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IMPORTANT NOTICE
The specific components selected for the system were chosen
on the basis of suitability, availability, and cost. They do not
heceSsarily represent the only possible choice or even the best
choice. The National Bureau of Standards states only that they
were used in the system described here. Substitution of nominally
equivalent components meeting the same specification should cause

no difficulty; however NBS has not tested all such possible choices

—yviii-



NBS 30/60 MEGAHERTZ NOISE MEASUREMENT SYSTEM
OPERATION AND SERVICE MANUAL
BY

George Counas and Tom Bremer

Electromagnetic Fields Division
National Bureau of Standards
Boulder, Colorado 80303

Calibration of coaxial noise sources at 30 and 60 MHz is
now being accomplished using a total power radiometer designed
to operate under computer control. Use of the IEEE 488 Instru-
ment Bus and structured software techniques allows use and sub-
stitution of commercially available components with a minimum of
hardware and software quification.

This manual addresses the general theory of operation, operat-
ing procedures, and maintenance procedures for the NBS 30/60 MHz

automated noise measurement system using a commercially available

desktop calculator as the controller.

Key words: Automated noise measurement system; coaxial noise sources;
controller; IEEE 488 Bus; total power radiometer.



30/60 MH» RADIOMETER

FIGURE 1



i, INTRODUCTION

The wuse of the total power radiometer to measure noise
nources requires a comparison of the unknown source with known or
standard noise sources. To accomplish this with any degree of
atcuracy, mismatch considerations mandate either a correction for
mismatch Dbetween the standards and the device wunder test or
tuning to minimize it. Another factor which muet be taken into
sccount 1is noise contributed by the measurement system itself
which limits system range and accuracy. This is especially true
of the first amplifier noise contribution. Tuneable cryogenic
and ambient noise standards plus amplifiers with high gain, low
noise figure, and good input and output impedance characteristics
were designed and constructed at NBS and make the measurement
system described by this manual possible.

Figure 1 is a photograph of the 30/60 MHz radiometer which
shows the physical layout of components, Figure 2 is a simplified
block diagram showing basically how a measurement is made, and
Figure 3 is a detailed block diagram of the measurement system.
Figure 3, shows the general arrangement of system hardware with
signal flow starting at the lower right. During a measurement
sequence, the noise power from the unknown source is compared to
that delivered by the system ambient and cryogenic standards.
Results of this comparison are used to determine the noise
temperature of the unknown source. An automated system such as
this, can make large numbers of measurements in a relatively
short time without operator involvement. This permits economical

gathering of statistical results not previously possible.



2. GENERAL THEORY OF OPERATION

A. DESCRIPTION OF THE MEASUREMENT SYSTEM

Refer to Figure 2. This is a functional block diagram of
the noise measurement system. To calibrate or find the output
noise temperature of the device under test, the output noise
powefs of this device, the ambient standard, and the cryogenic
standard are amplified, filtered, and measured in sequence. The
noise temperatures of the two standards are well known. Using
the noise  equations detailed on page 16 of  this' manual, the
output noise powers and noise temperatures of the two standards
are compared with the output noise power of the device under test
rcesulting in the determination of the output noisc power of this
device. These noise power comparisons are made by wusing the
30/60 Mhz radiometer system described in tle following
paragraphs.

For purposes of explanation, the 30/60 MHz radiometer system
as shown 1in Figure 3, can be divided into four general parts
which are: (1) the switching and noise source section, (2) the 30
or 60 MHz preamplifier section, (3) the output amplifier and
power measurement section, and (4) the instrument and controller
section.

The switching section provides for selection of the unknown
or standard noise sources for comparison by the system. The
unknown coaxial noise source is usually a noise diode network at
an effective temperature of approximately 11,000 K or a load
which is either heated to a temperature of approximately 376 K or

cooled with 1liquid nitrogen to a temperature of approximately
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7?7 X. The normal system range covers this region. The two noise
st nndards used to calibrate these unknown noise sources over
{his range are a coaxial ambient standard and a coaxial cryogenic
standard.

The ambient noise standard is a load placed in an o0il Dbath
vhich 1is allowed to come to equilibrium with room temperature.
“Ihe controlled room temperature of the standards laboratory, the
mass of the standard housing, and the oil bath insure slow
trmperature change of the load element and thus a stable noise
power output. Normally, this temperature change is less than 0.05
¥ over an 8 hour period. The temperature of the standard is
merasured often enough to pick up any small temperature changes
which do occur.,

The ¢ryogenic standard is similar to the ambient standard
sxcept that the load is housed in a bath of liquid nitrogen. The
temperature of these 1loads 1is measured by 3-wire-platinum
thermometers which are remotely read by the instrument and
vontroller section. Both standards have tunable output ports
which provide for impedance matching and are currently connected
to the system with l4mm coaxial fittings and air lines.
Precision adaptors are used to connect the standards and unknown
noise sources to the system ports where necessary. Coaxial
ronnector types currently accepted for the item wunder test
Include but are not limited to: precision N, GR900, APC7, and
TMA.

Noise power from the item under test is amplified by either

the 30 MHz preamplifier or the 60 MHz preamplifier. These



frequencies were selected to meet the needs of NBS calibration
service customers. The frequency channel is remotely selected by
the ganged switches at the input and output. The two channels are
similar but the gain of the 30 MHz amplifierris 70 dB while that
of the 60 MHz amplifier is 35 dB. The noise bandwidtﬁ of the two
amplifier channels 1is determined by the amplifier and filter
combination and is 0.77 MHz for the 30 MHz channel and 1.38 MHz
for the 60 MHz channel. The system bandwidth at these frequencies
is not «c¢critical as long as the input noise being amplified is
constant over the bandwidth being used. The bandwidths above
meet this specification. Since they have a noise figure less
than 1.6 decibel, these amplifiers contribute little additional
noise to that ©being amplified. They are not available
commercially and were designed and built at NBS.

The output from the preamplifier section is amplified by
three additional broadband amplifiers. The first has a bandpass
of 10 to 200 MHz and the second and third have a bandpass of 0.02
to 300 MHz. All three have a gain of 30 decibels. The
attenuators in this section are used to isolate components and to
provide for linear operation. The output of this section 1is
sampled through the side arm of a directional coupler to give the
operator a visual indication of system power levels.

Power output is measured by wusing a thermistor mount
connected to the output port through a DC (direct current) block.
This thermistor mount in combination with an NBS Type IV Power
Meter and a precision reference voltage generator 1is used to

measure noise power.



The instrument and controller section encompasses all of the
peripheral electronic equipment used to make | the noise
meapurements including the controller, which in this case is the
Hewlett Packard 9845 desktop calculator.

As shown at the left in Figure 3, thé peripheral instruments
arr all 1interconnected on an IEEE 488 Bus. The instrument
voupler shown connects the coaxial switch driver.module to the
sontroller. The switch driver assembly is the only instrument not
sompatable with the bus and so the 1instrument coupler, a
snophisticated decoder, 1is used to interface the switch driver
module to the controller--making it bus compatable. This switch
driver module 1s used to control the various system switches and
programmable and reference attenuator assemblies when they are
ined, An LED (light emitting diode) display on the front panel
of the switch d;iver module gives a visual display of the digital
#vde from the controller and the front panel meter indicates
nystem output power levels. The scanner provides connection, at
the proper time, of the ohmmeter section of the DMY (digital
multimeter) to the platinum thermometers in the noise standard
housings. Total resistance, 1lead resistance, and thermometer
~lcment resistance are determined. Conversion of these
resistances to temperature is done by the software.

A check of system voltages is made by the DMM with proper
connections made by the scanner before each measurement. Voltages
checked include the 15V, 20V, 24V, and 28V switch driver and
amplifier power supplies. In addition, the voltage output of the
power meter is connected to the DMM through the scanner to

vollect output voltages which are then converted to power and
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noise temperature by the software.

B.

ANATOMY OF A MEASUREMENT

A brief description of a measurement sequence is as follows:

1)

3)

4)

5)

The impedance of the device to be tested is measured and
input to the computer along with the connector/adaptor
description and associated loss constants. Instructions
for makiﬁg the impedance meésurements are foﬁnd on page
22; the loss constants are discussed on page 18.

The temperatures of the ambient and cryogenic standards
are determined and stored.

The powers from the device under test, ambient standard,
and cryogenic standard are measured and the temperature
of the unknown noiée source is calculated. This 1is
normally done 100 times.

At the end of the first 50 measurements, the average
noise temperature of the unknown is stored along with
the standard deviation, calculated system temperature,
and average power measured. If the printed results are
obviously erroneous (values far from nominal or with
very large standard deviations), the operator can abort
the measurements at this time, correct the problem, and
start over. Doing this at this point saves time. If the
results printed are acceptable; the <cycle 1is then
repeated starting at 2) and the 2nd 50 measurements are
made. The results are again stored.

A grand average of all measurements is obtained and a

summary of results is output via the system printer.
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TOTAL MISMATCH ERROR IS: 16.17 K

MEASUREMENT RECAP
AND
PRELIMINARY RESULTS

FREQUENCY= 30.00 MHZ

YOURCE IMPEDANCE 49.5+J00.0 LEVEL SETTING OF A2= 8.00
TA R OHMS TS R OHMS
295,94 218.23 76.21 36.36 (1ST 50 MEASUREMENTS)
295.94 218.23 76.21 36.36 (2ND 50 MEASUREMENTS)
TX sX TE
5767.77 41.69 179.36 (1ST 50 MEASUREMENTS)
5772.87 46.87 180.45 (2ND 50 MEASUREMENTS)

S ——— ——— - —— = — A G - W S e = P e R D M - A G = S e = W S A e W . - ——

AVE POWER IN MILLIWATTS P1,P2,P3
3.31 .26 .14

$D P1,P2,P3 IN WATTS (# OF MEAS= 100.00000000 ) .00000740 .00000105
00000108

SAMPLE SYSTEM PRINTOUT PART 1
FIGURE 4



FREQUENCY = 30.MHZ

NOISE TEMPERATURE = 5770.32K +- 91.20K(BIAS) +- 13.26K (3
EXCESS NOISE RATIO= 12.76DB +- LOGDB(BIAS+3*SEM)
RADIOMETER SYSTEM TEMPERATURE = 180K ( 2.1DB NF)

RADIOMETER GAIN = 76.4DB

RADIOMETER NOISE BANDWIDTH= 138.00 MHZ

ERROR SUMMARY

SOURCE OF ERROR SOURCE % ERROR IN
UNCERTAINTY NOISE TEMPERATURE

CRYOGENIC STANDARD 0.28K 12
AMBIENT STANDARD 0.10K .04
POWER RATIO 0.01DB8 .49
MISMATCH 0.5R;1.0J OHMS .28
NONLINEARITY 6.90E-24 .00
SWITCH ASSYMMETRY 0.002DB .08
ADAPTOR:GR900/N 0.0001DB 0.00
LINEAR SUM OF BIAS ERRORS 1.02
3*STANDARD ERROR OF MEAN ( # HMEAS= 100.) .23
LINEAR SUM OF ERRORS 1.25
CUSTOMER: CHECK STANDARD

CUSTOMER’S STATION: NBS

CUSTOMER"S ADDRESS: BOULDER, COLORADO 80302

SOURCE MANUFACTURER: HEWLETT PACKARD COMPANY

SOURCE TYPE:

SOURCE MODEL: 3468

SOURCE SERIAL: 6000T

DATE OF CALIBRATION: JULY 10, 1981

CALIBRATION TEST #:
REQ OR REF #:

SAMPLE SYSTEM PRINTOUT PART 2
FIGURE 5



This summary is shown in Figure 4. The first item at
the top of the page is the total mismatch error in K.
This 1is followed by the date and time of <calibration.
The calibration frequency, impedance of the device under
test, and system attenuator (A2) setting are printed
nexet (documenting the A2 setting 1is an aid in
reconstructing the measurement system power levels).
Ambient standard temperature (Ta), cryogenic §tandard
remperature (Ts), and the associated platinum
thermometer resistances in ohms are then listed followed
by the measured temperature of the calibrated item (Tx),
the standard deviation of the measurement (Sx). and
¢calculated system temperature (Te). All of these
parameters are listed twice, furnishing a recap for each
set of 50 measurements. Average powers measured are
tabulated with their assoclated standard deviations.
P1, P2, and P3 are the average powers measured for the
device under test, the ambient standard, and the
cryogenic standard respectively. Standard ‘deviations

for these powers are listed in the same order.

Figure 5 shows the final measurement results and error
summary output at the end of the measurements. It

simply details the results and gives a tabulation of

system errors.
Finally, all information in the measurement
summary, results, and errocr summary is stored, 1if

desired, for future reference.

-13-



-14~-

The ensuing discussion of the measurement process gives a
more detailed description of how the above results were obtaincd.
Since the coaxial noise standards are the basis for determining
the noise temperature of the device under test, the error due to
temperature uncertainty of these two stamdards must be known.
The size and shape of these standards prevents a direct
attachment to the measurement system, and as a result, the losses
and temperature gradient in the adaptors and precision air lines
used to make connection to the system were calculated . and
included in this temperature uncertainty.

The error attributed to these standards is listed in the
error summary output by the system software and is O.1 K for the
ambient standard and 0.28 K for the cryogenic standard.

The mismatch error is due to the difference in pdrt
impedance between the device being tested and the measurement
system. The error due to mismatch listed by the software is the
root sum of squares of the errors determined for worst possible
cases 1in phase and magnitude of this port impedance difference.
It takes into account the impedances and the associated
uncertainties of the measurement system ports, the coaxial noise
standard ports, and the output port of the device wunder test.
This error is dependent on the impedance of the device being
tested and is normally between 0.1% and 0.4%7Z of the noise
temperature measured.

A vector impedance meter is used to determine the impedance
of the source to be calibrated, and then the noise standards.are
tuned to match this impedance. The only mismatch error left to

be considered, then, is the difference between the device under



EES R nnd the system measurement ports. The system ports have

‘¥é§ﬂ measured and found to have the same impedance. The real
#3¥t nf this impedance was measured to be 49.5 ohms at 30 MHz and
t1,,% phms at 60 MHz. The imaginary part was measured to be 0.0
%%ﬁ; #t 30 MHz and 0.5 ohm at 60 MHz. The estimated uncertainty
s% 9.5 ohm for the real part aud 1.0 ohm for the imaginary part.

In this discussion, tﬁe noise temperature of the device
wgdrr test will be designated Tx, and the temperatures of the
#wiuient and cryogenic standards will be Ta and Ts. Numeric
s#tsien for Ta and Ts expressed in K are determined from the
sweistance values of the platinum thermometers in the ambient and
i ryngenic standards. As mentioned previously, this resistance is
wranured and read under computer control and converted to
iw=mporature by the software routines.

During a measurement, the desired port is selected and the
«siaer  power from the device connected to that port is measured
«»siw1 computer control using the Type IV power meter, reference
~sitage generator, and digital multimeter. The reference voltage
sl opud is adjusted to equal the power meter voltage with no rf
«wer  applied to the thermistor mount before the measurements
“yyin, This zeros the instrument. (Refer to figure 3. Rf power
‘= removed from the thermistor mount by switching system switch
mumther 1 to its terminated port.) Power is then determined with
~&+ wcanner and system switches providing the proper conditions.

+ wnrmal computer controlled sequence is:

1) The power meter voltage (A) is measured with the rf power

off.

-15-
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2 The power meter voltage minus the reference voltage (B)

is measured with the power off.

3) The power meter voltage minus the reference voltage (C)

is measured with the rf power on.

4) The power meter voltage (E) is measured with the power

»off to check drift.

5) The power meter voltage minus the reference voltage (D)

is again checked with the power off.

6) Power (P) is then obtained by:

P=[(A+E)-C+(B+D)/2][C-(B+D)/2]/RO  where RO 1is the
resistance of the thermistor mount (200 ohms) [1l].

The noise power wmeasured from the device wunder test is
designated Pl, that from the ambient standard as P2, and that
.from the cryogenic standard as P3. The noise temperature of the
unknown, Tx, is then determined by first finding the power ratios
Yl and Y3 and correlating them with the temperatures of the

standards to find Tx:

Y1=P1/P2 (1
Y3=P3/P2 (2)
Tx=Ta+(Ts~-Ta)(Y1-1)/(¥3=1) (3)

Note that because the standards are matched to the unknown,
when Y1 and Y3 are calculated, only the mismatch terms between
the unknown and the system are left to consider. The other terms
cancel since they have been tuned to be equal. Tx 1is now
determined and now must be corrected for any losses due to the
adaptors or air lines used in connecting the unknown. Losses due

to precision air lines and adaptors have been characterized and



sve  e¢ntered as a constant (Alpha) when the .measurement begins.
¥he corrected temperature of Tx then, is given by:

Corrected Tx=(Tx-Ta)/Alpha+Ta (4)

where L=Loss in decibels of the adaptors ana

air lines used to connect the test device

and Alpha=10"(-L/10) (5)

In a normal calibration, the determination of Tx is made 100
#4¥sen  and the average of these 100 determinations is reported as

ity the standard deviation. Some of the other terms calculated

avs a5 follows [3]

SYSTEM TEMPERATURE
Te=[Ts=(Y3)(Ta)]/(¥3-1) (6)
EXCESS NOISE RATIO dB
ENR=10Log(Tx-290)/(290) (7)
where 290 is a defined quantity
.RADIOMETER SYSTEM TEMPERATURE
RST=10Log(1+Te) /290 (8)
RADIOMETER SYSTEM GAIN
RSG=10Log[(7.244)(10°13)(P2)/Bw/(Ta+Ts) ] (9)
where Bw is the system bandwidth in MHz.
and (7.244)(10°13) is a noise constant
The error summary in Figure 5 lists the source uncertainties
-»» which the error calculation is based. These are the maximum
~t1nrs calculated from the source listed. For example, 0.10 K is
maximum error contributed by the ambient standard.
fn depth discussion of the error calculation is outside the

#pr of this manual other than to state that percent error is

-17-
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tabulated for each source and linearly summed. This sum is the

error recorded on the test report.
3. OPERATING INSTRUCTIONS

A. ADDITIONAL EQUIPMENT REQUIRED
Besides the instruments contained in the measurement system, two
additional pieces of equipment are needed to insure good
measurements. These instruments are:
1. A frequency counter with at least 4 place accuracy: EIP
451D or equivalent.
2. Vector Impedance Meter: Hewlett Packard 4815A or

equivalente.

B. GETTING STARTED
When an item is received for calibration, determine first
that the device can be physically attacﬁed to the measurement
system. If attachment is physically possible, the adaptor and/or
air line combination needed to make connection should now be
determined and the loss constants with the uncertainty for this
combination is selected from Table 1 and recorded. Table 1 is a

brief summary of common ©precision hardware wused in making

measurements. The frequency, loss constant (alpha), and
uncertainty are listed. The alpha constant for a device |is
calculated as follows: First the loss of the device is either

measured or looked up in the manufacturers specifications. Then
zipha 1is calculated by raising 10 to the minus power of the loss
af the device in question divided by 10, In eguation form:

Alpha=(10"(~-dB/10)). Device input power multiplied by alpha 1is



%amal 1o device output power. If more than one item is used, the
twsrort loss constant (alpha term) and its uncertainty can b2
tampnted by multiplying loss constants and adding uncertainties.
{t{. PREPARING THE SYSTEM FOR MEASUREMENT
1. POWER-OFF INSPECTION AND SETUP

¥41rst check all cables and connections. The IEEE 488 bus

fg%iun "should provide 1interconnection between the 9845
ssiiulntor, the scanner, the digital multimeter, and the
Pwtrument coupler. The switch driver module input jack (J110)
5mﬁﬁ§d be connected to the instrument coupler output jack (J3).

The leads from the ambient and cryogenic standards should be
+xeurely plugged into the receptacles at the left front of the
FrLanney . Check to make sure that the Type IV power meter and

=fsrnence voltage generator are properly interconnected and that

v

## output cable is plugged into the scanner. System wiring and
isserconnection diagrams are found in Section 5 of this manual.

Remove the standards and any other devices from the system
wwasiurement ports and check the system and standard connectors
“sr .damage. It is suggested that the connectors should all be
<teaned with isopropyl alcohol.,

Figure 6 shows the cryogenic and ambient standards as the
cryogenic standard 1is being filled with nitrogen. Fill the
o ] liquid nitrogen container shown in the figure with 1liquid
~1lrogen and locate the white filler cap near the tuning knobs on

e top of the cryogenic standard. Remove this cap and the two

-19-
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AMBIENT AND CRYOGENIC NOISE STANDARDS

FIGURE 6
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FHEEOUNNCY CONNECTOR/ADAPTOR LOSS CONSTANT ALPHA

Y DESCRIPTION ALPHA UNCERTAINTY
Can GR elbow, adaptor, .99891 .00047
15cm air line
i GR elbow, adaptor, .99903 .00042
10cm air line
Rk GR 15cm air line «99952 .00021
A6 GR 10cm air line ..99964 . 00016
1 GR elbow 99949 .00023
3 Adaptor-N to .99985 .00010

GR;, APC7, SMA

£0 GR elbow, adaptor, .99843 .00067
15¢m air line

A1 GR elbow, adaptor, .99986 .00060
10cm air line

54 GR 15¢cm air line .99932 .00030

H GR 10cm air line .99949 .00023

£H6) GR elbow .39928 .00032

£ Adaptor-N to .99985 .00010

GR, APC7, SMA

LOSS CONSTANTS AND UNCERTAINTIES
TABLE 1
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white vent plugzs from the standard. Using a funnel, SLOWLY pour
a small amount of 1liquid nitrogen into the standard._ After
éllowing several minutes for the inside of the standard to cool,
add more nitrogen wuntil the float on the top of tHe‘ standard
reaches the third red mark. Remove the funnel and replace the
two vent caps and the filler cap.

The impedance of the item to be measured should now be
determined by using the vector impedance meter. This instrument
should be turned on at 1least one hour prior to making
measu;ements. To save warmup time this instrument can Be turned
on the night before. Connect the RF OUTPUT jack on the front
panel to a suitable frequency counter and set the desired
calibration frequency by using the front panel RANGE SWITCH 2and
TUNING KNOB. When the desired frequency ié obtained, the
instrument <c¢an be zeroed by using the PROBE CHECK on the front
panel. Remove the probe from its adaptor by pulling it straight
out and insert it into the PROBE CHECK receptacle. Use the
MAGNITUDE ZERO and PHASE ZERO controls to get meter indications
of 100 ohms - and 0O degrees. Now the item can be checked by
attaching the probe assembly to its output connector. If a noise
diode assembly 1is measured, be sure to apply the wvoltage
specified by the manufacturer (usuaily 28V) before making the
impedance measurement. Record the impedance me&sured for the
item. At this time, the adaptor/connector loss constant, the
uncertainty of this loss constant, and the impedance of the
device to be calibrated are tabulated for input to the computer
during the measurement.

After the cryogenic standard reaches operating temperature,



£unr the standards to the impedance value obtained for the item
¢+ bhe calibrated. Simply attach the probe and adaptor from the
#svtor impedance meter to the standard ports and carefully adjust
s%i  satandard tuning knobs until the same impedance values are
#hinined for both the standards and the unknowﬂ. Connect the
#sbient standard to the leftmost calibration port (port 3), the
syyogenic standard to the adjacent port (port 2), and the device
s be calibrated to the rightmost port (port 0). The port
a4 1acent to port 0 (port 1) is not used at this time. Leave this
BAa terminated at all times. Figure 1 shows the measurement
#vstem  with correct devices connected to all ports. If the
Aax¥ice under test is a noise diode network, make sure that the

wyrierct voltage is applied to it.

2. POWER-ON CHECKS AND SYSTEM WARMUP

Before any power supplies are turned on, make certain that
she  30/60 preamplifier voltage switch is in the off (center)
sonlition. This switch is located on the right side of the metal
rable as you face the system and opposite the the two
#eramplifiers. Moving the switch to the up position turns on the
volts to the 30 MHz preamplifier and moving it to the down

#aonition applies 28 volts to the 60 MHz preamplifier.

CAUTION

DUE TO THE HIGH GAIN OF THE PREAMPLIFIERS USED_ WITH THIS
¥TEM MAKE SURE THE 30/60 AMPLIFIER VOLTAGE SWITCH IS IN THE OFF
“CILNTER) POSITION BEFORE OPENING ANY MEASUREMENT PORT. DAMAGE
#3101 IS EXPENSIVE AND TIME CONSUMING TO REPAIR WILL OCCUR IF THE

“MPLI1FIER  INPUTS ARE SUDDENLY EXPOSED TO AN OPEN CIRCUIT

-23-
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CONDITION. ONE OR MORE STAGES WILL BE DESTROYED AND THE

AMPLIFIER WILL HAVE TO BE RETUNED AND THE NOISE FIGURE RESTORED.

After making sure the above switch is in the off.position,

power-up can be accomplished in the following order:

1. Turn on the controller

2. Turﬁ on the digital multimeter and scanner.

3. Turn on the power meter and reference voltage

generator.

4, Turn. on the instrument coupler and press its reset

button.

5 Turnl on the switch driver module and press 1its reset

button.

6. Now turn‘on the 28V, 25V, 24V, and 15V supplies.

7. After all measurement ports have devices attached to them
it 1is safe to place the 30/60 preamplifier voltage switch
in the 30 MHz (up) position or the 60 MHz (down) position
as required.

Tt is good practice to let the system warm up or cool down,

as the case may be, at least 2 hours before continuing.
3. LOADING AND EXECUTING THE MEASUREMENT PROGRAM

There are two measurement programs which aré used; one for
30 MHz calibrations <called "30M20" and one for 60 MHz <called
"60M20", The programs are stored on disc and cassette tape. If
it is desired to load a program from cassette, insert the program

cassette in the right hand tape drive (T15) and type MASS STORAGE

IS ":T15"; press Execute. Type LOAD "30M20" for example ; press



Bawrate, The program will now be loaded from <cassette. The

«sodure  for loading the program from disc is the same - except

_%&at the MASS STORAGE IS statement is changed to MASS STORAGE IS

EEE 5 BN The disc is placed in the left hand drive and the "LOAD
Awit?n"  instruction when executed, 1loads the program from the
7: L,

After the program is loaded, press RUN., The system should

#ase A4 serles of 5 measurements as evidenced by numbers moving on

%y RT display and clicking of the measurement switches. At the

@#xt  pf the five measurements, an average value of power at the
wiunurement port #0 will be displayed. Adjust attenuator A2,
i*4«: precision manual step attenuator with the knobs above the

wlesiplass system cover) until the value of this measured powar
1+ v m{lliwatts. This is done by pressing RUN and adjusting the
a+tenuntor and then pressing RUN again to check the result. When

power level measured and displayed is 3 milliwatts

-

insintantly, press the CONT (continue) button on the 9845. The

#s=tem constants should now be displayed on the screen. A
“inting of these constants is available in the software portion
o f this manual but the important thing right now, is that they
#+» present and displayed. If this is true, press CONT again.

At this point, the program section which requests operator
tnput Is reached. The software is designed to be as friendly as
eonnible and whenever information 1is requested, a prompt
“wstribing the information required is displayed and the
f+formation requested by the prompt which is currently in memory

=« displayed. To leave the information as is, press only the

«wice bar followed by CONT. If a change is desired, type the

-2 85~
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change in the same format as the sample displayed; then press
Cont to ¢go on. Information is requested by the measurement
program in this order:

1. Enter the loss constant, alpha. This is the total alpha
for all connectors, adaptors, and air lines wused to
connect the device under test.

2. Enter the uncertainty for the alpha in l‘above.

3. Enter the real and imaginary impedénce of ‘the device
being tested in ohmé. This is a literal representation
of impedance in this form: 50.0 +J00.0., This input will
be used in a printout.

4 Enter the real and imaginary impedance of the noise
source being calibrated. This is a request for the real
and imaginary parts of- impedance in naumeric form:
50.0,00.0. This input will be used in calculations.

5. Enter the item description.
a) Enter the customer’s name.
b) Enter the customer’s street address.
¢) Enter city, state, zip.
d) Enter the manufacturer of the device under test.
e) Enter type number of device under test.
£f) Enter model number of device under test.
g) Enter serial number of device under test.
h) Enter date of calibration.
i) Enter NBS Test Number
j) Enter reference Number

At this time the program returns to a) and the entire



description can be checked by pressing the SPACE BAR and
CONT wunless a change is desired. To enter corrections,
simply type that line over and press CONT,.

6. Enter the setting of attenuator A2. Type in the setting

in dB of the manual attenuator dials.

This concludes operator entry of data. The system will now
#3a n  check of the resistance and temperature of the standards
243 then check the system voltages. The date, time and standard
kwmpnerratures measured in degrees Kelvin will be printed. A

gummary of system voltages and standard resistances measured will

&» displayed. If everything is satisfactory, press CONT.

The system will now do a complete measurement and error

inslysls under computer control and print the information shown

w Figures 4 and 5. While the measurements are in progress, a

#int of all powers measured, device temperature calculated, and

¢ty standard deviation of the measurement is printed continously.

‘it lons of the measurements such as power meter voltage readings
»3+ displayed on the screen in real time enabling a visual check

1

individual parts of the measurement. This is very helpful in

.

tnding trouble if erroneous measurements are made.

At the end of the 100 measurements and the printout of

s,

iyures 4 and 5, the program requests a data cassette to be
innerted in the left hand deck and by following the instructions
#;inted out, a complete recording of all results and device
'szryiption is made. A complete catalog of the tape contents is
ssintained for easy access to data in the future if desired.
After the data are recorded, the software requests the

4¢rrator to insert an additional 3 dB in attenuator A2 and press

_27_
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run. This is a routine system linearity check and is a complete

repeat of the measurement just described at a different power

level. The results of the second set of measurements should
closely agree with the first set. Agreement within 0.2%7 should
be expected. The outside limit is one half of the total error

printed out for the first measurement. If the outside limit 1is
exceeded, the system sﬁould be suspected of nonlinearity and all
equipment should be checked to determine the cause.

In addition, check standards (devices which can be measured
to evaluate system performance) are maintained which give a good
indication of measurement integrity. These standards include a
noise diode "tree" which incorporates three noise sources
arranged with attenuators to give three different noise power
outputs. The effective noise temperatures_available from this
standard are approximately 11000 K, 6000 K, and 3000 K.
Measurement of this standard checks system performance over a
broad temperature range. A physical temperature check standard
with output noise temperatures of approximately 377 K and 77 K
provides a check of system performance at these temperatures. It
is intended to routinely cablibrate these standards and establish
a control chart which will closely monitor system and standard
performance. Not enough measurements have been made at the
present time to establish a statistically signifigent chart.
Measurements at this time show a total spread below 0.3%. The
outside limit for measurement acceptance is estimated to be 0.5%
of the measured value at this time. Measurements outside this

specification indicate trouble with either the measurement system



+3 the standard itself.

b. SYSTEM TURN-OFF
This ©procedure is essentially the reverse of turn-on
##1 should be done in the order below.
l. Turn off the preamplifier voltage with the switch
located on the side of the table.

2. Carefully turn the voltage down on the noise diode

power supply (if used) and turn the supply off.
Remove the calibrated item and replace it with a
termination to protect the measurement port.

3. Turn off the system power supplies.

4. Turn off the instrument coupler, switch driver
module, digital multimeter, scanner, power meter,
and reference generator.

5. Turn off the 9845 and vector impedance meter.

1f the measurements are to continue soon, wuncouple the
sxnpenic standard from port 2, and refill it with liquid
*ropen.  This will sustain its internal temperature allowing
wenunrements to resume without waiting for the standard to

k_f\_ﬁ,_s;?.x(l_jze-
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4, SOFTWARE
A. GENERAL DESCRIPTION AND SUBPROGRAMS

The measurement programs '30M20" and "60M20" are written in
a structured fashion. By this it_is meant that each program
consists of an executive section which contains the measurement
sequence and provides for the orderly gathering of information by
accessing the subprograms [4]. Variables exist in the executive
program and the subprograms, but are not passed between the
program segments unless they are made "global" by being listed in
the common declaration or in the subprogram calling statement.
All - subprograms wused in these programs are of' the multi-line

function type. These subprograms are nested in the program after

the executive portion, and are identified by the prefix "DEF
FN...{(Q)" where Q is the variabl~ being passed between program
segments. Variables passed between segments in these programs

are made "global" by being listed in the common declaration at
the beginning of the program and at the beginning of each
subprogram as well. These common declarations must match. The
-value returned from the subprograms by the calling statement is a
dummy variable which is not used. In these programs values are
passed between segments by use of the common declaration. The
advantage of this programming technique is the ease with which
subprograms can be called from any point in the program without
regard to the variable transfer in the calling statement (since
variable transfer is through common) . The drawback is that each
subprogram has to have a common declaration to match the one in

the main program.



The 1instrument subprograms are flexible and easily changed
¢#» pormit a change of insfruments. Because subprogram input and
‘#¥1put variables are transferred as described above, the only
4%anges needed to permit a change of instruments are the

é&;x;nment instruction codes output on the bus to each instrument

iivm the controller. This ie necessary bacause few different
Fmalruments respond ' to exactly the same coded set of
tmeyructions. A standard instruction format for control of

i#ztrument functions does not exist at this time.

Figure 7 shows the program structure and the relationship
##tvuren the executive program and the primary subprogranms which
#¢s vnlled from it. The subprograms are essentially independent
#%# one another and require only a proper calling Sequence to
#¥:ivide the desired output. This output will be returned to the

+%1ling program segment.

As an explanation and clarification of Figure 7, a discussion of

wa ior pfdgram segments follows:
EXECUTIVE SEGMENT provides program constants and input of
##pridrd parameters; control is then passed to EXECUTIVE SUBPROGRAH

¥,

EXECUTIVE SUBPROGRAM FNQ 1is called from the EXECUTIVE
#£UMENT; it directs program sequence and provides for orderly
s*»+vution of prograﬁ instructions. FNQ provides calls to FNE to
tnitinlize software and hardware, to FNJ to get item description,
wiarurement parameters and port assignménts, and to FNK to start

“«xahurements, compute results, print results, and store results.

sxinrn is to the EXECUTIVE SEGMENT.
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SUBPROGRAM FNE is called from FNQ; FNE(0) performs necessary
ssvidtwnre reset while FNE(1l) initializes the software. Return is
Cam PRQ.

SUBPROCRAM FNJ is called from FNQ; FNJ(l) provides for input
twx tonfirmation of item under test description. FNJ(2) provides
=<whaber of measurements, frequency, and system attenuator
}gi;!ng. FNJ(3) provides the measurement system port assignments.
#winyn is t FNQ SUBPROGRAM FNK is called from FNQ; PNK(0) starts
easurement sequence by calling subroutine PNL and also sets up
sut hepins filling the L, Z, and M matrices. These matrices will
s vrovered in detail later in this section. FNK(1) performs
sevennary calculations for error analysis and completes filling of
the 1, M, and Z matrices. FNK(2) provides a call to FNVswr to get‘
wimmatch error and outputs measurement results to the printer.
##¥{1) provides for storage of measurement results, temperature,

:vnhure, and item description on tape or disc. Return is to
ERTR I

SUBPROGRAM FNData is called from the EXECUTIVE SEGMENT; it

t:ovides for reading of stored data and printing of results, item
savription, and other information in the proper format. Return
:» to EXECUTIVE SEGMENT.

SUBPROGRAM FNP is <called from the EXECUTIVE SEGMENT before

w:annrements are started to enable setting of system power.
rurn at this time is to EXECUTIVE SEGMENT. This subprogram is
+tea called from FNV during the measurement sequence to provide
nutput power determination from the device under test and the

=+ snlards. Return is to FNV.

TIME from real time clock is requested by EXECUTIVE and
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SUBROUTINE FNM to pfovidé date and time information. Return 1»
to the calling segment.

SUBPROGRAM.FNL is called from FNK; it provides calls to FNT
for standard resistance§ and éys:em voltage éheck, to FNA for
conversion of standard reéistances to temperature in K; and to
FNM to initiate measurements. Return is to FNK;

SUBPROGRAM FNM is called from FNL; it provides calls to FNV

and FNG to get measufements and a real time plot of results. It
also prints results and'computes stﬁndard deviation. | Retufn is
to FNL.

SUBPROGRAM FNV is called from FNM; it calls FNP for power
measurements and computes the value of Tx (noise temperature of
item being calibrated). It also computes the standard deviation
of measured quantities and averages. Return is to FNM.

SﬁBPROGRAM FNA.is ;alled from FNL; 1t provideg - ecalculated
temperatures of the standards. It requires constants relating to
the resistance of the platinum thermometers in the standards.
Return is to FNL.

SUBPROGRAM FNVswr is called from FNK; it provides calculated
mismatch error. for the item under test 1in K. It requires
impedance parameters for the item under test and the system as
well as Tx, Ta, and Ts values for the measurement. Return is to
FNK.

SUBPROGRAM FNX has no direct ca11§' it provides port and
frequency code to the switch driver module when required. Return
is to the calling segment.

B. MATRICES



rour matrices are used to store the program constants and
axasurement results. They are:

1) The N matrix-- a 26 X 11 matrix which contains all system
ﬁynatnnt; used in computations. These include the platinum
shksrmometer corrections, system errors and theirvsources, alphas
##% their uncertainties, and reserved space for additional
snaatants to be added, if necessary, in the future. Table 2 is
4 1isting of the contents of the N matrix with descriptions of
«-= warious parameters. This matrix {is au:;natically read from
i&ﬁ ntorage medium into computer memory when the program is run.

| 2) The L matrix=~ a 1 by 12 matrix which is used for
tntermediate storage of measurement results and standard values.

3) The M matrix-- a 1 by 33 matrix contains the L matrix
yh?nrmation and, in addition, contains the measurement results,
ss1atintics, error analysis results, and standard values. Table 3
##naws the contents of the M matrix.

4) The 7 matrix-=-a 1 by 60 matrix which is the.output matrix
f«1+ the measurement progranm. Table 4 is a listing of the 2Z

#%11{x contents.
The above information concerning the various program storage

+eginters 1s presented as an aid in program analysis if this 1is
desired.
Aeprndix I of thi manual contains a complete program listing,

=+intout of variables used, and their location in the progran.
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TABLE 2

N MATRIX
ELEMENT FREQ  MAZ DESCRIPTION VALOE
R System #6 comstants
N(2,1) "Hot" ambient std. 200.158
N(2,2) "Hot" ambient std. 0.00391775
N(2,3) "Hot" ambient std. 1.50289
N(2,4) " Hot"™ ambient std. 0.12293
N(3,1) Cryo. std. in amb. range 199.965
N(3,2) Cryo. std. in amb. range 0.003922
N(3,3) Cryo. std. in amb. range 1.51
N(3,4) Cryo. std. in cryo range 0.11
N(4,%)
N(5,*%)
N(6,1) Cryo. std. in cryo. range -0.0006573:
N(6,2) Cryo. std. in cryo. range 32.7792
N(6,3) Cryo. std. in cryo. range 1.20769
N(7,1) WCD std. 0.0
&(7,2) WCD std. -6.53922
N(7,3) WCD std. 0.0210573
N(7,4) WCD std. 65.1189
N(8,%)

N(9,*)



TABLE 2

N MATRIX continued
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FLENENT FREQ MHZ DESCRIPTION VALUE
stio,) 30 "a" non-linearity 2.15 E-22
5{10,2) 30 System noise bandwidth 0.773
#{10,3) 60 "a" non-linearity 3.32 E-23
#{10,4) 60 System noise bandwidth 1.38
#{11,%)

#112,1) 30 Cryo. std. uncertainty K 0.22
w¢12,2) 30 "Hot" amb. std uncertainty K 0.22
®(12,3) Power ratio source (dB) 0.01
W12, 4) 30 "a" non-linearity" 2.15 E-22
#{12,7) 30,60 "switch assymmetry source 0.002
#{12,8) 30,60 N term 0.00047
#{12,9) Power to gain constant 7.244 E+13
H{13,1) 30 Real Z fixed amb. ohms 50.5
w{1,2) 30 Imag. Z fixed amb. ohms 1.0
%{17,3) 30 Mismatch error, fixed amb. 0.368651
w{313,7) 60 Cryo. std. uncertainty 0.28
w{l},8) 60 "Hot" amb. std. uncertainty 0.25
%(13,9) 60 Cryo. std. correction 0.38
#111,10) 60 "Hot" amb. std. correction -0.15
w{14,1) 30 Cryo. std. correction 0.26
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TABLE 2
N MATRIX continued

“ELEMENT  FREQ WAZ DESCRIPTION VALUE
N(14,2) 30 "Hot" amb. std. correction  -0.1
N(14,8) 30,60 Amb. std. correction 0.0
N(14,9) 30,69 Amb. std. uncertainty 0.1
N(15,1) 30 Sys. refl. coef. magitude 0.005
N(15,2) 30 Sys. refl. coef. (real) -0.005
N(15,3) 30 Sys. refl. coef. (imag) 0.010
N(15,4) 30 Uncertainty for N(15,2) 0.005
N(15,5) 30 Uncertainty for N(15,3) 0.010
N(15,6) 60 Sys. refl. coef. magnitude 0.007
N(15,7) 60 Sys. refl. coef. (real) 0.495
N(15,8) 60 Sys. refl. coef. (imag) 0.005
N(15,9) 60 Uncertainty for N(15,7) 0.005
N(15,10) 60 Uncertainty for N(15,8) 0.010
N(16,%)
N(17,%)
N(18,%)
N(19,*)
N(20,%)
N(21,%)

N(22,%)



GR, APC7, or SMA

TABLE 2
N MATRIX continued
FLYMENT FREQ MHZ DESCRIPTION VALUE
®i23,%)
#{%4,1) 30 Total alpha of GR adapt., 0.99891
ell, and 15cm air line
Wirh,¢) 30 Uncertainty for N(24,1) 0.00047
wirh,3) 60 Total alpha of GR adapt., 0.99943
. ell, and 15cm air line
K74, 4) 60 Uncertainty for N(24,3) 0.00067
HL25,1) 30 Alpha for 15cm air line 0.99952
#{75,2) 30 Uncertainty for N(25,1) 0.00021
#{2%.,3) 60 Alpha for 15cm air line 0.99932
#2%,4) 60 Uncertainty for N(25,2) 0.00030
w{2H,6) 30 Total alpha of GR adapt., 0.99903
ell, and 10cm air line
wian,7) 30 Uncertainty for N(25,6) 0.00042
wiYn,8) 60 Total alpha of GR adapt., 0.99986
ell, and 10cm air line
REEH,9) 50 Uncertainty for N(25,8) 0.00050
#{36,1) 30,60 Alpha for adaptor--N to 0.99985
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TABLE 2

N MATRIX continued

ELEMENT

N(26,6)

N(26,7)

N(26,8)
N(26,9)
N(26,10)
N(26,11)

* Note:

an

FREQ MHZ

30

30

60

DESCRIPTION
Uncertainty for N(26,1)
Alpha for GR ell
Uncertainty for N(26,3)
Alpha for GR 10cm air line

IIncertainty for N(26,6)

Alpha for GR ell
Uncertainty for N(26,8)
Alpha for GR 10cm air 1line

Uncertainty for N(26,10)

0.00010
0.99949
0.00023
0.99964

0.00016

0.99928
0.00032
0.99949

0.00022

* in the matrix element description denotes all

- columns of the indicated row of the matrix.



TABLE 3
M MATRIX
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T2 average

DESCRIPTION
Frequency F.

# of Freq and Levels
L(1,1)=T2 PO=1
L(1,2)=T3 PO=1

L(1,7)=T2 PO=2

L(1,8)=T3 PO=2
L(1,3)=T1 PO=1
L(1,4)=51 PO=1
L(1,5)=T4  PO=1

L(1,9)=T1 P0=2 3140

L(1,10)=S1 ©PO=2
L(1,11)=T4 ©PO=2
Tl Average = Tx
Standard error of mean

T4 or Te average

Ta

T3 average Ts
Linear sum of bias errors

3 times std. error of mean

Linear sum of errors

PROG LOCATION

3100
3110
3120

3130

3150

3160
3170

3450

3480

35900
3520
3790
3800

3810
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TABLE 3

M MATRIX continued

ELEMENT
M(1,21)
M(1,22)
M(1,23)
M(1,24)

M(1,25)

M(1,26)
M(1,27)
M(1,28)
M(1,29)

M(1,30)

M(1,31)
M(1,32)
M(1,33)

DESCRIPTION

- - - ———— -

Excess noise ratio of Tx (dB)

Bias plus 3 times std. error

Ambient standard error
Cryogenic standard error

Power ratio error

Non-linearity error

Standard error of mean
Switch assymmetry error

L(1,6)=P2 PO=1

L(1,12)=P2 PO=2
Average power from ambient

Radiometer gain in dB

PROG LOCATION

3460
3770

3170

3180
3860

3620
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TABLE 4
Z MATRIX
FLENEAT DESCRIPTION PROG LOCATION
K111 T2 PO=1 6490
%é;?) T3 PO=1 6500
Ery, ) Tl PO=] 6510
KL 4) S1 PO=1 6520
FEE, N T4 PO=1 6530
P2 PO=1 6540
T2 PO=2 6550
1ia,n) T3 PO=2 6560
2.4 ,49) Tl ©PO=2 6570
iy, 1) P2 PO=2 6580
S11) T4 PO=2 6590
Fre 10) P2 PO=2 6600
54 1) 3 times std. error (Tx) 4650
Pey 14 Excess noise ratio in dB (Tx) 4700
N I Bias plus 3 times std. error 4710
201, 16) Te, radiometer sys. temp K 4740
14,17) System noise figure 4750
CAFU TR System gain in dB 4800
.'E,J“) N(l12,1)--s. error cryo. std. 4900
L A1) % error--cryo. std. 4910
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TABLE 4

Z MATRIX continued

ELEMENT
2(1,21)
z2(1,22)
2(1,23)
z(1,24)

2(1,25)

z(1,26)
z2(1,27)
z(1,28)
z2(1,29)
z(1,30)
z(1,31)
7(1,32)
z(1,33)
z(1,34)

z(1,35)

Z(1,36)
2(1,37)
z(1,38)
z(1,39)

Z(1,40)

DESCRIPTION
N(14,9), ambient std. s. error
% error- ambient std.

N(12,3), power ratio s. error

Z error- power ratio

Total mismatch error K
N(12,4) "a" non-linearity

Z error for non-linearity

% error for switch assymmetry
Linear sum of bias errors
Total # of measurements, N

%Z Error- 3 times SEM

Linear sum of errors
Frequency F

Calibrated Tx (average)

Bias error

PROG LOCATIO}

5010
5040
5050
5090
5170
5230
5240
5280
4510

4630

4640



TABLE 4

Z MATRIX continued
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HURRRT

w n -

%Aiggs)
A51,42)
#11,42)
Fer a4

AET,4H)

L 4h)
B4 A7)
HUE,AN)
54 R9)

FEH,50)

£9 l "ﬁ!)
Fii,"9)

¥ " fl{])

DESCRIPTION

- - ——

Sum
Sum
Sum
Sum

Sum

Sun
Sum
Sum
Sum

Sum

of sqrs Tl, 2nd 50, B6

of Tl, 2nd 50, B8
of sqrs Tl, 1st 50, B5S
of T1, lst 50, R7

of P! (divide by N for

of P2 (divide by N for

of P3 (divide by N for
of sqrs Pl

of sqrs P2

of sqrs P3

A2 atten. setting

T1

T2

T3

N term .00047

N(12,8) switch assymmetry

ave)

ave)

ave)

R2 amb. std. thermometer res.

R3 cryo. std. thermometer res.

PROG LOCATION

9360

9520,9600

9530,9610
9540,9620
9550,9630
9560,9640

9570,9650

2690
3240
3250
3260

3860,5400

3850

11290

11300
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C. EQUATIONS

To provide a reference for the theoretical work wunderlying
the algorhythms used in the software, a summary of equations used
in the software (in addition to those in part 2) is presented at
this point. This summary is not intended to be self-explanatory.
In the following discussion, Tl is the temperature measured for
the device under test, T2 is the temperature of the ambient
standard, T3 1is the temperature of the cryogenic standard, and Té
is the calculated system temperature, Te. The resulting errors

in Tl are reported in K.
CALCULATION OF AMBIENT STANDARD TEMPERATURE

Definition of Terms:

C1=200.158 Note: Cl-C4 are constants supplied for the
€2=0.00391775 ambient standard platinum thermometer.
€3=1.50289

C4=0.12293
T2=Temperature of the ambient standard in K.
R=Measured resistance of the ambient standard platinum

.thermometer.

Computation: (iterate to invert the Callonder-Van Dusen equation.)

H3=(R/Cl-1)/C2 (1)
If H3 is greater than 0 set H9=0; otherwise set H9=Cé4.
G9=H3/100 ' (2)
68=G9~1 (3)
If H3 is greater than'0 set H3=H3+C3%G9*G8; otherwise set
H3=H3+C3*G8*GI9+HI*GB*GI*GH (4)

T2=H3+273.15 K : (5)
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£4521)LATION OF CRYOGENIC STANDARD TEMPERATURE

#:finition of Terms:

¢1=-0,00065732

£2=32.7792

¢3=1.20769

T3=Calculated cryogenic standard temperature in K.
#=Meacured resistance of the cryogenic standard platinum

thermometer.

£asputation: (from a polynomial fit)
H3=Cl*R"2 (6)
T3=C2+C3*R+H3 K (7)

454 1 ENT STANDARD UNCERTAINTY (U) ie 0.1 degree K.

at 30 and 60 MHZ.

RB=(T1-T2)'(T3-T2) (8)

where T1,T2, and T3 are the temperatures in K of

the unknown device, ambient standard, and cryogenic sﬁandard
respectively.

Lot "ES2=the error due to the ambient standard in measuring
the unknown.

F52=ABS(1-R8)*U (9)

*3CENIC  STANDARD UNCERTAINTY (U) is 0.22 degree Kelvin at 30

MHz and is 0.28 degree K at 60 MHz.
Let ES3=Error due to the cryogenic standard uncertainty in
measuring the unknown.

S3=ABS(R8*U) (10)

»RTAINTY IN MEASURING POWER RATIOS is 0.01 aB.

Irower factor (U) =0.0023
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Let EPR=Error due to uncertainty in measuring power ratio.

A=1+T4/T] (11)
B=1-T2/T1 (12)
C=(T34T4)/(T3-T2) (13)
EPR=ABS[U*(A—B*C)] (14)

SYSTEM NON-LINEARITY CONSTANT (a) is 3.32 *10°-23 at 60 MHZ and
2.15 *#10°-22 at 30 MHz;
Bandwidth (B)= 1.38MHz at 60 MHz and 0.773MHz at 30 MHz.
Radiometer Gain in 4B=G
Let ENL=Error due to system non-linearity.
ENL=ABS[(a)*10°(G/10)(B)(10"6)(T1-T3)*(T1~-T2)] (15)
UNCERTAINTY OF THE SWITCH SETTINGS IS 0.002 dB and the constant
for switch assymmetry is 0.00047.
Let ESA=Thé error due to switch assymmetry.
A=ABS[(T1)(T3)+(T1)(T2)+(T2)(T3)/(T3-T2)] (16)
ESA=A*0.00047 » (17)
SOURCE UNCERTAINTY (U) OF THE ADAPTOR/CONNECTOR LOSS is
0.0005 (0.0001dB).
Let EAL=Error due to adaptor/connector loss.
Cl=Alpha for the connector adaptor combination

C2=Uncertainty for alpha.

C3=C1"2 \18)
A=1-1/Cl (19)
B=Bias Error(Linear Sum) (20)
C=A*B (21)
D=A*.1 ' (22)
E=ABS[(T1-T2)/C3*(C2)]} (23)

EAL=B+D+E (24)



alculate the OUTPUT NOISE TEMPERATURE of a Device
when an adaptor has been used in its calibration
uwse the following:
Tx=T1*A+Ta*(1-A) _ (25)
where Tx is the output noise temperature of the
device. Tl is the noise temperature with the adaptor
attached, Ta ie¢ the ambient temperature in K
(the nominal value of Ta is 300 K),
and A is the alpha for the attenuation present.
A is calculated by: A=10"(-Loss dB/10) (26)
EYANDARD DEVIATION is calculated by:
$.D.=Square root of ((V-T*T/N)/(N-1)) (27)
where T is the sum of the individual measurements;
V is the sum of the squares of the individual measurements,
and N is the total number of measurements.
£YaNDARD ERROR OF THE MEAN is given by:

S5EM=S.D./Square root of N (28)

-49-
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5. MAINTENANCE

A. EQUIPMENT DESCRIPTION

Since the measurement system is largely made up of
commercially available equipment, operating, periodic
maintenance, and troubleshooting instructions can be found in the
appropriate manual supplied with the instrument. A list of the
equipment presently being used, the manufacturer, and the model

number follows:

IMPORTANT NOTICE

The specific components selected for use with the system
were chosen on the basis of suitability, availability, and cost.
They do not necessarily represent the only possiblé choice or
even the best choice. The National Bureau of Standards states
only that they were used in the system described here.
Substitution of nominally equivalent components meeting the same
specifications should cause no difficulty; however NBS has not

tested all such possible choices.

INSTRUMENT NAME MANUFACTURER MODEL

1. Controller Hewlett Packard Co. 98458
2. Digital Multimeter John F. Fluke Co. 8502A

3. Scanner Hewlett Packard Co. 34954

4, Instrument Coupler ICS Electronics Corp. 4883

5. Amplifier Aertech Al517

6. Amplifier Avantek AV=4



INSTRUMENT NAME MANUFACTURER MODEL

7. Power Supplies Power Mate Corp BP34D

8. Preamplifier NBS 30MHz

9, Preamplifier NBS 1 60MHz

10. Noise Standard NBS Ambient
11. Noise Standard NBS Cryogenic
12. Switch Driver Module NBS 30-60

13. Power Meter NRS Type 1V

Technical details, schematic diagrams, and parts lists for
~the switch driver module and the 30 and 60 MHz preamplifiers are
.~included in this manual. Also included are wiring diagrams and
system cable information. Technical information pertaining to
the ambient and cryogenic noise standards can be obtained by
santacting L.D. Driver, Division 723, National Bureau of
Standards, Boulder, Colorado 80302.

B. SYSTEM CHECKS

A number of checks are performed automatically in the
process of making a measurement with the system and its software.
These include: 1) A check of system power measurements which is
made by running the system power set portion of the program at
the beginning of a measurementAsequence. I1f the power meter,
reference generator, and digital multimeter are not performing
atequately, this fact will be made apparent by the values
d4isplayed during this program segment. Erratic and obviously
wrong power values and large va;iations between consecutive

mensurements are the usual indication of malfunction of these
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instruments. System frequency and measurement port switches are
also exercised during this test and defective switching can cause
a substantial spread in measurement results, no change in power
when a measurement port is changed, or a null to be read at one
Or more ports.
2) System voltage <checks are made automatically before the
measuremenﬁ sequence begins. The values of these voltages are
displayed along with the platinum thermometer resistances and
noise standard temperatures. The operator must approve thé
displayed values before measurements continue. These checks
reaffirm that the voltmeter and ohmmeter portions of the digital
multime;er are working properly, that intercabling between
instruments 1is 1ntact; and that the system power supplies are
ad justed and functioﬁing broperly.
3) Large scatter in successive readings of power and temperature
taken during a calibration-are an indication of erratic switch
operation or poor peripheral instrument performance. Experience
will dictate what this scatter should be for a given item. Three
times the standard error is normally below 1 percent of the noise
power measured.

In addition, system operation is verified in two other ways
during a measurement sequence.
1) Measurement of the device under test at two different power
levels 13 required and will pinpoint system non-linearity. 2)
Applicable reference standards with effective noise temperatures
of 11000, 6000, 3000, 377, and 77 degrees K are checked

immediately before or after a device is calibrated to test system

accuracy. These measurements provide an excellent check of



»yrrall system performance. Results obtained by measurement of
?hn reference standards are the single most impprtant indicator
#t system precision and accuracy. These results will show
¥hether or not a major failure has occurred in such a subtle
manner that the failure was not detected by other checks.

If the system fails to perform properly during any of the
Aeats, try to pinpoint the location of the trouble by logically
annlyzing in which test the trouble occurred, and working
ducrkwards to isolate the instrument or component responsible for
“he failure. TFor example, if a switch is intermittant, the tests
"#utlined will give an indication of the measurement port involved
Iporsibly a large scatter in power measured at one port). Switch
speration then can be isolated to the faulty switch and/or driver
«ard by parts substitution and in-circuit testing.

In the event that a major repair is made on the system
reeamplifiers or input port switches, a complete analysis of the
‘inpcdance and noise figure of the radiometer "front-end" should
e made and impedance parameters contained in the N-matrix
+hanged if necessary. System linearity and bandwidth should also
Wr re-evaluated and the constants relating to these parameters
+hanged in the N-matrix if necessary.

Diagnostic tests of commercial units, to which faults have
¥sen  1solated, can be performed by following the instructions
#rnvided in the applicable operation and service manual.

No specialized diagnostic software has been written to aid
fn troubleshooting the equipment because the above described

truts will isolate most faults to at least the instrument level.

-53-



C. COMPONENT DESCRIPTION AND TECHNICAL INFORMATION
For commercial equipment wused in the system,- this
information is available in manuals supplied by the manufacturer.

l. SWITCH DRIVER MODULE

This 4instrument 1is comprised of power supplies, remote
switches, a decoder <card, LED display, switch driver output
cards, and an output display card with its associated analog
meter. The output display card is the only card requiring
adjustments and these are covered with the description for this
card.

a) Power Supplies and Switches

The switch driver module contains one 5V power supply

which supplies operating voltage for the integrated circuits
on the decoder, switch driver, and output display cards.
15V and 25V drive voltages for the switches controlled by the
switch driver cards are also supplied to this wunit from
external power supplies after passing through two remotely
controlled switches. This permits>the drive voltage for the
system switches to be turned on and off by the <controller.
Also present in the unit are the positive and negative 15V
supplies for the operational amplifiers on the output
display card.

b) Card 110, Decoder Card.

This card wuses a type 7442 decoder chip which is a BCD to
decimal decoder (1 of 10). Four of these elements are used;
one spare which is presently not used is supplied. Figure

10 shows the truth table feor this type of decoder chip. 1In
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SN7442

BCD INPUT DECIMAL OUTPUT

SR

0 0 1 1 0 1 1 1 1 1 1 1 1
0 1 0 1 1 0 1 1 1 1 1 1 1
0 1 1 1 1 1 0 1 1 1 1 1 1
1 0 0 1 1 1 1 0 1 1 1 1 1
1 0 1 1 1 1 1 1 0 1 1 1 1
1 1 0 1 1 1 1 1 1 0 1 1 1
1 1 1 1 1 1 1 1 1 1 0 1 1
0 0 0 1 1 1 1 1 1 1 1 0 1
0 0 1 1 1 1 1 1 1 1 1 1 ¢]
0 I 0 1 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1 1 i 1 1 1
1 0 0 1 1 11 1 1 1 1 1 1
1 0 1 1 1 1 1 1 1 H 1 1 1
1 1 0 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 i 1 1

© e e e o e . - ——— ————— . W . - e = - S = - R R WS S M W M e G A VP T = G S - - e -

DECODER CHIP TRUTH TABLE

FIGURE 10
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Figure 10, the BCD (binary coded decimal) inputs labled D,
C, B, A correspond to device pin numbers 15, 14, 13, and 12
respectively. The decimal outputs listed correspond, in
ascending order, to device pin numbers 1 through 11.

Inputs from the controller are sent to the decoder card
via the instrument coupler. These inputs are decoded and
sent to the proper switch driver card to achieve the desired
swifch action. Referring to Figures 8 and 9, outputs from
pins 33, 35, 38, and 40 on this card control the switching
of ports 0, 1, 2, and 3. Outputs from pins 41 and 43 select
either the port 0-1 position or the port 2-3 position of
switch #6. Outputs from pins 46 and 48 position switcﬁ #5
to connect ports O0-3 or port 4 to the remainder of the
measurement system. Outputs from pins 49 and 51 select
either the 30 Mhz or the 60 MHz position of switches 4a and
4b. As can be seen in Figure 9, input pin 24 on the decoder
card 1is the "strobe" input for all of the decoder chips.
This signal is used to enable the decoder output. Removing
this signal provides for removing switch current wifhout
disturbing switch position. This signal is utilized in this
manner to prevent heating of the switches. OQutputs from
pins 7 and 8 on this card are used to control the remote
switches for the 15V and 25V power supplies for the switch
drivers. The output from pin 9 on this card is used as a
control bit for the thermistor mount switch and provides for

removing current from this switch after it 1is properly

-59-~
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positioned. The output from pin 6 on this card is the return
flag signal to the ccentroller from this card.

The LED display on the front panel of the switch driver
module originates on the decoder card. The upper 8 bits of
the display represent the digital input bits to the decoder:
since a LED 1is connected to pins 10, 21, 12, 13, 14, 15,
16, and 17. The lower portion of the LED display is formed
by «connecting a LED to each of the following output pins:
33, 34, 38, 40, 41, 43, 46, 48, 49, 51, 54, 56, 7, 8, and 9.
By observing the lower portion of the display, the output of
the decoder card can be determined aﬁ any time.

¢) Switch Driver Cards

n

The switch driver module uses two different switch
driver designs. One is intended to use the decoder outputs
to control switching. This configuration ié found on cards
111, 112, and 113. The other model uses a data bit and a
control bit from the contreller with no deccder in between.
This configuration is found on cavd 11ié&. Use of this card
represents a hardware wupdate to utilize a design

incorporated in new equipment now being built for other

systemso Cards 111, 112, and 13 contrel the systen
measurement port and freaquency gswitchese. Referring to

Figure 12, the cards are configured for the decoder input
model by instailing jumper wires between points B and C, and
points D and E with nc connsction between points D and C and

points A and B. There are 4 complete switch driver circuits

et
N
]
-
-

en a cardg Figure yws contiy cne of these circuits for

P

illustration purpceses with inpute and outputs for all
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four circuits indicated by multiple pin numbeps. Inputs are
in pairs and produce outputs in pairs (inputs of the proper
polarity at pins 46 and 48 produce outputs of opposite
polarity at pins 9 and 7). Connected to opposite sides of a
awitch, these outpnts cause it to toggle with a change in
polarity. Inputs which cause the paired outputs to have the
same polarity produce a positive voltage which is applied to
both sides of a switch. There is no current flow, and as a
result, the switch does not toggle. The system port
switches #7 and #8 are controlled by the outputs of driver
card 111, The action of switches #5 and #6 is controlled
by driver card 112, The frequency selection switches #4a
and #4b are controlled by the output from driver card 113.

Card 114 is similar to the other switch driver cards
but, as previously mentioned, is designed to operate without
decoder. To configure this card, remove the jumpers
described previously and install jum#ers between points A
and B and points D and C.

Binary bit 7 or decimal 128 from the decodér card is
used as the enabling input for the drivers on this card. It
is applied to pin 19 on card 1ll4. The source for this

control bit is the controller.
d) 117 Ourput Display Card Operation and Adjustment

Figures 14 and 15 are the schematic diagrams for this
card. The output display printed circuit card monitors the

output of the diode detector. The input on pin 13 is

the
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amplified by IC-501 and input to fhe‘ overload 1level
comparator, IC-506, through vthe .overload-adjust
potentiometer "H" (R5). If the rf power exceeds 5
milliwatts the overload comparator triggers and latches.
This energizes the sonalert alarm and overvoltage LED via
Pin 52. The comparator cannot be reset by pressing the
reset buttomn until the power level has been reduced to a
safe level.

The incoming signal level is also processed through a
series of amplifiers to the front panel RF level meter. The
output of the log-amplifier, IC501, passes through a sample
and hold circuit, IC-502, The output of the sample and hold
circuit drives the log-amplifier, IC-504, to convert the
meter reading to a dB scale. IC-503 forms a constant current
source to set the zero reference of fhe log amplifier. The
output of IC-504 is connected to the input of the meter
driver amplifier, 1IC-505. The gain of this amplifier is
switched for gains of 10, 1, and .l to obtain meter scales

of 1.0 decibel, 0.1 decibel, and 0.0l decibel. Potentiometer

"D" (R14) adjusts the times 1 scale zero reference.

Ad justment of the Output Display Card

This is the only card in the switch driver module which
requires adjustment, Ad justment is necessary only when the
circuit has been repaired. The ad justments establish the
logarithmic amplifier gain for the decibel scale on the
front panel signal level meter and set the overload alarm

threshold. Complete alignment requires two, 1 milliampere
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constant ‘eurrent sources. Refer to Figure 14 when

ad justment of the 1700 card is performed. Ad justments

should be made in the following order:

1. Mount the 1700 printed circuit card on a PC extension card
and remove the signal input cable from the diode detector
to the front panel.

2. Connect an external voltmeter between.TP 1 and ground.
Adjust "A" (R7), DC offset of first amplifier, for zecro
on the voltmeter.

3. Connect the external voltmeter to TP V and adjust offset
control, "C" (R9) for a zero reading on the voltmeter.

4., Remove the jumper from TP V to TP W. Connect a temporary
jumper from TP X to TP Y.. Adjust “E" (R19), DC offset of
the first log-amplifier, for a zero voltmeter reading.

5. Remove the temporary jumper from TP X to TP Y. Remove

the jumper from TP 2Z to TP 2Z1. Connect one +1

milliampere constant current source into TP 21 from

ground. Connect the other +1 milliampere <constant
current source into TP W from ground. Set both current
sources to 1 milliampere. (Place two suitable current

meters 1in series with the sources and adjust the output
of the <current sources to 1 milliampere on these
meters). Connect the external voltmeter between TP 2
and ground. Adjust "F" (R20), the DC offset of the
second stage of the log amplifier, for zero volts on the
voltmeter.

6. Remove both constant current sourcese. Replace the jumper
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from TP V to TP W. Replace the jumper between TP Z and
TP Z1.
Connect a suitable cable between the DET IN jack on the
front panel and the system diode detector output
connector at on end of coaxial switch #1.
(a) Place a diode noise standard on port 0 and apply
voltage (normally 28 volts) to it.
(b) After making sure all ports are properly
terminated, turn the measurement system on.
(c) Place the preamplifier voltage switch to the 30

MHz or up position.

(d) Turn on all system power supplies.
(e) Load the measurement program (30M20).
(f) Type the following on the 9845 keyboard:
OUTPUT 702;"0","0","7", "0"
PRESS EXECUTE
(g) Remove the termination from the auxillary port on
system switch #1. Place a suitable thermistor
mount on this port and connect it to an external
power meter.
(e) Set attenuator A2 for 1 milliwatt of system output
power at this port.
Connect an external voltmeter to 'TP 1. Adjust "B" (R6), the
first amplifier gain, for 1 volt on the voltmeter.
Ad just system attenuator A2 to set the external power meter

reading to 2 milliwatts. Switch the meter range
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Card

accuracy.

10.

i1.

12.

13.

This

selector on the front panel to the Xl ﬁosition. Ad just

"D" (R14), 1log reference zero offset, for a zero reading

on the front panel signal level meter.

Increase the setting of system attenuator A2 by 5 dB. Adjust
"G" (R21), log-amplifier gain, for a front panel meter
reading of -5 diviesions. Decrease the attenuator A2
setting 10 dB and note the front panel meter reading.
Touch wup "G" if necessary to obtain approximately a +5
reading on the meter scale. Recheck the -5 reading.

Set the input attenuator for a power level of 1 milliwatt on
the power meter. Read just "D" for a +3 reading on the
front panel meter.

Adjust the front opanel attenuators for a 5 milliwatts
(+7dBM) power indication on the power meter. Ad just

"H" (R5), overload threshold adjust, clockwise until

the alarm sounds. - Now turm R5 1/2 turn counter-
clockwise. Reduce the input power and push the

reset button on the front panel. Slowly increase the power
to test the alarm threshold. The alarm should be
activated at the +5 milliwatt power level.

Adjust attenuator A2 until the external power meter reads 2
milliwatts. Adjust "D" (R1l4), 1log reference zero
offset, for a zero reading on the front panel signal
level meter.

completes the alignment of the Output Display

« These adjustments do not affect system operation or

They do however, provide for the accurate display of

system power levels.



s 30 MHZ AND 60 MHZ PREAMPLIFIERS

Referring to Figure 17, note that essentially the same
#yhematic diagram 1is used for both the 30 MHz and the 60 MHz
#tonmplifiers. The main difference 1is the value of the RF
%ﬁ”kcs, L1 and L2. The values of these components in the 30 MHz
w#splifier are double the value of those used in the 60 MHz
4mplifier.

These amplifiers were very carefully built with extreme care
#Hwing taken with parts selection and placement. Ground strapping
“#  cxtremely important as is proper shielding. Some stock

amponz2nts as well as some component locations produced an
4slerior amplifier. For this reason, amplifier performance was
“hureked with impedance and noise figure meters as construction
wiopressed.

Input impedance, ocutput impedance, and noise figure are
#djnstable. However, because the adjustments are interdependent,

# rompromise is necessary to obtain optimum tuning for both noise

sizxure and impedance. The lowest noise figure achieved with
s2¢nptable input impedance was between 1.5 and 1.6 decibels.
*str noise figure was obtained while maintaining the real and

taayinary parts of the input impedance as specified previously.

‘v Impedances were measured using a vector impedance meter, and

ibe noise figure was measured using a commercial noise figure
msler with a calibrated noise diocde reference.

Since failure of one of these amplifiers will wundoubtedly

surc a long "system down time"™ while repairs and ad justments are

«adr, spare amplifiers are mounted beside the two being used. If
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s:tlure occurs, simply remove the defective amplifier and replace

with the proper spare.

INTERCONNECTION AND WIRING DIAGRAMS
The system interconnection cables include the IEEE 488 bus
shles which connect the controller to the scanner, digital
4+1t ilmeter, and instrument coupler. In addition to the
isstrument bus interconnection cables, the equipment is coupled

svther by the following:

TABLE 5
SYSTEM CABLES--INSTRUMENTS TO SCANNER

e e - -~ —— - - —_ o - -  —— " - S Mm-S M NE G . S W R T WP e R e M W e W S S W W N = e WS - W - . -

Cable # Figure # Source Destination
i. Cable 1 18 DC Power Supplies Scanner
. Cable 1A 18 Secanner DMM Rear Panel

Input Connector
t. Cable 2 18 Type IV Power Meter Scanner

Cable 2a 18 Scanner Rear Panel
Input Connector

. Cable 3 19 Ambient Standard External Terminal
Board on Scanner

Cable 4 19 Cryogenic Standard External Terminal
Board on Scanner

“, Cable 5 19 External Terminal DMM Front Panel
Board on Scanner Input Terminals

The cables listed in Table 5 are those directly concerned

<ith the transfer of measurement information from the various
~truments to the digital multimeter which acts as a central
cncessing point since it measures the cable outputs and sends

e measured results back to the controller on the IEEE 488 bus.
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Commands from the controller are sent to the switch control
module via the instrument coupler. The switch control  module
then controls the system switches by accessing them through - the
cables connected to its outpug jacks. Figures 20 thfough 28
detail the pin connections of the switch driver module input and
output jacks.

An overview of all connections made to the switch driver
"module from the controller and within the switch driver module to
the various switch driver cards is shown in Figure 20,

Figure 21 is a diagram of J104 which is the input cable from
the instrument coupler to the switch driver module.

Figure 22 is a diagram of J102 which is the output jack from
the switch driver module to thé system switches.

Figure 23 1is a wiring list for J=102 and its associated
cable.

Figure 24 is a diagram showing the inputs and outputs to J-
110, the decoder edge connector.

Figures 25 through 28 are diagrams of the switch driver <card
edge connectors J=-111, J~-112, J113, and Jl1l14.
4. PARTS LISTS

Information relating to the parts lists for the digital
voltmeter, scanner, instrument coupler, thermistor mount, power
meter, and power supplies can be obtained from the instrument
manual supplied by the manufacturer. The parts lists for NBS
manufactured equipment will be found in TABLE 7. Manufacturers

Codes used in these parts lists are tabulated in TABLE 6.
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J-1o4
|
GND LV
DO15 B . SPARE
DOIH - C , SPARE
Do D ¢ Jue-43
WIZ L dne-1?
Doil L F 1 Jug-y3
Dolo H d”s"'lﬁ(
D09  J . Jiy-u3
DB ¢ K JnHeT
D7 L | Jno-27
"Do6 0 M J110-26
D05 . N | y10-25
o4 P Jpo-2M
D62 R ¢ yno-23
DOL .S Jl0-22
Dol . T D dno-24
D00 U | di10-20
PonTL | W I Ji10-5
/o | X | Jpo-28

PFLG IAA ' Jjio- 8
GND A ' (no-860

PIN CONNECTIONS FOR J104, SWITCH DRIVER MODULE INPUT

FIGURE 21
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FIGURE 28
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TABLE 6

MANUFACTURER’S CODE TABLE

&
- 3 Company, Electronics Products Division
4 Center
§t. Paul, Minnesota 55101
2
) Allen-Bradley Company
1201 S. Second Street
M{ilwaukee, Wisconsin 53204

ﬁgga
Alcoswitch Division of Alco Electronic Products, Inc.
P.0. Box 1348

Lawrence, Massachusetts 01842

Bl
Amphenol Connector Division
Bunker-Ramo Corporation
Broadview, Illinois 60153

iy
Bourns, Incorporated, Trimpot Division
1200 Columbia Avenue
Riverside, California 92507

AUD

Bud Radio Incorporated
4605 East 355th Street

Willoughby, Ohio 44094
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TABLE 6
MANUFACTURER’S CODE TABLE continued

CORG

Corning Glass Works

Electronic Products Division

Corning, New York 14830
DATL

Datel Systems, Incorporated

1020 Turnpike Street

Canton, Massachusetts 02021
DIAL

Dialignt Corporation

Division of North American Phillips Corporation

Brooklyn , New York 11237
DUNC

Duncan Electric Company, Inc.

2865 Fairview Road

Lafayette, Indiana 47902
GARY

Garry Manufacturing, Inc.

1010 Jersey Avenue

New Brunswick, New Jersey 08902
ITSL

Intersil,vIncorporated

10900 North Tantau Avenue

Cupertino, California 95014



R

1)

®aT1,

#ay

AT

TABLE 6

MANUFACTURER’S CODE TABLE continued

Modutec, Incorporated
18 Marshall Street

Norwalk, Connecticut 06854

Precision Monolithics, Inc.
1500 Space Drive

Santa Clara, California 95050

Motorala Semiconductor Products, Incorporated
2002 West 10th Place

Tempe, Arizona 85281

National Semiconductor Corp.
2900 Semiconductor Drive

Santa Clara, California 95051

National Bureau of Standards
325.Broadway

Boulder, Colorado 80302

Samtec, Incorporated
2652 Charlestown Road

New Albany, Indiana 47150

-89-
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TABLE C

MANUFACTURER’S CODE TABLE continued

SCBE

Scanbe Canosa Industries

3445 Fletcher Avenue

El Monte, California 91731
SEAC

Seacor, Incorporated

598 Broadway

Norwood, New Jersey 07648
SPRG

Sprague Electric Company

418 Marshall Street

North Adams, Massachusetts 012147

THER

Thermalloy Inc.
2021 West Valley View

Dallas, Texas 75234
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TABLE 7
PARTS LIST FOR SWITCH DRIVER MODULE COMPONENTS

DECODER CARD (110)

£31aR0ry l-==w—mememmmmm e Resistors——====c-eccccccmcrncncccrcr——-
i lea Resistor, Carbon, 0.25W 5% AB  FSN 5905-681-6462
EZRLAROTY b-———mmmmmem e Diodes=—~——===oc e e e e ==
#31~CR24, 24ea LED Indicator DIAL 550-0506
w8 AROTY S--mm=mc——m———e—— e Integrated Circuits-=-==c-ceccccccrcccca-
g, lea I. C. Hex Inverter TI SN7404N

E R lea I. C. Hex Inverter TI SN7404N

‘ﬂt lea I. C. Hex Inverter TI SN7404N

B4 lea I. C. Hex Inverter Tl SN7404N

) lea I. C. Decoder TI SN7442N

ith lea I. C. Decoder TI SN7442N
B lea 1. C. Decoder T1 SN7442N

B lea I. C. Decoder TI SN7442N

ia léa I. C. Decoder TI SN7442N

Ho lea I. C. Quad Nand Gate TI SN7400N
M1LAROrY bemmm—wmm e Connecctors—=————————-——mmm

H e - - - — - ——————— e - " W S W W wm S M - T YR =S D - - - E n D D b G G - e . -
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TABLE 7
PARTS LIST FOR SWITCH DRIVER MODULE COMPONENTS continued

SWITCH DRIVER CARD (111, 112, 113, 114)

Catagory l==-=cceccccccccvccn—- Resistorgs=—=-—=we-—mcecrececccenccnaceac==-
R1 bea Resistor, Carbon, 0.25W 57%,1K AB FSN 5905-681-6462
R2 bea Resistor, Carbon, 0.25W 5%Z,1K AB FSN 5905-681-6462
R3 bea Resistor, Carbon, 0.25W 5%,1K AB FSN 5905~681-6462
R4 bea Resistor, Carbon, 0.25W 5%,1K AB FSN 5905-681-6462

Catagory 4--—-——-—-cccmmcceeeea—— Diodes—==~~c=cercm e e crrcrc e — e — -
CR1 bhea Diode Rectifier MOTO IN4OO4A
CR2 bea Diode Rectifier MOTO IN4OO4
CR3 4ea Diode Rectifier MOTO IN40O4
CR4 bea Diode Rectifier MOTO IN4OO4

Catagory S5-—-—-—--eceecccceco-——- Integrated Circuits-=-=---cce—c—-ccece-—.
Ul bea I. Co Quad Nand Gate TI SN7400N
U2 lea I. C. Hex Inverter TI SN7404N
U3 2ea I. C. Mos Memory Clock Driver NATL DS0025C
U4 2ea I. C. Mos Memory Clock Driver NATL DS0025¢C

Catagory b----——=—==-- Connectors=—=—-=o—m—e—co o e e — e = —

5ea 14 Pin DIP Socket THER 8204=-NF-414-)

4ea 8 Pin DIP Socket THER 8204-NF-408-1

—— ——— . — —— o o — > — o —— ——— — _— ——— A A 4 o - T - D D D D KD P D €D D G0 G3 OO GB a0 W W WD D O M o
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FARTS LIST FOR SWITCH DRIVER MODULE COMPONENTS continued

#stagory 1

Y
¥
an
A
t §)

%4

a0
wi

21y

318
RN

370

lea
2ea
bea
lea
lea
3ea

lea

2ea

bea

Same as Rl10

lea

Same as R3
lea

2ea

OUTPUT DISPLAY CARD (117)

Same as RI19

Same as R9

-------------- Resistors====-==r-c--crccmccncncence—-
Resistor, Carbon, 0.25W, 5%, 15K AB CB
Resistor, MF, 0.25W, 1%, .1K CORG NCS
Resistor, MF, 0.25W, 1%, 10K CORG NC5
Resistor, MF, 0.25W, 1%, 1000K CORG NC5
Resistor, MF, 0.25W, 1%, 5.1K CORG NC5
Resistor, Var, Trim, CERMET, 10K BRNS 3006W-1-103
Resistor, Var, Trim, CERMET, 20K BRNS 3006W-1-203
Same as R6
Resistor, Var, Trim, CERMET, 1K BRNS 3006W-1~-102
Resistor, MF, 0.25W, 17, 200K CORG NC5
Same as R10
Same as R10
Same as R6
Resistor, MF, 0.25W, 1%, 2K CORG NC5
Same as R3
Resistor, MF, 0.25W,1%, 20K CORG NCS
Resistor, Var, Trim,CERMET, 2K BRNS 300-62-1-202
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TABLE 7
PARTS LIST FOR SWITCH DRIVER MODULE COMPONENTS continued

OUTPUT DISPLAY CARD (117)

R22 lea Resistor, MF, 0.25W, 1%, 511K CORG NC5
R23 lea Resistor, MF, 0.25W, 1%, 1K CORG NC5
R24 Same as R2

R25 lea Resistor, MF, 0.25W, 1%, .0lK CORG NC5
R26 lea Resistor, Carbon, 0.25W, 5%, .1lK ‘AB CB
R27 lea Resistor, Carbon, 0.25W, 5%, 2.7K AB CB
R28 Same as R3

R29 lea Resistor, Carbon, 0.25W, 5%, 4.7K AB CB
R30 2ea Resistor, Carbon, 0.25W, 5%, 39K AB CB
R31 ‘ Same as R30
R32 lea Resistor, Carbon, 0.25W, SZ,.27K AB CB
R33 lea Resistor, Carbon, 0.25W, 5%, 10K AB - CB
R34 lea Resistor, Carbon, 0.25w, 5%, 1K AB CB
R35 lea Resistor, Carbon, 0.25W, 5%, 24.3K AB CB
Catagory No. 2-====—---—-=w--- Capacitorgs=======cccmncccccccccccc-=-
Cl 2ea Capacitor, Disc, .00lUF

Cc2 lea Capacitor, Disc, Ceramic, .1UF

C3 lea Capacitor, Polycarbonate, .lUIF SEAC CMK
Cé 2ea Capacitor, Disk, .O01UF

Cc5 Same as C4

Cé6 bea Capacitor, Tant, 35V, ZZUf

c7 lea Capacitor, DIP, Mica, l50PF
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‘PARTS LIST FOR SWITCH DRIVER MODULE COMPONENTS continued

OUTPUT DISPLAY CARD (117)

Bagagory 2------c--e-coooooee- Capacitors~~---- ————
L1 2 2e Capacitor, Tant, 20V, 47UF
- ‘ Same as C8

Same as Cb
Same as C6
Same as C6
lea Capacitor, DIP, Mica, 100PF
3ea Capacitor,HI—K MONO, 50V, 1UF

Same as Clé

Same as Cl

SPRG 5C023105X025053

#r Same as Cl4

§%§agnry foremt e e e Diodes-====-===- et L DL L LS T
%}2, lea Diode, Silicon, 100V MOT IN4153
$fagory S-------m-m—eo—coeooo Integrated Circuits~-==vececcccccccaaa-
£ lea 1. C. Op Amp MONO  OP-05C

rs: lea I. C. Sample and Hold DATL SHM~-LM=-2 1

a1 lea I. C. FET, Op Amp NATL LHO0042C 1

- lea I. C. Log Amp ITSL ICL 8048ECBE
k4 lea 1. C. Op Amp NATL LM741cC

fisk 4 2ea I. C. Timer NATL LM 555

P # Same as ICS6

%é% lea I. C. One Shot TI SN74121N



-96-

TABLE 7
PARTS LIST FOR SWITCH DRIVER MODULE COMPONENTS cowntinued

OUTPUT DISPLAY CARD (117)

Catagory 5-=~—=-—==w---<---Integrated Circuits~==---=~emcccccccen---
1C9 lea I. C. Nand Drive TI SN7552N
IC11 lea I. C. Hex Inverter _fi’ SN74LSO4N
Catagory 7-—---—-ceec—co=--- Terminalg========-erceccceccccccccrecreeen=
K1 2ea Socket, Round, DIP, 8Pin SANT

K2 lea Socket, Dual, In-line, DIP SANT IC-316-SGG
K3 Same as Kl

J1 2ea Jack, Jumper, IC, 1Pin GARY AA-C

J2 Same as Jl

T1 lea Term, Test Point, 1lPin GARY AA-C
Catagory 10-==-==ececcmacc-w-- Hardware~--====--—mceccccccccccrca e

Bl PC Brd, RF Process Ckt NBS PC~500

- - A . T - D P - D T G R D G WD e R S VR G P G S e e P P A W D . D G D R D TR WS R WD D S W D S W - e
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PARTS LIST FOR SWITCH DRIVER MODULE COMPONENTS continued

Fstagory le-----

4 lea

farngory 3--—----

Bl lea

8 4 lea
f41agory b-—=—=-n
H lea
1102 lea
Q}O& lea
1110 bea
2111

nn

A4

114

417

Catag ry B==ww-
2 lea

%2 lea

,53 lea

Front Panel and Chassis

--------------- Resistorg===--v-vcccvcacccaa
Resistor, Var, 10 Turn, 10K DUNC
——————————————— Diodes---—--——-—---——mm————
LED, Green DIAL
LED, Red DIAL
—---. ------------- Connectors==v=-c-ceeccare-
Connector, Panel, BNC AMPH
Connector, Amp, 50 Pin AMPH

Same as J102
Edge Connector, PC, 50 Pin AMPH
Same as J110
Same as J110

Same as J110

" Same as J110

Same as J110

---------- wremeee=Sujtchegmrmreeccmcccccacancaa
Switch, AC Power, Toggle ALCO
Switch, Push Button ALCO

Switch, Rotary, 3Pole ALCO

9173

550-0506

U6 492/u

AMP200277 2

261-100302

MST 105D

MSP 105F

MRB-3-3
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TABLE 7

PARTS LIST FOR SWITCH DRIVER MODULE COMPONENTS continued

Front Panel and Chassis

Catagory 9=----w-m-eeccec——a——-- Meters=====m-=m-=--ee-mem——ce———- --
M1 lea Meter, Panel, O Center, 1.5Ma MODT ~ 25DMAI
Catagory l0------=--e~-wsece-==-Hardware~=----- ——meeecce—- e emee——
Plate, Front Panel 7"X9" BUD 91y3E.
Card’ Cage SCBE 600415
Catagory 10--==--c--ccecccc—ea- Hardware=~==-======-ecemmccccccccacc-c=-
Fuseholder Littlefuse 34200}
Catagory ll-=----cw-ccocecnea" Miscellaneous==----==---c-coeccccona---=
Power Supply 5V, 1A Standard SPS/{4
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APPENDIX I
PROGRAM LISTING AND VARIABLE CROSS REFERENCE TABLE
This is a listing of program "30M20" arranged to allow easy
iesference to the main program and associated subprogram segments.
tarh segment listing is followed by the cross reference table for
the variables referenced. Except for frequency dependent program
¢nnstants, this program listing is identical to that for "60M20".

tine numbers referenced for variables apply to both programs.
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4 HEPT 1981

SUM20

= I THIS YERSION IS JULY1@1981 v§

48! 3BRAD

& | ZORAD 38 MHZ CONSTANTEZ IN THIS VERSIOHN
¥¢ ) RE~-STOGRE "ZseMze" IMARCHZ2E 1981 11808

!

% _
40 OFTION BRSE 1
£D coM File,Flag

#D CoM R6,27,08,09,R2,R3,L,R,AE,AV,AB, A%, 21, T2, N3, NS, H,F,FO, N

gy COM SHORT F{4>,L(E,200,M(32,332,N{(26,11>

Ty coM D$[26]1,F$0166], INTEGER DUE,7S»,MB, X$[30]

i COM C$[108],G¢0100]1,R${100],B$[1B],H$[10808],0$(S501,v$[106]

Fu0 COM AFL1881,22,23,249,25, 71,81, T4, T2, T3, 26,F7,T7, TS, T9,P%, X6, 7, UE, %9

410 COM @1,02,0%,05,E2,2Z(1,1060),B5,E€,E7,E8,C1,RS,P1,P2,F3,FP4,Y2,Pout $

A0 CoMm PS5, PE,PF, P, NI HE, N3 WY, WS, WE, TS, TE,EF,JE,16,8,1I5,K3,PE,1,C2 . Mizmatch
3ap COM Real,Imag

140 DIM 2%[186]

A0 Ftest =0

ST Ipause=@
tv0 FOR K=1 TO S
171 1 @=sFNTC@)

ive ) B=FHEL{3)

BB B=FHIaracG?

174 GOTO 226

J50 Q=FHFP 3}

190 FRINTER IS 16

20 FRINT Flx1g6a,P2+leog,P2x1000
Fie Ptest=Ptest+P1

Y HEXT K

Fag Pl=Ptest ~(K=-1>

40 FRINT "AVERAGE FOMWER AT FORT & IS “;Fi+1000; "MILLIWATTS"
¥ PRUSE

i MASS STORAGE I8 "iF2,1"

SLl Cl=,993497 ' THIS 1% HLFHR OF LREYBO-N RDRFTER

Fon CE=.880818 !' THIS IS UNCERTAINTY OF THIS ADAFTER ALFHA
S0 RS=1¢& i
-9 H$[1,16)1="GRIQA-N"
00 H$(11,881="47,.0+J66,8"
e Real=47
Hea Imag=.98801
230 Printer=g
330 File=@+,15
a5 FEIHTER 1S5 @
150 FRINTER 15 1&
470 ! CREATE "“HWFILE:F2",48
0 1 ASSIGH #1 TO “"HFILE"
390 1 PRINT #1;NC%3,END
400 1 ASSIGH #t1 TO #
418 ASSIGH #2 TO "HFILE"
4B READ #2;HC#)
428 ASSIGH #2 TO =
448 MAT PRIHT H
450 FRINTER IS 1€
4 DISF "STOF--CHECKE M MAT FPRESS CONT TO GO ON®
470 1 PRUSE
4z ZE="z20-68 MHZ AUTOMATED HOISE MEASUREMEMT SYSTEM <D 1-M -42£T1-T1 "
AT ME="EXECUTIVE FROGRAM VERSION GJC 2-45 MAR &1 ETHS #6.11"
»ud PRINT TREC1S)>,2%
e O=FHES0L
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Sz8 PRINT TREC(?),V$

538 @=FHZ{4)

546 FRIMT "EMTERE ALFHA FOR CONHECTOR<RDAPTOR COMEINATION USED OH UNKNOWHN
558 Ci=FHH:C13

Sen FRIMT "EMTER UNCERTRIMTY FOR ADAPTER COMBINATION USED"
&7 C2=FHHCC2D>

586 G=FHSC1

538 P$E=H$[1,18]

588 I2=2 ,

(345 PRIHT "EWMTEE RDRFTER USED TO COMMECT DEVICE UNDER TESTY
€24 R=FHOCL D

630 H$[1,161=P%

640 R=FH5(13

6506 P¢=H$[11,20]

&5l PRIMT "ENTER REAL AMD IMAGINARY SOURCE IMFEDAMCE IN THIS FORM"
g5 QG=FNOC1S

€80 H$#[11,281=F%

€24 FEINT "ENTER REAL FRRT OF THE S0URCE IMPEDRHCE"

789 Real=FHHi{R=al?

71@| FRIMT "ENTER THE IMAGIMARY FPART OF THE SOURCE IMFEDRNCE"
T8 Imag=FHH{Imag:

v38 PRINT CliC2;H#$01,108]1;H$[11,28];Real;Imnag

748 F=z@

=15 27=3

TEQ K9=@

) @S=1G06o

728 na=1

798 25=8

gea FRINT THEBC?»,Y$

218 G=FHE 40

828 DUTFUT 2;"511,84,89,35,58" | RESET TIME HERE

gza QUTPUT 93 "R"

848 ENTER 2;P#

&850 PRINT TREC1Sy,P#;":1981"

68 G=FHS5{23+FHECOX+FHECL ) ,
78 IMAGE “"IF HARDWARE HAHMGE UP",s, -, "{13STOP+STOP", s, "{(2)KEYB",~," (328 RESTH
888 FRINT USIHG 448

896 U=FHuCLs

988 R=FHRC1B8:

MAIN

c1 * 2eR 558 550 73

cz * 27a 57 57a rgc])

s TEH

F *® r4a

File * 240

H¥ % 256 egelc] 90 538 €58 €86 730 720
Iz * =]

Inag # 32 rze vag 73a

Ipause 168@

K 178 228 238

Ko vEQ

N¢ ¥ 428 448

FOK
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o

=
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DI
o0

=4
o fux

(4]

on
o

~105-~

640



1
—
()
o3}

1

cam
coM
COM
CoM
oM
CioM
COM
con
com

WD D e D D D L D D
DY OGRS Bx ROH ) I O O I
LoD oo DO ORI

1Eea
@19
leza

DEF FHRCED
OFTION BRSE 1

File,Flag
RE, B7, 08,89, R2,R2, LR, RE,AF,AS, AT
SHORT FO(4y,LC# MIIZ, 330, H028,110
DFCS8],FP$L1081, IMTEGER DCE, TS, HA,
C¥l1eR],Gel160],R$I168],B$[18], Hi[lEB]
ﬂ$[1&@],22,;3.“4,_-,T1,51 T4,72
1, 02,083,085
FS,FE,F7,PS
Real,Imag

sEZ2,E¢1,168, k5, Eb E.,Bu,
,wi WE, W3, Wy WS, WS,

Eranch=@

HELEOD

pElSel,vsl108]

21, I2,H3, HEH,F,FaB,H

Tu._J.F..Tn.TE T PR HE &
1, BS,FL, P2, P2, Fe,V2
TS, T6,E7, I8, 16,5, 15,13, Fa,

Is

1828 PRINT @
146 OH Erat
1858 IF
18, 1346, 2488,
1668 RETURH
1878  FHEHD
1gz28  GOTO 11
1898 Z21=22=23
1188 FlagiSos=
1118 REM THI
1120 Q=FHE(Z>
1128 Q=FHS10
1148 K&=1
1156 REM
1168 al @
1178 Q=FHI1:
1128 GUTU 123
1198 22=n8
128 F=FHI(2
1218
228
1228
1245
1258
1228
iz rU

z3=@
FRINT *
FRUSE

GOTOD 218
RETURN @
! CONTIN

GOTO 1

chi

cBranchi =1 AND

1358, 1378
Y

18
=Z4=25=
5]

s IS

-
g

THE

GOTO 128

EHTI

UE

280, 13608, 13600, 23

g, 1
{Branch<=187 THEN

=u

MAIN TRAF

HOISE SOURCE CRLIERATION

31,1348, 2400, 1350,
OH Branch GOTO 12

1378,
e,

1
1204,

G=FHE BI+FHRKCLID+FHECZa+FHE 2 +FHCheck 12
OF MERSUREMEMNT SERUENCE ~-FRESS RUH

TGO REFPERT™

FETURH B

FRINT “"COMHECT UNEHOWH TO FORT" Q7

FRINT “COMNECT AMEIEWT TO PORT"“{GE

FRINT “COMNECT STARHDARRD TO FORT";G3

RETURH &

I COMTIHUE

b COHMTINUE

RETURH &

b COHTINKUE

RETURH &

FHEMD
FHE
Eranch 1aza 1848 1858 18548 16548
Flage 1186
[ 1148
o] 91 laza 1938 1866 11248 11z8 1178
v * 1z00
G * 13106

7. %8,

sFPout®
CEyMismat. |

ne

899
1286, 2380,
l1zoeg 1230
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14838 DEF FHEC(G?

1416 OPTIOH BRSE 1

1420 COM File,Flag

1438 COM 06,P7,08,0%,R2,R3,L,R,RE, AV, AR, A9, 21,12, N3, N8, U, F,FE,Hl

1448 COM SHORT F(4),LC#32,M(32,33),NC26,11)

14S%@ COM D¥FL{20),P$L108], INTEGER DC(&,7S»,HB, "$[50]

1460 COM CHL1603),6$0160),R$[100],B$L10]),H$L1GBD], Q80587 ,V$(108) ‘
1470 COM A$C102),22,23,24,25,T1,91,T4,T2,T3,26,F7,TF,T5,T9,P9, HE, X7, KE, 42
14206 COM @Q1,R2,03,05,E2,2¢1,1@8>,B5,B6,B7, B8, C1,RE,P1,P2,P2,P4,¥2,Pout¥
1496  COM PS,PE,F7,P23, W1, W2, N3, N4, HS, HE, TS, TE,EF, I3, 16,3, 15, ¥3,P8, 1,02, Mismatl.
1560 COM Real,Imag

1516 IF @ THEW 1S8@

1926 FEM THIS INITIARLIZES THE HARDWARE {FHE@>

1538 Flagili=8

1548 Flag(5>=0

1590 B=FNG{8)>

1556 FRINT "HARDWARE IHITIALIZED”

1578 RETURN @

15286 REM THIS INITIARLIZES THE SOFTWARE (FHE1D
1598 Q=I=H=N3=H@=P=LB=FR=10=11=1I2=KE-21=22=22-0

16006 @7=0

1€18 &3=1

1628 @9=2

1€30 AT=AS=A9=¢

1648 PRINT "SOFTWARE INITIALIZED"

1658 RETURH @
15668 FHNEND

FHEX

A7 * 1638
RE ¥ 1630
Ag % 1630
Fa *  159@
Flag 1538 1540
1 * 1598
1@ 1590

11 1599

1z * 1599
KE 15%@

Lo 1590

M #1598
HE * 1598
NS #1590

F 1590

@ 1400 151@ 1558  159@

o7 * 1608
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16?@ DEF FHJIC@) FECENDTD

1650
16598
1788
1718
172

1730
1748
1756
1768
1778
1786
1790
1868
1818
1828
1836
1840
1856
_1BER
1878a
13848
1258
1906
1918
1920
1938
1940@
1956
1966
1976
1988
199G
20613
201a
28z
2n3a
2e4@
285a
ZBED
2E7TH
zB2n
za9e
2188
2116
21z2a
2130
21489
2156
21gd
z178@
21808
z19a
2280
2214

PR B R R PO PO A
[PV LSO (S (SO O R O b B N
@ 07 My OB Y
[ R B U U B

oPTI
COM
CoM
com s
COM
COM
oM
comM
COM
COM
Branc
I CON
IF (B
IF 2
R=FHS
FRINT
F&=C#%
IF 12
DIsSPF
LINFU
IF a%
IF 0%
[ 5 b
GoTo
DISF
I8=FH
LINPU
IF %
IF %
c$r1,
G=FHSZ
FPRINT
P$=C¥
@=FHO
C$(3208
B=FHNS
FRINT
F¥=C%
B=FHT

CELVH

HB=FH5
FRINT
P¥=G%
Q=FHO
G$L1,
RA=FHE
PRINT
F¥=05C¢%
RB=FHO
[Pt AT %
L=FNS
PREINMT
P$=G#
B=FHO
G#ien
B=FHS
PRINT
P$=0G%
B=FNO
GE038
H=FHS
FRINWT
FP$=F%

OH BASE 1
File,Flag
0E, 37, 08,09, R2,R3,L,R,A5,A7,AS,R9,21, 12, H3,HE,H,F,Fa,H
HORT FC(4),LO*2,M(32,333,H(26,11>
D#CeRl,Psl1@0], INTEGER D(&,75),Na,K$080]
C¥01061,640108],R$0182],B40101,H$[100],04$[56],v$01606]
A$L188],22,23,24,25,T1,51,T4,7T2,73,26,F7,T7,T8,T9,P9,K6,K7,HE,K912
QI,EQ,QS,QS,EQ.Z(I,IBB}.BS;BS,B?,BS}DI.RS.Pl;P2,P3;F4,V2;Pout$ )
PO FPE PTePS M1 WZ, HE, N, WS, W6, TS, TE,E7,JE, 16,5,15,X3,FB, 1,02, Hiznatch
Real, Imag i
=0
TIHUE
ranch<=1> AHD YBranch<=4> THEH OH Branch GOTO 1818,2478,2580
1=2 THEN 2370
22
"CUSTOMER? {B=EY, SF=NHC2";
[1,29] '
=@ THEH 1928
"HOW: "3P$;
T %
="@" THEN- 2438
=" * THEN 1938
2931=%
1994
THOM: "3F$
EC23+FNSC1 2 +FNHiSE
T 6%
="@g" THEH 243@
=" " THEH 192a@
291=n%
b I
"CUST S ADDRESS--STREET 7",
[20,89)]
C1n
s E3)=F%
(4 B
"CUST S ADDRESSY--CITY,STATE,ZIF "
[ve,931]
C2s
' 391=F¢
Cis
YSOURCE MAMUFTR?",;
{1,391
DR H]
291=FP%
t1y
PLOURCE TYPE 7 ")
L4@,79]
(45
, 791=F$
t1n
"SOURCE ManL & 7V
[58,89]
L5
»891=P%
LAS ]
"SOURCE SER. # 7V
[om,931]
CED
s 991=F¢%
DS )
"DRTE OF CARALIERATION"
£1,191
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£310 Q=FNO(7)

23206 R$[1,191=P#%

2330 Q=FNSCLD .
2348 PRINT "CALIB. TEST # 7?3
2350 P$=R$0[2D,39]

2366 Q=FNO(?

£370 R$[20,39]1=P$

<380 Q=FHS(1D

2398 FRINT "REQ OR REF % 7 "3
. #400 P$=R$[40,59]

2418 @=FNOC(9)

7420 R$[40,691=P$

4430 I2=1

4490 Z1=21+1

L4500 Q=FNS(2J+FNB(1>

14€0 RETURN @ .

2478 REM GET FARAMETERS SUEROUTIHE (FNJZ)
2480 IF 22 THEN Zeg@

£498 G=FNS(2)

#5008 ! DISP "NUMBER OF FREQUENCIES DESIRED 7?";
2516 Fo=1

@528 ! DISF “NUMEER OF LEVELS PER FREQUENCY ?";
25306 Lo=1

#%40 FOR Io=1 TO FO

2550 Foleos=F

2568 HEXT le@

578 B=FNS(1)

¢%520 P$="ENTER VYALUE OF ATTEN AZ"

2596 PRINT P$

080 RS=FNH(RS>

2610  P$=" LEVYEL SETTING R2="
2620 HN2=5

L6360 N&=5

2649 2(1,51)2=RS

2650 22=1

T660 O=FHS(2)+FNB(1>

$670 RETURH B

268l REM  PORT ASSIGNMENT SWUERCUTINE (FHJ3>
2690 IF 23=1 THEN 2819

2708 @=FHS(2)

#7108 PRINT "##%*HORMAL PORT ASSIGHMENTS*xxxv
2720 O=FNSC(2)

PT30  G7P=0

27480 PRINT “UHKNOWN CONNECTED TO PQRT";Q7
P50 @8=3

Y760 FRINT "AMBIENT CONMECTED TO PORT®;Q8
2778 @9=2

#7868 PRINT "STANDARD CONMECTED TO FORT"; 09
790 B=FNS(2)

reea 23=1

810 @=FHS(Zy+FNEB(1)

820 RETURM B

2638 FHNEND

FNJC
Branch 1786 1800 1860 1860
C4 ¥ 1248 19880 19789 2868 2620 2085@ 2078

F ¥ 2558
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Fo # 2510 2540
s * 2188 2128 2158 2178 2209
1@ 1938 2548 2558 2568
12 * 1858 2430
Lo 2510
N3 * 2620
N % 2630
Ps * 1840 1868 1928 2008 2020
126 2150 2170 2200
2228 225 227e  238@ 2320
428 2580 2590 2610
@ 167 1786 1220 1988 2818 2030
2138 2160 2180 2216
2238 2068 2280 2316 2330
459 24908 2570 2€6€0@
27@B 2728 2798 2810
os # 187@ 18560 1898 1980 194G
07 % 2738 2740
Qe * 2758 2768
as x 277B  2PEE
(3% 3 * 2288 2329 2398 23re 2908
RS ¥ 2660 2600  Z64@
z¢ % 2640
z1 ¥ 1810 2448 2449
zz % 2488 2ESE
23 * 2698 2800

2229

2858

2350

2ese

2368

1956

c4ze

2eva

237e

z088

2380

1966

2100

24808

21l1e

2410

1978



#4840
28%0
$060
PHTO
FuB0
F90
$900
FAIT"
2320
2930
#940
$9%50
2060
yovo
980
2990
52000
e
3020
23930
EH4Q
30506
2060
Aapvo
E:J1)=17]
3050
3100
4110
4120
31306
‘3140
3150
2160
3170
aig0
3190
3200
3210
el
3230
3240
a25e
32606
az2ve
Jze0
3298
3300
3318
3320
3230
3340
3350
4360
337@
3388
3399
3406
4410
3420
24730
3448
3450
3460
x47a
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DEF FHECQD PHUCFNE®RS
OFTION BASE i
COM File,Flag

con

W, 07, NE, 09, R2,R3,L,R, A6, AT, AZ, A9, 21,12, N3, NS, H,F,FE, M

COM SHORT Frdnr,LC%2,MC(32,330,N(26,11)

comM
CoM
con
comM
Con
COM

De(20],P$01668), INTEGER D(A,7T5,NO,XK$LE0]
Csf106],G$0180],R$01B0],BSL19],H$I186],024[50],V$l1080]
A$l100],22,23,34,25,T1,51, T4, T2, T3,26,FF,T7,TE8,T9,F3, %6, 47, 418, K7
@1,R02,032,05,E2,2¢1,185, 85, B6,B7,R2,C1,RS,PL,F2,P3,FP4,Y2,Fouts

PO FPE,P7, P2, W1 H2, W3, H4, WT, HE, TS, TE,EF,J8,16,5,15,X3,Pa,I1,C2,Miznatch
Real, Imag )

Branch=i+1
O Branch COTO 2%2Q,32106,2920,5526

FREQUENCY SUBROUTIHE CFHKES

FOR F9=1 TO FO
F=F(F9)
G=FNLC1)

La=1

I18=0

FOR I1=F9«<L@B-LB+1 TO F3#L86
16=16+1

MCIt,

1>=F

MCIL,23=11

McIt,

33=LC10,1>
4 =L(1@,2

MCI1,S50=L¢1a,7)

MCIE,
MCIL,
MCTL,
MCIt,
MCI1,
MCIt,
McIt,
MCIt,

€r=Lc¢l1@,8)
7)=L019,3)
8)=LC10,4)
gs=L¢1@,5)
1@)=L¢18, 9>
11)=L¢12, 1@
12>=L¢1@, 11>
307=L<18,6)

M{TIL,310=L<lIB, 12>

HEXT
NERT

11
Fo

Te=(MC1,354M(1,522-2
T3=(MN(1,4)+AC1, 60072
TI=C(M{L, Po+Mil, 160072

2¢1,
2<1,
21,

525=T1
53)=T2
543=T3

B=FNS(4)>

24=1

Q=FNS(2)+FNE(1)
RETURH @

La=1
Fa=1

NUMEER CRUNCHER SUEROUTIHE CFHEL

RI=F@xL&

FOR I9=1 TO R9

T2=RES+B?

TI=(MCI9, PI4MCIS, 1B ) 2

McIg,

133=T1

N=NS=N3+2

N9=H

T?=BS+ES
T&=TE#T3N
$1=(TP-T8)/(H-13
S1=SBR(S1)

MC19

y143=S1/S0R(N>

MC19,223=81-50R(H)
TA=(MCED, 33+MID, 120002
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3420 M(I3,15>=T4

3490 T2=C(M(19,3>+M(19,5))-2

3508 MOI9,162=T2

3510 T3=CM{I9,4>+M(19,63>/2

3520 Mc19,175=T3

35368 RS=(T1-T2) (T3-T2+1E-8>

5483 P Lrrribrrrrerr et bt EHITEMP IS FOR 3@ MHZ  N{14,9)>
2558 MCI9,22>=ABS(1-RE8>*N{14,9)

259 MCI9,24)=ABS(REI*NH{12,1)

3576 M(I19,32)=M(19,303+MCI9,31)/2

3588 G=M{IS,322) :
3596 1 ltrrarprnrrierpirrrrrnrnrrrrertrt ittt BANDHWIDTH W IS FOR 39 MHZ
3606 W=.773

BEIB  QA=HNL12,9)%0-WU-(T2+T4)

3628 MOI9,320=18#LGT(Q)

3638 C=.00623 .

3648 QNB=1+2(1,162-2¢1,52> 11+ TE/TH

3658 01=1-2(1,533721,52) 11-TA/TH

3EEB  BE=C(Z(1,54)0+2¢1,16212-7€(2¢1,545-2¢1,53>> ITS+TE/TES-TA>
3678 (3=2<(1,52)*(QB-Q1%02>

g2 MCI9,25:=R%03 .

3690 MuI9,26)=NC1B,12#18~(M(1,3332/100%NC16,2>*(T1-T3)*%(T1~T2)
37068 B=T2-TI1+ABS{(1-T2/T1>/{(1=-T3/T22+1E-6>

3716 Q=RBS(1-T2/T1)+1.7+0G

3TSB 2<¢1,57>=N(12,87

3736 2(1,55)=NH{12,?>

3740 GUI=T1#T23+T1*#T2+T3*T2

3758 Q3=03-(T3-T2>

A7EB G3=ARS(O3#N(12,8>>

377 MC1,295=03

3750 B=MCI9, 232+MCI9,240+1(19,25)

3798 MCIS,180=0+M{I9,262+M(19,29)

3868 M{I19,19)=3%M(19,28)

2818 MO19,200=MCI19,180+M(19,19)

ZEE0 MoI9,213=16*LGTC(ABSC(T1~-2%0+1E~62-238))

3838 RZSMCL,190+MC1,1800-C(TL1-2%@>

3848 O3=ABSC1+Q2>

3856 MOIF,22)=10#LGTIR3)

BEEE MIIS, 32r=(MCIR,360+MC19,310272

3878 HEKT 19

38808 25=1

3850 QsFHER(2)

3906 RETURN @

3918 | FHK2
3928 @=FHVYzuwr{(e>

3938 FRINTER IS @

3948 2(1,2€r=Mismatch

3956 EV=M{l1,18)+Mismatch

39¢68 Eé&=1-1-C1

3978 El1=EexE7-M{1,133)

3988 EZ=E6#,06005%5

3998 Co9=C1=*C}

4608 E@=CH(1,13)-M{1,32>»/C9%(C2-T1)

481a EZ=ABS<EL1 >+AESCE2>+RAESCER)

4928 ES=AESCE3D

4038 ?$="*=*=*=*=*=*=*=§=*=*='=*=*=*=*=*=*=*=*=*=*=*=*=*=*=*=**=*‘*=*=*=*=*=*=*"
4048 Lé=1i

4950 | PRINT V¢

4048 [&=a

46760 FOR I19=1 TO F@

4026 FOR J9=1 TO Le©

4698 I8=I&+1

4188 Q1=FNS{Z)

4118 FRINT 2%

Gl HE S m e mm e e e e e e e e e e S s s s eSS "



4130
#4140
4150
4160
4170
4188
4199
4700
4210
4221
AZ3P
4240
4250
4260
4270
4250
C3"1ST
4290
_1"2NHD
4300
4319
4320
4330
MENTS
43408
UREME
4350
4360
4370
4380
4390
4400
4418
4420
4430
dddn
4450
A460
4476
4456
4498
4500
4518
4520
4530
4544
4550
4560
4570
45c@
4598
4600
4618@
4620
Ko(3%
4621
4622
4623
4638
4640
4650
4658
4678
1650
1690
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@1=FNS(1>

N9=N3#N8#%2

I PRINT PAGE

PRINT TAB(6),As

G=FHS{1@>

PRINT TRE(23};"MEASUREMEMT RECHP"
PRINT TAB(3@; "AND"

PRINT TABC(22)>; "PRELIMINARY RESULTS"

@=FHNS(3)
PRINT TRB(6); "FREQUENCY=";M(1,1);"MHZ"
FRINT THBC(E?»;"SUOURCE IMPEDANCE";H$(11,201]," LEVEL SETTING OF R2="3R3

PRINT TRB(&);RA%$

PRINT THB(IB)'“TR"'THB(zaA,"R UHMS“'THB(34)'"TS“'THB(45>'“R OHNS"

PRINT TRE(E);" ========  ===-cc== =scossece scocco--

FIXED 2

PRINT TABC(S>X;MC1,3); TABC2GB332¢(1,959); TAB(32>;M(1,42; TRB(45) 2<1,685;" "
S0 MEHbUREMENTb“

PRINT TABCA)IM(1,52;TABC26);2¢1,59); TAR(I2I;M(1,6); TRB(45) 2¢1,607;" "
1 NERSUREMENTS)"

PRINT TRAB(6>;A$

FRINT THB(II)'"TX"'THB(ZI)'"SX“‘THB(°4)'"TE“

PRINT TRB(S)'" ------------------------ "

PRINT TRE(8>;M(1,7)>; TAE(28>;M(1,8); TRB(32) M(1,93" "$"(1ST S8 MEASURE
)Il

FRINT TREC(S ML, 180; TARCZABD M L, 1103 TRR(32D 3 M(1,120;3" we " (2ND SB MERS
NTS»"

PRINT

PREINT TRE(E);A$

PRINT

STRNDARD

N9=N8*H3*2

PRINT TREC(E);"AYE FPOWER IH MILLIWARTTS P1,P2,P23"

PRINT TAB(6>;2:1,45)/N9%168B0}32¢(1,46>-/N9%1000;2¢1,47)-N9*1800
S1=S0RC(2¢1,482-2¢1,453%2(1,45>,N9>-(H9-13>
S2=SARC(2¢1,493=-2¢1,4€2%2{1,4E>/N9>-(N9-1))
C2=C0R(C201,58)0-2(1,473%2(1,473/N9)-/(N9=-1>)

2¢1,313=N9

PRINT TAB{&>;"SD P1,FP2,P3 [# OF MEAS=";2(1,31>;"1";51;52;853

PRINT TAB(E); A%

G=FNS<{Z0>

! PAGE

PRINT USING 4528;M(18,1>

2¢1,34=M(1,1>

IMAGE 25X, "FREQUENCY =",M3D.D, "MH2"

PRINT

PRINT 2¢
@1=FNS(1>

E4=180*E3-M(1,13)

ES=E3+Mismatch

M2=180%{M1/M(1,13))

MS=Eq4+NM

MC1,182=M(1,18>+ES
PRINT USING 4620;M(13,13>,M(I8,18>,MC18,19>

IMAGE 19X, "NOISE TEMPERATURE =",M5D.2D,"K +-",M3D.2D, "K(BIAS) +-",M3D.2D,"
SEMO ™

QR2=IM(1,18>+M(1,19232/(T1-290)

@3=ABSCL1+R2)

M(C1,222=18*LGT(Q3)>

2¢1,350=MC1,13>

271,362=M(1,16&

ZC1,130=M(1,19)

IF T1<228 THEH 4€%0
PRINT USING 4588;MCI8,21>,MC1I8,22)

IMARGE 1@X,"EXCESS NOISE RATIO=",M3D.2D ,"DB +-",MD.2D ,"DBC(BIAS+Z*SEM)"
Pi=FNSC(1)
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4789
4718
4728
4730
4v48
4758
47E0
477 @
4788
4796
4500
4310
4820
4§30
4848
4858
4850
4876
4550
4834
49468
4310
43248
49328
4946
4958
4968
49748
4980
4998
Seas
Se1s
sSezo
Seza
Se49
5658
5668
Savo
Saga
Sece
S1te
Size
5128
5146
S15a
SicH
Sive
S126
5198
Szoea
sS21e
S2z2e
sese
5246
S25e
5268
Seve
Szee
Szve
Sce8
5311
S53z0
53k8
5340
5358
S3e0

21, 140=MC1,212
2¢1,15)=M¢1,22)
PRIHT USIHG 473083M{I8,153,19LGT(1+MI2,15),298) »
IMAGE 18, "RADIOMETER SYSTEM TEMPERATURE =",4D ,"K (",4D.D,"DB NF)"
Z¢1,182=M(1,15>
201,17 5=18%LGT{1+M1, 150,296
PRINT USIHG 4776;M{I8,337
IMARSE 18<,"RADIOMETER GAIW =",M4D.1D ,"DB"
Z¢1,560=.773
PRINT " RADIOMETER NOISE BANDWIDTH=";2(1,56); "MH2"
2¢1,18%=M1,83> ' '
RQ1=FHS(3
PRINT TAECZ2E), "ERROR SUMMARY"
Gl1=FH3(1>
FRINT TRE(S3, "SOURCE OF ERROR"; TRE(3S>," SOURCE";TAB(S8),"% ERROR IN"
PRINT TARCZ4), "UNCERTRINTY"; TREC(SS», "NQISE TEMPERATURE"
! CONETANTS FOR TEMP ARE 38 MHZ
QI=FHS{1} :
PRINT USING 489a;NC12,1);160+M(I12,24/M(18,13)
IMAGE 6X; "CRYOGENIC 3TANMDARDY, 16X,MZ.2D,"K",16X,M4D. 2L
2¢1,19)=N(12,13
Z01,207=100%MC1, 245 MNC1,13)
PEINT USIHG 4936, H(14,9:,188xM(12,232/M(18,13)
IMAGE &X, "AMEBIENT STANDARD", 12X,M2.2D,"K",16%,M4D.2D
2¢1,21>=N(14,9}
2C1,222=188%M(1,23)-MCL, 13>
PRINT USING 497@;HC12,3),100%M(]18,25)-MC18,13)
IMAGE e¥,"POWER RATIO",1VK,M2.2D ,"DB",15¥,M4D.2D
Z01,23>=H(12,3>
FRIMT USING 5889; 1g0sMisnatch-M{I&, 133
IMAGE &¥, "MISMATCH", 21X, "8.5R; 1.6 OHMS",7X,M4D.2D
2C1,26=MHismatch
20¢1,24y=180*M{1,253 /M1, 133
PRIMT USING SOEG;HC1A,2),1082MI8,260-MC18,13)
Z¢1,27>=N(12,47
Z01,28Y=10865MC1, 263 /M1, 12)
IMAGE &¥, "MOHMLINEARRITY",1€¥,M1D,20E, 12%,M5D. 2D
FRINT USING S088;Z01,55), 100:MCI8,29)-MC(I8,13)
IMRGE 64, "SWITCH ASEYMETRY",12X,MZ.30,"DE", 12X, M6D,. 2D
Z(1,299=100%M1, 290 MCIS, 137
Adapter=188*E3-2(1,35)
PEINT USIHG S1320;H$01,10],180%E3-2(1,35>
IMAGE &%, "ADAPTER: ", 18A,11%,"0.3001DB",11%,MED, 2D
PRINT TAECEY,A$
PRINT USING S16@;188%MII8, 185-MCI18,13)
IMAGE &X, "LIKERR SUM OF BIARS ERRORSY,244,M5D.2D
201,36)=100%M(1, 183 NI, 13
FRINT USING S138;H3,18084MCI&8,19-MCIG, 137 )
IMAGE S%,."3+*STAMDARD ERROR OF MEAN ¢ # MEAS="M3D.,">",10X,M4D.2D
G=109*M(18, 18> M 18,13
W1=1984MC18, 192 M0I5,13)
M(Ig, 20 =0+01
2¢1,31=H
Z2(1,325=100%M(18, 19 /M12,13)
PRINT TRECE),A$
FRINT USING S27@;M(I18,20)
IMARGE &K, "LINEAF SUM OF ERRORSY,31X,MZD.2D
Z01,33>=MC1,260
B1=FHS(1D
PRINT TARECE},AS
HEXT J9
HEXT 19
PRINT
PRINT
PRINT TARCEY, "CHSTOMFR: “: TREC3AY,C401,29]
PRINT TRECS), "CUSTOMER'S STATION: ";TAEC36),C$[30,69)



2370 PRINT TRB(E),"CUSTOMER‘S ADDRESS:";TAR(30»,C$L70,99]
%5280 PRINT

£390 PRIHNT TRE(E), "SOURCE MANUFRCTURER:";TAB(36),G$01,391]
‘=400 PRINT TRBC(&),"SOURCE TYPE:";TAEC30),5%[40,79]

%438 PRINT TABC(&», "SOURCE MODEL:";TRE{(38>,G$0[80,83]

*428 PRINT TRB(&>, "SOURCE SERIAL:";TAE(ZH),G$(%6,99]

%430 PERINT

%440 PRINT TRE(E»,"DRTE OF CALIBRATIOM:";TRAB(3@),R$[1,19]
%450 FRINT TABM&»,"CRLIERATION TEST #:“;TAB{3@>,R$[28B,391]
‘%46@ PRINT TREC(R),"REQ OR FEF #:":TRAE(S@),R$¥[46,69]

5470 PRINT

%480 Q=FNS(l@)

5490 2é6=1

5500 Q=FHE<1>

%%16 RETUREN ©

A%z ' 1t STORE LATA SUERROUTINE CFNK3)
5536 MASS STORAGE IS ":Ti4"

£%31 FRINTER 13 1€

5546 LINFUT "FPLACE DATA CARSSETTE IH T14 AHD PRESS SPACE BAR AND CONT", A%

%558 PRINT "ENTER FILE HAME--38-1 FOR EXAMPLE"
85€ LIHPUT F#

%%7@ CREATE F#,6,220

%556 LINPUT "TEMPERATURE?",H$[Z1,328]

%598 LINFUT "FRESSURE MM MERCURY",H$[21,48]
Hé0@  ASSIGH #1 TO Fs$

%613  PRINT #1jH$[1,481,2¢%),C$01,1601,G$01,1081,R$(1,100]
%620 ASSIGH #2 TO F#

8638 READ #2;H$[1,4R1,2¢%)

$€40 DISP H$[1,188]1,2¢(*>

%650 MASS STORAGE IS ":F&"

%660 G=FNSC(1»

$E70 A=FNCheck (G

€SB FAUSE

5696 RETURN @

760 | FNLS
571e !

svze i

FHE <

R * 4126 41€8 4240 43680 43€8 4474a 5140
300 S540

fidapter Siia

BS * 418

BE * 3418

B? * 2366

BS # 3364

Eranch 2958 298

cs * 5358 SZee I3cirg <] 56108
c1 #* 3958 39348 2998

Cz * 4H0E

co 399%@ 4628

ES 4069 4816
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5258 b
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El
E2
E3
E4
ES
E6

E?

Fs
F(
Fo
F9
Gs
H¥
10

3130

Il
3120

18
472@

ore

220

19
3490

€20

8le

J9

L¢
156

La

M
138

Sle

2980
*

*

3820

3140 3158

3030

3i30 3140

4010
3980
4020
4590
4600
3979
3958
29§0
5570
2990
2988
2996
5394

4230

3040
3168
3170

3850

3150

3160

=1 )

5240

3680

3610

2160

3148
3378

3520

48606
4760

49906
4880
4880
5150
5156
S260

4720
-g9e
5240

3356
3500

3376
3510
3510
3780
3788
3850
3860

3490
3690

3820

4880 5318
#* 2070
3170 3180

3618 2030
* 3050
3160
3170
3450
3460
3560
- 3878

2150
3380

35506

4010

4020

3988
397@
368506

Séeoe

3336
3826
5488
5120
3049
3180
3868
317a
40390
4928

S17e

3370
3520
3rse

3868

3650

3e3e
3660
3180
3478

357ve

4560

S620

3340
30306

5410

5586

3ore

20£0
3180

45a8
49528

Sige

3380
3558
37906

3860

@30

3838
367e
3210
3478

I57a

4570

3870
3190

4¢c10
4966

51886

34506

2568

3798

3878

21006

Slie

5616
5610

3098

3e88

4618
4960

5260

3468
3570
3798

4870

2lie

3340
3090
32z0
3498

36206

5120

5630

3198

3090

4610
4990

Sz2ea

3470
3570
3800

5320

2126

4040
3100
3220
3498

2600

Se4e

3110
3100

4678
Se3e

5210

3470
35706

38006

2120

48808
3110
3230
3500

3¢50

3129

3tie@

4670
58386

5218

3488
3588

3818

2140

31z0
3230
3510

3€90

a2

©

W

(O]

W



270 3vge
0 3838
#10 4288
0 4538
ABO 4678
HE0 4916
pap 5638
(B S188
ni
CH
Ho
Hizmatch
g
Syt
HE0 49048
U3
HE
Hy
4438 4446
i
330 3680
AEa SzBa
0o
o1
gva S21w
oz
ne
240 3356
ke
2851
KE
ko

2788 3780
3790
2830 2208
3568
4290 4294
4336
4688 4660
4£1@
45709 4768
4718
4316 49528
4924
S@se S5 -
Seve
o280 SZaa
Sz218
458a
4528 4598
4598
* 2948
* 329a
s 2550
4328 4946@
4968
* 3394
* 339a
3408 4148
4448 44513
5188
2348 295a
3788 av1o
Zrie
5224 5484
S58a
3649 3678
% 3656
5226 £52%a
¥ 265
% IE78
4622 4623
# 5440
* 4238
3536 3556
3348 3358
* 3428@

3798

3260

4330

W
h
=
L)

Loy}
AX]
-~
<

0y
o
w
=

3790

3860

4398

4390

4418

3440

3g8e
3950
4340
4621
4740
49¢@
5090

5240

499
3438
26906

S849

44109

3298

3898

Seve

w
=J
o
g

S¢€1@

3459

ic-1e14)
3970
4348
4621
4750
49¢€0

5158

Sa1e
3458

3698

4416

34¢06

3g1e
40060
4348
4623
4766
4999
Sioe

S260

34648

4428

3810
4600
4580
4630
4200
Sezeg
517@

Szsa

5236

4428

3618

4178

4450
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3818
4220
4510
4640

4220

4430

520

)

4216

4



52 4430 4460
83 4440 4460
T1 * 226 21240 23740 2386 8306 FESL 26906 IT7AM

Taa 3718 748 3740
3829 3836 4800 4621 46£0
TE ¥ 3211 3250 3498 3580 3538 353@ 3618 3690

780 37e4 3700 3718
-3748 3748 3rse

T3 # 3z2za 268 3518 35208 3538 3696 37ae 3740
744a 37oa
T4 # 3478 3488 3610
17 # 3418 34306 .
T8 ¥ 3368 3420 3428 3424 3430
vE * 4830
W * 3688 618
2% 411@ 45489
2 * 3248 z25e 3261 3640 3648 ZeSa 3e50 36€E0
=14 3660 3écB KIdt
Ivaa 2739 2948 4288 4280 4298 4290 4410

4428 4430 4430 4430 4448 4448 4440 4450
4650 470D 4718 4748 4758  47S@ 4798 480

4928 seta S8z8a 5846 5050 Sevea Sa9e 5116
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DEF FHNL{&)
“REM  MULTI-LEVEL SUBROUTINE C(FNLO)
OPTION BARSE 1
COM File,Flag
coM 06, Qr,QS @9,R2,R3,L,R,A6,A7,A8,A9,21,12,N3,N8,N,F,FO, |
con SHORT Fed4r, L(*) M(32 33> N(26, 11)
coM Dsl2e], Ps:xaal INTEGER n<s ?s> NO, X${80)
comM C$[1@BJ Gstlaal,ﬁstiaal 35[151 H:tloal Rs[50], vsrleal
COM A$C1I00),Z2,23,24,2%5,T1,51,74, T2 T3,26, F? 17, Ts TI, P9, %6, X7, X8, X9
. coM @1, 62, ag,aq Ez 2(1 1aa> BS Bs B? Bs c1, Rs Px Pz P3 P4 vz Poutt
COM PS,P&,P7,P8,HI, K2 m3 W4, WS, WE, TS, T6,E7,T8, 16,8, xs xs Po I tz,Mismatch
coH Real,lmag
PRINTER IS ©
‘A=FNS (4>
FOR PB=1 TO 2
Q=FHTCG>
3 ON P8 GOTO S59%68,5920
FRIMT "FRESS CONTINUE IF 0K , FPRESS RUN TO REDO EVERTHING"
PAUSE
Xe=g2
T2=FNRCQ)
“PRINTER IS 8
A$="Ta"
®6=3
! IF HOT AMB IS USED INSTERD OF CRYD MAKE CHNGE HERE (X6=2)
! R=E3
FRIHNTER IS @&
T3=FNACQ)
PRINTER 15 16
PRINT "%&,T3,R2,T2,R2",X63T3;R3; T2 R2
PRINTER 15 e
CIF X6>2 THEN 60830
Ta=T3+H:14,2)
PRIMTER 1S ©
GOTO 6696
, T3=T3+H(14,1)
#0906 PRINT "TS="3;T3
4100 PRINT A$;TZ
#1106 REM LEVEL LOOP
€120  N=H3*HS*2
€130  Lo=1
£140 FOR L=1 TO LB
G156 1 Q=FNQC?Y
€460 Q=FNMCG)
$178 L{L,6%FPB-Sy=T2
#1808 LCL,6*FB-4>=T3
©190 L<L,6%PO-33=T1
€208 L(L,6%PB-2)=51
$210 L<L,6*PB-17=T4
$220 Li{L,6%F@Y=P2
£238 NEXT L
+240 B=FHS(3D
‘$£56 NEXT FO
6260 Q=FHS(4)
6278 REM FRELIMINARY RESULTS
B e Afs! mmmm e rcctrrccc e ccrcccccc e r e ———— - n
€298 | VHIPAGE :
£308 GOTO 6480
£310 PRINTER IS @
(328 G=FHS<11)
€538 PRIMT TREC(221, "MERSUREMENT RECAP"
£246 PRINT TAE(3@), "AND"
€358 PRINT TAECZ2),"PRELIMINARY RESULTS"
£368 Q=FNS(?)




2
78 PRINT TAB(G),"FREQUENCY="{F;"HHZ"

28 PRINT TABC(6:, "SOURCE IMFEDANCE";TAR(Z3),H$011,20);TRE(3E), "LEVEL SETTING ¢
2="3;R5

@ PEINT TRB{ED, A%

641a FRINT THB(!@),"TH"'THBa;u« "R DHMS";TAB(34),"TS"; TAE(44), "R OHMS"
6426 PRINT TABC(E), " ~———-———  ——=-—————  —ommmmee e

€438 FIXED 2 :

€448 PRIMT TRECE),Z¢1,13;TAEC207,2¢1,59>; TRE(32),2¢(1,2);TAB(44),2(1,60)
6458 FRINT TREC(8),2¢1,77;TREC26),2¢1,59); TAB(32),2¢1,87; TREC44),2(1,60)
6466 FRINT TAB(6),A$

€478 GOTO €638 -

€486 FOR L=1 TO L®

€498 2¢L,1>=L(1,1)

65806 Z(L,2)=L¢(1,2)

6518 2CL,3>=LCL,3)

€526 2(L,4)=L<L,4>

G538 ZL,S5r=LiL,S

€548 2¢L,6)=L(L,6)

6558 ZiL,7r=L(L,7>

6560 2(L,8>=L(L,8>

6578 Z(L,9r=L{L,9>

€588 Z(L,182=LC¢L, 1@

€598 2(L,11)Y=LC(L,11)

66508 ZilL,12)sLC(L,12)

6618 NEXT L

6E2B GOTO 631@

£€238  PRINT TREC11D, TR TABLZ12,"SH"; TREC 340, "TE"

&648  FRINT TRB{(E),"  -==-=--=  —v-vceecs mccecee- !
EE30  FRIMT TRAECE>,201,3);TRB(29),2(1,4; TAREC(32),2(1,5>
EEE@  PRINT TAE(S), 201,33 TRABCZO , 201,180 TAEC322,2¢1, 11
EETE  PRINT

6EEB  FRINT THRE(G),HAF

&3 PRINT

6768 STARHDARD

ev1e H9=Z(1,31)

6728 PRINT TRB(E),"AVE FOUER IM MILLIWATTS P1,P2,P3"

EVIE PRIHT TAB(E), 241,450 H*18B8,2:01, 4&)/H*1UBB,Zf1 472 H+1600
E£748 S1=S0R{c2(1, 4*“-2(1 4502201 450 NISCH=1 30

EvVSa ‘-—bQP(f7(1 493-2C¢1 ,A€3#20) A2 MY SN -1 20

EVER  S3=SQR((Z01,582-2(1,470#801, 472 N (=13

6778 FRIMT THB(&,,"'H Fl,F2,F3 i# OF MERAS=";H;">";S51152353
&€VE80 FRIHT THEBC(E?,R$

6728 Q=FHS{26>

£888 FRINT THBC(E),R#

62318 PRINT

S28 PRINT " END OF MERSUREMEMT FRESS CONTIHUE FOR FULL REPORT"
£83B FRUSE

€848 RETURH @

6858 FHEND

(1]

3-14] ! EDITED FOR 32845

€ave )V 11 HILISUBRROUTINES OUTSIDE OF MAIW FROGRAM STRUCTURE START HERE!!H11I
€838 |

FHLC

A% * 5950 £1B8 g2z 390 €4€0 13 €780 6888
F ¥ c37E

H¥ * €386

L * €140 6178 elga 61%@ 6288 ez1e €220 6238

480 €450 £580 €518
€51@ €528 63zZ@ 6520 63308 548 &540 £550
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6890 DEF FND(Q)

€990 IF @ THEN &920

6918 RETURN FHNXCE8)+FNXCEPI+FNXC(E2I+FNR (81 )+FNX(33)

6920 Q=FNXC(E2)+FNX(28)+FNX{(102>+FNU{46B)+FHR(2)+FNR(2)

6930 VY=FNKXCESY+FNX(29)4FNXCIB3)+FNW(SSOI+FNR (2 +FNRC1 11D +FNKC273+FNN( 109
6940 RETURN @ _

€958 FNEND

FND(

Q 6890 6980 €920

v 6330



$960
£978
988
£950
*900
016
fezo
re30
7040
7050
7P60
g
7060
7090
T100
‘110
7120
7120
$149
7150
7160
717@
7160
7150
7200
Feto
7220
7L5a
f240
te50
reéa
rere
r2e6

-3

300

-3
3

NI S U P
L B Ul )

&
Do)

IR LI

0 G W oW G

N

w
o0
=

-y

Y400
7416
v4z@
7430
7448
7458
7460
7478
7480
7490
75eq

wW
o
L]

w
o
) -
=<

-4
N
A\,
OO D

~
[&

=1
¢ onan o

-~

-y -2
o = T N & W

-~

=-1425-

DEF FHF{@D VI{FNF2 MOD ¥S JAN 16 19&1 GJC

! TEST OF NEMW MANIFOLD STARTED NOY 21

! | THIS VERSION HAS CODE TO ACCOMODATE BAD PROG ATTENELIIIUELLELMLELINLEY
RN R N N N N RN AN NN AR NN RN |

OPTIOH BRSE 1
COM File,Flag

COM &6,&?,QE,99,RE,RB,L,E,HS,H?,RS,HS,Zl,I2,N3;N8,H,F,FE,M

CONM SHORT FC(4),L(%>,M{32,33),N(26,11>
COM D$[80],FP¥[168], IMTEGER D(&,75>,N@,xs$[2a]

COM C$[10@),G$0106]1,R$[100],B$010], HEL106],0$L50], V$[166]
COM A$C1083,22,2%,24,25,T1,51,T4,72,73,26,F7,T7,T8,T9,P%, X6, X7, XE, XS
com @1,02,03,05,E2,2¢1,168),85,86,B7,B8,L1,R5,P1,P2,P3,F4,Y2, Pout §

COM FS,F&,FP7,F8,N1,NZ, W3, N4, WS, s, TS, T6,E7, I8, 16,5,

COM Real, Imag

! QUTPUT VBl "s" {RESET FLUKE

DIM Fodlsd

FRINTER IS 1€

Q=8

Pout$="g" LR=FNXC{RT)

OUTFUT 782;"@","@","7",Pouts | DBB0 GBOO G111 XXWW
NRIT 5a&
OUTFUT 782;"8","8",">", "Paut$" | CCONTROL

!' PRINT "FORT #",Pours
WRIT 1S5a
QUTPUT Fe3;"C" 'CLEAR SCAHHNER

OUTPUT 7089;15 ICHANNEL 15

QUTPUT 781;"VRIF2TZ2S5?" !WOLTS FILTER #SA
! WRIT €88 :

EMTER 7@1;%& !VALUE OF ERIDGE POWER OFF
! FRINT "BRIDGE PWR OFF=";Va
P OUTRUT 789; 186 tCHANMEL 16
! WAIT o4
! QUTPUT 7Bt "YRF2857" 'OUTPUT FLUKE
I ENTER ?P@a1;Vv1 IVMALUE OF REF
! PRINT "VALUE OF REF=";'1{
! PRAUSE

QUTPUT Ve37;17

WAIT 3006

OUTPUT vB1;"VREGFZT255?"

! WAIT ¢€a8

ENTER 7&1;V2 VERIDGE -REF WITH NO POWER
PRINT "BRIDGE -REF H& PWRE=";V3

FOR Loop=1 TO 3

ON Louop GOTO 7298,7438, 7498

Fouts="g" U G=FH%CR8)
! PRINT "FRUSE 1", Fouts

! PRUSE

GOTD 7589

Pout g="3" I G=FNX(RE>
! PRINT "FRUSEZ",Pout$

! PRUSE :

GOTO 75@0

! PRINT "PARUSE 2",Fouts

! PAUSE

Foutg="2" ! G=FNXCR9)

OUTPUT 782;"0","1","?",Fouts 10000 ABA1 9111 XXXKX
WAIT S8

OUTFUT 7azj @, "1",">",Pout$ 10000 0681 1000 RNAHH
WAIT 158

OUTFUT 781 "VYRBF2T2SS7?" 10UTPUT FLUKE

! WARIT éav

EHTER 781;V4 !ENTER BRIDGE -REF WITH FUOWER

PRIHT "BRIDGE -REF PHR=";%4

FolLoopi=v4

I5,%3,P8,1,C02,Mismatch

SETFREQ+PORT
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7598
T&Re
vEld
TE&ZE
7624d
VE4AD
‘7658
veEd
TETH
7eoa
7690
Frea
7rie
7720
rggel
7748
v75e
7o
vrre
Frea
vVIe
g =154
Ta1e
7828
7838
7E48
Tene
Tace
TETH
reop
7890
ToRg
V916
726

e D

HEZT Loop

QUTPUT F@2;"@","a","7",Pout$ 100868 6060 0111 XXKA

WRIT S0

QUTPUT 7@2;"B","@",">",Fout$ |0OAG ODOO 1000 XXXY
WAIT 158

AUTPUT 7613 "VRAF2T255%" 1OUTFUT FLUKE

| WAIT €oe

EHTER 7@1;¥S!IHFUT RECHECK BRIDGE ~REF FWR OFF

PRINT “"BRIDGE -REF PWR OFF";VS

QUTFUT 7@9;15

WAIT 308

OUTPUT 7@1;"VYRIF2TZ2S57?"
I WAIT cB8 .
EHMTER ?781;VSIRECHECK BRIDGE WITH POWER OFF
DISP "ERIDGE HO PWR"; Ve

EE=VYB+YE

DISP "Es="jE&

EF=(¥3+V¥5Sar2

DISF "E7=";EV

FOR I=4 TO ¢

ES=ES-Po(lI-3)+E7

DISF "ES=";ES8

E9=Fa(l-32-E?

DIsP "E9=";E9

Fo(l»=EE*ES- 200

NERT I

P1=Paoi42

FPZ=Fo(S>

P3=Fol&2
! PRINT "F1,F2,F3";Foi4),FoiS),PolE)
' PRUSE

PRIMTER 1S B

RETURH 2

FHEMED

TOUTPUT FLUKE

7740 77Se 7790

* 7re8 7770 7796 7818

7798 reas 7838
vsia raze 7839

* 7ree 7790 ve1la 7838 7840

v370 7328 voEs 7596

¥ 7E58

* 7858

* 7E7Y
vigso Toan vroa vole ve3ze rg=a=1" 7€68
# 7130 7148 7398 748 7498 7508
€358 7128 7918

-



Ve
v

¥4

7359
7560
7660

7720

736@
7570
7670

7730

7760
7580
7768

774a
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79z8
7948
To5e
b1
va7e
Fage
Tosg
ena
gnla
goze
8a306
80406
8ace
soc@
gava
goge
8896

FHET

DEF FHE(G) LECFHBD
OPTIOH ERSE 1
E0OM File,Flag

con
con
con
com
COn
com
Con
con

RE, Q7,08,09,R2,R3,L,R,AE, Hf,ﬁ JR3,21,12,H3,H8,N,F,F&,HN

SHUFT Féddr, Ll¥) Mkuc,a3),“(db 11)

n£[831], PS[I@BJ INTEhEF DCE, 7Sy, HE, Ke¥lBB]

Ct[l@@] G$[185] Re[1661,R$[1B], H$[1@B] RE[SE],VEL1001
Hf[13@],5_,2:,;4,44,T1,u1_T4 TL,TH,ZG F.,T? TS T9,P3, KS,A?,?& w9
QI,QQ,@3,Q5,EE,E€1,IBB),BS,BE,B?,BS,CI,RS,Pi,P?;P3,P4;92 Pout#
PS,PE,P7,PS, U1, W2 W3, K4, W5, HE,T5,TE,E7,T8,16,8,15,KE,P0,T,C2,Mismatch
Real, Imag

FOR 1=1 TO @

BEEF
WAIT
NEXRT

ABS 10@8%(1-4)73
1

RETURN ®©
FHEHD

* £e40 8858 gare

7928 - £v4@



#100
$j10
8120
130
140
61%0
#1160
pITO
g¢iBo
k190
8700
ae
#2220
30
w40
8239
8260

HRILL

1]

~-129-

DEF FNNCQ) LICFHMD
OPTION BASE 1
COM File,Flag
COM 06,07,08,09,R2,R3,L,R,AS,A7,AS, A9, 21, 12, N3, HE,H,F,FE, |
COM SHORT F(d4),L¢#),M{32, 339 ,Hi26,11)
COM D$C&81,P$010A]1, INTEGER D&, 755, N, HE[E0]

COM
comM
con
COM
com
DISF

Cslio0),C¥l1001,REL10A], Bi[lu] H$[ 1087 ,0$[58],V$0186)]

AtL1060], 4,23,24 25,T1,€1,7T4, 14 T%,76,F7, Te,TH,TQ PO, HE, W7, N2, ®e

a1 Qé,Q),Ud,E_qs<1 1@, BS,EBE, B-.Eo Ll Pu‘Pl Pg,P;,F4 V;,Puutf
FS,PE,F7,FE,H1,HE, W2, W, Nq4u€.T4,TH,E.,Jh,I&,_,Iq,x JFB,I,C2,Mismatch
Real,lmag

"¢ =NHCHYI"; 03

LINPUT B#

IF B#[1,11=" " THEWN 8z5@
RETURN VAL(B$)

RETURN @

FNEND

* 8224 a22a

xxl
Xy
Ia
=

gl1ea 32106 8250



. =130-

g8z7e

288
8296
8300
8318
8320
8336
8240
8358

DEF FHICQ)

Af="= ~ ————====HRRKQREA"
A$=R$[4%0-3,4%0Q)

A$LS51=R$

A$L91=AS$

IMAGE M2D.1D
PRINT USING §320;R$,Rs$,As,A$,Rs
RETURN ©

FNEND

* 8280
8336

8298

8330 8330

8270 8290 8290

11 CFNDD

8290 8300

8308

831@

8318

2330



8360 DEF FHW(G)
4378 WRIT @
8386 RETURN ©
6390 FHNEND

FRUC

83ce

g§378

I CFNWD

-131-



=-132-

g48m
8416
g426
8436
g440
8456
g4E0
g4v7@
2480
8499
8508
8516
8520
8530
8548
as558

FHEC

TEF F

OFT
oM
COM
Con
CoOmM
oo
Cow
CiomM
coM
can
FOR 1
PRINT
HEXT
RETUR
FHEH

HSO @D FICFNSS

I0ON EBRSE 1

File,Flag

n&, 27,08, 0%, R2,RE,L,R,A6, A7, A8, A9, 21, 12,N3,N8,N,F,FOB,Hl

SHORT F(4),Le#3,M(32,33),NC26,11)

D$[2@),P$l163), INTEGER DCE,75),HA,X$[80]
CHL1B9),G$0106],R$(100]1,E$L10],HE(1068],0$L56],Y$[100)
F$C18e1,72,25,24,25,T71,51,74,72,73,26,F7,T7,78,T9,P9, X6, X7, K8, X9
Qi,n2,02,95,E2,241, 108, BES,B5,B7,82,C1,R5,P1,P2,P3,P4,¥2,Pout$

FS,FE,P7, PO, M1 M2 W3, W4, US, HE, TS, TE,EV,T8,16,5,15,%K3,P8,1,C2,Mismatck
Real, Imag :

=1 TO @&

I

N &

I



6%¢0
8570
8o8a
B5%4a
Ead
26180
gE2a
gc2a
8648
6650
gecd .
g6va
8680
8698
8768
8718
Bva2e
8736
8740
8758
8760
B770
8rao
8726

FHNOC

10
12
Ps
@

(e} 7

DEF FHO(@D FICFHD)
OFTION EASE 1
coM File,Flag
CoOM Qt,h.,BS,Q?,RZ,RE,L,R,HE,H?,HS,H?,ZI,IE,HS,NS,N,F,FB,N
COM SHORT F(4o,L¢%x,MI32,33),M(26,110
COM D#CEA], F$[1693 INTEGER Bfé,rq) Ne,x$[80]
CoM Es!iwﬂ] G$[1u9] R¥[166],B$0101,H$0180],0$[301,v$l106]
coM AsCi8R], qubugu4,LJ,T1,gi T4, TQ T3 26, F!,T? T&,T79,P9, X6, X7, 88, XS
coM @1, WE,Qh,QS,Eg,-fl 1@a», BS, BS, B? BP Ci R5,P1, PE Pd P4 V2 Pout $
COM F5,F&,P7,PS, WL W, W3, HE, Hq,Hb,Tu,Tu E7,J S, IE-»,IJ,YS F8, I ca2
-com PEd],IMdg
IF 12=6 THEHW &8738

DISP "¢ =HCONOW: ";P$;
LINPUT G$

IF @$=" " THEN 720
PE=0$

GOTO §8730

DISP "¢ =HCXNOW: ";F%

T@=FHS(1)+FNR{SE}

LINFUT us$

IF @$=" “ THEN &72@

Fs=04%

RETURN @

FNEND
87 46
x  BETD
* SBZ8 &7F1e &7 30
8568 8750
# gE9@  e7BE@  BT1M

gvoe

gvee

gvve

~-133-

JMismatch
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88813
8818
=3 3ed ]
g&za
248
8258
g2e0

gzve

&gz
£290
89060
8910
8926
8938
8946
8950
8960
8978
29z8
899G
ogag
Sale
S8z8
$0350
96408
9856
298¢e8
Qagrva
9836
9a98
9190
9118
9ize
91306
Sid4@
9156
231&@
s17a
Q180
a19a
gzoB
9210
9zze
9238
9240
9258
92E8
9270
9250
9296
9384
9310
9320
9320
9340
9359
93€B
SITE
N&»

938
9396
9480
9410
9420

DEF FNM{a)

UFTION BASE 1

COM File,Flag

COM Q€,Q7,08,0%,R2,R3,L,R,RE,A7,A3,RA9,21,12,N3,N8,N,F,FO, W
COM SHORT F(43,L(#3,M(32,332,N(26,112

COM D$L[20),F$010a), INTEGER D(&,757,NB,X$[£0] )
CoM C$0106),G$01606),R¥L160),E$0108),H$[100],08[50],¥$(1060])
COM R$L1691,22,23,24,25,T1,91,7T4,T2,73,26,F7,T7,T8,T9,P9,X6, X7, %8, K9
coM 1,R2,03,05,E2,2¢1,168),B5,F6,B7,B2,C1,R5,P1,P2,P3,P4,V2,Pouts
COM FS,FE,F7, PO, WN1,HZ,U3,H4, W5, N6, TS5, TE,E7,T8,16,5,15,X2,P0,1,C2,Mismatch
COM Real,Imag ‘

FRINT

QUTPUT 9; "R*

ENTER 9;F$

PRINT TAEC(ZQ>,"DATE:";P$[1,20;"~-";P$[4,53;"~-1981";" TIME:";P$[7,141
PRINT

®S=1

Eg=S00
29=T7=T8=T9=F7=P8=F9=0

Wd=US=WE=A
FOR J8=1 TO HN8+1

a=J8
T1=FNYC(Q3+FNG(R)

IF J&»1 THEN '3836

GOTD 92156

T1=T1#N3
T8=T34T1
T9=T9+T4
T?=T7+V2

FF=F7+P4

F8=F38+FS
Fa=P3+F§

Wa4=H3+W1

WS=WS+WZ

WE=WE+U3
NEXT J&
TI=TS-(N2£H3>
T4=TI-N8
S1=SRRCLT?-T8# TS (N8%#N3 1~ {NE2N3-1)>

IF PB=1 THEN 9250

BE=T7

2¢1,412=B6

Bg=T¢&

2¢1,422=B8

GOTO 9310

BS=T7V

BV=T&

2¢1,43>=RS

2¢1,42>=k7

| REM ES AHD B&=SUM OF SGRS-BE?Y AND BS=SUM OF T1

FRINTER IS @

FRINWT " TX AVE 8TD DEV TE"

PRINT

PRINT USING 9340;71,S1,T4

IMAGE S¥,18D.D0,5X, 70.20,5%,?0. 2T

PRINT

FRINT

FRINT "F1 AYE Mu=";P?-C(N3=NEI;"P2 AVE MU=";P8-/(N3%HE);"F3 AYE MH=";P3- (N33

PRINT

FRINT "STAWDARD ERROR OF MEAN=";Si-SAR{NB*N3)
PRINT

PRINT

PRINTER IS 16



14‘39
Y
1450
BAEEH
B470
50
2430
008
ELBY]
an28
9530
95408
955m
L1
9570
4580
2599
weaa
9610

IF FB=2 THEN 9580
2¢1,457=F7
20¢1,4963=F§
2¢1,473=F%
ZC1;480=H4
2¢1,49)=US
2¢1,568)=0E
IF FB=1 THEN 25%9

| BES AHD:-EBA = SUM OF SQRS T1;

Z201,450=2(1,450+F7
2¢1,463=20(1,4E0+F8
201,473=201,472+P9
201, 485=201,485 +14
201,490=201,493+HS
2¢1,505=201,502+HE
G=FHEC L

26=1

IDISP"AHOTHER ROUND"

IF Z2&8=8 THEHW &%:z@
GOTO 2&38

RETURH @

FHEHNI

ettty rCuUT

24 1980 @836

* oz

* 9

* 9268

* Qz
8976

¥ a1l

* 358

* S

* 938

# 9

* 395

* 9186

* 9118

# e9sa

* S8

* gaaa
=3=d ]3] se19

* 31¢8

* 9628

EFY ANWD EBS=SUM OF T1

9858 Save 9449

Sia8 937d 94508

9i1@ @370 9466

a sazg =b<1=15)

93906

s85e 9@s8 91€8

trrrrrintr e el

e
o
[x<]

o
o

]
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T4 #  9@Fe 917G 9330
T? #  292@ 0 9ESG 9686 9188 928@ 9256
TS £ S9EQ 056 98E@  S1em  918@ F18@  9ZZ@
T9 #  898@ 9BF®  98F8 9176
W % Q@sa
W1 £ 91zd
We * 2138
W3 * 4148
W4 #  @%9@  91z8 9128 9478 955a
WS £ 2999 913@ 9138 9488 9560
We #2998 . 9148 9148 9498  957@
XS g9ca
¢ # 0 921@  9IIE IETE I2BE 9444 2458 9460
488 9498 9528 9526
] PTEA 546 Q5da o058 FTT0 95€8
57@  957A
z8 9596  9E1M

Qe
2470
S5e0



9660
9678
9680
9651
oree
9718
9vee
2738
9744
arSa
9760
977ve
b-kg-1:]
9796
9800
981
9820
9830
9840
vese
9860
9678
988@
9830
9904
9916
9920
9938
9948
9958
99
9370
99208
99%8
l18vv8
180180
18629
16630
16840
18658
188608
18670
laase
18850
16168
16118
10128
18138
16148
16158
1@16@
18170
181359
16198
18208
186216
18220
18238
182408
18259
18260
tezve
16228
18z3n

DEF F
OFT
COM

cam
COnM
coM
Com
conM
CoM
CoM
cOoM

T1=T4

KS=1
EG=1
FEIH

FOR 2

J5=1

I @go=
G=1
Fi=

J5=¢

!

1

!

I Qon
I p=2
\ Fz=
t J5=
I Gt
I @G=3
I p3=
I Fa=
B=FH
i PRI
t PRI
| PRU
®a=1
Y1=F
Y3=PF
®e=T
Te=¥
TS=T
T5=T
wne=T
IF ¥
FRIHN
FRIN
GOTO
PRIN
PRIN
IF J
GOTO
Eg=1
EE&=1
IF A
T1sSF
GOTO
Ti=T
T4=T
ya=y
P4=F
PS=F
F&=F
Wi=HN
W2=W
W3=H
HEXT
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MY <R

I0H BARSE 1

File,Flag

w6,q7,08,0%,R2,R3,L,R,AE,A7,AB,A9,21, 12,N3,N&,N,F,FB, U

SHORT Frd4),L (%), M(32,330,N(26,11) '

D$(59),P$0100], INTEGER D(6,75>,NO,x$(30) _
C$01901,0$[108),R$(100],E$(10),Hs[1008],08(50],vV$(100]
A$C16861,22,23,24,25,T1,81,T4,72,T3,26,F7,T7,T8,T9,P9,X6,X7,KB, K9
£1,68,03,05,E2,2¢1,108>,85,06,87,B8,C1,R5,P1,P2,P3,P4,VZ,Pouts
PS,FE,FT,PE, WL, HE, N3, W4, WS, UE, TS, TE,E7,JIE,16,5,15,X2,P0,1,C2,Nisnatch
Real, Imag

=Y2=P4=FS=FPE=l1=H2=H3=1

age
TER IS B
2=1 TO N3

FHXCQ? >

FNPCQ>

g

e=FHX (&8>

FHFCE?
5
o=FNX(RY)

FHRCQ>

FHRPCB>

Pial

NT "FRUSE AFTER RETURH FROM FNP:44e2"
HT "THIS 1% F1,P2,P3";F1,P2,P3

SE

1-P2

3-P2
SHCTR=-T2)*#0¥1=122{%¥3-1>

-T2

€601

2+TS

S

S=6 THEM 106ii@

TER 1S @

T KE;P1#1900;P2*1G0OB;F3+1000
1ai1ze

TEFR IS @

T ¥&

€=1 THEN 18266
16260

fe]z]cls)

g8-ET7

BSCES2<=ES THEH 106200
"DEY ERXCEEDS MAX--REDC LAST TEMP*"
9520

1+48

GHLTE=VI£T2r /(Y31

2+R3%H8

$+F1

S+F2

E+PZ

1+F1#F1

2+F2%P2

3+F3P3

£
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16308
18318
18326
18330
18348
16258

FHV(

c1
E&

E?

Js
J8

LK

T4=T4-NH3

S=SORC(Y2-T1#T1/N3) (H3-12>

T1=TisNHZ
E7=T1
RETAHRN T1
FHEND

igiea

*

*

9¢ed

*

*

%

aren

®

16848

1ai?e

1g¢1¢6d

16156

18138

sgila

1a6a8

9958

18828

18828

arve

1aa4a

188348

9vvre

2990

1gaza

18338

1e17e

18248

iez3so

1pzaa

1eoza

igz1e

16z21a

10656

19648

18226

lazg8

1ae7ra

laazea

18218

18236

[ -
ar [
ra L
o 0
o L

[
o
n
')
=

-
Do
r
[
=

18638

1

WX

3218

1e85e

1az26

18zve

lezza

18859

1azie

16268

1G24

—
L]
]
o
Len

18318

16858

18z1g

laa3u

18328
1B62e0
182vo

18280

19128

18160

iozo8

186338

1929

10

14



41

B £

1Bvos
18618

*

1g8z8
1p8z8

S&818

lazie

16290

1@

-~
=

10
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18360
16370
18380
1832%8
16408
16416
16420
10430
10440
10450
10460
18470
10450
16496
16500
16516
18526
186530
10549
105506
16560
10570
10580
16590
196069
18610
18626
18638
186640
10658
10€€0
18670
10580
16696
18700
18710
16726

16730

10740
16750
18760
18770
18780
10790
16500
16810
10829
10830
182406
10256
10860
10870
19880
10898
16900
10910
10920
10930
10949
189S0
10960
10379
10920
10990

DEF FNGC(R

OPTION BASE 1

COM File,Flag

coM 0e,07,08,09,R2,R3,L,R,A6,R7,A8,R9,21,12,N3,N8,N,F,Fe, |

COM SHORT FCad,L{+#>,M(32,33),NC26,11)

COoM DsLsel, Pttlaol !NTEGER B(G ?5) Ne, X$tsa]

CoNM Cs#li001, Gttlaal Rel100], Bttlel HS[IGB] A$L501,V$100]

coM As(1001,22,23, 24 25,711, Sl T4, 12 13,26, Fr T7, TS T9,FP9,X6, %7, %8, K9
coM 01,02, GG QS 52 Z(l 109),85 BG B? BS Cl RS,PI P2 PS F4 va Poufs
com PS,P8,P7,PS, N1, U2, H3 W4, WS, WE, TS, TS, E.,JB 16,5, 15 Xd PB I C2,Mizmatch
COoM Rcai,lmag

PRINTER IS @

IF J8>1 THEN 19830

16=T1

| PRINT "ENTER SCALE DESIRED"
{ INPUT @S

! GO TO 8485

0S=100

1520525

IMAGE SX, "THC(KY =", MPD, ,"SIGCK> =",M5D.

IMAGE 7,747,/

D9=1

Q=FNS(2) ,

PRINT "A2 SETTING=";RS;"DE"

PRINT Fj"MH2"

PRINT USING 10560

IMAGE 17%,"# OF PTS IN AVE =%,M3D

IMAGE 7X,“UNIT =*,M9D.D," KELVINS®,~/

PRINT USING 10620;N3

PRINT USING 18638515

PRINT

IF 05>=1@ THEN 10720

PRINT USING 10710;-05,-3#05/%, -05-5,05/5, 3%05/5,05

GOTO. 18730

IMAGE 4%,MSD ,4%,MSD ,4X,MSD ,4%X,M5D ,4X,MSD ,4X%,MSD ," KELVINS"
IMAGE SX,M1DE,4X,M1DE,4%,M1DE,4X,M1DE, 4X,M1DE, 4%, M1DE, " KELVINS"
PRINT USING 107008;~05,-3*05-%,-05/5,05/5,3%05-5,05

] 1 ! ] n

ﬂ""!---.!-..-.'-.--.'.--.!--.-5-.-. ce s e a0 e

PRINT TRB(8),A$
IMAGE “#-TIME",21X,"2ERO=",MSD ," KELVINS",16%,"TXKC(K> “,3X,"SIG(K)"
IF (T1>=108) AND (T1<=1ES> THEN 10800

PRINT USING 10780;16

IMAGE “#/TIME",21X,"2ERO=",M1D.2DE, " KEL?INS“,ISX,"TX(F‘ ", BN, "SIGCKY"
GOTO 10820

PRINTER IS ©

PRINT USING 10750;16

RETURN ©

16=T1

IMARGE M2D ,4¥

PRINTER 1S ©

PRINT USING 10849;J8-

R3=INT(CTI-16>,15)+2%

X4z INT(S/15)

IF X3>0 THEN 10920

PRINT “<=---"3 TRB(S1),

GOTO 11080

IF X3<{50 THEN 10959

PRINT TABC4?),"===>";

GOTO t1@80

KI=H3

IF (X3-X450) AND (X3+X4<S0> THEN 10988

GOTO 11000

PRINT TABCX3-X4),"1"3TABCK3), "+"; TAB(X3+X4>," 1" TAB(51),

GOTO 11080
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11000 IF X3-X4x8) AND (X3<58> THEN 118289

11919 GOTO 1164@

11620 PRINT TABCX2-X4),"1"; TRAB(K2), "+"; TAB(S1),
4j030 GOTO 118846 :

41040 IF (¥32B) AND (X3+X4{58> THEN 1107@

11956 PRINT TRBC(X3),"X"; TRB(S1)Y,

11060 GOTO 11020 .

J1070 PRINT TREBC(HZ), "+"; TAECHEZ+M4, " 1 "3 TRE(S1),
1198@ IF CT1»=19@) RHMD (T1<=1ES> THEN 111z® )
41090 IMAGE 2¥,M1D,Z2DE,2%,M1D.20E

41100 PRINT USING 11696371,

{11118 GCOTD 11166

11120 PRINT USING 11138;T1,8

11130 IMAGE 2%,MSD ,2%,MSD

11148 IF (JS-1)/20-1HT((JB-13-202>8 THEN 11166
11150 PRINT TRE{S),A$

11166 RETURN ©

41178 FHENT

NG
K13 * 1a7282 lev4e 1113586
by ' 18578
j *  1BERE
15 # 10540 10658 10879 10950
e ¥ 18490 18778 10816 10830 18870
18 # 18430 10868 11140 11148
M3 # 18640
Y 18368 16584
oS ¥ 16536 18548 18670 19680 19680 10ES0 16680 10680 10

€88  1B7¥z8 18728 18728
' 18728 1evze 1evze

RS # 16598
5 £ 19220 11166 11129
Tt # 18493 1@ved 16768 18828 16878 118868 11888 11100 11
129
N2 # 18270 18598 10%2@ 10950 19%50 199608 10960 18988 16

9268 10920 11606 11404
11g2 11828 116848 1ie4a 11656 1167e 11670

*4 legs0 18958 18950 169828 109806 11668 11620 11846 11674
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111886
11198
11260
11218
11228
112380
11248
11258
112¢8
11278
11280
1129@
11388
11310
11328
11326
11348
11358
113¢0
11378
113886
113986
11408
11418
1142
11330
11440
1145@
114¢€0
11478
11480
11490
115006
11518
11528
11538
11548@
11556
11566
11578
11588
11596
11608
1118
1120
11620
11648
11658
11¢68@
11678
11€20
11£99
11788
11716
11728
11738
11748
11758
11756
11778
117&a
11798
112046

DEF
oFT
con

comM

CoM

coM

uly]
com
oM

COon

coM

21,

201,

FREIHN

PRIN

IF 4

NISP

IHFU

GOTO

IF H

DISP

IHFU

DISP

INFU

DISF

INPU

LISP

IHFU

IF X

Hd=F

PRIKN

IF H

HE=N

H7=H

H3=¥

HE&=H

IF H

H3=H

GUTQ

HS=6

GOTO

H3=H

H3=H
HS=

GOTD

HS=HN

FNRC@X
IOH BRSE 1

File,Flag
Qé,07,08,089,R2,RE,L,R,AE,A7,AS,A9,21,12,N3,N8,N,F,FE,H
SHORT FCd4),L0*3,MI32,33),N(26,11)
D$[S61,P$L108), INTEGER D(E,75),N8, X$[86]
C$[1681,650160),R$(10681,B$018],H$[166]1,Q8$058]1,¥V$[100]
fisl1081,22,23,24,25,T1,81,T4,T2,T3,26,F7,T7,T8,T9,P9, X6, K7, K&, X9
e1,02,03,R5,E2,271,1668>,B5,B6,B7,88,C1,R5,F1,P2,F3,P4,¥Y2,Pout®
FS,FPe,P7,PE,W1,H2,H3,H4,US,HE, TS, T6,EV,T8,16,8,15,K3,P0,1,C2,Mismatch
Real, Imag
S59)=R2
BB I=R3
TER IS 16
T "FNAR",X&,29
&x1 THEH 11378

"BULR PRESS(MMI=Y;
T H&

11598
(H¥6,12>0 THEH 11460

IlRB:II ;
T H(KE, 12

"ALFHA=";
T HiXe,27

"DELTR=";
T HOXE, 3D

n EETH:";
T HiKE, 42
&>2 THEH 11856
2
T "9526 KE H4,R2",HE,H4,R2
4458 THEW 11630
(¥6,10
(He,2)
H4/HE-13-H7

(HE, 3D
30 THEH 11576

CRE, 4D

11638

11690

(7, 2)%HE*HE
(7,2)¥HE+HS+N(7, 47
H5-273.15

9815

CE,1)%H4%H4

HS=HCE,23+NHIE, 32$H4+HT

H3=HS

T3=H
FRIN

=

3
TER IS @

RETURN T3

HS=H
PRIN
FOR

539=H
G3=G

3
T

J9=1 70 S
S-198

9-1

IF HS>8 THEHM 11770

HS=H
GOTO
HS=H
HS=H
HEXT
FRIH

F+HZ*GR*#G3+HI*GE*GI#692069
11796
T+HE*G9*G8
2+HEXGI*CE
J2
TER IS ©

11818 T2=HS+2V3.10



11828
118380
11840
11858
11858
t1127a
11880
11890

115008

11918
11920
11930
11940
11958
11960
11970
11988
11998
12806
12019
12824
12030
12046
12650
12060
12076

-n
=z
I
-~

[y

a
G2
11978
HZ
1210

H4
11298

HE
11656

988

HE

H?

He

HS

J9

N
Soe

FRINT "AMBIEHWT sTD",TZ2
FRINTEE IS @
RETURM T2

H4=R3
IF H4<S5S© THEN 11&38
HE=N{X&, 1)
H7=N(KE, 22
H3={H4-HE~1)>-H7

IF H3>8 THEHW 11936
H9=H{HE, 42
GOTO 11948
H9=8
HS=H3
FOR J9=1 TO §
G9=H5-180
Ge=G9-1
IF HS>8 THEH 1z8618
HS=H2+HE*GE%GI+HI=LE#G9#GQ
GOTD 12B28
HS=H3+HS*Go%GE
NEXT J9
T3=HS
PRINT "AMBIENT CRYO",T3
FRINTER IZ ©
RETURM T3+4273.15
FHEND
11738 1175 11758
1ivze 11738 11756
11396 11998 11996
12818
11528 11548 11699
11478 11428 11498
1152 11668 11660
11€e06 11698 11726
11748 1175@
11998 1z@16 12836
11358 11588 11526
11518 115286 11880
11526 11758 1177@
11558 11578 11758
117186 11730 1195a
# 11378 11396
11598 115808 116060
11628 11E48
11188
¥ 11238 11478

-143-

11776 11788 11978 11%98 11998 12818
11738 11758 11758 11778 11728 11968
11758 11720 11898 11988 11948 11994
11528 11638 11630 11640 11258 11360
11518 11610 11538 116490 11648 11659
11778 1177@ 11786 11816 11948 1196B 11
11596 11598 11€@8 11878 11890
1128
11788 11998 1z@tae
11918 11938 11999
128286
11418 * 114368 11456 11589 115198 11538 11
11648 11870 118386 11914

11488
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* 11818 118286 1138406
¥ 11668 11888 12038 12648 12666
# 11328 11338 11378 11393 1141@ 11438 11458 11480 1|

déﬁ 115688 11518 11538
11858 11876 11288 11916

u
—
—
Lo
(&)
poul
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12629 DEF FNTIGD
12896 OUTPUT 23"R"
12188 EHTER 9;P$
{2116 OQUTPUT ?8”,4@
121286 WRAIT 256

12138 OUTPUT Foalg"s"

12146

oPT

IOH BASE 1

12158 COM File,Flag

12168

comM

1217@ CONM

12180

com

12198 COM

12200
1221¢@
12228
1¢23@
122

LTHGEE

ComM
coanM
con
con
L1

[e, A7 ,QE,QQ R2,R3,L,R, A&, A7, A2, A%, 21, Ha, HE, M, F,Fa, l

SHORT Fl42, L\*:' M‘J‘.,\_‘J} NoZe, 113

DS[E@],Pi[IBB],INTEGEE Dl FSo, HR, K$023]

C#C10@],G3016801, FS[IBB],Bi[l@],Hi[i@B],ﬂi[SB],. THE]
Hf[lﬁu],k_,z_,_4 Z5,T1,%1, 74, T2,T2,56,F7,T7,Ta, T3, . TTOMT owm oWl
G1,R2,05,0 ,Ea,_gl,IMBb,BS,EE,E?,EE,Pl PJ,FI P2, F2, P4, Ve, rouns
PS,PS,PF,PS,Nl,N2,N3,M4,N5,ME,T5,T JET, T8, I8, 5,15, 85,P8, 1,02, Mizmatch
Real, Imag

1838 GJC SUEROUTINE TO READ RESISTAWCE OF FLATIHUM THERMOMETERS AMD Wi

12256 PRINTER IS 16
12268 OUTPUT 9 "R"
12276 ENTER 9;7$
12288 PRINT v¥$

12290
1230809

[ uin]
ST

TFUT 9;"S18,38,11,37, 56"
op

12318 QUTPUT 7@9;5e
12328 WAIT 258

12338 OUTFUT 7al;"="
12348 OUTFUT 7E1;"ZHZ?"
12356 ENTEFR 7R1;RE
12368 PRINTER IZ 6
12378 OUTPUT 76951
123868 WAIT 258

1239@ OUTFUT ?@1;"2 2"
12400 ENTER 7@i;R1
12418 OUTPUT 789;56

12426

WARIT

e
3]

12436 DUTPUT 7@1; K", ", "
12448 QUTFUT 7agg "z, 7»
12458 ENTER 7@1;Rthree
12460 OUTFUT 789351
12470 WRIT 258

12486 DUTPUT 781;"K"
12438 OUTFUT 7@t zps"
12508 ENTER TBi1jR2

12518

12526 R2=R2-.022

12538

12548 OUTPUT 7@9;52
12550 WRIT 2%5@

12568 OUTPUT 7al;"+"
12578 QUTPUT Fe1; 27"
1258@ ENTER 781;R7
12596 QUTPUT 7O61; "K,"
12680 DUTPUT 7@9;53
12610 QUTPUT 7Fe1; 27"
12628 ENTER TB1;Rfive
1263a QUTPUT Vvel;"zpev
12648 EMTER 781;R3

12658

12€50 R3=R3

12679

SB26-,845+, 035

12686 OUTPUT Fe3;C

12690

DUTPUT Pot; "«

12691 PRIMTER IS 6
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12692
12694
12695
12700
12718
12720
12738
12748
12750
12768
12770
12750
1279¢
12800
12810
125820
12836
12848
12350
12860
125780
12686
12898
12980
12918
12920
12938
12548
12956
12968
12970
1298@
12996
13008

PRINT R2,R3

PRINTER IS 16
RETURN @

OUTFUT 769310

QUTFRUT 781 "VKFHB?"

ENTER

701;v0

QUTPUT ?Gl;“?PFH4?"

ENTER

781:ve

OUTPUT ?89;11
OUTPUT 701} "VYPGFHE?"
ENTER 7@1;V1

OUTPUT 781; "VPFHB?"

ENTER

78131

OUTPUT 7B9;12
OUTPUT 781 "VPFHE?"

ENTER

Foi;ve

QUTFUT 789;13 i
OUTFUT 7el;"VYPFHE?"

ENTER

781;V3

OUTPUT 769;C
OUTPUT 709313
OUTPUT 7013 "VPHF@B?"

ENTER

raiyve

FRINTER 1% @

PRINT

OUTPUT S3"R"

ENTER
FPRINT
FPRINT
FRINWT
PRINT
FRINT
IMRGE
IMAGE

HHWEL S1Y

13618
1z828
12830
ELS3"
12a40
13858@
13668
12870
13a50
138906
131008
13118
12129
13138
13146
12158
12168
13178
12128
13196
13200
12218
13228
13230
13246
13299

FNTC

IMAGE
IMAGE
IMAGE

IMAGE

v

"DATE AND TIME:";Y$," YERAR 1981 FREQ="}F3 "MHZ"

1%, "AMEIENT LEAD RESISTANCE",25X,DDD.DDD, SX, "CHANNEL 58"

1%, "AMEIENT LEAD RESISTANCE+PLATINUM THERMOMETER", 4X,BID.DDD, S, "CHA
%, "AMEIENT THERMOMETER RESISTANCE", 18X, DDD.DDD,5X, "CHANNEL S1-5@"
1%, "CRYO LERD RESISTRNCE",28%,DDD.DDD,SX, "CHANNEL S2°

1%, "CRY0 LEAD RESISTANCE +PLATINUM THERMOMETER”,6X,DDD.DDD,SX, "CHANN

1%, "CRY0 THERMOMETER RESISTANCE",21¥X,DDD.DDD, 5K, "CHANNEL 53+52"

FRINTER IS 16

PRINT
PRINT

USING 12990;R0
USING 13000:R1

PRINTER IS @

PRINT

USIHG 13818;R2

PRIMTER IS 186

PRINT
PRINT

USTHG 138283R7
USING 130383Rfive

PRINTER IS O

PRINT

USTING 130403R3

1 IMRAGE 1¥,"VOLTMETER ZERO CHECK ",28X,DD.DDD,5X, "CHANMEL 18"

IMRGE
IMAGE
IMAGE

1%,%28 VOLT SUPPLY",35%,DD.DDD,SX, "CHANNEL 11"
14,"15 ¥OLT SUPPLY",35%,DD.DDD, SX, "CHANNEL 12"
1¥,"28 YOLT SUPFLY",35X,DD.DDD,SH¥, "CHANNEL 13"

PRINTER IS 1®
| PRINT USING 7&@;Ve

FRIMT
PRINT
FRINT

UZSING 12160341
USING 13170;Vv2
USING 131806;V3

RETURN @

FHEND



R?
Rfive
Rthree

va

12686 12860
# 129¢€0
*# 12108
12088 12695
12350 13650
12408 13679
# 125066
# 12640
12586 13118
12620 13128
12450
12720 12740
12770 127950
* 12820
1285a@ 12236
12899
12270 12286

12528 12528 12692

1266@ 12660 12692

13218

2ze

1293@ 12960

13898

13148

-147-
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DEF FH=C@

OFTION EBRSE 1
COM File,Flsag
COM RE, 07,08, 0%, R2
COM SHORT F< 4J.L\*,,’
COM DFELa@l, PE01688], IHTEuEP :

Co LI[lBB] GCEC1EG],RFEL1E8], Ertiu] Hf[ Bu] &s[SB],vstleal

com Hi[i@ﬁ],__, “4,h45T1,_1‘T4 T-,Tu,“s F? TP, TE, TS, PS5, %6, ®7, X8, K9

COM 21,082,083, 05,E2,201,1808,B5, B, B7,B2,01, PE,PI P;,Pw.P4 Y2,Pout#

COM PO, PE, PP PR, ML, W2, W3, WY, WS, e, TS, TE,EF,JE, 16,8, 15,X8,F8, I,CE,Mismatch
COM Real,Imag

FRIMTER IS 1&

PRIHNT “"CALIBRATIOHN FRERZYIF

1 Fl=0F-383-38

B K9=8

O oURE X I )

2,N3,H&8,H,F,FB,H

—
DA

ZAE

2418 E?=0

2428 FRIMT "@";Q

24538 o=0+1

3448 FREIHT “o+1t0

S45A MW Fi+41 GOTO 1242@, 12470
S48E GOTO 125488

247H OM 0 GOTO 13426, 13580,132528, 132548
3488 PoutdE=rat

438 GOTo 1

2588 PoutFs'

2518 ZOTO

F”N’ I—“.'
GOTO 12558
Fouts=";"
Strobeg=tir

—usu

SualtsFg="T

e
[aos 3w

I IR
e

iy
[ux}

R learg="u"

SoutF="gn
GOTOD 136398
OH B GOTY 1d8lW, 13628, 13658, 13670
Foutg="a"
COTO 132834
Pouytg="1"
GOTO 1Ze9a
Puoigt 3’—""“
GOTO 1
Fout ¥=
FRINTER I3 15

FRIMT "PHUSE 11?-5";':.,w Sunlts$,Sclears

b= -, Fout $

WRIT 238
VOOQUTRUT Taz
| PRIMT “PARUES
HARIT 256
G=i-1 )
FRINTER I3 ©
RETURN @
FHEMD

EMT

tALL SUES RUH CHECE 0K FIMAL ¥&: 1-13-81
U D=FHYzuwr (@)

I PRINT “Ti,TE,TS";Ti;TE;TE;”FEE&UEHET=38MHE"

toRLL SURS RUH CHECE 0OF FIMHAL ¥S: 1-14-31
fo3E MHZ COMSTARHTE
1
1
i
i

JFout$

OPTIGH ERSE I
Cam F11c,F1~g
!:iOi"i ('lr- s BT !l"

s 12, HE HE, H,F,FB, W




bk fh Put pmn P g e e
AV RS IS 0 P T D £

[ RN Y R« Y« Y« Y WY ]
(o T T SO L) I N T SO
O B OO DU CURLOUR o

[
e
c

13998
14066
14018

Fout #
9B

Suwaltz#

Zout ¥

-149-

COM D$C201,P$0186], INTEGER LC(E,75),HE, X$[88]
COM C#C108], 53016801 ,RE01GA], B$016], H$180], A$050], V$[108]
CoOM A$C1le@1,22,23,24,25,T1,51,74,72,T3,26,F7,T7,T5,T9,FP9, %6, %7, X8, X9

COM Q1,82,0%,05,E2,2¢1,188%, k5, E6,B7, B8, 01,RS,P1,P2,P3,P4,Y2,Pout$
COM FS,PE,P7,PS,N1,HZ, W3, M4, WS, N6, TS, TE,E7,JE, 16,5, 15,RE,P8, ]

COM Real, Imag
Real=g=52
Tmag=1
Ti=11868
T2=29%.848
T2=vVc. 88

FRINT "T1,T2,T3";T1:T2;T73; "FREQUEHCY=2BMHZ"

s
(]
Il
[y
Dx)

13558
1358  132e%0 13760
13538 13FBG 13760



-150-

14820
14939
14040
14858
1466@
14878
14050
14698
14100
14116
141z@
14138
14140
14158
14160
141764
14156
14156
14288
142198
1422

14230
14248
14250
1426@
14270
14220
14298
14200
14318
14320
14330

DEF FHN¥swr(@> | 30 MHZ VvS 3-2-81 GJC
OPTION BASE 1
COM File,Flag
coM @6,07,0%,09,R2,R3,L,R,RE,R7,A8,A9,21,12,N3,N8,N,F,Fe,l
COM SHORT F{4),L(8,280,M(32,33),N(26,11)

CcoM Ds$leol,P$l10e), INTEGER D(E,75),NB,X$[88]

COM C$[1861,5$0108),R$[1001,B$L10],H$C108],08(50],vs(100] o

coM A$Cieel,22,232,24,25,71,81,74,72,73,26,F7,77,7T8,T9,P9,K6,K7,%8,K9

coM @1,02,R3,05,E2,2(1,1@6>,B5,E6,B7,88,C1,RS5,F1,P2,P3,FP4,¥2,Pout$

COM PS,FE,P7,P8,H1,H2, W3, HW4,WS,H6,T5,T6,E7,J8,16,5,15,%3,P0,1,C2,Mismatch
COM Real,Inag

DIM Dics@), I1¢6BY,Mi(68>,Ni(6@),Ei(E0)>,Ci(68),2i(60),Gisl100]

1 PPl rrrtrtrer e byttt iFENG

PRINT T1,T2,T3;"FREQ=3BMHZ"

#=Real

Y=Imag

Rzero=(X+58)~2+%¥~2
Rone=Gzero*@zero
Gl=(¥~2~-2588+Y~2)70zero
GZ=160=Y-Qzero
Rthr=160*RBSC(X+5@)~2-Y+~22%, 85
GI=(Qthr+ABS(2aR*Y*(H+5@) %10 ) 7Bone
Gfour=208*AES(Y*(X+58)0%.5
Beight=(X+58)~2

fseven=y¥s2
Ofive=108%ABS(Qeight-Usevend*]
Ca={Qfour+Bfived  Qone

! GOTO 7389

FRINT "¥";Y,"R"; X

FRINWT

FRINT

PRI“T n Gll!;u Gwzu;u DGIII;lI

I'Ga‘ LRl

14340
14356
14360
14378
14330
14398
14488
14410
14426
14438
14440
144504
144286
14478
1448
14490
14586
14S510
145206

PRINT Gi1,G2,G3,G4

PRINT

PRIWT

GS={ (¥-0B02~2+Y~2o/0zero

R ives=208% (X~2-2590-Y"2)%.5

Gf jue=AES(@five)
GE=(Ofive+4BAXARSIKEY %1 ) Qone

FRINT " GAMMAR SQ"," D GRMWA S&*
FRINT G5,G6

PRINT

Zone=¥-58

Ztwo=Y~-58

2zero=SRRC(K¥AZ+Y~2) /2506
Gr=({Z2zero~2-13s(2zera"2+1+2%20ne?}
GE=2#2tyos(Zzeron~2+1+2%210
GA=SOR{GT*GT+58*68)

Zhine=(G8 G932 .
A1=ATN({GE/G9-SAR(1-Znirne+.000606061)>
PRINT “"GRMMA R";" GAMMA I“;" GAMMR MARG";"

ANGLE"

14538
14548
145506
145c@
145706
14589
14598
14608
14¢16
14620
14630

PRINT G7,G8,G9,A1
Digp T1,72,T3
Tfive=T1%T2
Tein=T1#T2
Tzeven=T3#T2
Teight=T3-T2
Tzera=T2-T3
ThninesT1-T2
Cone=88.1

! CHECK CONSTANTS USED IN THIS ROUTINE
Ctwo=86.2



14548
14658
146648
14678
14586
145960
14708
14716
14720
14738
14748
14756
147€0
1477@
14788
14738
14288
14218
145z0
14838
13598
14258
148¢c8
142786
142848
14298
14988
1491@
14926
14338
149464
14258
14356
14976
14386
14398
15668
15616
15pz6
15838
15648
15asa
15868
15670
15086
15838
1518a
15118
159128
151386
15148
151506
151¢8
15176
15ice
15138
15260

—
N
R

1

O~ T N & G D
DU TNCCHE o O )

[ QO DN SR N (VRN ()

—
N on

-

Cthree=9%.8
Cfour=5.8
H=-.80%

Pthree=G3
Pfour=G4
V=1

FOFE L=8& TO 3

GOTO 142¢€8
12=11=IV=18=Ptua
Da=Da=Da=le=Fore
GOTO 14308
I1=]2=Ftuwo+Pfour
I7=18=Ptyo-Pfour
Di=D4=Fone+Pthres
DE=lhe=Fone-Fthres

D1=D7=Fone+L*Pthres-
Di=D2=Faornc-L*Pthres.-
I3=15=Ftuc+L*Ffours
I4=16=FPtuwc—-L*Pfour-

Dicl+12=01

IF L= THEH 14928
IicL+4=D2
DicL+ax=03

IF L=a THEH 15@1@
DicL+112=D4¢
DicL+15x=D5
IF L=88 THEH 1°
Dict+12s=D5
Ni<L+22»=07
IF L=6 THEH 1
DriL+25 =18
IdL+10=11

IF L=&8 THEH 1:
IilL+4y=12
ICL+85=13

IF L=00 THEH 1513z0
ICL+112=14
IiL+155=15

IF L=8 THEH 151&8
IL+1&0=18
IcL+225=17

IF L=8 THEHW 135198
I{L+355=18

HE®T L

n
[n]

45

[}
o
-l
Dx)

h
[y
Do
Doy

IF %=51 THEN 1£57@ PULTELELIEI L IRETURKH FHIL
IF ¥=52 THEW 1€E228 PELLELULLLLILIRETURN TO FHCZ
IF THEN 16656 PIYYEIV LN LI IRETURN T FHH
IF THEH 17858

N NN NN NN NN RN ST

FOR @1=1 TO 28

PRINT L, 15316517

Wzero=SRREcDicor«Di (R +IvR3sIR)

Wzero=i-Hzeroslzera

Wone=1-HzxHe

v=3

-151-
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15298 Htwo=01l-HeDi(R3+HI#T Q)2
152808 Wthrees H:I(Qs+H1I*D (R
Wfour=kzerosdones CHtwotthres
M3 C@y=pfour
HEST &
FREINT

1]

FOR D=1 TO 28

V1=iRi+Di (0 2+ Rane+ IRy 12
WES(L-HEDi OO +HLI$ TRy p 2+ CHETCOO+HI D CRD 3 A2
Nitoo=Cone+Ctuns iVl ¥2)
NEXT @

GOTO 1&2%@

IF F3=8 THEH 154£8
Mi=H2=MZI=Mil12
Hil=Hig=HiZ
k=1

FOrR G@=1 7O z&
15488 IF F9%=1 THEH
19498 IF k=1 THEH 15528
15588 1IF > THEH 15&88
18518 IF K=3 THEH 1ScTe
15526 HilsHidis

15538 HiZ=MNiZ=Hidlld
15548 Mi=HMidc@

15558 ME=HM3=Midill

S

19558 GOTD 15698
5 M1=MZ=MZ3=M1 012

[y

Hil=Hiz=Hiz=Hilas
GOTD 15698
HiZ=Hioas
Hil=HiZ3=Hidls
M2=Mic@:
Mi=tI=piils

SOTO 18230
MZ=piin
Ml=Mz=Micll
HiZ=HicRa

Hil=Hi Hiotz
Ef=TfivesiM2-M12+Tsix

Ty Ty T N8
Tl e T3 oD D ) T

ORI oV I U W I O o v

DU U o

Daor)

Do xx]

-
[x]

CHML-MEr+Tzevens iMZ-MZ)

—
D

Ze=Trnine*(HiZ-HiZ2i+Tzeros cHi1-Hi2)
EicDr={ER+Z93Teight
NERT @

oD M 3

)

L

E-E12<E2 THEH 15738
E-E13

O S T x OO T OO O I O ST SR R N B ) QN

HEXT &
IF K=1 THEHW 15

IF > THEH 15
IF K=3 THEH 153
S1=E9

Eil=Eidl

K=k+1

GCOTD 15475
SEZ=E%

E1=Ei1)

k=k+1

GOTO 15478
S3=E9

E1=Ed1l>

E=k+1]

— =) )

&

ot o O 0 D 0T 9T o

L L ) SR R By R ) T R A R SV R I A T (A B ) S ) T B O
LOCRE xR RS DOUS B B BRSS! LT ST PR O L 41

b AR I SOV S ]
bard

DA )

AR ]

[ar]

Bt beh Bt bk bk A et beh b e ek bk bk bbbk b b bk bk b bk bbb bk bbbk d ek b b ek ek ek ek ek
i)

RN NN NN NN -3(

! !lllllllll!llllllllllIlll|llIlllllllllllllllFHn
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15948 IF =3 THEH 16440

15958 IF Y=351 THEN 16710

1596@ IF ¥=32 THEH 16960

15978 IF ¥=8 THEN 17110

15988 GOTD 1szes

1S9 1 VLR P L P e R e R R Rt L N L VFNH

1eaBa Pone=H
166106 Ptwo=H1
16828 Fthree=,085%5
16630 Pfour=.a1
16848 IF =2 THEM GOTO 147285 LR IRl L G=FNDCQ)
1665w FOR &=1 TO z&
16068 Wzero=SRRE(G1+01+G2%62)
16878 Wzero=l-Wzero+lzero
16838 Temp=SORIDICQI=DiCBI+ICRI=IQ)D
12898 Hone=1-Temp*Temp
16108 Wtwo={1-Di(Q)51+ICQI*G22~2
16110 Wthree= Di (GQI*#G2+1CQIxG13~2
16120 Wfour=lzero*lore {(Htwo+tWthree)
16139 Mic@r=Wfour
16140 Y1=sCRi+Gls~Zr(Rone+Gar—&
16158 WE=(1-H#G1+H1*G2)~2+(H#G2+H1%G1)~2
16180 Hi(@r=Cone+Ctuwo*(Virsva)
16170 HEXT @
lelgd IF %=3 THEH 1€4106 VIRETURN FROM FNH Y=2
16198 ¥=8
16288 GOTQ 14160
1€216 + VIRETURKM #1 FROM FHG
‘3 Fone=G1
Ftuwo=G2
Pthree=53
Ffoaur=G4

]

v=1

GOTO 14728 PO=FNDCL12+FNMCL D +FNNCL )
W=

GOTO 15428 I @=FNOCR)

¥=3 'RETURN FROM FNO

Horne=51

Qtwo=c2

Bthree=232

| SET FUR FHH HERE
Fonrne=

Ptuwa=H1

e b s h b b A bed b bk ek d et e
Ty T T T O O T Oy Ty Ty

5] 1@=FNH(1 )

I Y=4 IRETUEN FROM FHH
Y=4 'RETURN FROM FHH
16426 ¥=5

1e428 SOTO 154209 1Q=FHNHOCY >

16448 Qfour=%51

16458 Qfive=S2

16460 0zix=83

1€478 Index=4

154280 F9=1

164968 IF Index>4 THEN 16758 10N INDEX GO TO FHCCIMDEX)
16588 § FEIUL b bt et it rg=FNCE

18518 Pone=Ctuwc

16528 Ftue=8

169320 Pthree=7. 22

16548 Pfour=g

16558 Y=51

1eSe@ GOTO 14780 FFHDCL D

16578 FOR G=1 TO &8

16580 Hzero=SER(Gl*51+4G2#G2)

[
L))

SRR S CURE MY 2R O R VI R P DA R (SO DU N S

=

e
&6
T
f=3e]
el
68
18
4
Se
&6
79
t=3%]
98
Bg
16

—
()
$a
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158598 MHWzero=1-Wzeron2
1€l WHone=1-H2#HZ
16810 Mtuos(l-HxGl+H®GE2»~2
16628 Wthres=iH*53+H1+G1
186328 Hicourshlzerasldone s (Wt wos+tlthree
16648 Mic@r=Hfour
15558 Yi={Ri+G1 32+ (Rong+G3 a2

: VE=CL-HEGL+H#G2 0~ 2+ H*G2+H1 #6122
RN BT, ’
HicQor=sCome+Dd SRV 2
MEXT &
GOTO 15428 I @= FHOCRD
Y=g " RETURH FHO
fseven=51
: Qeight=3g
16748 Bnine=353
Potrribrr et it Erti iy FHCE

P

Fone=.3
Ftuo=.82e

Ffour=, 8c5

GOTO 14728 I R=FHD1

FOR =1 TO 2% I RETURH FHD
Wi=(DiCRs+G1 3240 (RY+G22 2
VE=SO1-H¥GI+HLI 02 02+ (H*¥G2+H1 #5122
Hi¢@i=Cone+Ctuas W WED

Wzero=1l-Hzero~2
Wone=1-H2*HZ
Mtuwo=01-H*51+H1%5
bt hree=H*¥G2+H1 %06
Wfour=Wdzerosblore
MivEr=klfour

HEXT @

F3=1

‘T' =5

GOTO 1
1=%

e

b

o

Gt =4 N e

[

DO )

1
A

Mtwo+kt hree

PR AR

Do I U

4z@ ! @=FHD
| RETURN FHO

nono
)
n

LOC )
LU SV

e

[SCURO Y I R B SR TS R AT 1 S s BN O I B S 1 O O P SN ot B R it S0 SR L PR U iR

XA U BN R oy O I o B O o R o I DOURDo U U oCR GOV R [ R Y]

FPone=H

Ftuos=H1

Fthree=, 085

Ffour=.a1

GOTO 14728 L=FHD
Wi=iRi+G1 02+ Rane+522~2 IRETURH FHD
FOR &=1 TO 2%
WEsOl-Di R E0 L+ TR
Hit@r=Cone+rCruaxelyl.
F9=1

GOTO 15424 T=FHQ

U4=51 I RETURHW FHe

Us=5z

EE S (R NI R T vl ST (A RO S P B

UE=53

FRINTER IS @

FRIMNT "DIGH, DGA,DGELY, Bone, Bt wo, Bt hres
FRIHNT "DGHH,DGHA,DGHED Y 0o “i 129w

FRINT "DT2MI,DT2HEZ,DT2HII" b= 3 ight , Bni ae
FRINT "DSHl,DSHZ,DENI", UL, L2, U3
FRINT "DIS11HL, DI, DS1IHE ", Ud, US, LS

PRINT

FRIHT PRGE
Mizmatch=530R{Qone S +0tun2+0three 2+ our~2+Qfive~2+

221 FIXED 2

NN B B B B B TR I T I e B It M I B e O R0 S e T8

R R I I R I

Gz

ixnZ2+Rzeuven+tUl+U4s



172530 PRIWT "SUMMARTION OF MISMATCH
17248 RETURN @
17259 FMNEHND

FHY z

Al 14518 143528
Cfour 14550
i 14136
Cone 14616 15398 igil
Cthree 14548
[wd ST 14525 15393 151
i} 14988 14958
e 14918 1437@
hije] 14248 14528 149
4 14248 14828 158
s 14840 14226 1358
D& 14848 14393 158
nv 14988 150448
s 14218 158&8
i ¢ 14138 149586 14%
15268 15286 15296 193238

15278 152848
38 17eve  17ave
E 1574 15778 157
Et 15888 15926
E& 15898 15718
El 1575@ 15778 187
E= 15738 15778 157
Eir 14138 15718 157
Fg 14768 15478 154
Gi 142868 14348 147
18158 1e22B 150588 18526

16618 16628
=3=yr] 1E230 17350 17avea

17678
G2 1421 143248 147
18150 16228 1528 18559

1681l 18828
SEE 15898 1705H  {vevo

17a7e

TEE 1eBEE 1ERE80

ERRORS=C(RESY " Mismatch

Xy
5

T
0t

153288 148258 18@28
aa
S8 1%Ssdn 1Se2e 15328

15186

Ty

1eeSd 18568 1AECH

156848

16114

-155-

BEE
158
o
159
e}



-156-

]
)

Gz
G9
Gig

H

166l 1eg1@

H1

leszy 166609

18
Imag
Index

K.
158%6 15899
L
98@ 14996

t6e 15110

142380
14280
14378
14408
144706
144353
14496
14138
14688

16c20

14€76
168406
14€50

141264
15296

14838
*
1492a
14930
.

*
14830
14836
*
14790

154c8
15930

*
15860

15120

14348

14428
14420
14494
1449@

14508

15298

16650
16550

152386

16848
16888

152848

158706

15308
1537ea

14828

14830

15164

15128

14320

14938

14570

14870

14178

16470

15498
15338

14¢1@

15810
15829

15136

151406

15440
15440

15440

15546

15558

1S55e@

14730

14740

14498
14498

14514a

15208
1668
15208
16890
15288
15898

153288

15678

148e8

15139

15150

151¢8

15188

16490

15566

14383

156306

15150

15578

15578

15578

16248

16250

14538
14508

14528

15338

16841

15330

17ole

12608

15108

15388

15690

14910

15840

151¢ca

15638

15626

15€20

16840

16880

1505

1431© 143530

15286 16688 1€158 16158 1631
16888 16898 17868

15388 16818 16150 16158 1638

1€€eB88 1632376 16876

15128 15138 15158 15168 151
168586 145198 146118 18830

1926 15818 15828 15858 1SE

14928 14938 14956 14968 1497@

15060 150676 15088 15090

178 15188 15196

15668 15&3@  15696Q

N
Dol

Dot
hal

L
o



M€
15een

16128

Mizmatch

DAy

T
T+

Lx]

O
=

—
[xx]
[ux)

Fone

163518

[

152068
47va 1
v9E 1
1Fg 1
eca 1

Beight

A ive

o

At hr

@three

Gt e

Ly
fue
1]

T

-J
[x

m

-'.."
=
)

-J
o)

[

[y

]
o

14128 153228
18648 16916
® 17228
14128 15398
1505a 1reaa
15458 15526
15458 155328
15458 15520
14743 143€a
14718 14848
17608
14738 14226
14728 14228
17e1e
14828
15228 1532
15
S48 15528
15888
HZ@  1s@2R
1326
48 1es58
15836
BayE  17Eva
17E7a
14258 14278
14278 14288
14248  1428@
16748 17170
1413a 1422a
14288 14278
1éden  1vV1e@l
14228 14238
16338 1715A
16328 17155
14188 14194
* 14158
14698 15278
14788 15378

15448 15548
17226
15528 15538
15580 15610
15526 15606
15520 15516
14278 14928
14538 145358
14296 14980
14260 14278

156268 15656
16658 16168
16690 18820
17886 17248
16730 17170
14388 14390
16448 17150
14288 14400
16726 17178
172260
17228
17228
14198 14280
16148 18658
15148 18658

15558 155768 15620

155808 15688 15610

15650 15700

15686 15788 15708

15678 157@6

14938 16838 16250

14388 1431@ l1e@8

14918 16828 16240

14926 14938 16610

15268 15266 15298
JITE 13388 1535w
15678 15718 15720
16188 16118 16118
16836 16530 16856

14398 14488 16458

17226

1021 17158 17EE0

172280

14218 14378

178568

17858

-
Y

i

Tt
X

b
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o w o
| (3

[

-

T1

Teight
Temp
THiwve
Tnine
Tseven

T

-
#

£

Hfour

Wone

Wthres

kit

(]

]

W
1

[
L (]
f

O

*

-
]
=

ax

[
(4}
0
[

*

*

*

1

B

S8

&

1

Ty
[a
Qo
o

ec

P}

14556
14e08
14578
14Se8
14590

A ]
Lo
o

on
J
o

Do

0
Ll

)

@

15236

14158
14156

141508

15766
15638
15898
157ee
1Pigw
17186
17158
17198

17196

17198

16218

S

14540

14548

S

14548

-
&
o
(1]

-
[

o

1e148a

152948

12118

16168

1527E

L

I,

12568

16448

167

W

a

16748

14550

[

145G

16168

181358

16128
15128
15278

16866

16720

16986

1458

14570

1ee5R

16168

152

1e900

i¢

14686
145206

14584

12570

1€cel

16688

1711@
14596 14208
1459¢
16836 168SB0 17658
166708 - 15248 18858 17
16988 19106
16878 16268
16298 1e3048
16888 169098
16678  16BAFE 16879



960
760
21

29
2i¢
Znine
2one
2tuo

2zero

*

157080
14138

14440
14450

144¢8

14450
16180
16190

14480

15710

14510
14478
144880

14470

14758

162c8

144786

15200

16280

14486

15218

1€300

152260

16410

15238

16420

15946
16550

-159-
15958 1S
16710 1¢é



12885 1er P

172786 OPTIO
17z8@ COM Fi
172%8 COM
17388 COM
17318 COM D¥
17328 COn
17336 COM

17349 COM a1,

17358 COM
17360 COM

Data(@>
N BRSE 1
le,Flag

reel, P$E1.GJ INTEGER D(S ?5) NB X$[881

@2,63,05,E2,2¢1,168),BS, B6, B7, B3, C1,RS,

17378 MASS STORAGE IS ":T14"

17388 INFUT

17398 ASSIGN #1 TO Qs
#1;H$[1,1001,

17480 READ

“"TAPE #,FILE HAME ", T,0%

Z(*%>,C¥[1,1001,G801,1601!

17418 ASSIGH #1 TO =

17428 REM PRELIMINRRY RESULTS
17458 A$="——m e e e e
17448 PRINTER IS 8

17442 |
17443

17444 PRINT
17445 PRINT

17468 OUTPUT

17470 ENTER
17488 PRINT
17498 PRINT
17308 FRINT
17518 PRINT

17528 FOR 1=

17538 PRINT
17548 NEXT 1
17558 PRINT
17568 PRINT
17578 PRINT
17?586 FOR I
17598 PRINT
17688 NEXT 1

PRINT PAGE
FIXED 2

JR$[1,100]

(£1-99 0? @g,Q89,R2,R3,L,R,A6,A7,A8,A9,21,12,N3,N8g, N F,Fa,uW
HOPT F(4) L(S 29) M(32 33) N{26,113

C$[138],63{1383,R$[160],B§[16],H$[196],Q$[591,V$[19@]
fA$C1681,22,23,24,25,T1,81,74,7T2,T3,26,F7,T7,T8,T9,F9,%6,K7,K8,X9
Fi,P2,F3,FP4,¥2,Pout®
P5,F6,P7,P8, H1,H2, W3, W4, WS, W6, TS, TE,E7,T8, 16,5, 15,%X5,P8, I, Misnatch
Real,Imag

"TOTAL MISMATCH ERROR IS:i";2(1,26);"DEGREES KELVIN"

9; NRH

9iFP¢

THF(QB},"DHTE- lllP$[1 2]-“ II;P${4 5]-“_1981“;"
TRABCEY, A% .

TABCE), "TAPE #:";T,"FILE:";Q$; TAECS@);RE01,19]
1 7o 11

THBLQ?),”MERSUREMENT RECHF"
THB\3B),"HND"
TRECZ "PRELIMIHHRf REQULTQ“

=1 TO ?

17610 2(1,34,=38

17°ez6 FRINT

17628 PRINT TRE{&,"SOURCE IMFEDRNCE";TRAB(23>,H$[11,26]; THB(BE)
(1,512

F Az="32
17640 PPIHT
17658 PRINT
17668 PRINT
17678 PRINT
17686 PRINT
17698 FIXED
17782 PRINT

THB(S),“FRE@UENCY'"'THB&lG) 2¢1,345; "MHZ"

TABLE),A$

TIME:

"ip$L7,14]

"LEVEL SETTING O

TRB(IB),“TR“'THsze),"R OHMS " ; TREC34), "TS" ; TREC447, "R ons"-'

TAE(E),
2
THB(S) 2(1,1) THB{ZQ) ZC1,0920TREC(SZ,2¢(1,E22;

T Sa MER“UREMEHTS)“

17718 PRINT
I Se
17726
177308
17748
17756
S)"

TreE
HTS.
17778
1T?80

PRINT
PRINT
PRINT
PRINT

FRINT
FRINT
PRINT

Teruy

TAECE>, 201,73 TAEC2G3,2(1,

NEHSUREMENTSD"

TAB(EY,AS
THB(II),"TX“;THB(ZI),“SX“;THB(34),“TE"
TABCS,,
TRABC(B>,Z¢1,3)>; TARC28)>,2(1,4>; TRELZ

LZ201,50;"

THB(EZ,¢(1 933 THB\QU) 201,18 TREC322,2C 1,113 "

TAB(6>,A%

- -

(2HD 56 MEASUREME

TAEC445, 2&1,@63,"

S TAEC32Y,2¢1, 80 TREC44) 21,6003 "

(1ST 56 MEASUREMENT



-161-
17220 HN=H9

17821 FIXED 2

17838 PRINT TRECE,"RYE FPOMER IH MILLIWRATTS FPi,F2,FP3"

1;14n FRIHT TAERYS>,241,45%5 >’N¥1688_2x1 4 <H+18608,2¢1,47-H+1000

S1=SRRCCZ01, 4802401, 453#201, 450 H1 o (H=-12 0

: BRCLZ01,430-201,480%#20 1,482 /N2 (N~-123

i1,5@?-2i1,4?)*2{1,4?}HN}f(H-1))

SE=SORICZ
FIMED &
FRINT TRE(E),"SD F1,F2,F3 IN WATTS <# OF MEAS=";2¢1,31);")";51;52;53

g FRINT TREC(E2,RA$
9 FRINT PHRGE
3 F=38
e FIXED &
9 PRINT USIMG 17948:F
3 IMAGE 23R, "FREGUEHCY =",MID.,"MHZ"
9 FRINT
FRINT 2%
FRIWT

E4=108%E3-Z201, 35

ES=E3+2(1,267

Ml=2i1,2n;

MI=1a@* ML 201 3500

MS=E4+Mz

2(1,360=271,362+ES

FRIMT USIHMG 12856:2 f1.:5>,_c1 IEI,2¢1,13)

IMAGE 183, "MOISE TEMFERATURE =",MS5D.2D;"K +-",M3D.2D, "KCBIASY +-",M2D.2D
*#SEMa Y

IF 2¢1,52»<228 THEHW 18999

FRIHT USIMHG 1b868,2k1,14'.¢(1,15)

IMAGE 16X, "EXCESS HOISE RATIO=",M23D.2D ,"DE +=" MD.2D ,"DECBIRS+3#SEMI"
PRIMT LSIMG 1915u,2(1,16},2i1,1?>

IMAGE 18, "RADIOMETER SYSTEM TEMPERATURE =",4D ,"K (",40.D,"DE HFO™®

FRINT USIHMG 12123Q32d1,180

IMAGE 183, "RADIOMETER GAIW =",M20L.1D ,"DE"

FIXED @ ? :

FRINT ™ RADIOMETER MOISE EAMDWIDTH=";Z¢1,56%;"MHZ"

16148 PRINT

18158 FRINT

18168 PRINWT

12178 PRINT TRECZ2S2, "ERROR SUMMARY"

15128 PRINT
15198 FPRINT THE(F%,
12288 PRINT TRES
12218 PRIMT
18228 PRIWT USIHG 1823032¢1,19,2¢1,28)
18238 IMAGE &4, "CRYOGEMIC STANDARD®,16X,MZ.2D,"K",16%,H4D, 20
12248 PRINT L INh 1825Q; 701,210,201, 22)
12258 IMAGE &4, "HMEBIENT STHHDHED", 128, M3, 2D, "K', 16x,M4D. 20
18260 O=,88273

18278 QE=1+201,163/201,52
18286 G1= 1—**1,Jux 261,520
12298 Q2=0Z01,540+201, 1623 /0201,540-2¢1,53 >
18306 Q3I=C01,52)%(00-01%02)
1931@ ¢l1,_4--m F201, 35018040

s w0

DO A

9
1
2
2
3
4
S
€
T
g
E
8
1
-
3
4
)

B
el
71

&

=]

5]

g

1

@

&

%}

%]

]

5]

)

@

@

a
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5}

@

5]

o)

&

[}

A

1

o)

D o R ]

P L I Ty ey
[xx]

00 00 0 0 O

Ll R S o B R o ]
W PRI et T 03— T

[
o
-

"SOURCE OF EPF“P"'THBi?SE," SOURCE";TRELSS:, "X ERROR IN"
yUHCERTRINTY " TRECSS ), "HOISE TEMPERATURE"

PRIHT USIHNG 18338;201,235,201,242
IMAGE EH."P“UEP FATIO",17¥,ME2.2D ,"DB",15:,M40, 2D
] FRIMT USIHG 133503 IBG*I kl.EE)HZ(l,”c‘b
19bJH IMAGE ? "HIuMHTIH" 21X, "a. 5k 1.8T OHMSY,TH,M4D, 2D
18268 PRINMT IHG 182ve; (1,5a2,7i1,23)
2z7ve IMAGE "NHNLIHEHPITT"-lﬂ-‘Pll.EIE 128, M50, 210
1283 FRINT ZIHh 1344U;2‘1,uu' 201,290
122 IMAGE MEWMITCH ASSYMETRY ", 12M, M2, 20, "DE", 124, MED_ 2D
154 ddp'et—lUU*E*:;ll, CHN]
12418 PRIMNT USTIHG 134203 H$01,10],100%E3-2¢1, 25
18428 IMRAGE br,"HDHFTER'",lGH_ll?,"U gea1DE", 11, MED,. 2D



~162-

18430
18440
1845@
18460
‘18470
18480
18490
18580
12510
18526
18530
18549
1835358
18560
18570
18580
18590
18608
i8¢0
1062
18630
18640
18659
18660
18676
18€8e
18691
18700
1g71e
18720
18730
187406
18750
18760
1877@

FRINT TREC(E),RA$
Su=1006%2(1,263-2(1,3%5)

Suu=100+%E3-2(1,35)>
Sunm=2(1, 205*2(1 223+2¢1, 24)+$u*2(1 28)+2(1,292+5uuy

2¢1,38)=Summ
PRINT USING 184%98;2¢(1,30)

IMAGE ¢€X, "LINEAR SUH OF BIAS ERRORS“ 24¥X,M5D. 2D
FRINT USING 1851852¢(1,31>,2¢(1,32>

IMAGE €¥;
2¢1,33)= 2(1 30>+2(1,32)
PRINT THB(G} fis

PRINT USING 18550 2¢1,332

"Q*STHNDHRD ERROR oF MERN

IMAGE ©¥X, "LINERAR SUH UF ERRURS",SIX M3D.2D

PRINT
PRINT TAB(E),R$
PRINT

PRINT _
PRINT TAB(E),

PRINT

PRINT THB(G),“SUUPCE MANUFACTURER: "; TABC38),G%(1,39)

“"CUSTOMER: ";TAB(30)>,C%(1,29])"
PRINT THB(G),“CUSTOMER s STHTION:"'THB&3G) C$[39 691
PRINT TAB(&>, "CUSTOMER“S ADDRESS: "; TAB(30>,C$L[706,99]

¢ # MEAS=“M2D.,">",

PRINT TAB(6),"SOURCE TYPE:";TAB(30)>,G%[40, ?9]
PRINT TARB(&>, "SOURCE MDDEL‘"'THB(3G) G#[SB 891
PRINT TAE(E), "SOURCE SERIHL'"'THB(3B) G$E96 991

PRINT
PRINT TARE(&>

»"DRATE OF CALIBRATION:";TAB(36)>,Rs$C1,19]
PRINT TAB{(€)>,"CALIBRATION TEST #:";TAB(38>,R$(208,39])

PRINT THB(G),"EEQ OR REF #:";TRBC(38)>,R$[48,691]

PRINT

2e=1

MASS STORAGE IS ":F8"
PRINT PRAGE

RETURN ©

FNEND

FHDatac

At
S7e

Adapter

Cs
E3
E4
ES
F

G$
H$
I

M1

# 17436

18400

* 1?496
17988 17990
179¢8 t&a0
179%0 18030
¥ 179268
# 17400
% 17400
% 17520

18608 18610

LR -y 1220

17506

18696

17930
18640
17638

17548

17€40

18618

18410

18650
18418

17588

17728

18620

18450

18660

17600

177806

18670

9¥yM4D. 2D



grvea
N9

P$

a¥
el
Q1

R#¥
s1
sz
$3
Su
Summ

Suu

28

27
768

840
gso

@ve

17870

17?716
17g40
17986
18096
18298
18366

184¢0

% 17820

17810 17828

% 17470

17260 18268 18318

‘% . 17380

18278 15300

% 18280
% 18290
* 18300
* 17510
* 17850

176868 17000

17878 17880

-18448 18460

1846@ 18470

18450 18460

17710
17840
17998
18690
18290
18380

12470

173808 17510
179¢0

* 17400
17718
17718
17850
17858
18000
18018
18110
18130
18290
18290
13380
18400
18480
18500

* 18730

178480

17480

17390

18200
18300
18310
18690

17880

17444
17750
17850
18030
18220
18300
18410

18500

17840

17480

1?7510

187066

17é€18
17750
17860

18830

18220

18210
184480

19520

i784e

17480

1g871e

17620
17756

17860

‘18040

18240

183180
18449

18520

17850 17e5e6

17€3206
17760
17860
18040
18248
18320
18450

18520

177066

17760

18040
18270
18328
184¢0

18546

17860

177086
1??66
17870
18060
182708
18349

18460

-163-

17866

17708

i781a

17878

18670

17

1?
17
1?
18
18
12

18
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16788 DEF FHCheck (&>

18799 OPTIOH ERASE 1

18g@e COM File,Flag

12218 COM Q&,07,08,0%,R2,R3,L,R,AE,A7,AS,A9,21,12,N3,HE8,N,F,Fo, U

18826 COM SHORTY FC4),L78,200,M(32,320,NC2&,11)

15656 COM Ds{2al,P$0160], INTEGER DM&,7S5),NB,X$lc0]

18548 COM C$L100],G$[166),R$[106),B3010],H$[100],04[56],Vsl1048]

122508 COM A$E01681,22,23,24,85,T1,51,T4,T2,T3,26,F7,T7, T8, T9,PS, HE, K7, X8, KD
19866 COM @1,02,0%,05,E2,291,100>,ES,E6, 7, B8, C1,RS,P1,F2,P3,F4,V2,Fout s

13876 COM PS,PE,PF, PR, W1, N2, W3, W4, WS, W6, TS, TE,E7,J8,16,5,15,X3,P8,1,C2,Misnatch
18288 COM Real,Imag

15298 DIM Lsl2B0]

18386 FRIHTER IS 15

16916 L4$="T0O CHECK LIMERRITY ADD 3 DEF IH MANUAL WEINMSCHEL ATTEH AND FRESZ RUM *°
18928 FRINT L$

18930 RETURH 8

18338 FHEHWD

FHCheck(

L% 185%3 183916 18926

¥] 187za



GLOBAL NAMES

% A$
84708 8EZ8
* HE :
843@  £5%0
* A7
g43@ 598
. % A8 -
€430 25%06
% A9
8438 85909
% E$
8450 geza
* BS
g48H 8640
* Eg
£480 5648
% BY
8486 geda
# EZ
8488  £540
* C#
8468  BEZ2@
* 1
24¢c8 5640
# Cc2
8490 2¢€50a
* D#
24506 261a
* D¢
g450 gele

168 gce 1478@ 1748 2918 S81e 7asa sgeo

184308 11259 12200 13336 14098 17338 18556

1vaa 2870 Svra

60 . 94B 1438 7018 736D
8328 9698 _ .
©1@39%B 11210 12168 13298 140580 17298 18618
&a 244 1426 1766 - 2878 S77B ?él@ 79€B
§830  9E98 ~ _ :
1839 11216 12160 13299 14850 17296 15816
£ 948  143@ 1700 2878 S77@ 761D 79E@
8630 9691
18398 11218 12168 13299 14850 17299 18810
&0 948 1438 1780 2878 S577@ Tel@  T9ED
8830 9690 .
18398 11218 12168 13290 14050 17298 18810
9@ 97@ 1468 1730 2990 5888 Te48 7990
geEe 9720 _
16420 11240 12198 13320 14880 17320 15840
118 998 1488 1758 2920 58286 7@EH 2018
g35@ 9748
15448 11268 12219 13340 14100 17340 1886@
118 298 1488 1750 2928 5828 7BE@  £016
BEEB 9748
la44a 11266 122108 133548 14100 173486 1&860
11@ 998 1488 1758 2920 58286 7@6B  S@16
8888 974
18940 11260 12218 13348 14100 17240 18560
118 998 148& 17Se 2928 S€20  78E0  SO1@
8588 9740
19448 11268 12218 13340 14108 17346 15360
S 978 1468 1730 2908 5888 7048  79%@
8860 9720
18426 11240 12190 13320 14888 17320 18840
118 998 1488 1750 2928 S828 TEEE  S@18
8880 9740
16448 11266 12216 13340 141880 17340 18860
128 p§=1=11] 14923 1760 22386 s&32a Tevro f==p=dx]
ge90 9750
1845@ 11276 12220 13358 14118 1887@
20 96@  145@ 1720 2898 5798 7e3@  T9&E
£658 9710
18410 11230 12158 13318 14878 1731@ 18830
&8 950 1450 1720 2890 5730 7E3@  T9EE
gESE 9718
10410 112308 121860 13318 14078 17318 18830

-165-

8178

8130

o
-
Ty
e

ol
—
Do
g

size
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% E2
8480
% E?
8490

* F
8430

* F(¢
8440

* FO.
8430

* F?
8478

*# File
&420

# Flag
8420

*» Cs
84€0

* H¥
8460

* 1
8490

% 12
8438

*® 15

8490

*# Ie
3490

* Imag
8500

# J8
6450

8640

8e%5e

8590

8600

8390

8630

8560
8580
g862e
ge20
8650
8590
86350
8650
éSSO

6650

110 990 1480 1750 2920 S828 . 76¢€0 ge10

8860 9740 v v
18440 11268 12210 13340 14180 17340 18860

120 1880 1498 1760 2938 5830 7670 80620

8890 - 9?56

10450 11270 12226 13350 14110 '1?3597:;ss?a5

6@ 948 14306 1700 - 2670 5770 7010 7960

8830 - 98906 - _ - :
: 10390 11216 12160 - 13298 14050 17296 18810

76 950 1440 1710 2886 5780 7020 7970

. 8849 9709

10400 11220 12170 13306 14068 17300 18820

60 948 1426 1706 2870 5778 7018 7960
8830 - 9690 v : o
- 18398 11210 12160 13292 14858 17290 18810

_1e@ 988 1479 1748 2918 5818 7050 = 8000
ga7a 9730 - S T

18436 11250 12200 13330 14090 17330 18850

@ 930 1420 1690 2860 5760 - 7000 7950
8520 9660 _ - R

18380 11200 12156 13280 14040 17280 18800

5@ 938 1420 1692 2860 5768 7000 7950

se2e 96se. . o . 8 |
10250 11208 12150 13260 14040 17280 18300

S0 870 14eg 1730 2508 s800 7040 7990

8860 9720 o :
18428 11248 12190 13320 14886 17320 18640
ve gvea 1468 1730 299009 o800 7€40 7990
ggél@ . 9720

19420 11240 12190 13320 14080 17320 18840

120 1000 1498 1760 2938 5930 7870 8e2e0
gg9e 9750 '

10450 11270 12220 13358 141186 17350 18870

60 940 1430 17e0 2870 5770 7010 7960
8830 9690 : _ ,
16390 11218 12160 13290 14050 17290 18810

120 1660 149@ 1768 2938 5836 verve 8026
€890 9?50 )
16456 11278 12228 13358 14110 1?7350 18870

120 leee 1490 1760 2930 5830 7e7e 8020
g890 . 9750 _ '
16458 11278 12226 13350 14118 17356 18870

130 1916 1580 1770 2940 S84e 7089 8030

8900 97¢ce
19460 11280 12230 13360 14120 17360 18880

126 1680 1490 1768 2938 5838 7070 8020
6090 9750 _ . -
18450 11270 12220 13350 14110 17350 18570

£0 QA 1470 170 -~

g180

8190

8130

§1449

8130

817e

8120

8120

8160
8160
8190
8130

8190

8190

8200

8150



8430

# L<
84440

* MC
8448

8596

gco0

# Mismatch

8490
L
8438

* N¢
8440

* N@
8450

* N3z

8430

* N8
8430

* P$
€456

* Pa
8490

* P1
84886

* P2
8480

* F3
8486

* P4
8480

* PS5
8490

* FE

8490

8650
859¢
86006
gelg
85906
8590
&610
geSe
8640
86§0
8640
8640
=131

8550

8830 9690
10390 11210 12168 13290 14650 172906 18810

re 9508 1440 1710 2880 S5rse 7e20 7ore
8840 9700
10469 11220 12170 13300 140606 1730@ 18820

7o 950 | 1440 1710 2880 Svge 7ezo 79706
€840 9700 _ _
19400 11220 12170 133008 14066 17300 18220

126 1000 1496 ° 1768 ~ 2930 5838 7eve 8026
8898 9750 _
19458 11278 12229 133586 141189 1735a 188r@

. 68 948  143@ 170@ 2870 SP7@ 7010 7960
£830 9690
16350 11210 12160 13298 14058 17296 18616

ve 950 1440 1718 2880 Svse Tez20 vore
8840 9700 '
164006 11220 12170 13300 14066 17300 18826

8o 960 1450 1720 2890 5790 7038 79¢€0
g8s5e 9710

16410 112386 12188 13318 14870 17316 18836

£ ‘ 94a 142a 1760 2878 5770 7016 7964
8830 9690
10390 11210 12160 13290 14050 17299 18510
60 940 1430 . 1700 2570 5rro rel1e )
8830 9690

183990 1121e 121690 13290 140568 17298 12218

g0 960 1450 1720 28986 5798 ve36 7986
885e 97106 ' '

164190 11230 12180 13310 140790 1731@¢ 15820

128 16008 1450 1760 2930 5830 vare sezs
83890 97Se ‘ :
10456 11276 12220 13350 14118 17356 18876

110 998 1488 17%5e 2920 5820 70E@ 80106
8820 9740 '

10440 11260 12210 13349 14168 17348 153¢0
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