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I. INTRODUCTIOM

J—

zThe noice power spectral density of the Lincar Signal/Noise

DSV, This specification requires that‘the noise power spectral density
shall be constant within + 0.05 db over a bandwidth of + 2 mc centered
at 50 mc. The report herein contains a write-up of the technique
employed for this measurement along with the results and a discussion
of the results.

i%he measurement technique employed for this test is stated briefly
as follous: The noise power, centered at discrete frequency points
in the + 2 mc bandwidth at 50 mc, was translated to video by multiplying
cieronce freguency in a .phase detector. The
translated noisc bandwidth was accurately established by a 3 pole, low
pasc<, Butterworth filter. The filter noise voltage was sampled at
1066 samples/sec, converted to a digital number and‘processgd on the

SDS=910 computer. A group of runs at the same frequency of the mean

RIiS voltage and standard deviation, were computed and pr{hted out.



IT, HSASURIIGHT ToCHIIGUE

The test set-up used for the noise spectral density test is shown
in rFigure 1. The technique is basically one of comparison of a noise
power output/input ratio.in DB to a ¥oference CW powcr output/input
ratio in 0B. The input and output power was measured simultancously
both in the case of noise and the CW tone. A comparison between
these ratios was made with measurements following one anothcr to
insurr nearly identical conditions at the time of measurcment. That
is, wit» the CY power attenuated, the noise power at the output of
the 3/!' Swmer was measured on the dual channel power monitor while
at the samec time the translated noise power at the output of the phase
dete~tor and low pass filter was measured on the computer. A ratio
0f the nower input (dual channel reading) to the power output {(computer
rcading) 1as rade. An identiczl meacwrcment sizs made on the Cii tone
irmediately follcwing the ncice measurerient. The differcnce of these
tvwo ratios, taken following one another, was a measure of the noise
power density over the bandw'dth set by the low pass filter at the
phase'dctector refercnce frequency.

By comparing the noise with a C% tone input, variables in the
measurerent system such as amplifier gain changes, phase detector and
d.c. amplifier driftswere compensated. The measurement was therefore
relative and depended only on the accuracy with vwhich power
readings were made on the dual channel and the computer and also on the
bandwidth stability of the low pass filter and the 15 mc noise filter

in the Surmer, The rate of drift and rate of gain changes in the
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and used to compute an equivalent gain with respect to the input ¢b value
neasured in the dual channel power monitor.

After the ncise db gain measuremcnt was made, the noise attemuator
in the S/N Summer was set such that the hybrig continued éo see its
characteristic 50 ohm impedance at the Surmer port but the noise power
was attenuated to zero. The CW tone was then applied to the CW port
of the hybria with this power splitting in the same fashion as did
the noise power. A CW db ratio was cocmputed and used as a calibration
of the measurement system with respect to the noise db gain described
above, A total of six such comparisons were made at specificd discrete
frequency parts within the measurerent band and then averaged to give
a mean and standard deviation for a set of six readings. A plot of
the mean gain difference vs frequency provides a represcntation of the
noise power spectrum for the prescribed noise bandwidth and frequency
range.

As menticned above, the drift was measured and found to be insig-
nificant over any group of measurements. However, over longer periods
the drift was significant and therefore was balanced before each group
of six readings. This was done by first balancing the DC amplifier
and sample/hold circuit with the phase detector terminated in its
characteristic impedance. The reference to the phase detector vas
then applied and balanced for zero at the sample/hola output. The
balance held over the group of readings within 50 uv.

Throughout the density measurements the making and breaking of
connectors was found to be detrimental and therefore eliminated.

This was achieved through the use of the plunger action of the precision

-5 -



attenuators in S/N Summer and CW tone chamnels. The attenuator

repeatibility was within ,001 db., Vhen either the noise or CW power

the hybrid port and opened at the input side of the attenuator. This

allowed the hybrid to always see a 50 ohm match without breaking connectors

or changing terminations. Repeatibility for any frequency at any one

measurement time was generally better than .02 db,
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III.  DESCRIPTION COF TEST SET-UP AlD EQUIMNZIT

The density test was divided into three measurement ranges
according to filter bandwidths: (1) 50 kc¢ bandwidith with a frequency
coverage of 50 mc * 2 mc in 200 kc steps; (2) 5 ke bandwidth with a
frequency coverage of S0 mc + 1CC ke in 20 ke steps; (3) 500 cps band-
width with a freqguency coverage of 50 mc + 10 kc in 2 ke steps.

For range 1 a Hewlett Packard Signal Generator powercd by a
line repgulator provided the reference for the phase detector,
rrequercy stability of better than + 75 cps over the measurement pericd
was achieved with this generator. The elovgn frequencies used for the
20 kc steps in range 2 were obtained with eleven crystals cut for about
1 mc apd rmltiplication to 50 mc. For the last range,5 crystals were
used and capacitatively pulled in frequency before multiplication to
orovide eleven mixing frequencies 2 kc apart.

The 1000 cps constant amplitude signal used as the clock rate
for .the A/D converter and also as the reference for the S/il Sumner
and the total noise power out of the Summer, was derived by dividing
the 1 mc frequency standard output down by 1000. The output was hard
lirited referenced to the divider power supplies and split into 4
reference outputs. As siown in Figure 1, outputs 1, 2 and 3 provided
the modulating drive signals to respectively the Summer and dual channel
noise rodulators, and the power level monitcr for the phase detecter
reference. The fourth output provided the sample rate for the sample
and hold circuit and clock rate for the computer while at the same
yime'providing the 1000 cps reference signal used for comparison
in the S/l Summer feedback and the dual channel power monitor. The

1000 cps reference therefore had the frequency stability of the 1 mc
-7 - '
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crystal oscillator and amplitude stability determined by the limiter
circuit power supplies. The 8 volt p;wer supply was contimiously
monitored on a differential voltmeter with 1 mv resolution,

To compensate for the reduction in noise power by the tandwidth
reduction, linear power amplifiers were employed both at the reference
input and noise input of the phase detector. The power amplifiers ex-
hibtited linearity up to 1 watt output, and have a bandwidth of approxi-
mately 1 mc. Throughout the density test the operating point on the
power amplifiers was at least 10 db below saturation.

The output of the S/N Summer for each measurement point in the
three bandwidth ranges was measured on a ilcinschel dual chamnel com=-
parison bridge. ‘he output of the S/N Summer was contimously sampled
and envelope modulated by the 1000 cps square wave, The modulated noise
power was then demodulated in a bolometer and amplified in a 1000 cps
amplifier for comparison in the synchronous null detector with the stcble
1000 cps reference from the divider output. The resolution of the dual
channel measurement system was ,001 db and the relative accuracy of the
noise power reading was tied directly to the 1000 cps reference signal
and the 1 kc limiter's power supply which was maintaired better than b
.0C5 db.

' The phase detector, used for this test, was f:bricated with a 50
ohm halfwave tuned transmission line instead of the conventional trans-
former as shown in the schematic in Figure 2. The linearity was established
by the level of the reference signal which was 6 volts rms. The drift of
the phase detector was measured on a strip chart recorder with the signal
inprut to the phase detecter terminated in SO‘ohms. The results of these
tests were 8.46 u Vrms per one second interval and 131.6 u Vrms per one

minute interval. The low drift exhibited by the phase detector eliminated

-8-
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the necegsity for chopper stabilization of the phase detector input.
The bzndwidth of the phase detector was measured to be 8.0 mc at the
3 db points  and down .7 db from center S0 mc at 48 mc and 52 mc.

The bandwidth ranges of 50 kc, 5 k¢ and 500 cps are achieved
with 3 pole low pass filters at the output of the phase detector. The
response characteristics of the low pass filters are shown in Figures 3,
L and 5.

The DC amplifier shown in Figure 6 is an integrated amplifier
with an open loop gain of approximately 70 db and closed loop gain of 100.
External frequency compensation gave a 3 db bzndwidth of greater than
2 mc, An emitter follower was added at the output to yield a symmetrical
output capability of + 5 volts peak out.

The amplitude box car circuit was a high gain DC amplifier with
a stable feedback capacitor. The DC amplifier was preceded by a diode
stiitch which vas enatled to connect the input signal to be sampled to
the amplifier ond storage capacitor; and was disabled to disconnect the
input signal and hold the sampled value. During the sampling operation
the amplifier had resistive feedback giving a closed loop gain of 6 db
and during the hold position the amplifier had capacitative feedback only.
The schematic of the amplitude box car circuit is shown in Figure 7. The
closed loop frequency response with the diode switch enabled was heasured

to be approximately 1 mc.

- 10 -
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Figure 7.

Amplitude Box Car Schematic
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Iv. OP=ATICH OF THE A/D COUVIRTZ! A'D TVZ 5DS 910 COI'TUTTR

A. Basic lieasurerent Technigies
it was desired to measwre the noice or GV power transmitted

threugh a low-pass filter to an accuracy of + .01 ¢b (+ 0.1% in vo.l‘oage).
The techricuc employed was to sample the signal voltage at 1 milli-
sccond intervals and convert from analog to digital form. The digital
sanple reasurcrents were fed to the SDC 910 computer and the ros value
coriputed by squaring the sample values, suming and dividing by the
total number of sarples, then finding the square root. 7he advantages
of this technique were that the A/D converter hqd very gocd voltage
ctability and low drift while the computer gave perfect "square-iaw"
operation, integration without drift and printed output. The dis-
acdvantages were that modifications were necessary to the saple-hold

circuit ard the A/D converter outrut lopic levels and that a program

for the SDS 210 computer had to be written and dcbugred.

3. Operation of the A/D Converter
The A/D converter {Fackard Bell) accepted an input voltage
ir the range zero + 10.0 v. Cn receipt or a "start conversion" rulse,

the converter determined first the sign bit, the most.significant bit,

then the next tit, and so on until the least significant bit was determin:d

wher. the coaverter generated an "end of conversion" nulse. The con-
version process for 10 bits plus sign bit required 6 usec and the
digital output was retained by a flip-flop register until the next

. 4
"start conversion" pulse. The digital output was a binary number,

with negative numbers represented in modulo-2 form (e.g. + ten = ... 001010,

- ten = ... 110110) except that the sign bit was zero for necgative

-16 -
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numbers, one for positive numbers. This representation agreed with the
SDS 910 number system except for the sign bit which was complemented
by inversion.

The'timing sequence for the sampla-hold circuits and the 4/D
converter is shown in Figure 8, The opcration was synchronized to
é 1 kc¢/s square wave by using one-shot multivibrators and trailing cdge
logic. The 30 usec sample~hold gate pulse allowed the turn-on transient
to decay before the gate was disabled. A delay of 30 usec was inserted
to allow the tirn-off transient to decay before the A/D conversion was
initiated. The conversion was completed in 100 usec and the end-of
conversion pulse initiated an interrupt signal to the computer.

The timing diagram shows it was necessary to hold the analog
signal for only 130 usec, during vhich the sample-hold output drifted
less than 5 mv, The zero-stability of the sample-hold circuit plus
the A/D converter proved to be generally within + 20 - 30 mv for periods
of 5§ to 10 minutes. Including stray pickup, mostly 60 c/s and harmonics,
the total spurious signal level at the sample-hadd output was less than '
30 mv rms. Since the noise level at this point was about 2 v rmms for
adequate A/D conversion lincarity, the signal to spurious power ratio
was 3% db or 3000 to 1. Therefore, the mcasured pover was in error
by .033% or .001l7 db because of spurious signals and drift.

Another possible source of error was the quantization process
inherent in the A/D conversion. The 10 bit digital output corresvonded
to quantizing a voltage from zero to 10 volts into 102l levels. Therve-
fore, the quantization interval was approximately 10 mv and the quantiza-
tion noise was 10/\fi5 or 3 mv rms. By comparison with the 30 mv mms

spurious amplitude, the quantization noise gave negligible error.

-17 -
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C. Data Input to the Computer and Computation
The computer progran was divided into two main parts, the
data input routine and the power computation routine., Depending on

the computation routine could require more than

the path followed,
one millisecond to complete and it was necescary to provide a buffer
arca in core storage to prevent loss of input data. Thorefore, the

data input routine was cntered by interrupting the main computaticn
vhenever the A/D converter signaled the end of conversion. As the
computer did not have any extra interrupt channels, the 7 buffer

cnd of word chanrcl (30) was used for this purpose.

The input data buffer was capable of storing 100 input
values and was operated in a "circular" ranner so that the computation
routine used the data in the correct sequence. The nrogram checked
that the computation routine was never more than 95 values behind the
latest input to prevent the loss of Y00 input data values by buffer
overfiow. The digital input was transferred in parallel from the /D
converter to the data buffer and also to one of two 1000 word blocks
in core storage. Yhen one block was filled, the data input wﬁs trans-
ferred tc the other block and break point suitch L was tested. I this
was set, the filled bloclk of 1000 input words was output under interlacc
control as a single rocord on magnetic tape. Thus the progfam uas
capable of accepting data, computing and storing the input data on
nagnetic tape simultaneously at mor. than 10C0 sanples per second.

Besides accepting the input data, squaring and swming over
the required number of samples, then calculating the RI3 value, the
computation program was to simulate low pass filtering of the data.

The Z-transform synthesis of three-pole Butterworth low-pass filters

-19 =



of Y0 cps and U cps bandwidth was to extend the range of the noise power
density tests. However, because the tests at €0 ke/s, ¢ ke/s and 500 ¢/s
bardwidth tock more time and effort than expected, this feature was

not implemented.

The usuai operation of the measurcrent system was to take a graup
of about 12 runs at each refercnce frequency in the sct appropriate to
the filter bandwidth. The runs were in pairs with the one having a CW
signal, at a suitable frequercy difference from the refercnce, being
a calibraticn for a noice measurcrcnt run adjacent in time, As mentioned
in »revious sectioné, the noise and Ci=-input levels (I) were moasured
with tre “leinschel dual-channel eguipment, during the run. The computed
{5 values (1i) were than used to establish an equivalent gain from tne
5/ surmation point to the A/D converter, relative to a preset reference

level (R), by the following equation.

G 4 = 20 loglc()h/R) - Id‘b

vhere # = 2,0 v for noise, 5.0 v for Cl.

The difference A  between the necise gain Gy and the CV gain

= - = 2N
Ay, =G, - Gy, = 10 log (2 K B) + K

where No = Yoise power density in the vicinity of the reference
B = Low-pass filter bandwidth '

Il = Correction for differcnces of attenuations, input
levels and refercnce levels between noisc and CW,

In practice, the I values were ertcred by the keyboard at the end of
each run, with constants identifying the pair number and CW/noise input,

and the value of G was computed and stored. At the end of a group of

- 20 =
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runs, breakpoint 3 was set and the gain differences A  vere camputed
and typed out. The mean A  and standard deviation Sa of O wuas
™

also computed and type
P

Q

. Tho standard deviation S, was generally in
the range .01 db to .03 db and gave a good indication of the degree of
control of the measurements. The mean A was used to determine the
noise power density relative to the other mean values in the same sct.
This assumed that “o’ B and K were constant with time and that K was
not a function of 3 or of the reference frecuency, except for the 50
kc/s bandwidth measurements when the noise amplifier frequency response

was measured independently and used as the noise power density roference

curve,



V. TEST RESULTS
A. 50 kc Bandwidth Measurements

Measurements.of noise poﬁer through a low pass filter of 50 kc
noise bandwidth were taken over a reference frequency range of 50.0
* 2,0 Mc in steps of 200 kec. ‘OVer this range the frequency response

o —

of the noise power amplifier within the Signal/Noise Summer was not
flat as the tuning héd not been adjusted since the equipment was moved.
Rather than retune the amplifier, it was decided to run an accurate
frequency response with the AGC voltage held at its normal value and
~to measure the noise power deviations from this curve. The response
was measured dual channel at 0.5 Mc increments from 48 ¥e to 52 Mc
several times with the frequency order permuted randamly in order to
randomize the effect of any drift in gain during the process.

Figure 9 shows the mean frequency response of the amplifier

with the mean noise/CW gain differences & superimposed. All noise
means A are plotted relative to the original 50.0 Mc valucs. The
noise measuremeﬁts from 50.0 Mc to U8 Mc were taken in descending order
of frequency over a period of § days. No unusual results were ndticed
until the frequency was rctuned to 50.2 Mc to take measurements with
ascending frequency. It was suspected that this result was too low.
This was confirmed by repeating the 50.0 lMc measurenents, which pave

2 groups close together but .03 db lower than the original readings.
These 50.0 Mc readings and others from 50.2 ¥c¢ to 51.0 Mc were taken in
one day and are shown connected together. The next day the 50.0 Mc
readings were repeated and fcund to be now 0.65 db below the original pair
taken a week earlier.‘ The drift in the 50 Mc reading was thereby con-

firmed and must be taken as evidence that some uncontrolled variable was

_22_ ,\i.‘.



-
.
#
<

causing significant changes in the measuring equipment or the noise
power density at the summer terminals. The remaining measurements

froﬁ 51.2 mc to 52.0 mc were completed the same day and are shown

[
Q

Joined to the corresponding 50.0 mec values in figure }9.

It was decided that time did not permit the readings from 50 mc
to 48 mc to be repeated,and checking the 50 mc repeatability from day to
day. It was also decided not to stop the tests to search for the cause
of the variation because past experience had shown that this could con
sume a great deal o} time. Since the other sets of measurements con-
sisted of 11 points each instead of 2L it was felt that a set could be
completed in 2 days and repetition of one point would serve to tie the
results together. Therefore, the 50 kc results are shown replotted in
in figure 10 with the results adjusted for agreement at the 50.0 mc

point and corrected for the frequency response of the noise amplifier.

All points lie within a range of + 0.05 db.
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B. 5 kc Bandwidth Measurements

A total of.18 groups of measurcments was made in a period of
3 days over the frequency range 50.C + 0.10 Mc in 20 kc steps. The
measurement at 50.0L4 Mc was taken 3 times, once each day, but no
significant drift was evidert. Therefore, the mean noise/CW gain
differences A are plotted in figure 11 without adjustrent.

The overall mean value is 13.602 db and 1imit lines of + .05 db
about thé mean are drawn on the diagram, allowing also a tilt of
+ ,010 db from 49.90 Mc to 50.01 Mc for the noise amplifier f{requency
response. It will be seen that all the measured points be within

the limits,

C. S00 cps Bandwidth Measurements
Again 18 groups of measurements were made in 3 days, but over
the frequency range 50.0 Mc + 10 kc in 2 kc steps. The first day
readings were taken from 50.C Nc down to L49.990 Mc and are shown in
figur; 12. The second day the range from 50.002 Mc to 50.010 Mc
was covered and L9.998 Mc repeated. As will be seen from figue- 12,
there was a difference of about .07 db between the means for the two
days, which is almost four times the pooled standard deviation and ¢
definitely indicates drift.
The reason for the drift is unknown but several equipment problems
could contribute. To maintain the level out of the low pass filter
and DC amplifier at 1V.rms, the noise input to the wideband phase
detector was increased 10 db. This necessitated an increase in the
reference amplifier output to maintain phase detector linearity which

increased the dissipation and voltage drop of the detection diodes
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and reduced the dc balance stability. The increased noise power output -
of the amplifier driving the phase detector also caused it to appfoach
its overload point and possibly gave increased output va;iation with

60 cps supply‘variations. At this level and bandwidth, leakage from

the reference oscillator, frequency multiplier and power amplifier

into the noise amplifier became evident. It gave a dc signal out of

the phase detector which depended on the phase of the leakage signal
.relative to the reference and was about 10 db bélow the 500 c¢ps noise
outrut.

The leakage appeared to be fairly stable in amplitude and in
phase, which means that it did not have any significant effect on the
5 k¢ bandwidth measurements at 10 db lower level. However, since the
leakage appeared to be via ground loops and common 60 cps bus lines
and could not be suppressed more than 3 db,bit was decided to cancel
out the dc signal for the measurements by readjusting the phase detector
balance. The noise input line length was adjusted for maximum dc |
output (to provide a greater margin against phase drift) and the
potentiometer adjusted for zero + 0.1 v dc output before each run,
using a long meter_ time constant,

On a third day, considerably later, four points were taken across
the whole 20 kc frequency range, to see if any real difference existed
between the two sets taken earlier, and they too arc shown in figure
iz; These measurements were taken with the noise input level reduced
6 db for greater gain stability. The points show that any difference

was small and figure 13 shows the earlier sets adjusted to agree at
L49.998 Mc with the four later points superimposed to give the same
mean value. There is no appreciable tilt for the noise amplifier
- 29 -
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frequency response over this range and it will be seen that all points

be within limit lines + .05 db from the overall mean.

D. S0 cps and 5 c¢ps Bandwidth Measurements

Because of the increasing difficulty of the measurements and

‘the possibility of_not achieving the desired resolution it was

decided by JPL and Westinghouse that the noise power density tests
at these bandwidths were unlikely to be worth the cost in time and
effort. In addition, reasoning based on the physics of the noise
generation process and the frequency response of the amplifier, tuned
circuits, lines, attenuators and other components in the noise circuit

shows that fine grain frequency structure of the noise power density

should not exist. This conclusion is verified by the negative results -

obtained in the S kc and 500 cps bandwidth measurements and strongly
indicates that negative results would be obtained by SO cps and 5 cps

measurements also.

'!*g




TABULATION OF RESULTS

Std. Tcan -
Date Time Pairs Mean Dev. Difference Freq.
Table I Results of 50 K¢ Bandwidth leasurements
2/s 1150 S 3.L779 .020 +.006 50.0 ¥c
2/5 13 5 3.1658 .010 -.116 50.0
COIMBINED RESULT| 10 3.47185 0162 - . 5C.0
2/5 1718 6 3.3C09 069 +.092 L9 .8
2/6 1550 | 6 3.L786 .025 -.0067 L9.8
2/6 1025 6 3.5001 013 -.028 L9.0
2/8 1128 6 3.5036 023 -.03? L9.L
2/8 1500 6 3.48L9 012 -.013 L9.2
2/9 910 7 3.5091 .025 -.037 L9.0
2/9 1400 6 3.5119 021 -.0L0 L6.8
2/9 1505 6 3.5250 027 -.053 48.6
2/9 1607 6 3.528L 025 -.057 L8.4
2/10 1400 6 3.5752 .028 -.103 L8.2
210 | ws3 | 6 3.5847 | .02 -.108 48.0
2/10 1545 6 3.5073 «026 -.035 50.2
2/11 900 6 3.L937 .013 -.022 S0.4L
2/11 1005 | 6 3.5021 .030 -.030 50.0
031
2/11 1125 6 3.50L3 .013 -.032 50.0
2/11 1350 5 3.4823 .010 -.010 50.2
2/11 ko 6 3.u651 011 +.007 50.6
2/11 1533 6 3.L626 .013 +.008 50.6
2/11 1615 6 3475 .01k +.02); 51.0
* Problem in equipment, reading not used - 32 -



-TABULATION OF RGISULTS

Std. Hean

Date Time Pairs Mean Dev, Difference rreq.
2/12 oLs 6 3.5324 021 f.gg% 50.0
2/12 1460 6 3.5112 019 -2069 1 50.0
2/12 1530 6 3.L669 .008 +.0050 LY
2/12 1650 6 3.LL67 .010 +,0232 51.8
2/12 1730 6 3.14139 .016 +.059 - £2.0

Table II Results of 50 Kc Bandwidth Measurements
2/15 1600 6 13.5936 .018 -.006} 50.02
2/16 9,5 6 13.6280 .015 +.0280 £0.GO
2/16 1025 6 13.51Ch 017 +.0104 $0.02
2/16 1345 6 13.5850 .022 -.0150 50.0L
2/16 1440 6 13,5965 .012 -.0035 50.06
2/16 1600 6 13.5632 .012 -.0368 50.100
2/17 935 6 13.5957 Xoiih -.00L3 19.980
2/17 1012 6 13.5010 .032 +.0010 419,960
2/17 10L0 6 13.5960 .023 -.00L0 . L9.960
2/17 1130 6 13.6063 .033 +.C0¢3 L9.9k0 -
/117 1205 6 13.6313 .022 +.0313 L9.520
2/17 1400 6 13.5861 .016 -.0139 49.900
2/17 1645 6 13.4227 .023 -.1773 50.0lp Data Error
2/17 1745 6 13.6157 026 +,0157 50,04
2/18 915 6 13.5594 .033 - 0006 ’ 50.04
2/18 955 6 13.6244 .0 +,02hk £0.100
2/18 1130 6 13.6217 .02 +,0217 50.000
2/18 1405 3 13.6213 .009 +.0213 50.000: Incomplete

* Reading not used -33 -



1
Reading not used

-3l -

Std. Mean
Date Time Pairs Mean Dev, Difference Freq.
Table III. Results of 500 c¢ps Bandwidth Measurements
2/18 1615 6 13.5657 021 50,0008 3 VRMS
2/19 90N .6 13.5292 .022 50.000:  on # Ref
2/19 1130 6 13.8511 011 49.59E:: @ nef SV
2/15 1430 6 13,7941 .£20 L9.598% Dad Offset
2/20 1130 6 13.5052 €30 49.506:  Lffset Cor
2/20 1210 6 13.6845 013 L9.596% Expts.
2/26 1300 6 13.7511 .033 L9.596% Bad Bal.
2/26 1400 6 13.£237 016 119,998+  Cample =
- Hold
2/26 1600 6 13.654¢8 .016 +.00L45 49.596
2427 1115 6 13.6557 022 +.6057 49,996
2/27 1210 6 13.6415 .012 -.00CY 50.CO
/a7 1300 6 13.6529 .| .C12 +.0029 L9.596
/21 | 1395 | -6 13.5951 |  .020 -.0%Ly L9.50k
2/27 1535 6 13.£370 .C19 -.0130 L9.990
2/27 1630 6 13.6126 .009 -.037h 49.592
3/1 1050 6 13.6810 .016 +,0300 50,002
3/1 1150 6 13.73Lh .012 +.,C8LL 50,00l Ref level
. exrror
3/1 1330 6 13.6985 020 +.CLES 50.00L
3/1 1515 é 13.6098 02h +.0L98 50.006
3/1 1600 6 13.7005 035 +.0505 50.006
3/1 1645 6 13.7176 .016 +.0676 50,010
3/1 1740 6 13.7160 026 +.0668 49.598
3/16 1000 6 3.2607 037 -.115 50.C06%  Cperator
exrror
3/16 1120 6 3.L050 .010 +.005 50.010
3/16 1330 6 3.L160 043 +.,016 49,590
3/16 1425 ) 3.3905 .018 -.C10 L9.992
3/1€ 1550 ] 6 3.371L .01k -.029 50,006



VI  CONCLUSIONS | .

The graphs of the sdjusted results show that all n;eaaﬁred_ points o
Liowithin the linit lines of + .05 db about the noise wmplifier frequency
response curve, The standard deviations of th‘ﬁ.Plo‘tth‘ points #*. ‘mw 3
db for 50 ke bandwidth, .0179 db for 5 ke bandwidth and L0181 db o s =

500 cps bandwidth measurements. However, the adjusted 50 kt rc;ults , ;-
shown in Figure 10 display a strong tendency to follow a pu‘ébolic curve. .
while the other results show only random variations about the mean values. . ’
Therefore, the adjusted results show that the combination of h@é@gééz

ment errors and noise power density variation has a staxﬁl@d ddviatién o |
.018 db for the 5 kc and 500 cps bandwidth messurements. It is not posat-—
ble to say what fraction of the scatter is due to meazsurement errors or to o
the spectral density variation. Statistically, it is possible to make a
statement about the percentage of measurements which would fall outside the 4 o
limit lines, though none did in the actual results, From 21 points with a; |
standard deviation of ,018 db, with 95% confidence at least 95% of all N
measured mean differences (Z) will fall within ¢ ,050 db of the mean value,
By adding a straigﬁt line to the points and recalculating the standard de-
viation it is possible to determine confidence intervals for the siope of
the straight line. Yor both the § kc and the 500 cps bandwidth measurement,
a slope of zero gives the least standard deviation (least squares fit) and
with '90% confidence the straight line tilt is less-than * .05 db over the
frequency range of the measurements.

. The 50 kc bandwidth results show strong evidence that the noise power
dersity was not flat over the range 50 # 2.0 Mc. The least squares fit of

a parsbolic curve to the data reduces the standard deviation of the residual

~3% - | -4
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scatter to approximately 012 db. The cur&e which shows a spectral
deviation of .04 db over the frequency rang§ in figure 1C is not the
only po~sitle curve, A series of curves could be fitted and the con-
fidence that a true fit was obtained could be estimated from the re-
calculsted standard deviation. However in this cese, it was not thought

practical to determine the confidence limits for the fittéd parabolic

curves.

In summany,étggrso kc results show evidence cf a hump of abouf
.0L0 db in the cpeciral density, due to the noise generétbr, cable
matching or drift in the noise amplifier frequency response, while the
5 kc and 500 cps results show only random variation and no definite

speciral tilt, However all measurements fall within limit lines of

+ .05 db and ai least 95% of all such measurements would contimue to

-7
do so, |
—

- 36 -



