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ABSTRACT

A new Energetic Particle Spectrometer (BPS) for measurements in the

upper atmosphere by rocket is described. The system has two methods of

processing data. One is a staircase generator using threshold detectors;

the other is a peak detector, The system incorporates a logarithmic con-

verter for better resolution at low amplitudes and better use of telemetry

channels. The circuits are described and calibration procedures are given.

Modifications are recommended for high flux environments. Appendices cover

sampling error in the peak detector and modifications made to the receiver

of the propagation experiment.

f
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1. INTRODUCTION

This report describes an ijuproved Energetic Particle Spectrometer (BPS)

developed in the Aeronomy Laboratory. The new BPS is included in the payloads
of three Taurus Orion rockets launched from Kiruna, Sweden in November 1980

as part of the Energy Budget Campaign. The experiments were successful in

obtaining spectrums and pitch-angle distributions, though, as will be discussed

later, the data reduction has been made more difficult because of the high

fluxes encountered. T)e same experiment is included in the payloads of two

Nike Orion rockets to be launched from Wallops Island, Virginia in late 1981
and 1982*.

In the years 1972 to 1978 the effects of energetic particle precipitation

at middle latitudes (represented by Wallops Island) and at the magnetic

equator (at Chilca, Peru) had been investigated in terms of the measurement of
fluxes directly by the use of energetic particle detectors and indirectly

i
	

by the ionization produced in the nighttime ionosphere. The flights, included

I in Table 1.1, were mainly near midnight when ionization by scattered solar

radiation is at a minimum. The experiments have been summarized and extra-

polated to a global picture of energetic particle precipitation by Voss and

Smith [19801,

In 1979 three Nike Tomahawk rockets were launched near Red Lake, Ontario,

Canada in connection with the total solar eclipse of 26 February. Energetic

particle detectors in the payloads of these rockets showed high fluxes in

the two flights during the eclipse and in another flight on 24 February. These 	 }

t	 data are particularly valuable because of the rarity of daytime observations	 k

of energetic particles and because of the many other simultaneous and nearly

1	 simultaneous observations available for comparison, These are the subject

of a report by M. K. McInerney and L. G. Smith (in preparation).

The complement of detectors in each payload is also indicated in Table
's	 b

1.1. The first flight used a Geiger counter sensitive to energies > 70 keV
[Voss and Smith, 1974]. All subsequent flights have used solid-state detectors,

sometimes in pairs with different thicknesses of metal to allow discrimination 	 g/

The first of these, Nike Orion 31.014, was launched at 2347 EST on 13
October 1981. All experiments appear to have performed satisfactorily.

x
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Table 1.1
Rocket launches containing particle detectors,

ROCKET*	 SITE** TUNE (LST) DATE DETECTORS***

14.439 WI 0003 1 Nov, 1972 1 Geiger counter (1)

14.520 WI 2330 18 Apr. 1974 1 solid state (5)

14.521 WI 2120 29 JLui. 1974

14,522 WI 2340 29 Jun. 1974 1 solid state (4)

14.523 WI 0415 30 Jun, 1974

14.524 P 2336 29 May 1975

14,525 P 0011 2 Jun. 1975 1 solid state (4)

14.534 WI 0001 10 Aug, 1977 1 solid state (5)

14,533 WI 0001 5 Jan. 1978 2 solid state (3 each)

.	 14.543
i

WI 2315 19 Jun. 1978
6 solid state (various)

14.542 WI 0030 27 Sep. 1978 with microprocessor

18.1020 C 1052 24 Feb. 1979

18,1021 C 1052 26 Feb. 1979 2 solid state (3 each)

18,1022 C 1054+10s 26 Feb. 1979

33.010 S 0349+40s (UT) 16 Nov. 1980

33.011 S O415(UT) 16 Nov. 1980 4 solid state (1 each)
with microprocessor

33,009 S 2344+30s (UT) 30 Nov. 1980

*	 Prefix 14	 Nike Apache; 18 = Nike Tomahawk; 33 = Taurus Orion

**	 Launch site; WI = Wallops Island; P = Peru; C = Canada; S	 Sweden
** The number and type of detectors are followed by the numbers of energy

levels in the staircase generator system,
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of the type of particle [Pries cat a4., 1979), and in di.f£e nt orientations

to increase the range of pitch angles that can be obsorved.

The electronics used with the solid state detectors have always included
a staircase generator system which uses several threshold detectors to
obtain the energy spectrum, This has been supplemented on some flights, as
indicated in Table 1.1, by a microprocessor experiment which uses a peak

detector to measure pulse height and then, on board the rocket, sorts and
accumulates the data by energy and pitch angle. The first such system was

used during the JASpIC program in 1978. An improved version of this ex-

periment was developed for the Energy Budget Campaign and first Flown in

1980. 
These and other experiments used in rocket payloads since 1972 are

described in detail in a series of Aeronomy Reports listed in Table 1.2-

Copies of these are available^;^a request.
do	 « Js s fo 1n c A gene r4 descriptionorgans ZarzPn of tiffs Xvpor y AQ a, ..,1^.-W-

of the new EPS system is given in Chapter 2. The staircase generator system

is described in greater detail in Chapter 3 and the pulse-height analyzer

in Chapter 4. The integration of these experiments into the payloads is

described in Chapter S and their calibration in Chapter G, Recommendations for

future work are given in Chapter 7.

There are two appendices. In the first the method of correcting the

data for sampling error in the peak detector is derived.
The second appendix is related not to the energetic particle experiment

but to the propagation experiment. Previous to the Energy Budget Campaign

the propagation experiment had involved a 500 Hz modulation of the signal

[GiZchr et and Smith, 1979]. There already existed, at the launch site in
Sweden, ground-based transmitters for a propagation experiment which uses

an unmodulated signal, The modifications to the rocket-borne receiver to

accommodate the unmddulated signal are described in the second appendix.
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Table 1.2

Descriptions of rocket experiments contained
in Aeronomy Reports,

063 H, D. Voss and L. G. Smith [1974], Design and calibration of a rocket-
borne electron spectrometer for investigation of particle ionization
in the nighttime midlatitude E region,

#j'4 J. C. Ginther and L. G. Smith [1974],, Studies of the differential
absorption experiment.

#66 J. C. Evans and L. G. Smith [1975], Rocket measurements of ozone and
and molecular oxygen by absorption spectroscopy.

#73 R. W. Fillinger, Jr,, E. A. Mechtly and E. K. Walton [1976], Analysis
of sounding rocket data from Punta Chilca, Peru,

#76 Y, L. Mller and L. G. Smith [1976], Midlatitude sporadic-E layers,

#77 L, D, Paarmann and L. G, Smith [19771, A rocket-borne airglow photometer,

#78 H, D, Voss and L. G, Smith [1977], Energetic particles and ionization
in the nighttime middle and low latitude ionosphere,

#80 D. B. Klaus and L. G. Smith (1978), Rocket observations of electron-
density irregularities in the equatorial ionosphere.

#82 M. A. Pozzi, L. G. Smith and H. D. Voss [1979], A rocket-borne electro-
static analyzer for measurement of energetic particle flux.

#83 W. Leung, L. G. Smith and H. D. Voss [1979], A rocket borne pulse.-height
analyzer for energetic partic1c, measurements,

#84 L. L. Davis, L. G. Smith and H. D. Voss [1979], A rocket-borne data-
manipulation experiment using a microprocessor.

#85 B. E. Gilchrist and L. G. Smith [1979], Rocket measurement of electron
density in the nighttime ionosphere.

#91 K. L. Pries, L. G. Smith and H. D. Voss [1979], A rocket-borne energy
spectrometer using multiple solid-state detectors for particle identification.

#92 R. K. Zimmerman, Jr. and L. G. Smith [1980], Rocket measurements of
electron temperature in the E region.

#93 H. M. Bliss and L, G. Smith [1980], Rocket observations of solar
radiation during the eclipse of 26 February 1979.
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Table 1.2 (Continued)

HJS C. Dur e n and L. G. Smith [1951], A rocket-borne Langmuir probe for
high r000lution measurement of the ionospheric eloctron temperature
profile.

#96 F. M, Braswell and L. G. Smith (19811, A rocket-borne microprocessor-
based experiment for investigation of energetic particles in the D and
8 regions.
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2. GENERAL DESCRIPTION OF THE SYSTEM

2.1 Intooduction
The Energetic Particle Spectrometer (EPS) measures the flux and pitch

angles of the particles and determines their type (electron, proton, heavier

ion). Four detectors are used. Two systems are used for presenting ;,he data.
In one, the staircase generator system, the information is transmitted in

real time. In the other system, which uses a microprocessor, the data are

sorted and accumulated for about 5s before transmission.

A block diagram of the entire EPS system is shown in Figure 2.1. The

output of each of the four detectors is amplified (in the preamplifier),

shaped, and then further amplified, The resulting signals are then processed

in the two parallel. paths already mentioned. One signal path consists of

the threshold detectors and staircase generators, contained on the Staircase
Generator Card, which also includes the amplifiers. A block diagram of the
staircase generator system is shown in riaure 2.2

The staircase generator counts the total number of pulses received above

a threshold level from each of the four shapers (one for each of the four
detectors) . 'flie output for each channel is a 0-to-5 V staircase with 32
counts in each staircase.

Each of the inputs uses a Datel AM 462-2 operational amplifier. This
op amp has 80 V/us (minimum) slew rate and 200 ns settling time, and
accurately reproduces the input pulse. The circuit board is built so that

either the inventing or non-inverting mode may be used, depending on whether
the detectors use aluminum or gold coatings.

The detector, preamplifier, and shaper give a nominal 100 mV peak

positive pulse with a 116 keV particle. It is desired to measure to 128 keV.
The corresponding input to the PHA with a 128 keV input is to be -5 V. There-

fore the nominal desired voltage gain for the first .amplifier is -5/0.11 = -45.

The exact gain is set by choice of feedback resistors so that with the

staircase generator connected to the specific detector, preamplifier, and

shaper to be used in the flight, the 116 keV line from a Co-57 source will

s	 give a -4.53 V peak pulse out of the first staircase generator amplifiers.

The output from each amplifier is fed to a threshold detector set so that

the staircase generator will not be exposed to noise in the absence of

a pulse. The threshold detectors are set for a threshold of -0.94 V
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which corresponds to an energy level of approximately 24 koV.

1110 pulses that are Only slightly greater than the threshold have

substantial noise modulation which could cause multiple counts. 	 'Therefore

a one-shot wit)i a SO-Ps period is used. 	 At high count rates this dead time

causes mi appreciable counting error but siuce the pulses are Poisson

distributed, It can readily be corrected [Voss and &ttth, 19741.	 The law ►ibor

of pulses front 	 one-shot are counted with a ripple counter, and tho

counter's states are fed to a D/A convertor.	 The D/A has an output of 0 to

S V, appropriate for the VCO's of the RI/M tolometi-/ system,
Ilie other signal path, shown in figure 2.1, is through the peak

detectors, tho multiplexor and log converter, and the microprocessor.

The part of the system from the peal: 	 to a first-in-first-out (FIFO)

memory is situated on the Pulso-Height Analyzer (P11A) Card. 	 A block diagram
of the PRA is shown in Figure 2.3.	 The P11A sequentially samples each of the

four inputs for 180 us every 200 ps mid gives a four-bit parallel output
proportional to the log of the strongest pulse sampled ill 	 sector during

the preceding 200 Ps.	 It also simultaneously sends 2 bits showing the sector

sampled.
11io peak detector of the PRA is the Ut 318. 	 This high-speed o ' p amp is

followed by a diode rectifier. 	 The device is connected as a non-inverting

amplifier with a voltage gain of 2 mid therefoxv the output capacitor will be

ell argod to twice the most negative level applied to the input. Since the input

is a negative pulse, the capacitor will be charged to a negative voltage
linearly proportional to the magnitude of the particle energy.	 1110 amplifier

output impedance and the capacitor are small so that the capacitor cmi be-

come essentially fully charged with a short pulse.

Ilie peak detectors are followed by the multiplexor. 	 The multiplexor

NN7100)	 is a selector, S111 and A/D, all in one package.	 It is controlled
by logic operating from the system clock, 	 It has an 8-bit parallel output

(7 significant bits plus the sign). 	 It ctui take a :L-20 V input, but is

calibrated for 256 intervals over :LIO V (128 intervals over our range of
0 to -10 V).

A discharger is also connected, to the peal: 	 After the peak
value is read by the multiplexer, the discharger shorts out the peak
detector's capacitor. It uses a MOSFHT having a saturated impedance
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of 2 ka, Since the output impedance of the peak detector will be much less

than 2 U, a pulse arriving during the discharge time will still be momentarily

seed,
The lob of the output of the MN7100 is taken for getter relative energy

resolution (as discussed later) . The output of the PHA is fed into the

microprocessor which compresses the magnitude and pitch-angle data so that

more information can be sent over the telemetry channel's limited bandwidth.

Since the microprocessor may not be ready for data when the log converter

puts it out (the microprocessor may be on an interrupt), the log converter's

output together with the appropriate detector information is fed into a FIFO

memory. When the microprocessor is ready for the data, it advances the FIFO

output.

'The rest of this chapter briefly discusses the first block in Figure 2.1

(i.e. the detectors, preamplifiers and shapers) and how the circuit in the

shaded area differs from the previous CPS system. The following two chapters

describe the staircase-generator card and the FIIA card in detail.. he micro-
processor system is described in Braswell and Smith (1981).

2.2 Energetic ParticZe Detectors

The detectors are silicon surface-barrier devices. They have a sensitive

area of 50 nm and a depletion layer thickness of 300 um. All of those used

so far have an aluminum layer on p-type silicon and are operated with a

negative reverse bias of 90 V. Other detectors are made by putting gold on

n-type silicon; these require a positive reverse bias. All of the units are

made by Ortec, Inc. The bias voltage is supplied from a battery through a

10 M1 resistor (RI) in the preamplifier, Figure 2.4.

An energetic particle striking a diode generates electron-hole pairs
in the depletion layer. These are rapidly dispersed by the High electric

field. The amount of charge is linearly proportional to the energy of the

particle. Since the bias source has a high impedance, the charge is de-

posited on the input capacitance of the preamplifier. A 50 keV particle

causes approximately a 9 pV pulse at the preamplifier input. The detectors

are discussed in Voss and Smith (1974).
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2.3 Charge Preamplifier

	

f	 'I'lie pre' tiplifier used is a Nucleometrics model 402. This circuit is

shown in Figure 2.4. The preamplifier is a very low noise -figure amplifier

(connected as an integrator) whose output voltage is a staircase, where the

magnitude of a step is linearly proportional to the charge deposited on its

input capacitance (U),
Since a negative bias is used on the detectors (with the type of

detectors used on these fligh.$) the pulse of current in the detector causes

	

r	
the detector voltage to m;,mentarily move toward zero, so the input of the

preamplifier goes more positive and current is injected into the preamplifier. 	 1

Ql is selected for low noise figure acid is an n-channel junction FCT, similar

to the 2N4417. In the steady state, the output of the preamplifier is

negative so that the feedback through R4 causes Q1 to conduct at about 8 mA. 	 ti

17he injected current from the detector due to aii energetic particle charges
Cl which causes Q1 to conduct more which decreases the conduction of Q2 and

Q3. Sir_re py maintains a constant current sum through R7, R8 and the base

of Q5, Q5 conducts more which drives the output more negative. The negative
output feeds back through It4 and C4 and slowly discharges C2. Since the ac
component of voltage on C2 is so small, a very small, fraction of the time

constant of R4 -C2 = 1.8 s is required for this discharge, but the discharge
time is much greater than the charge time so the preamplifier output is

essentially a step. If a detector with positive bias is used, the

voltage and current changes would all be opposite to that discussed above.

The preamplifier's quiescent point is determined by the do feedback

through R4, The error detector is Q2.

Discussions of the preamplifier ' s noise performance are in Voss and

	

L	 Smith (1974] and Fries et aZ. [1979]
1

2.4 PuZse Shaping

From communications theory, for a signal, and "white" Gaussian noise
the optimal linear filter has an impulse response which is the mirror

image of the desired signal fed into it. However, the shaper's inpu-w

noise is not white since an appreciable amount of the preamplifier's
noise varies a 1/w2 . Therefore, the first stage of the shaper is a

pre-whitening filter; that is, it is one whose gain is a function of



14

frequency in such a way that its output noise, when fed by the preamplifier,
is "white" (constant with frequency) . The prewhitening stage alters the
shape of the desired ;iignal. Ilia altered signal response is a sum of

a positive step function and an equal magnitude negative exponential. The

mirror image of the impulse response of the altered signal is anticipatory

or noncausal, so it cannot be physically realized. However, many , filters

can be dosigne^t which approach the optimal Filter in performance. A

(CR) 1 • (RC)
5 unit was developed and is described in Fries et ai. (1979).

A slightly modi fied shaper as shown in Figure 2.5 was used. The shaper

equivalent circuit and output waveform are shown in Leung et at. [1979:

Figures 4.5 and 4,6].

Since the shaper stretches the input waveform, an error can occur if

one pulse begins before the preceding pulse has decayed. `11iis problem

was called "pile up" in Pries et aL [1979] and is separate from the

distortion of the energy Spectrum due to peak detection (d iscussed later).

Using Fries' approach, the probability that two or more counts will occur

within a 15 us interval with 10 4 counts s -1 is only l% while there is an

over 13% chance that one pulse will occur. Therefore, pile up begins to

become important at the high count rates.

2,5 Comparison of the New EPS Systan with the Previous System.

2.5.1 The previous staircase generator configuration. prior to the
JASPSC project (1978) all EPS data wore obtained only from staircase

generators in a voltage discriminator circuit. The circuit used is shown
in detail in Voss and`Smith (1974: figure 5.20). The circuit employs

several voltage comparators where each comparator is referenced to a

different voltage. Due to the amount of circuitry and number of telemetry

channels required usually only three levels from one detector were measured

on any one payload. The levels were, nominally, E>25 keV, E>40 keV and

E>70 keV up to, and including, the JASPIC program. On the 1979 eclipse
flights are Red Lake, Ontario, Canada, levels of E>40 keV, E>70 keV, And
E>100 keV were used.

2.5.2 The Pulse--Height Ana4yaer. The use of the PHA allows the

elimination of much of staircase generator circuitry and a reduction in the
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telemetry channel requirements for EPS measurements. The PHA shown in Figure

2.6 was used in the dASP1G Program. The first half of the present PHA is

functionally sim ar to the previous PHA, but the availability of a high-speed

multiplexer, sample-and-hold) and analog-to-digital converter in one hybrid

integrated circuit (the MN 7100) has allowed the now circuit to be built in

about half the space.

The sample-and-hold used in the original P1IA provided a back up to the

microprocessor system., Even though one of the widest telemetry channels was

used, the data rate required to transmit all the data without processing
was too great for the telemetry channel. Therefore, the sample-and-hold was

synchronized to the multiplexer so that only every fifth pulse was read out,

'lerefore, only 20% of the data obtained from the microprocessor system was

available through the back-up system.

The old peal: detector had a quiescent output of -1 V, While this did

not apparently cause any real problems, it was eliminated in the newer

system by a trine__ pepik detector, A high speed wimlifier was also used to more
IF

accurately respond to the peaks.

2.S.3 The xoWitWv c converter. A substantial functional diffr!-rence

between the old and new PHAs is the addition of the logarithmic converter.

Although the multiplexer has a nominal resolution equivalent to 1 keV, the

microprocessor only has enough memory to accommodate 4 bits of magnitude

information (16 levels) . The telemetry channel would also need a greater band-

width to handle more than 4 bits of magnitude information. This reduces the

system resolution to 8 keV. In order to achieve a constant percentage

resolution rather than a constant absolute resolution, a log converter follows

the multiplexer. The log converter increases the system's absolute resolution

at low magnitudes at the expense of absolute resolution at high magnitudes.

The advantage of using the log converter is illustrated in Table 2.1.

The 16 output levels are derived from 128 input levels, where each input

level may be 1 keV, for example. Assuming input levels from 0 to 14 (i.e.	 ?'

energies s 14 keV) contain only noise, these are assigned to output channel

0, Input channel 15 contains all energies > some specified value (in our

example 127 keV). The remaining intervals are divided on a linear or a 7
logarithmic scale.

sr

x
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Tab le 21
Comparison of the energy ranges obtained without and
with logarithmic compression of the pulso-height data,
The input is in units of ke'V.

OUTPUT DATA INPUT	 LINEAR l INPUT (LOGARIT11110 2

0 0-14 0-14

1 15 - 22 15 - 16

2 23 - 30 17 - 19

3 31 - 38 20 - 22

4 39-4G 23-26

5 47 - 54 27 - 31

6 55 - 62 32 - 36

7 63 - 70 37 - 42

8 71 - 78 43 - 49

9 79 - 86 50 - 57

10 87-94 58-67

11 95 - 102 68 - 79

12 103 - 110 80 - 92

13 ill-118 93-108

14 119 - 126 109 - 126

15 127 -	 - 127 -	 00

1Without logarithmic compression

2With logarithmic compression

L



Notice that output channels 1 and 2 contain the energy ranges, for the

linear scale, of 15 to 22 keV and 23 to 30 keV, together covering a factor

of 2 in particle energy. For the logarithmic scale these channels contain

the energy ranges 15 to 16 keV and 17 to 19 kdV. Because of the exponential

nature of the expected energy spectrum, with the differential flux (i.e. per
keV) decreasing with increasing energy the logarithmic scale will allow
comparable total counts in each energy interval. Also for calculations of
ionization rate the spectrum must be known with relatively greater accuracy
at the lower energies.

2.5.4 The precM4Z fier. The preamplifier used in the JASPIC program
ss shown in Figure 5.3 of FHee et at. [1979). The principal differences

between the current units and the older ones are:	 (1) replacing

the current source Q1 with simple resistors (for size and cost reduction);

(2) changing the output to a complementary configuration; (3) removing the

5.1 kn output resistor; and (4) changing the value of C5. The unmodified
Nucleometrics preamplifiers had a 0.011 pf capacitor for CS. --ne amplifier
had the undesirable feature that, if any disturbance in the
bias network occurred, it took five minutes for the circuit to recover
(referred to as "bias voltage paralysis time" by Nucleometrics). Since this
is unacceptable in a brief rocket flight, C5 was changed to 1800 pF.

In the eclipse flights and all flights prior to JASPIC, a combined
preamplifier and shaper were used as shown in Figure 5.9 of Voss and Smith
(1974),

2.5.5 The shaper. The shaper used in JASPIC is shown in Figure 5.14

of Fries et at. [1979) except that a uA 715 op amp was used in place of Q7a

and Q7b. The output impedance of the shaper was too high, so in the current

configuration both of the last two stages (Q7a and Q7b) were removed and the

gain placed in the first stage of the staircase generator card. This worked
satisfactorily, but the decreased signal-to-noise ratio due to pick-upon a
low signal level line between the shaper and staircase generator raised the
lower limit of measurement amplitude capability.

Since the new preamplifier does not have the 5.1 kQ output resistor and

the shaper depends on that source impedance for its pre-whitening function,
a 5.1 ka resistor was added to the input of tha shaper card. The analog
switch on the input was also eliminated.

Y

r



20

3. STAIRCASE GENERATOR

The staircase generator card counts the total number of pulses received

above a threshold level from each of the four shapers (one for each of the

four detectors) . The output of each channel is a 0 to 5 V staircase with 32

counts per staircase. The staircase generator schematic is shown in

t
	 Figure 3.1

3.1 The A?npUfiers
The input of each channel of the staircase generator card is a Aatel

AM 462-2 wideband operational amplifier. This high speed circuit amplifies

the pulse with great accuracy. It also buffers (isolates) the shapers from

the remaining circuitry. The stage also allows gain adjustment to be made
and may be either used in the inverting or non-inverting mode.

With the feedback as designed (i.e. without the feedback capacitor,

but with the gain resistors and compensation used in the flights), the
amplifier has a constant gain from do to about 300 kHz. This permits the

output to accurately follow the input pulse waveform:
The 10 pP feedback capacitors were added in the field on the units flown

so far. The capacitors reduce the high frequency gain and eliminate what
appears to be high frequency ringing (but is really ground-induced pick-up

seen when using the module on an extender card). The capacitors are
undesirable. The amplifier output should be viewed with the PC boards plugged

directly into the card cage.

The staircase generator card is driven by the four shapers. The polarity

of the pulses out of the shapers depends on the type of detectors used. On

all flights to date, aluminum detectors have been used and a positive pulse

is generates) by the shaper. Since a negative pulse is needed for the

threshold detectors, the amplifier is connected in the inverting mode as

shown in Figure 3.1. If gold detectors are used, the amplifier would be

connected in the non-inverting mode. To do this, the input is connected to

the amplifier non-inverting input (pin 3) rather than to the resistor
shown and what becomes the open end of the input resistor is connected to

ground. Any combination of aluminum and gold detectors can be used provided

that the corresponding amplifiers are Mixed accordingly. If an apogee switch

is used to change detectors, as in JASPIC, both of the detectors must be of

the same type.
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Since the stdn of the promliplifler, shapor mid the peak- detector (of
the 1111A) may vaxy from mit to unit the gain adjustment Is mado In the
fi:k,st miiplifter in the staircase gonox4tor since it is used for both III,$

signal paths., 111, 1111 0 R21 0 and 1131 are soloct%1 tit calibration for the

desired gain, r-or all flights to the present 2.2 k0 resistors have been used.

S.'2 alto Thresho7d Datootor

The nog ativo-go ills pulses from the amplifier are fed to one of the four

sections of the U1239M) comparator, which Is used as a tAireshold detector.

The tilroshold dettactor prevents the remainder of tile staircase generator

card from being c),I)osod to nolso (in the absence of a pulse)	 In turn,

)IIJIlimizos false counts, Tile comparator is essontially an operational
amplifier where the signal is applied to the non-invorting input and the

inverting input is tied to a negative de reference voltage, The reference

(threshold) voltage is obtained through voltage dividers. 'Ilia comparator

Uffers from a conventional operational milpliflor Circuit In that no food-

bnek is supplied mid, rather thali having a complomontary output stage
that etan either deliver or sink current at any operating point, the

colliparutor's output is an open collector of a very low current limited MIN

transistor. Ilia trtuisistor's omitter is referenced to tile nogativo supply

voltage. Tile output transistor conducts whenovor the input goes more

nogative than the reference. 'Mis condition momentarily grounds 
the 

input

to the  corrosponding 0110 shot.

The values of the voltago divider Tesistovs are pia-od at calibration.

Fig= 2.1 shows the valuers used on all units flown to date.

3,3 Pullso Longthenors

Ilia pulses only slightly above tile threshold have substantial noise

modulation which could cause multiple counts. 111oreforeo a 0110 shot with
a So Its period is used, Some pulses will be missed, but duet 	 tile Poisson

distribution of the count intervals, this can be readily compensated C-Q:r

as 
in 

section 5.3.3 of Voss mid &wtth [1974).

3.4 Omitar and, DIA Conmltar

Ilia outputs of the one shots are connected to convan.tional coutlters,
Haell, of the counters is connected as a pair of cascaded 4 bit binary counters.

11ioroforo, they count through 256 steps.

1.

a



23

M

The D/A converter is a MN3020. The block diagram of this converter is

shown in Figure 3.2. The unipolar positive mode is used; that is, the
output varies from 0 V with all zeros in to 9.961 V with all ones in. How-
ever, the converters MSB (pin 2) is grounded so the converter output
is limited to the range from 0 to 5 V.

I'ho converter is fed so that its 5 next most significant bits are from
the counter's 5 least significant bits. This gives 32 steps /staircase. By
rewiring the interconnections between the counter and D/A converter, 64,
128, or even 256 steps per staircase are obtainable. The various possible

interconnections are indicated in Figure 3.3. If a 256-step staircase is

used, the output voltage divider must be changed so that the telemetry VCO
only sees a signal in the range 0 to 5 V.

The use of a very high number of counts per staircase allows very high

count rates to be handled with low telemetry channel bandwidths, but reduces

resolution.
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74LS393 MN3020 74LS393 MN3020

8 NC 2 8	 NC 2
9 NC 3 9	 NC 3

10 NC 4 10 4

I1 5 11 5

6 6 6 6
5 7 5 7
4 NC 8 4 8

3 NC 9 3 NC 9

ta) (b)

8 NC 2 8 2
9

_
-	 3 9 3

10 4 10 4
11 5 11 5
6 6 6 6
5 7 5 7
4 8 4 8
3 9 3 9

Figure 3,3 Optional interconnections between the 74LS393 coulter and the
M3020 n/A for:	 (a	 32 counts/staircase, 	 (b) 64 counts/Staircase,
(c)	 128 counts/staircase, and (d) 256 counts/staircase.
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4. THLI PULL-IMIGHT ANALYZIM (P11A)

The pulse-height analyzer sequentially samples each of four inputs
for 180 Vs out of every 200 us and gives a four-bit parallel output
proportional to the log of the strongest pulse sampled in each sector

during the last sampling period. It also simultaneously sends 2 bits
showing the sector sampled, Figure 4.1 shows the schematic of the

4.1 The Peak Detector

The peak detector consists of a high-speed mplifier and a rectifier.

The mplifier is a U1318 high-speed operational amplifier. The muplifier

must drive a capacitive load. This operational mplifier, like most
operational miiplifiers, is unstable if it directly drives a capacitive load,
If the amplifier is so connected, its response to a stop function is a step
superimposed 

on 
an oscillation. of approximately 10 MHz until the capacitor

is essentially fully charged. The oscillation will then cease. To prevent

the oscillation. a 1005I isolation resistor is placed betwo-e-n the amplifier

output and the rectifier. Then, in order to avoid having a series resistor
that the capacitor must charge through, the amplifier's feedback is taken
after the 100n resistor. With the 10052 resistor so placed in the amplifiers

loop there is only a small increase in the output impedance of 0.01 ohm.
The final output impedance is about IQ.

The resulting charging time constant is 5 ns. The shaper (section 2.4)
Stretches the pulse to about 300 ns, This allows 60 time constants to

charge the capacitor.
A flewlett-Packard type 5082-2800 (1N5711) hot-carrier diode is used for

the rectifier to minimize voltage drop. At 25°C the typical hot-carrier

diode has a voltage drop of only 0.21 V at 10 mA. Since the capacitor has
time to become essentially fully charged, as discussed above, its current
drops to a very low value and the low diode voltage drop allows the capacitor

to fully charge. In addition, the diode has a very low reverse conduction,

At 2S OC it only conducts 2 nA with 5 V of reverse bias, so the capacitor

remains fully charged.

4.2 The MN7100 and the Start-Convart Generator

The Micro Networks Laboratory MN7100 is a multiplexer, sample-and-hold

and analog-to-digital converter in one hybrid package. A block diagram of

jt

A
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the MN7100 is shomi in Figure 4.2. It sequentially samples each of the four

peak detectors mid converts the voltage for each detector to mi. $-bit

digital code consisting of 7 significant bits plus the sign.

The MN7100 is controlled by two address lines (which select the input

line to be measured) and by a convert-trigger line. The address lines are

divided down from the clock. The MSB address line has a pulse width of

102.4 ps while the LSB address line has a pulse width of 51.2 ps. Both
address lines are square wavos since they are obtained from binary counters.

Figure 4.3 shows a Uming diagram for the MN7100 and the start-convert

generator. The trigger line locks the MN7100 input onto the peak, detector
whose address is present when the trigger line goes high. The address line
must have been stable for at least 100 ns before the trigger goes high. To

ensure that this last condition is met, the waveform of double the frequency

of the LSB address is fed to the input (pin 10) of A9. A9 is a dual one

shot which is connected so that it triggers on the rising edge of its input.
Since it is fed with twice the LSB address frequency, a rising edge occurs

at the begi ► ing of each chm-ge of state of the LSB address (and nowhere

also).

The first one shot generates a 20 ps positive pulse 
on 

pin

12 of A9. This is certainly more than the 100 ns delay required by the

MN7100. The output of this first one shot is fed to the input of the second
one shot. The second one shot is triggered by the falling edge of the first
one shot. The second one shot generates a 4 ps positive pulse which is the
trigger pulse. This is several times the 100 ns wide pulse required by the
MN7100 for the trigger. The rising edge of the trigger pulse freezes the

input selector of the MN7100, as stated before, and the MN7100's sample-and-
hold begins to operate on the falling edge of the trigger pulse. After	 J

approximately 5 Vs the MN7100 'puts out a high, on the end-of-convert (HOC)
line which signifies that the sculiple-and-hold capacitor is fully charged.
The MN7100 then proceeds to digitize the sample-and-hold voltage and applies
the result to its output terminals. When this process is complete, the
M7100 pulls the EOC line low. The conversion time (i.e. the time that the

EOC line is high) is specified at 7 Vs maximum. The total time after the

new address is selected until the MN7100 starts to digitize the sample is
29 ps. Discharging must not begin until after this time.
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ORIGINAL 
pOF p00R QUALITY

ADDRESS

------- 51.2 µs -----------+^

INPUT
.FIRST ONE
OFT PIN 10

MUST BE
AT LEAST

!!	 100 ns	 OUTPUT OF
FIRST ONE
SHOT (Pill 12
OF A9)

-20 µs--

4 µs
(MUST BE AT

	r —^ LEAST 100 ns) 	 n	 CONVERT
t	 TRIGGER

TO MN7100

rµs

-5µs
END OF
CONVERT
FROM MN7100

MN 7100 S 8 H
FULLY CHARGED 1k
DIGITIZATION BEGINS	 MN 7100

OUTPUT AVAILABLE

^--- 2Dµ s

Figure 4.3 'Timing diagram of the MN7100.



Although each peak detector is connected to two MN7100 inputs, only

channels 0 through 3 are read. The jumpers connecting the other inputs

could have been left off and inputs 4 through 7 grounded.

4.3 The Peak Detector Discharger
Once the peak detector's voltage has been read by the MN7100

(as shown by the fall in the EOC line) the peak detector must be discharged

so that it will be ready for the next sample period. To do this, a Datel

MXD 409 analog multiplexer is connected to the peak detector and, at

appropriate times, the given input is switched to the output of the MXD 409

and thus is connected to ground, discharging the capacitor. When switched

on, the input is connected through a saturated MOSFET with an on resistance

of less than 2 kn. The worst-case discharge time constant is, therefore,

9.4 us. The MXD 409 pin diagram is shown in Figure 4.4.

The MXD 409 is controlled by the same two address lines as the MN7100

and also by an inhibit line. The inhibit comes from the discharger inhibit

(Al2). The discharger inhibit is an inclusive OR gate tied to two lines

operating, respectively, at twice and four times the LSB address line. The

result is shown in Figure 4.5. Specifically, the inhibit line is high during

the first 75% of each state of the LSB address. Therefore, the peak detector

starts the discharge 38.4 ps after any change in the LSB address. This is

9.4 us after the MN7100 is through reading the detector and has started to

digitize the results. Since the discharge time is 12.8 us or only 1.36 times

the worst-case time constant, 26.6% of the previous value could remain after

the discharge.

4.4 Scmrp Zing Times

Since the exact sampling characteristics are important for analysis of

the data, the result of the operation of the circuitry discussed in the last

two sections is now discussed in detail.

Consider the sampling from a single detector and refer to Figure 4.6.

Assume that the discharger is completing the discharge of the peak detector

for the detector of interest. The address lines to the MN7100 and the MXD

409 will simultaneously command both of them to move to the next channel and

the discharger inhibit will inhibit the discharger.
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During the next 153.6 its the MN7100 and the M5U 409 will be operating

on the other throo channels, After that, during the following 29 us, the

MN7100 will return to the channel of interest and charge up its sample-and-

hold circuitry to the voltage on the peak detector. 7h is voltage will, in

turn, be proportional to the energy of the most energetic particle sampled

during the 183 his interval between the end of the last disd=ge of the

channel of interest and the beginning of the digitization of the sample by

the MN7100, `The peak detector will continuo to charge to any new energetic

particle level sampled during the next approximatoly 9.4 us, but the MN7100

will iimore this value. 'Ilion, during the last 12,8 }is before the LSB address

line changes, the peak detector will be discutarged,

Dote that since the LM 318 iii the peak detector has an output impedance

of about 1 n (with the added output resistor) and the discharger has an

impedance of 2 k0, pulses sampled during the discharge interval will be

soon on the MN7100 input. Howover, they will not be read and their discharge

willbegin limnedi etely.

4.5 The Binary Dividers
71te control pulses discussed so far in this chapter come frown a sot of

binary dividers. The binary dividers are made by cascading four synchronous

dividers in a ripple-counter configuration, Ilie counters as a whole are
ripple counters so the transition times are, not identical. However, the
three most significant of the four divider lines discussed so fur in the

chapter come from one of the four bit synchronous counters in this drain.

'llierefore, the transitions discussed so fax are approximately synchronous

with each other.

4.6 The MY?100 Output
As part of the calibration procedure the gain of the circuitry preceding

the MN7100 is set so that, if the system were perfectly linear, a 128 keV
particle would cause a -10.0 V :input to the MN7100. 'The MN7100 has 129 output

levels corxbsponding to inputs from 0 to -10 V so that the output of the M97100
is the two's complement of the negative of the energy- (in koV) of the particle,.

A 45 keV particle, for example, causes a (45/128) (-10 V) = -3.52 V input to

the NIN7100. The magnitude of this voltage is simply 45 times 78.125 mV. The
output of the MN7100 would be the two's complement of -45. The eight-bit

signed digital representation for »45 is 1010 1101 and the two's complement

,,	 . r
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of this number is 0101 0011 or 53 in hexadecimal notation. 53 is, then, the
output of the MN7100 corresponding to a 45 keV input particle.

Table 4.1 shows the output of the MN7100 for various energetic particle

levels. If an input more negative than -10 V is applied to the MN7100, the

MN7100 will put out the code for -10 V input.

4.7 The Logarithmic Converter

The logarithmic converter takes the digital outputs from the MN7100

and groups them into logarithmic intervals. The advantages of doing this

were discussed in 2.5.3.

The logarithmic converter is an Erasable Progrwiwiable head Only
Memory (EPROM). An eight-digit output of the NIN7100 is fed to the memor y 's

	
u;

address lines. The memory then reads out the contents of its memory at the

address on its input. The program loaded into the memory is shotrn in

Table 4.2.

To continue the example of the last section, the NIN7100 would put out

53 due to a 45 keV particle. The logarithmic converter would, therefore,	 i

look up the contents of its memory at address 53. Referring to Table 4.3,
4!

53 is in the range of Q to 53 and the contents of the four most significant
bits in memory at any memory address between 4D and 53 is 8. The logarithmic

converter will then put out 8.

The EPROM was programmed so that the four most significant bats and the

four least significant bits are the same at any memory address. However,

only the four most significant bats are fed to the next stage, so the content

of the four least significant bits is unimportant.

Table 4.3 shows the energy ranges and bins that would result if the

system were perfectly linear. The result is slightly modified by the non- 	 +j

linearities of the system and is established by calibration. 	 Y;

4.8 The ,FIFO

The microprocessor system of Davis et ax. [1979] and an early version	 j

of the one of Bra8weZZ and Smith [1981) wem not able to accept data at all

times. Most of the time when these microprocessors were unable to accept

data was when they were on interrupt. In order to prevent the loss of data

collected when the microprocessors were unable to accept data, all of the

data from the PHA were temporarily stored in a first-in-first-out (FIFO)
F

r:
Y	 _
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Table 4.2

'llie logarithmic-converter program.

First Four Bits of
Addresses Memory Contents

000 F

001 - 012 E

013 - 022 D

023 - 02F C

030 - 03A B

03B - 044 A

045 - 04C 9

04D - 053 8

054 - 059 7

05A - O5L 6

O5F - 063 5

064 - 067 4

068 - 06B 3

06C - 066 2

06F - 071 1

072 - 7FF 0
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Table 4.3

The logarithmic-converter output related to
particle energy with a perfectly linear system.

Particle Energy Level NIN7100 Output
(keD) flex EPROM Output

0 _	 14 80 - 72 0

15	 -	 17 71 - 6F 1

18 -	 20 6E - 6C 2

21 -	 24 6B - 68 3

25 -	 28 67 - 64 4

29 -	 33 63 - 5F S

34 -	 38 SE - SA 6

39 -	 44 59 - 54 7

45 -	 51 53 - 4D 8

52 -	 59 4C - 45 9

60 -	 69 44 - 3B A

70 -	 80 3A - 30 B

81-	 93 2F-23 C

94-109 22-13 D

110 - 127 12 - 01 E

z 128 00 F

4

K

Att
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memory. Then, when the microprocessor was able to accept data, it co=ianded

the FIFO to read out its data. The FIFO was also used to append to the data

sampled sector identification and a bit supplied from the microprocessor and

referred to as memory select.

The final microprocessor system of ErasmeZZ and &nith [1981] incorporates

a peripheral interface adapter (PIA) and is, therefore, able to accept data

at any time. The memory select line is also unnecessary with the current

microprocessor. Therefore, the memory select and the advance FIFO input

liner are connected high in the microprocessor and the FIFO reads out data

shortly after it is received from the logarithmic converter regardless of

microprocessor functioning. The FIFO was retained in these flights due to

time limitations. Elimination of the FIFO circuitry is recommended in future

flights.

It requires 450 ns for the logarithmic converter to operate. The

end-of-convert (EOQ line from the MN7100 is applied to the input of one

of the one shots in All. The one shot puts out a 700 ns pulse on pin 5

which goey to the FIFO's shift iii. The falling edge of the output of Al2

locks the input registers in the FIFO to the logarithmic converter's output.

{then the FIFO is loaded and ready to put out data, it puts a high on its

output ready line (pin 12). The output ready line is fed, along with the

advance FIFO in lane (always tied high) and a binary divider line output with

a pulse width of 1.6 Us to inputs of a 3 input NAND gate in A10. The NAND

gate provides a means of triggering the second one shot in All. The first

rising edge of the NAND gate triggers the data ready out pulse out of All

which shifts the data out of the FIFO and tells the microprocessor that the

current PRA card output is valid.

The data ?tines out of the PHA have the significance shown in Table 4.4.
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t	
Table 4.4

PHA output lines

Indicates that the
Data Ready Out	 current output is valid

IQ	LSB

Il 	 Data

I2

I 3	MSB

I4 	 LSB Address

I5	MSB Address

I6	Memory Select

1
7
	No Meaning
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S. SYSTEM INTEGRATION

The equipment described in this report is included in payloads built

for Taurus Orion rockets. Three were flown in November 1980 during the Energy

Budget Campaign. The configuration of the payloads is shown in Figure 5.1.

The diameter of the instrumentation section is 30 cm. At the front is an

`

	

	 ejectable nose cone, protecting the input section of a mass spectrometer

('University of Bern). Ejection takes place at an altitude of T + 52 s (57 km,

nominal altitude) and the cap of the mass spectrometer is ejected 2 s later

(at 60 km) .

Doors in the rear experiment section are also ejected at T + 52 s (57 km) 	 3i
and booms deployed at T + 60 s (67 km). The booms carry the electrodes of

the probe experiment and the forward- looking energetic-particle detectors.

The spin rate at boom deployment (and for the scientifically significant

part of the flight) was specified to be 5.5 rps. The actual values (at

apogee) for the three payloads range from 5.86 and 5.98 rps. The rockets

showed very little precessional motion.

The portion of the payload containing the experiments of the University

of Illinois is shown in Figure 5.2. A particle-bunching experiment (University

of Sussex) is also included in this section of the payload.

One particle detector for the EPS system is mounted on each of the two

r

	

	 booms. After the booms are deployed, the detectors on the booms are aimed

at a 25 degree angle with respect to the spin axis of the payload. These

detectors are identified as EPS channels one and two.

The other two detectors are mounted on the deck marked 'particle

detectors, pulse-height analyzer, and counting circuits' in Figure 5.2.

They are adjacent to each other and are both aimed in the same direction.

That direction is 90 degrees with respect to the payload spin axis. These

t	 detectors are identified as channels three and four.

The geometrical. factor (GF) for the forward-looking detectors is 0.45

x cm2ster; the large value was chosen to give a high count rate for the particle-

bunching experiment. The full width at half maximum (FWHM) is 59 degrees.
r

	

	 The side-looking detectors have GF = 0.057 cm2ster and FWHM 18 degrees. The

narrower field of view is chosen to give better pitch-angle resolution.
f

One of each pair of detectors has an increased thickness of aluminum on
G
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90.7 cm CLAMSHELL NOSECONE
(NASA)

30.7 cm EXPERIMENT
(BERN)

271.0 cm
45.5 cm

TELEMETRY
AND TRACKING

(NASA)

35.6 cm RECEIVING ANTENNAS
(ILLINOIS)

EXPERIMENTS
68.6 cm (ILLINOIS)

---'- TELEMETRY
(NASA)

31.0 cm
GYRO
(NASA)

RECOVERY SYSTEM
(NASA)

Figure 5.1 The payload, flown on Taurus Orion rockets during
the Energy Budget Campaign.



ORIGINAL PAGE IS	 44
OF POOR QUALITY

RECEIVING ANTENNAS

RECEIVERS

DOOR RELEASE MECHANISM

BOOM PROBES

PARTICLE BUNCHING
EXPERIMENT

PARTICLE DETECTORS
PULSE-HEIGHT ANALYZER

COUNTING CIRCUITS

PARTICLE DETECTORS
MAGNETOMETER

PROBE ELECTRONICS
MICROPROCESSOR

BATTERY
TIMERS
CONVERTERS

FM/FM TELEMETRY
COMMUTATOR
CONTROL RELAYS

Figure 5,2 The portion of the payload containing experiment
of the University of Sussex and the University of
Illinois.
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the front surface. The comparison of the flux seen by the pair of detectors
allows some discrimination regarding the type of energetic particle (electron,

proton, etc.). This technique has been described by Fr,Iaa et aZ, [19791, The

specifications of the detectors are summarized in Table 5.1. The preamplifiers

for all four detectors are mounted on the shelf containing detectors throe and

four. Since the coax cables between detectors three and four and their re-

spective preamplifiers are much shorter than those for detectors one and two,

channels three and four have a much lower noise level. The shapers are also

mounted on the same shelf as the preamplifiers.

The staircase-generator card, the PHA card, an d the card containing the

amplifier and threshold detectors for the bunching experiment plug in to

the BPS card cage. The BPS card cage is shown mechanically in Figure 5,3

and schematically in Figure 5,4. The BPS card cage and a similar card cage

for the microprocessor (also shown in Figure 5.3) allow versatile development.

The two card cages were designed so that they may be plugged together (as
¢ ^.m in F gi rt.

	 5.2) n	 ..1. ni. M1.	 U	 ^ 2— l__3^ f 06 . 5
 e_v+IL'., i a A#4 ,.Ur>	 .,..,J 0C thaw 

th
ey could also be use' 4 l ^di1YJViiQS G71 0.3 111

(16.5 cm) diameter.
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Tab la 5.1

"n@rgetic paxticl.a datoctoxs.

NUMBER METAL	 ug,CM2 ANGLE (deg2 GF(cm 2steT

1 40 Au +	 40 Al 25 0.45

2 40 Au + 150 Al 25 0.45

3 40 Au +	 40 Al 90 0.057

4 40 Au + 150 Al 90 0.057
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MICROPROCESSOR
CARD CAGE

I"DA1 553P
EPS CARD CAGE

O

O

0

o.l

O

O

O

,

_

DETAIL A

O

0

O

0/

02

03i	 49

AMPLIFIER 8 THRESHOLD DETECTORS OF
BUNCHING EXPERIMENT'

2PULSE HEIGHT ANALYZER CARD

3STAIRCASE GENERATOR CARD

Figure 5.3 The card cages used for the energetic particle
experiment. The two cages may be used separately
or plugged together.
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6. CALIBRATION

Calibration of the EPS system involves setting the gain of each of

the four amplifiers on the staircase-generator card, making calibration

curves, and setting the proper reference voltage for the comparators on

the staircase-generator card,

6.1 Setting the Cain
r

Since the entire EPS system is made with fixed parts, the gain of each

part of the analog portion of the system varies from unit to unit. The gain

of the amplifiers on the staircase-generator card are adjusted so that the

total gains from the detectors through the peak detectors are correct.

The desired range of particle energy to be measured on these flights

is 0 to 128 keV. Since the MN7100 has 129 output steps for the range of

0 to -10 V input (see Table 4.1), -10 V out of the peak detector is desired

for a 128 keV particle. Consequently, a (60/128)(-X,0 V) = -4.69 V pulse out
of the peak detector would be required for a 60 keV energetic particle.

A 1 uC radioactive source of Am 241, which has a strong emission at

60 keV, i s used as the standard to calibrate the system. Two precautions

must be noted at this point. First, the radioactive source must be used

with caution. It must be stored in a lead box and it must be handled with

pliers. Second, a new source should be used to prevent serious calibration

errors. The source puts out energies other than 60 keV and this can lead

to errors. While new and old sources put out the same energy levels, the

predominant high energy output of a new source is at 60 keV while the 60 keV

output count rate will be less than some of the other outputs if an old

source is used. Therefore, the notion that an old source is preferable since

it is not so dangerous to handle, may lead one to gross errors in system

calibration. To prevent this ambiguity with the source, one should use a

source well within the half life stated by the manufacturer of the source.

Plastic should be placed over the source to block alpha particles.

The source should be placed near, but not in contact with, one of the

detectors and the output of the corresponding peak detector monitored on an

oscilloscope. The oscilloscope 's vertical channel should have a risetime

of 100 ns or less. A storage oscilloscope makes the calibration easier. 'The
V

discharger may be unplugged so that the peak detector output is more easily
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observable. The predominant output voltage of the peak detector due to the
particles should be noted and the gain of the first amplifier on the stair-

case-generator card adjusted until this level is -4,69 V. When the gain is
approximately correct, the oscilloscope's vertical gain should be increased
and the peak detector output voltage compared with a precision do voltage
source. Once the gain of the amplifier is set, the radioactive source should

be removed and an Ortee 448 (or similar) pulse generator connected as shown

in Figure 6.1, The variable attenuator (the large concentric knobs on the

Ortec 448) should be set to 06000, to correspond to 60.00 keV, and the

toggle switch attenuators adjusted for a -4.69 V pulse out of the peak

detector. A calibration curve may then be obtained by leaving the toggle
switch attenuators alone and changing the variable attenuator while recording

the corresponding peak detector output voltage, The result is a calibration

curve such as in Figure 6.2. The above calibration procedure is done for

each of the four detectors, one at a time.
The calibration curves track each other very closely except for the

non-linear region at high energy levels. The non-linearity is due to

limiting by the LM318 in the peak detector. 77iis is not a serious problem

but may be avoided in future flights by increasing the do supply voltage for
the LM318 1 s. Due to the non-linearity, the actual range of the highest 3

bins for the detector shown ir, Figure 6.2 are: D, 93 to 116 keV; F, 117 to

200 keV; and F, > 200 keV.

6,2 A Zternate Method of Setting the Gain
The gain may also be adjusted by looking at the output of a test box

connected to the microprocessor output. A schematic of the test box is shown
in Figure V.4 of BrasweZZ and Smith [1981]. The output of the microprocessor
is a serial digital code. The test box converts the serial digital code into

a parallel digital code and then supplies the parallel code to a D/A converter.

The output of the D/A converter is shown in Figure 6.3 for an Am 241

source and low flux. The oscilloscope is connected to display the D/A out-

put voltage and is set to trigger on the large marker pulse shown at the

left of the picture. There are 15 intervals shown between the marker pulses.

The intervals, starting with bin one, correspond to the 15 significant

energetic particle energy range bins from the logarithmic 'inverter. The
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scope's  vertical input is linearly proportional to the number of counts

recoivod in the bin, provided that the microprocessor's bin has not overflowed. In

the photographs of Figures 6,3 and 6.4, the camera shutter was left open for

many system cycles, so several different counts are present for some of the

bans.

The proper amplifier gain may be obtained by adjusting the gain resistor

until the predominant output with an Ain 241 source falls in bin 10, This

approach makes the calibration a simple process, but is less accurate than

the method of section 6.1.

6,3 The Effects of Peak Detection
Figure 6.4a, which was taken with a low energy flux (low count rate),

shows the true energy distribution from a Ni source, Figure 6.4b shows

the output due to the same source when that source is held next to the

detector so that a very high flux exists. With a high flux, a very energetic

particle was received in almost every data sample interval and, since with

psak detection only the largest sample in a sample interval is measured,

virtually no low energy particles are measured. The effect of peak detection

with high flux is illustrated in Figure 6.5. A correction must be applied

to the data in such cases. Tlis is discussed in Appendix T.

6.4 Setting the ThreshoZd

The threshold for the comparators of the staircase generator are set

after the gain adjustments are made. The threshold is set so that the com-

parator will not trigger on noise. In the past, as discussed in Section 2.5.1,

four threshold amplitude detectors were connected to the output of each of

the amplifiers and each of the threshold detectors was followed by circuitry

that generated a staircase. This required four TM channels for every detector

being sampled. With the greater data amplitude information now available from

the remainder of the EPS system, the twelve TM channels that are saved by

going to a single threshold for each of the four detectors are being better

utilized by other experiments. This change to a single threshold has raised

the question of what that threshold should be. Previously, the lowest thres-

hold level was set right at the noise level so that it would count occasional
noise peaks. This gave persons at the launch site confidence that the

experiment was working while leaving three threshold levels for "real" counts.
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Figure 6,5 Sampling error in the peak detector distorts the energy
spectrum at high particle fluxes.
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Initially, the (single) threshold was sot just above the noise, but
the system noise level, changes by about l dB with ambient temperature, the
length of time since turn-on, and the amount of time the system has been
powered up recently (the last two items probably primarily affect detector

impurities)	 Therefore, the threshold level is now set to about 1.5 d5
above the noise. Note that this setting does not affect amplitude measure-
ments by the pulse-height analyzer.

Me threshold for a given staircase generator is set by first replacing
the lower resistor in the voltage divider to the appropriate comparator
section with a resistor decade box. The value is adjusted until that stair-
case generator counts (randomly) about one count every five seconds and the
value of the resistor is noted, Since the lower resistor's value is much
less than a tenth of the upper resistor value, for small changes in the
lower resistor, the 'Voltage reference is roughly proportional to the lower
resistor. Therefore a threshold increase of approximately 1.5 dB can be

obtained by multiplying the lower resistor by 200.1'5 = 1.6 and selecting

the next higher standard resistor value. This procedure is repeated for
each comparator.
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7. RECOMENDATIONS FOR FUTURE WORK

The circuitry developed on the project gave useful data on the peak

energetic particle levals, However, as discussed in Section 6.3 0 due to

the use of peak detection in a high count rata environment, the measured

distribution of the energy amplitude is distorted. Furthermore, the

determination of the actual distribution is difficult. This chapter will

primarily focus on how the circuitry can be modified to prevent this

problem in future flights. Some other modifications which improve the

performance of the equipment are also suggested. It can be noted that,

in most flights done in the past at middle and low latitudes, the count

rates have been low enough that the distortion in the energy distribution

has been negligib le.

7.1 Basio Alternativee to Improve Samp4ing Statistics

The first alternative to come to mind is to leave the circuitry basically

as it is, but to run it at a much faster speed, Certainly if the time interval.

the
	 1. J^^_,i.._^..	 -	 a	 ^ 7 1 esM n 5.L'V.1 _n _ T s 	 Wt11ul befor charging the peak- detectoro was made silia11OFr} 4- b^ *wr "t% 2 n ^ - -t--

less likely to cause two or more counts to occur during the interval. Of

course, the probability of one count also decreases, so the improvement is

not as great as the decrease in the probability of two or more counts

suggests. The reduction in the distortion of energy distribution is deter-

mined by the ratio of the two probabilities. In order to make a significant

improvement in the energy distribution under the conditions observed in

Sweden, the speed of the system would have to be at least doubled and this

would cause several new problems to develop. First, the radio channel band-

width and the microprocessor speed would both have to be increased unless

the PHA was modified so that it only had a low duty cycle or only a small.
sample of its data was supplied to the microprocessor. This could affect

NASA ground equipment as well as requiring a major rocket payload redesign.

In addition, if the PHA had a low duty cycle, the low sample obtained in the

event of a low flux density (low count rate) would cause very poor data

statistics. Furthermore, as the peak detector charge time is reduced, the

probability that a measurement would be made on the rising edge of the

shaper's output, rather than on its peak output, increases dramatically.

Finally, if the speed of the PHA were substantially increased, the timing
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would become very critical. The one shots used in the FHA for timing would be

unacceptable. The result is that the P11A control circuitry would become much

more complicated. For these reasons, increasing the speed is not recommended.

A second solution would be to decrease the count rate by decreasing the

geometrical factor of the detectors, The GF could be varied in accordance

with the projected count rate, This is a simple solution, but to be effective,

the projection of the flux density should be fairly accurate. An error in the

projection could either cause excessive count rates (so tha,, the problem

would not have been solved) or inadequate count rates which would lead to

poor statistics. Furthermore, since the count rates typically vary widely
in a flight as a function of the altitude and she rocket span angle the

resulting data would be unacceptable during at least part of a flight. For

these reasons reducing the GR is not recommended.

The optimum solution is to measure the first, and only the first, pulse

to occur during a sampling period. This solution would give an accurate

energy distribution and would be solf-adapting in the sense that it would

work over a large range of count rates. The solution, as discussed below in

Section 7.3, would not require microprocessor or other system modifications.

The sample statistics would also be improved if the discharger time

constant were shorter so that the peak detector was essentially fully dis-

charged. In Leung et aZ. [1979] the peak detector is discharged by being
connected to a voltage of the opposite polarity, rather than to ground, to

improve the discharger's operation. however this change is not a solution since

the amplifier of the pear detector has a low output impedance and still

charges the capacitor of the peak detector if a pulse is received during
the discharge time. The circuitry of Section 7.3 eliminates this problem.

7.2 Other Changes

To improve system peTtormance, the first amplifier on the staircase-

generator card should be returned to the shaper card., This would reduce the

effective noise level by eliminating the extraneous signal pick up before

the amplifier. Of course, the same amount of extraneous signal would be

picked up, but the desired signal would be increased by the gain of the

1^
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amplifier before the pick-up point (the cable between the shaper and the
staircase generator card), so the signal-to-noise would be improved. 'The

amplifier should retain its present capability to be used in either the
inverting or the non-inverting mode, but in any given system it should be

conoocted to give a positive pulse out to work with the remaining circuitry
to be suggested in Section 7.3. The amplifier should be replaced by an

UJ318 for cost reduction. Since the space on the shaper where Fl-lee et aZ.

[1979) had the amplifier is now unused, the required modification is minimal.
fine nonlinearity can be eliminated by adding 1x18 V regulators to supply

lower for the U1318's in the peak dote tors. If it is desired to accurately
measure energetic particles of greater than 128 koV, the gain of the amplifier
moved to the shaper could be reduced and the logarithmic converter re-
programmed. If the gain were halved, the range would be doubled to 256 keV
but the resolution would also be halved. Relying on the nonlinearity of the
peak detector for high energy measurements is not recommended as the nonlinear
characteristic is probably not consistently repeatable.

The important pulses from the binary dividers should be made synchronous
with each other by deriving all of them from one of the synchronous four

bit binary dividers. The next section shows how this can be done without
increasing the number of chips required.

The FIFO is now only used to append the sector information; it should

be eliminated for greater reliability and to make room for the added circuits

of the next section.

Since the bunching experiment will not be included in future flights,

the room occupied by that circuit can be used for the circuits discussed in
the next section.

The recommended circuit uses interconnected TTL gates on different cards.
Therefore, the card cage's multiple +5 V regulators should be replaced by
one regulator (such 	 the LM309) capable of supplying the entire cage's +5 V.

The shaper would now put out a- positive pulse, so that the references

for the comparators in the staircase generator card would be cF*,anged to

positive voltages. This only requires replacing one wire. The one shots
should then be changed to trigger on a rising (positive-going) edge. This

can be accomplished by changing the inputs of the one shots from pins 1 and
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9 to pans 2 and 10 respectively and grounding pins 1 rand 9.

7.3 The V: vo,-&nanded PHA Cirouitrb

The recommended PHA configuration is shown in Figure 7.1. The first

amplifier of the staircase generator cord (not shown) would be moved to the

shaper, as discussed earlier, and it would be configured so that its output

pulse is pokz ttive. The staircase generator modifications of the last para-

graph are t+lnn assumed, but not shown,
The nonitvexting mode for the first amplifier of the PHA would be retained

as this coilflgu^.-ation has a high input impedance so that an attenuator placed

between the yard input and the amplifier would be affective. That attenuator

consists of the a.nput resistor and the open collector of the hex inverter.

When the in.vortor transistor is off, the 10 k0 input resistor has little

effect due to the very high input impedance of the amplifier and inverter

transistor flowever, when the inverter transistor is on the input signal

is attenuated. Ay turning the .inverter transistor on after the first purse

is sampled during a sample period, no further signal , ',ll reach the peak

detector.

The input pulse and the peak detector output are both changed for

positive pulses so that conventional TTL logic gates with open collectors

may be tied diroctly to these points. The input diode prevents the negative

overshoots from being seen by the TTL circuitry.

The output of the peak detector is sampled by a LM239 comparator. The

threshold is 20t to correspond to the bottom end of the first logarithmic

converter r'^li, c (above the noise) . Referring to Table 4.3, the first range
above the noifwo currently starts at 15 keV. Therefore, the threshold should

be (15 keV) ( 6,129 mV/keV) = 1.17 V. The comparator puts o.­t a zero except

whenever the plc input is greater than the threshold. When a particle is

sampled, the ixtput rises above the threshold and a discrete pull-up resistor	 ti

applies a one to the one shot,

The one shot is set to trigger on a rising edge. It is set to about

2 ps to allow the peak detector to charge to the peak of the pulse (as

stretched by the shaper). After allowing time for the peak detectors to

fully charge, the one shot sets a SR flip flop which drives the inverter used

in the attenuator,. The signal voltages in the PHA would then remain constant
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(even if new particles struck the detector) during the remainder of the

sample window and then also whale the control circuitry commands the MN7100

to read the peak detector output. The attenuator would remain on while the

discharger charged the peak detector toward -15 V. This would ensure that

the capacitor would be throughly discharged even if a particle struck the

detector during the discharge time.

At the end of the discharge time, the control circuitry would command

the MN7100 and the MXD409 to move to the next channel. The first one shot

of A9 (which triggers when the LSB address line is changed) would have its

time shortened to about 5 us and its output would also be fed to a multiplexer

such as the 74LS153. The multiplexer would be set up so that it would reset

the flip flop of its address minus one. This would be accomplished by, for

example, tieing the C2 output to the flip flop for detector 1. This would

reset the flip flop and remove the attenuation so that the peak detector

would recharge.

The logarithmic converter would be reprogrammed for positive input

signals and the FIFO eliminated.

The new PHA circuitry would be distributed over two circuit cards as

shown in Figure 7,1. This distribution would require the use of 17 additional

lines between the EPS cards. Figure 5.4 shows that there are now 18 unused

lines, so this is no problem. Three fewer lines would be required if the

74LS153 selector were moved to the other card, but this might unnecessarily

crowd the other card.

Note that all of the lines used from the binary dividers come from one

section of one of the 74LS393 4-bit synchronous binary counters. This ensures

that all of the lines are synchronous with respect to each other.

The best way to demonstrate the effectiveness of the proposed circuit

would be to note that the observed energy spectra would not change (as it

does in Figures 6.3a and 6.3b) as the energy flux is varied. Furthermore,

the circuitry should give good statistics in a low flux environment. It is

believed that the circuitry discussed above would perform well in these tests.

7.4 Further Refinements

A problem in the alternate calibration method of Section 6 2 is that

for example, 60 keV is read out in bin A which is 10 keV wide. Therefore,

r

t
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a,

a potential alignment error of (9/60) (100%) a 15% exists 
in 

this alternate

calibration procedure, 11ils error could be reduct.^` b, )iWz ing a calibration

card that would only 
be 

used for calibration. "dais card would be identical

to tho second card as shown in figure 7.1 except that the standard logarithmic

convertor would 
be 

replaced with an EPROM programmed such that each 
one 

kov

incremit around 60 koV would fall in as different bin so that tho amplifier

gain could be set exactly. Note that since 
none 

of the analog circuitry

would W on the calibration card, no error due to the temporary substitution

of the regular card with the calibration. card would exist. Then, to set the

gain more accurntely, the gain resistor 
on 

the mplifier moved to the shapor

would 
be 

a potentiometer. Ilia potentiometers should have glyptol applied to

them after calibration. The above changes would greatly increase systam

accuracy.

The modifications of Section 7.3 reduce the pile-up problem since the

only times that pile tip affects measured data are if a second pulse occurs

in the 2 jis interval after the first pulse and bof-ore the one shot following

the comparator times out or if the shaper is still responding to a previous

pulse at the beginning of a swuple period. these probabilities tire so low

under my conditions envisioned as to not appreciably affect the data. flow-

ever, if data is to be taken under extremely high flux rates mid the measure-

ment of high energetic particles is paramomt, the pile-up could 
be 

reduced

by replacing the shaper with rani amplifier and as low-pass filter, ilia pile-up

would be almost eliminated (although as low-pass filter spreads as pulse some) 0

Gut other differences 
in 

high energy measurements would not be soon. However"

the noiso level would be higher, so the minimum onergy moasurablo would rise,
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APPENDIX I. Sampling Error*

I.1 Definition of the Px,ob Gem

The design of the sample-and-hold system is such that it counts only

the largest pulse (corresponding to the most energetic particle arriving at

the detector) during the sampling interval. In situations of high

flux this results in the count rate (or apparent flux) being less than the

pulse rats (or actual flux) .

It will be shown in this Appendix that, assuming that the pulses are

Poisson_ distributed, a correction can be applied to the apparent flux to

obtain the actual flux. In considering the sampling error we ignore the

separate problem ► of possible overflow in the data storage system. The
correction is somewhat different for the highest energy range (bin 15) than

for the other energy ranges (bins 1 to 14) Because the latter require a

correction which involves all higher energy ranges, 'Thus the development

of the correction begins with the highest energy range (bin 15) .

1.2 The Hf ghest Energy Range

If N is the average number of pulses during a sampling interval then

the probability of n pulses occurring in a sampling interval is

P (n) = (N)ne -N/III	 (I.1)

where n = 0, 1, 2 ... and 0! = 1.

By definition

00

P (n)
n = 0

and, as expected, the average number of pulses per interval is
CO

nP (11) ° N
n 0

Let Nl5 be the average number of pulses in a sampling interval for the
highest energy range (bin 15). If, now, only one count is recorded when one

or more pulses occur in a sampling interval the average number of counts per
interval is

*This appendix by L. G. Smith

M

f"
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r	
CO

N15	
n L 

l 
P(n)	 i" e"N ] s	 (1.2)

Note that, as expected, for N1s + °', Nis + 1.r
Since N is is the count rate measured in the experiment the actual

pulse rate is

}	 N15	 in	 1 ► 	 (T.3)

l N15

moan equation (I.2) the correction increases rapidly for N15 > 1. For

N 15	 3, for example, Ni s = 0.950 and for N15 = 4, N 15 = 0.982. Ilius a 3%

error in determ.ining the count rate gives a 25% error in the pulse rate.

Taking Nis 3 as a practical upper limit the corresponding pulse rate is

Y

	

	 3/(150 ps) = 2 x 104 s^ 1 . It can be noted that this upper limit on pulse

rate is comiparable to that of the completely independent staircase system.

I.3 Lower Energy Ranges
First we consider the next lower energy range (bin 14) . Pulses can be

recorded in this range only if there were no pulses in the highest energy

range during a particular sampling interval.

From equation (I.1) the probability of a sampling interval having no

pulses falling in the Highest energy range is

F (0)	 e -Nis	 (1.4)

For example, if N 15 = 3 pulses per sampling interval (on average) then

5% of the sampling intervals will have no pulses of the highest energy range

(bin 15) .

In addition, for the pulses of the next lower energy range (bin 14),

there is again the possibility of multiple pulses in a sampling interval.

1f Nl4 is the average number of pulses per sampling interval in this energy

range (bin 14) then the average number of counts per sampling interval is

N r = C1 " 
e"N14) a-Nis
	

(1 • s)14
r	 ►

4	 In terms of the count rates N l4 and N15 measured in the experiment the

t
actual pulse rate for the energy range (bin 14) is, using equation (I.2),

r

N	 _ 1n	 l r 
Nis	

(1.6)14 1N14Nls
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Pulses can be recorded in the next lower energy range (bin 13) only if

no pulses of the two higher energy ranges (bin 14 and 15) occurred. There

is also the possibility of multiple pulses in a sampling interval. If N13

is the average number of pulses per sampling interval in this energy range

(bin 13) then the average number of counts per sampling interval is

N13
r ^ (1 ., e`N13)e- N14 + N 1	 (1.7)

► 	 ► 	 ►
In terms of the count rates N 13 , N14 and N is measured in the experiment

the actual pulse rate for the energy range (bin 13) is
r	 ►

N13 = In	 1 r N14 ►̂ N 15 ,	
(1.8)

1-N13-N14-N15

Comparing equations (1,3), (I.G) and (1.8) shows the general form of

the equation for the energy range specified as bin k is expected to be

► 	 r

Nk = In 	1 ^rNk+1	 Nis	

(I.9)

1 - N  - Nk+1	 N 15

Thus all energy ranges can be corrected for the sampling error.

It follows from equation (1.9) that

15	 r

I	 N  s 1	 (1.10)
k=0

Further consideration shows that if there are no counts in the lowest

energy range (bin 0, which responds to system noise) then

isrrG	 N  = 1	 (I.17.)
k= 0

This provides a useful check: on the operation of the system. It makes the

occurrence of data overflow immediately obvious and also allows an independent
check of the total number of sampling intervals.

`fable 1.1 gives an illustration of the effect of sampling error for a

total of 730 sampling intervals of 180 us each, as in the instruments flown
in the Energy Budget Campaign. The calculation assumes the actual pulse.

rate is the same in each energy bin, as would be the case for an exponential

spectrum, (Recall that the ranges of the energy bins are assigned on a

logarithmic scale). Thus, for a. pulse rate of 556 s" l (a total of 73 pulses)
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	 in each energy bin, the average number (N) of pulses per sampling period is

0.1. In the absence of sampling error, each pulse would be sensed and

each bin would record 73 pulses. Sampling error reduces the number pro-

gressively with decreasing bin number until, in energy bin 1, only 23.4%

of the pulses are recorded.

As the average number of pulses per sampling interval increases the

range of energies that can be measured decreases so that the energy spectrum

can be established only for the higher energies. On the other hand this

effect extends the range of count rates that the instrument can measure.

The expected counts are given in Table I.1 to tenths, based on the

calculated probability. Only integral numbers of counts are recorded by

the instrument.
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APPENDIX II. Modifications to the Receiver

The radio propagation experiment uses Faraday rotation and differential

absorption to measure electron density. The receiver is located within the
payload, Figure 5.2. The signal is transmitted from the ground, near the

launch site.

The receiver is a single conversion. superheterodyne utilizing a 4 kilz
wide ceramic filter (Vernitron TLS-2DSA), an envelope AM detector, and AGC.
The receiver was originally developed by G. W. Henry in the Aeronomy Laboratory

in 1974 and is described on pages 51-64 of Edwards [1975). The schematic used

from 1974 until the Energy B-,dget Campaign is shown in Figure II.I.

II.1 Receiver Changes
The new experimental method differs from that used previously in that

the nulls in the received signal must be accurately measured. The old AM

detector had a residual output of 200 W. Furthermore, this value was not

consistent. These factors limited the capability to measure low amplitudes.

'Hie offset was due to leakage current in the germaniam detector transistor.
This problem was eliminated by replacing the transistor detector with a not

carrier dude. The present schematic of the modified portion of the receiver

is shown in Figure '11.2. The value of C216 was decreased (decreasing the
detector time constant) so that the output would follow the null more

accurately.

The receiver's AGC did not operate smoothly. This was traced to higi

frequency regeneration in the two operational amplifiers and to AGC latch-

up on momentary strong signals, The first problem, which is probably due

to some very long leads in the PC board layout, was eliminated by adding

0.0047 pF capacitors directly across the IC's to reduce their high frequency
response. The latch -up problem was eliminated by placing a 100 Q resistor

in series with C219 so that momentary large signals or a static burst will

not fully charge the AGC.

1X.2 Further Recommended Receiver Changes
The receiver has considerable spurious response as shown in Table 4.7

of Gnther and Smith [1975]. The spurious responses are largely due to
images and to a nonlinear RF amplifier.

a
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The images are due to the fact that the receiver is now being used at

a much higher frequency (8 MHz) than it was originally designed for (2•5 MHz)

The input tuned circuit is, consequently, not sharp enough to properly
attenuate the image. Figure 11,3 shows a solution to this problem. C120

and L102 are added to the input tuned circuit and are tuned to series

resonance at the imago frequency. The value to C102 is changed to compensate

for the reactance of C120 and L102 at the desired frequency,

The nonlinearity of the RF amplifier is due to the use of a FET for the

first amplifier. The use of a "square law" device for an RP amplifier that

should have low spurious response is undesirable. 'Ilse device choice is also

poor when intermodulation distortion performance is considered. Such an

amplifier should only be used after a filter to eliminate exposure of the

amplifier to the spurious frequencies. This problem can be eliminated by

replacing the FET with a BJT. The IF amplifiers, which are protected by

the filter, are examples of the proper use of FET"s in receiver design.
UGC should be removed from the RF amplifier in order to min .mize the

receiver noise figure. This will cause the receiver to saturate on the

launch pad, but will improve its performance on weak signals during the

flight.
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