(e) High Impedance Voltmeter

(f) Counter, electronic

5.2.3 Bench Setup

(a) See Figure 9, SSB-IF filters inqerted , .
(b) Set audio oscillator output at 2,5+ .05 Vpp, 1000 S 100 Hz
and apply to all channel inputs,
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5.2.4

3.3.0
5.3.1

3.3.2

5.3.3

5.3.4

Test

(a)

(b)

(c)

(d)

.

Pilot amplitude - With the waQe analyzer (20b Hz bandwidth)

read and record the two pilot outputs, Use a counter to check

the frequency, The amplitude of the lower frequency pilot tone
(P1) shall be 6 +£0,5 dB greater than the high frequency pilot tone
(P2).

Relative channel level - With the wave analfzer (200 Hz bandwidth)
read and record the output of each channel at the system output 1,
Use a counter to check the frequency. The difference between the
amplitude of each channel and P2 shall be less than 0,5 d8,
Harmonics and spurious outputs - With the wave analyzer

(200 Hz bandwidth) read and record the amplitude of the harmonics
and spurious outputs, All these outputs shall be down 42 dB minimum
with respect to the regular channel outputs measured in (b),
Remove all IF filters and insert DSB-IF filters, Repeat (a)
through (c¢). -

AGC Ttacking and Channel Intermodulation

Purpose ~ To check the AGC tracking of thé pilot tone and to measure
the intermodulation between channels,

Test

Equipment

(a)
(b)
(c)
(d)
(e)
(f)

Multiplexer (with SSB-IF filtetrs inserted)
Pover Supply, 28 Vdc.

.Audio Oscillator

Gausian, White Noise Generator
VTVM
Wave Analyzer

Bench Setug

See Figure 12, -

Tests

(a)

Set the audio oscillator to 1500 + 100 Hz, 2.5+ ,1 Vpp sinewave
and connect it to the input of the channel under test.  Set the

noise generator to 2,51 .1 Vpp, 0 to 3 kHz bandwidth and connect
it to the remaining channels,
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(b)

(c)
(d)

(e)

(£)

(g)

(h)
(1)

With the wave-analyzer (200 Hz bandwidth) read and record the
output of the channel under test and the amplitude of the
pilot tone (75,84 kHz) at system output 1,

Remove the noise from the other channels and repeat step (b).
The change in difference between channel output amplitude and
pilot tone amplitude as measured in steps (b) and (c) shall be
less than ,25 db, . |

Reset the audio oscillator output to 5,0 + 0.1 Vpp on the channel
being measured and apply 2.5+ 0,1 Vpp noise on all remﬂinlng
channels, ’

Tune the wave analyzer to cover the 3 kHz bandw’1ith directly

above the channel carrier frequency, Record the channel

- output amplitude,

Disconnect the audio oscillator, Read and record the channel
output amplitude. The difference between reading of steps
(f) and (g) shall be 45 db minimum,

Repeat (a) through (g) for each channel}

Remove the IF-filters, Insert DSB-IF filters for channels
1,3,5,7,9,11,15,17, and 19'on1y._ Remove all other channel
boards, Repeat (a) through (h), In (f) use a bandwidth of

6 kHz centered at the channel carrier frequency.

6.0 Auxiliary Modules

6.1.0 Special Service Channel

6.1.1 Purpose - To verify the response of the special service channel,

6.1,2 Test Equipment Required

(a)
(v)
(c)
(d)

(e)
(£)-

Audio oscillator
Multiplexer

Power supply 28 vde
VIVM (H.P. 410 B)
Counter

Wave Analyzer : *

6,1.3 Bench Setup

(‘),

Figure 12,
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6.1.4

6.2.0
6.2,1
6,2,2

6.2,3

6.2,4

6.2,5

6.2,6

Test . ‘

?:;. With an input of 2,5+ ,05 Vpp at 1 kHz to the special
service channel input,measure the system output at J2/E with
the wave analyzer, It shall be attenuated less than 3 dB,

(b) With an i{nput of 2,5+ ,05 Vpp sweep the frey.ency from 10 to
1000 Hz and measure the peaks and the valieys at tiie channel
output, The differences in output shall not be more than 3 dB

Calibration and Signal Input Interruption -

Purpose - To verify proper operation of calibration circuitry,
Test Equipment

(a) Square Wave Generator

(b)  Power,supply, 28 Vdc

(c) Voltmeter, High Impedance

(d) Wave analyzer

(e) Oscilloscope

(f) Multiplexer

(g) Frequency Counter .

Bench Setup - €alibration Command _

(a) Connect the equipment as shown in Figure 14,

(b) Set the square wave generator to 1 Hz and 28 Vpp,

(a) Read and record the burst duration of the 400 Hz calibration
signal it.TP@ on cards 14/1-19, It shall be the same on
each channel module, ) |

(b) Read and record the peak-to-peak voltage of the command signal

. at which the calibration signal disappears, by decre;sing the
square. wave amplitude, It shall be less than 14 V, more than 10 V,

Bench Setup /

(a) Connect the equipment as shown in Figure 15,

(a) Read and record amplitude and frequency4of'the calibration signal,
~1f the amplitude is not ,161 Vpp + 1% adjust R7 on card Cd7.
Read and record, the second (800 Hi) and third (1200 Hz) harmonics,
_Tﬁey should be at least 45 dB down compared to the fundamental
(400 Hz),

‘e
*
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7.0
7.1

7.2

7.3

7.4

8.0

OQutput Impedance and Output -Amplitude

Purpose - To verify that the dynamic Multiplexer ouﬁput impedance
is 300 Ohms maximum with a channel {nput frequency of 1000 Hz,
and that is possible to adjust the output amplitude from 250 to
350 mV rms, driving a load of 4K in parallel with ,035 uf.

Test Equipment '

(a) Audio oscillator

(b) Power supply, 28 Vdc

(c) vrivM

(d) Resistors; 300 Ohms + 1%, 4K + 5%, , .
(e) Multiplexer (all cards inserted, DSB-IF filters)

{f) Capacitor .035 uf + 10%

Bench Setup

(a) Connect the qquipment as shown in Figure 16. Ground the input

to the special service chamnel,

(b) Set the audio oscillator to 2.5 Vpp, 1000 Hz and apply it in
common to all chamnel irnputs,

Test :

(a) Record the output voltage (Enl) with S1 and S2 open,

(b) Record the output voltage (El) with the load resistor R
(S1 closed),

(c) Calculate the output impedance using the following formula:

R (En

1

. - h 1 - By
0

E

(d) Repeat (a) through (c) for output 2 (J2/c) ,

(e) Open switch S1 and close S2, Read and record the maximum and
minimum output amplitude when varying R9 on Module 12, Set R9
for an output of 300 mVrms, : )

(f) - Study the output on the scope. Disconnect the load. No appreciable
difference shall be noticed. .. _ : :

(g) Repeat (e) and (f) for output 2, but use R27 instead of R9 for
varying the output level,

Testinggbiégrams
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1.0

INTRODUCTION

This data sheet is intended as a record of the results of tests
specified in ES-150.002. This data is used to test conformance of

the SS/DSB Multiplexer (AED Part No. 360000) to MSFC Specification
110114A,

ST
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2.0 Power Supply

2.1 Power Supply Test

Input | Cd 1/TP 9| Cd 1/TP 8 Cd 1/TP 7

28,0
32,2
28,8

Vp-p Vp-p Vp-p
28 Ripple
28 . Spikes

2,2 Isolation
Voltage across resistor : .1, (Chassis) vde

2, (Power return) . Vde
3. (Calib;ation) Vde

2,3 Current drain

Line Current s Adc
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Y RV,

. 3,0 Carrier “eneration

Module 9, TP2 Signal (lags)/(leads) reference by ___ms,
Module 10, TP2 Signal (1a§s)/(1eads) reference by ns.
Module 11, TP2 Signal (lags)/(leads) reference by ns,

R

g
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4.0 Chanpel and IF Modules

T A e e S T e T B LT

-
w

4,1 a a a i
Channel Voltage across Back current — i
resistor input
No (dB) * (dB)* uA peak AC uA DC Total#
- 1 ’
2
3
4
5
7
{ 8
» ~: 9
10 B |
e | 11 P |
E 1B 12 | ]
. 13 { i
§ 14 |

‘ 16 ) ’
: 17 i
18 | i (
19 ] 4
*%*

The difference between these two readings shall be less than .1 dB

** This value not to exceed 1,0 microamp,

L R T
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4,2

Data source faults

Channel 112]13]4]5(6{7}8 10 {11112}13114(15(16117{18]19
Any Yes
noticeable
difference
between the
No

two spectra

o e are
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4.3 Channel linearity cont,

.
A S ] [

Channel Input Qutput DSB Output SSB
]
No V RMS USB |} Gain |LSB | Gain |Avg Gain LSB {Gain | Avg Gain
dB dB dB dB dB dB dB dB
" .8
" 1.6 f
14 205
" ‘l
" .2
" .4 ‘
" .8 )
" 1.6 !
15 .05 ]
n o1 \
' m .2 i
L " 4 i
| " .8 €
" 1.6 !
16 .05 !
n el !
[., ” c2 t
17" .“ '
. = =2 ,
[ " 1.6
17 ,05 :
I " .1 ]
" o2
" .4 ;
r " .8
" 1.6 -]
18 .05 § -
n o1 ] {
" .2 ' |
" 4 {
n .8
(2] 1.6
19 .05
;
]
{
|
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4,3 Channel linearity cont,

Channel i Input ’ Output DSB Output SSB
No V RMS USB |Gain | LSR} Gain | Avg Gain LSB {Gain | Avg Gain
dB dB ~dB| dB dB dB dB dB
7 .05
" .1
" .2
n
b
" 8
" 1.6
8 .05
" .1
" .2
" ’4
" .8
" 1.6
9 .05 {
" .1 {
" 2 ’
. " .4
"
. 18
: " 1.6
B 1 05
an 1
) " .2
" N ]
" .8
" 1.6
11 .05
n .1
" .2




lé 4,3 Channel linearity

Channel Input Output DSB ’ OQutput SSB
p L - No V RMS USB { Gain | LSB | Cain Avg. Gain | LSB |Gain | Avg, Gain
T ' dB dB dB dB dB dB | dB dB
‘ 1 .05
" .1
" 2
11 4
i -- 0
, i _
- 3 ' " 1.6 1
i 2 .05
n ‘1
" .2
4 " A
: . ” 8
" 1.6
%1 { i 3 005
; " o1
f " .2
b L .4
. " .8
5 " 1,6
] 4 .05
g il .1
' -2
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3 4.4 Amplitude Spectral Linearity
A, ssB
Channel - Ripple
No. - " dB
! .1 |Freq. (Hz) |10 | 30 2780 3000
: Amp, (dB) . N
2 Freq. (Hz) 10 { 30 2780' 3000
Amp. (dB) . I
5 |Freq. (Hz) 110 | 30 2780. 300
{ Amp. (dB) | « !
[ 4 Freq. (Hz) [ 10 | 30 2780: 73000,
Amp, (db) : b
5 Freq. (Hz) 10 | 30 2780, 3000
Amp, (dB) : _ N
6 Freq, (Hz) { 10 | 30 2780! 3000,
Amp. (dB) . ' 1.
7 Freq. (Hz) i 10 | 30 2780 3000
Amp. (dB) 1 . , 1.
8 Freq. (Hz) i 10 | 30 27801 3000
Amp, (dB) | g
9 {Freg. (Hz) 10 | 30 2780] 3000!
h Amp, (dB) ) RE e
10 Freq. (Hz) ! 10 | 30 2780! 3000 ]
Amp, (dB) , S |
1 Freq. (Hz) 10 | 30 , 2780; 3000 A
Amp, (dB) L L . !
17 |Freq. (Hz) | 10 | 30 2780. 3000
- iAmp, (dB) | - N
13- . Freq., (Hz) ! 10 | 30 2780 3000
E : Amp. (dB) , , 1
= 14 Freq. (Hz) i 10 30 ’ - 2780. 3000
] Amp, (dB) T o
E 15 Freq. (Hz) 1 10 | 30 3780; 3000
4 Amp, (dB) 1 . ‘ N
16 Freq. (Hz) ; 10 | 30 i 13780} 3000:
Amp,. (dB) i , B s
17 Freq. (Hz) 10 30 37801 3000 !
Amp, (dB) ' ST .
18 . Freq. (Hz) 10 30 : , 3780; 3000
Amp. (dB) | | : T 1
19 Freq., (Hz) 10 | 30 3780 3000
Amp. (dB) . . e L
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. 4,4 Amplitude Spectral Linearity - (Continued)

; Channel ' Ripple
i No. dB
: ;

o Freq. (Hz) | 10 | 30 27801 3000
.% 1 USB  |Amp. (dB) ' ; ‘
: 1 LSB Freq. (Hz) [ 10 | 30 K 278C; 3000
i Amp. gdB; A — v
£ Freq.(Hz 10 | 30 2780{ 3000
: 2 s |t — ‘ —

Freq. (Hz) | 10 | 30 2780} 3000
2 LsB |z olrs = _
Freq. (Hz) 10 30 2780i 3000
. 3 UsB Amp, (dB) ) il 1.
i Freq. (Hz) 10 30 2780! 3000
: 3LsB |l - - _
g 4°USB  |Freq. (Hz) | 16 | 30| . 2780! 3000
g Amp., (c(iB)) ' .. N
Freq. (Hz 10 | 30 2780 3000
% 4 LS8 | imp. (dB) T . = .
E ,. Freq. (Hz) ' 10 | 30 2780; 3000
: O USB | amp. (@B) T 1 T ~
£ Freg. (Hz) | 10 30 ) : 2780; 3000
:
: 5 LSB |4 dB) = — N
£ . Freq. (Hz) 10 30 2780 3000!
g B ;
6 USB | . (aB) ]
6 LSB Freq. (Hz) 10 30 . 2780 3000
Amp. (dB) : : < |
Freq. (Hz) 10 30 2780; 3000
?’ 7 USP  |Amp. (dB) 1
: Freq. (Hz) 10 30 2780} 3000
7 LsB Amp, (dB) . - 1
Freq.(Hz) | 10 | 30 2780! 3000
8 USB Amp. (%B) t N
Freq., (Hz) : 10 30 2780; 3000
8 L -
SB Amp. (c(iB) | ] I
- Freq. (Hz) i 10_] 30 2780) 3000
5 USB | (B T S
. | Freq. (Hz) 10 30 27801 3000
9 LsB Amp., (dB) i o).
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4.4

Amplitude Spectral Linearity - (Continued)

B. DSB - (Continued)

Channel Ripple
No. . dB
Freq. (Hz) | 10 | 30 2780] 3000
10 USB Amp. (d5)
Freq. (Hz) | 10 | 30 2780] 3000
10 LSB Aap —(dB) =
Freq. (Hz) | 10 | 30 2780/ 3000
11 UsB Aup. (dB) t —
1) +sp |Freq. (Hz) |10 [30 2780] 300
e _lAmp, (dB) | N
.. usn |Freg, (Hz) | 10 [ 30 780] 3000
<o Amp. (dB) — N R
-~ 1 [Freq. (Hz) | 10 | 30 2780[ 3000 |
- Amp, (?B)) ) I ,.’
Freq. (Hz 10 | 30 27801300 |
13 UsB Anp. (dB) ‘ P
Freq. (Hz) | 10 | 30 278013000
13 LS famp. @By | :
Freq. (Hz) | 10. | 30 2780130000 |
14 USB Amp, (dB) . Ok T
Freq, (Hz) ! 10 [ 30 27801 300C
14 LS8 Gamp, (aB) -
Freq. (Hz) | 10 | 30 2780[300
15 USB A, (3B _ . ‘
Freq., (Hz) T 10 | 30 27803000
15 LSB Amp. (dB) v S . .
Freq. (Hz) ! 10 | 30 2780 | 3000
Freq. (Hz) | 10 | 30 2780 13000
16 LSB TR D) =
Freq. (Hz) | 10 | 30 2780130000
17 UsB = R R
Freq. (Hz) : 10 | 30 2780|300
17 LSB Amp. (dB) T N
Freq. (Hz) . 10 | 30 2780 | 3000
18 USB T CT) - , T -
Freq (Hz) 10 | 30 2780 {3000
18 LB Amp. (dB) L)
Freq. (Hz) | 10 | 30 27803000
19 USB Amp.(dB) |
Freq. (Hz) | 10 | 30 27803000
19 LS? Amp. (dB) ) . .
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l 4.5 Iime Delay

o SR o,

CHANNEL ' MAXIMUM TIME DIFFFRENCE

NO. VS. Frequency Referenced to
(us) Ch. 19 (us)

-

S
i

10

11

L e T S e e
e B s B ! !
[+

12

13

15

16

17

RO e o e

F
il
=
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5.0

5.1

AGC Module

AGC Attack & Recovery Time and Range

Attack time ms

Recovery time: . ms

Difference in output level :

dB
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5.2 Relative Data Qutput Levels and Harmonics Suppression

(A) SSB
Channel l Harmonics Harmonjcs
Output
No Freq. Freq, Ampl, Freq, Ampl.
kHz Ampl1 tude kHz dB kHz dB
P1 75.83
P2 80,57
1 3,74
2 8.48
K 13.22
4 17,96
5 22,70
6 27.44
2 32,18
8 36,92
9 41,66
11 51.14
12 55,88
14 65.36
15 70.10
16 84,32
17 89,06
18 93.80
19 98.54




5.2 Relative Data Output Levels and Harmonics Suppressfon Cont,
(B) DS
C 1 Harmonics Harmonics N
Output
No Freq. Amplitude Freq. Ampl, Freq. Ampl,
kHz2 dB kHz, dB kHz dB
: P1 75,83
P2 80.57
: 1 3.74
é 1 5.74
-§ 2 8,48
§ 2 10,48
£ 3 13,22
g k| 15.22
4 17,96
4 19,96
[ 22,70
_5 24,70
‘6 27,44
'8 29,44
7 32,18
7 34.18
‘8 36.92
8 38,92
9 41,66
9 43,66
10 46,40 | g
10 48,40
11 51.14
11 53.14
12 55.88
12 57.88 ! g
13 60,62
13 62,62
14 65.36
14 67.36
15 70.10
13 72.10
16 84,32
16 86,32
17 89.06 5
17 91.06
18 93.80
18 95.80
19 98,54
19 100, 54
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5.3 AGC Trackiqg;g Channel Intermodulation

With noise applied Without noise applied] Channel output level
Channel  Joutput ,Pilot ; Diff | Output ; Pilot Diff} With |Without { Diff,
No, of Tone of Tone Signal|Signal .
Channel Channel. ]
dB dB dB dB dB ds dB dB dB

DI

1 SSB l

1 BSB

2 SSB

3 SSB |

3 DSB

4 SSB

SSB

DSB

Nt

SsB

SSB

DSB

SSB

9 SSB

we fon | ael we

9 DSB

10 SSB

11 SSB

11 DSB

12 SSB ¢ - i

13 S8, }

13 bsB

14 SSB

o frad ne

15 SSB

15 DSB b

16 SSB [

N XY BUUN Y

T 17 ss8

18 SSB

4

H b
-17 DSB { )

] Er

]

Vomm an s

19 S8

19 DSB__ ;

. an
ane]
o
e
-
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6.0
6.1

6,2

Auxiliary Modules

Special Service Chan

nel Response

Peaks and Valleys 2¢ Cd6/TPl

Ripple

Freq. (Hz) | 1000

Aupl. (dB)

Calibration

Calibration duration
Command Voltage min,

Cal, signal freq,
Cal, signal Ampl,
2nd Harmonic

3rd Harmonic

H ms
H \'/

H Hz

: Vpp,
H dB

oo
[
-]

dB

s apiapb 9
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© 7.0

Output Impedance and Amplitude

Output.
No

Fn
(mV RMS)

(mV RMS)

22
(Ohms)
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TENTATIVE DATA SHEET

. The S5/DSB Multiplexer frequency multiplexes 19 data chapaels, each
with information up to 1.5 kHz or 3,0 kHz ingo a base band of approxi-
mately 100 kHz. Each channel can be SSB or DSB, suppressed carrier,
multiplexed by using the appropriate IF filter module provided. The
multiplexed mode as well as the information bandwidth (1.5 or 3.0 kHz)
can be separately chosen for each channel except that a channel in the
3 kHz DSP mode must be used above an unused channel and a 3 kHz band-
width channel may not be used below a 1,5 kHz, DSB Channel. The
channél sub-carrier frequencies (suppressed) are at multiples of 4,74
kﬂz from 4.74 kHz to 71.10 kHz and from 85.32 kHz to 99.54 kHz. Two
pilot tones (75.84 kHz and 80,58 kHz) are transmitted with the data
for phase and ffequency coherent sub-carrier Qegeneration and provide
amplitude reference for the baseband data. AGC is applied to the
output base band including the pilot tones. A 1 kHz auxiliary channel
(amplitude preser ed) is also available for transmitting time multiplex
information and internal calibration of ali channels is provided;
Channel Data:

Input Impedance = 100K + 1%

Amplitude Linearity = 1% (3 kHz Input Bandwidth)

Phase Linearity = 1%

Channel Cross Talk.- 60 dB maximum

Output = 250 to 350 Millivolts. RMS, Igdépendent of

channel usage, (plus Special Service Channel)

-1-
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