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Dear Mr. Reber; 

Enclosed is a copy of our Solar Research Memorandum No. 57 which 

you requested in your letter of 29 August. Also, I am enclosing a 

reprint of an article from "Electronics" on the same subject. 

We are now using more refined versions of the interference rejection 

circuitry than that which is described in these papers, although the 

basis is the same. 

The equipments in which we are now using these techniques success

fully are; 

1.	 18 me. cosmic noise receiver (SeNA). These are total power 

receivers with a fixed antenna beamed vertically. Four of 

these units are in operation at various observatories. 

2.	 18 me. phase switched interferometer with fixed antennas 

beamed vertical~y. 

).	 36 me. phase switched interferometer essentially the same as 

18 me. 

4.	 15 me. to 33 me. swept-frequency phase-switched interferometer,
I 

with two steerable corner reflectors on a 900 foot baseline (a 

radio spectrograph). 

5.	 27 kc. atmospherics receiver, which we regard as a detection 

device for solar flares with little possibility of giving any 

quantitative data. 

If you should have any need for any of the circuitry used in these 

receivers, I will be happy to pass along the details. 



Reber 2 

Our primary objective here is solar research in both optical 

and radio fields, but we have also done some ionospheric work using 

the radio stars as signal sources. Most recently, we have had con

siderable success in receiving radio emissions from Jupiter on the 

radio spectrograph, and we now have quite a number of observations 

of this planet in the range of 15 to 33 mc. 

I am very much impressed by your accomplishments in radio 

astronomy, and hope that I may someday have an opportunity to meet 

you. 

Si.ncere1y, 

RHL:ajm 

enc1s. 
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High Altit1lde Observatory 
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Mise Re 'rint o. 62 
H j ~ r P. 1tie O' 3 J I a t J r y 

Boul er, 010. 

Reprinted from ELECTROl'ICS, March 1, 1957
 
Copyrighted (all rights reserved) by McGraw-Hill Pub. Co., Inc.
 

330 W. 42nd St., New York 36 N. Y.
 



Pbotoqraph of solar flare taken czt Sacra
mento Peak Observatory. Sunspot. New 
Mexlco. The solar flare Ionizes Ihe atmol
phere. resultinq In changes that are de
tected by two radio receivers 

By ROBERT H. LEE 
H(gh AlUtude Observatory
 

Boulder, Colorado
 

so A -F ARE 
UMMARY -- Two radio receivers, operating at 27 kc and 18 mc, inter

cept signal disturhances occuring in the D-Iayer of the ionosphere during a ~ solar flare. The detection system indicate an increased signal caused by sud

den lightning hursts and an attenuated ignal caused by cosmic-noise absorp

tion. Pulse analyzers discriminate against background noise, interfering radio 

stations and unwanted atmospheric disturhances. Signals are chart recorded 

on a time-sharing hasis 

W HEN a solar flare occurs, 
there is often a rapid in

crease in the radiation that ionizes 
our atmosphere, to form the iono
sphere. This radiation is probably 
Lyman alpha (1,216 Angstroms), 
or some shorter wavelength. The 
effect is most commonly known as 
a sudden ionospheric disturbance or 
a sudden short-wave fadeout. A 
severe disturbance can cause a com
plete blackout of short-wave long
distance communication. This fad
ing is caused by increased absorp
tion of the radio waves as they pass 
through the D-region of the ionos
phere at a height of about 80 kilo
metera. 

Two distinct types of radio sig
nals are used to detect and study 

these solar-flare effects. The system 
is shown in Fig. 1. 

The fir· t receiver, operating near 
27 kc, detects any important sudden 
enhancement of atmospherics and 
records the frequency and intensitJ 
of lightning bursts from various 
parts of the world. When a solar 
flare occurs, the reflecting ability 
of the D-region of the ionosphere 
on the sunlit side of the earth is 
improved suddenly and there is all 

increase in the strength of the re
ceived signals. The decay in signal 
strength is much lower, indicating 
the recovery of normal ionization 
in the D-region. 

The second method of detection 
records galactic or cosmic radio 
noise coming to us from space. This 

noise, in coming through the iono
sphere, is partially absorbed. When 
a solar flare occurs, absorption is 
suddenly increased. This is called 
a sudden cosmic-noise absorption. 
The region around 18 me is a rea
sonable compromise frequency for 
this measurement. 

If a considerably higher fre
quency is used, the absorption be
comes smaner and is difficult to 
measure. If a lower frequency is 
used, the interference from radio 
stations and atmospherics becomes 
more severe. 

Noise-free locations are difficult 
to obtain and man, and consider
able effort was spent in designing 
equipment that would discriminate 
against unwanted pulse signals. 



Antenna array lor solar-Hare detection Solar Hare detection equipment includes Irom left to riqhl. a 27-kc receiver. noise cali· 
uses two parallel hall-wave folded di brator. IS-me receiver (second i-Il. ARR.7 receiver (r-I and first i-I) and motor-driven 
poles. spaced one hall-wave apart and radio frequency scanner. The two siqnal·interlerence rejectors are On top shell. on both 
driven In phase sides of timer. Chart recorder is not shown 

The 27-kc receiver signal is 
caused by individual bursts of at
mospheric noise due to thunder
storms. If the thunderstorm is 
sufficiently distant from the re
ceiver that reception takes place 
by multiple reflections from the 
D-layer, the signal strength is in
creased at the time of a solar-flare. 
Also there is an extension of the 

area over which signals are re
ceived.' 

At 27 kc, serious interference is 
created by power-leaks, brush-type 
electric motors and other electrical 
appliances. For this reason the re
ceiver uses a shielded-loop antenna 
to null out main powerline noise. 
This receiver, the Navy model DZ-2, 
was designed as a direction finder 

FIG. I-Block diaqram 01 solar Hare and cosmic·noise detector 

GY 
and is available complete with loop 
antenna. 

An infinite-impedance detector 
was added to the receiver with the 
front end modified to permit the 
loop antenna to be used remotely. 

Background Noise 

In spite of the use of the loop 
antenna, there is stiIl an appre
ciable amount of noise received. If 
an ordinary averaging circuit were 
used, the atmospherics would he 
lost in the low-level background. 

Fortunately the atmospherics, 
though infrequent, are greater in 
amplitude than most of the peaks 
of the background hash after 
nulIing the main source of power
line noise. This permits use of a 
base clipper to prevent the low-level 
signals from reaching the signal
integrating device. This clipper can 
be the same diode that permits the 
charge and discharge time con
stants of the integrating circuit to 
be different. 

Noise Discrimination 

An atmospheric burst encounters 
the circuit shown in Fig. 2. The 
burst from the infinite-impedance 
detector in the receiver appears as 



FIG. 2-Inteqrator and nolce-rejection cir
culls in the 27-kc receiver 

0, CATHODE 

LEVEL 

FIG 3.-Solar flare siqnal from the 27-kc 
receiTer 

a positive pulse as shown in Fig. 3. 
When the amplitude becomes great 
enough, D, conducts and the pulse 
charges C, through capacitor C. and 
limiting resistor R,. As the ampli
tude of the burst drops, D, opens 
and C. is charged through R. to 
a new level so that the diode bias 
is restored. Also the charge lost 
by C. during the charging of C1 

is restored. The system is now 
ready for the next burst to be re
ceived at some undetermined later 
time. 

The voltage on capacitor C, 
reaches equilibrium at a value given 
by average of pulses above clip 
level X R./R" assuming that C. 
ca:l reach equilibrium between 
pulses. 

Amplitude Selection 

In addition to clipping out some 
of the base-level noise, it may be 
desirable to reject local thunder
storm bursts. This can be done by 
amplitude selection and is accom
plished by V. in Fig. 2. In this 
application V. is biased beyond cut
off by the d-c restoring circuit C.. 
D., P,. 

If a positive burst of sufficient 

across R,. The voltage waveform 
presented to the integr tor then 
appears as in Fig. 4A. 

The C, charging current wave
form will be the same as that por
tion of the voltage waveform above 
the D, cathode level. ThuB the sys
tem rejects bursts above the ampli
tude selected at P" except for that 
part of the leading and trailing 
edges which are below the rejection 
level. 
~ The trailing edge of an atmos

pheric burst has somewhat less 
slope than the leading edge, so most 
of the charge accumulated from a 
rejected burst comes from the trail
ing edge. The trailing edge can be 
eliminated by D. and C,. When a 
large burst comes from the e
ceiver, C, is charged thro gh D. 
to nearly the peak value of the 
burst. Then, as the burst rops 
off, D. opens, leaving C. to dis
charge through R. and the back
resistance of D.. By choosing 
capacitor C. properly, the voltage 
waveform prese ed to the inte
grator will be as shown in Fig. 4B. 
Only a small spike represented by 
the part of the curve above D, 
cathode level shows up as capacitor 
charge. 

There will be smaller bursts pres
ent in a local thunderstorm against 
which the system cannot discrimi
nate. Therefore, the best that can 
be hoped for is that there will be 
some discrimination against storms 
not in the immediate area, but too 
close to be received by D-layer re
flection. 

Cosmic-Noise Signal 

The signal for the IS-me receiver 
is galactic or cosmic radio noise 
generated in the galaxy. In coming 
through the ionosphere the noise 

i attenuated, depending on the 
ioni2ation resent. When Bolar 
flare occurs, the ttenuation is in
crea ed! 

At approximately 18 me, auto
mobile ignition, power line noise 
and radio stations are the chief 
sources of interference. One can
not discriminate against back
ground ince this is what is to be 
measured. 

Cosmic Signal Level 

The rejection technique for igni
tion and power line noise is similar 
to that used with the 27-kc receiver 
to reject local thunderstorm bursts. 
However, the rejected noise burst 
must be reduced only to the average 
level. If it is reduced too far, it 
will cause a decrease in the re
corded signal level and would be 
wars than no rejection at all, 
since we are looking for decreases. 
Reduction is accomplished by re
turning the cathode of the noise
rejection triode to a point which 
varies as he average noise level, 
rather than to ground as in the 
27-kc rejector. 

Radio Interference 

The rejection circuitry just de
scribed, satisfactorily removes im
pulse-type interference from the 
receiver output. However, there 
remains the problem of interfering 
radio stations. 

To overcome this interference, 
the tuning dial of the receiver is 
mechanically driven so that it 
sweeps back-and-forth over a range 
of about 30 kc. Radio station in
terference can be eliminated by the 
circuit shown in Fig. 5. 

Capacitor C, is charged slowly in 
a positive direction through R•. 
When the potential reaches the volt-

D, CATHODE0, CATHODE 
LEVELLEVEL 

(B)(A) 

amplitude occurs, V. conducts, caus FIG. 4-0utput of bculc ampUtude selector for rejected burst (Al and after pulse 

ing the burst to appear as a drop elimination (B) 
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age level of the cathode of Vo, D. 
conducts and prevents the capacitor 
from charging further. If an inter
fering signal causes the cathode of 
V. to go positive, D. opens and C. 
starts to charge slowly. 

As soon as the interference is 
gone, D. conducts and rapidly dis
charges C. down to a level deter
mined by the background noise as 
averaged in R., C.. If the charge 
rate of C. is slower than the sweep 
rate on the tuning dial, the record
ing will be nearly a straight line 
representing the base noise level, 
ignoring the interfering radio sta
tions. 

The receiver used in the experi
mental system is an ARR-7 working 
into a DZ-2 receiver, making it a 
double conversion superhet with i-f 
of 456 and 88 kc. The first r-f stage 
of the ARR-7 was changed from a 
6SK7 to a 6AC7 to improve the 
noise figure. 

Antenna 

The antenna array consists of 
two horizontal, parallel half-wave 
folded dipoles, spaced one half-wave 
apart and driven in phase. The di
poles are placed one-tenth wave
length above a ground screen. 

The vertical gain of the antenna 
is useful primarily as a means of 
discriminating against interfering 
signals arriving at low angles above 
the horizon. 

Chart Recoraer 

The present method of recording 
uses a pen recorder utilizing a time 
sharing system to record the out
put of both receivers on the same 
chart. A chart recording of a solar
flare is shown in Figure 6. The 
18-mc'receiver output has its zero 
point toward the bottom of the 
chart. Increasing signal level 
moves the pen upward. The 27-kc 
record has its zero at about the 
center of the chart. Increasing sig
nal level causes the pen to move 
upward. At the time of a flare, the 
sudden cosmic noise absorption re
cording line deviates toward the 
lower part of the chart and the 
sudden enhancement of atmos
pherics record moves toward the 
top. 

Interference on the 27-kc record 
goes in the same direction as the 
flare-signal record. For the 18-mc 
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FIG. 5-Radio-interlerence rejector for the IB-mc reeel"er 

H-ALPHA FLARE 
ENDED AFTER 2309400(E---='-'--'-'--~--ll 
UNIVERSAL TIME 

MAX BEGIN 2200 UNIVERSAL TIME 

SUDDEN ENHANCEMENT 
,OF ATMOSPHERICS 

SUDDEN 

,/ 27-f<C SIGNAL 
~ 

COSMIC 
NOISE 

ABSORPTION IS-MC SIGNAL 

2400 UT 2300 UT 2200 UT 

FIG. 6--Chart recording 01 solar lIare shown in photograph. The two siqned traces are 
recorded in unl"ersal lime 

record the interference goes in the 
opposite direction from the cosmic
noise signal. 

Sudden short-wave fadeouts may 
be recorded by connecting an RC 
averaging circuit, time constant of 
3 or 4 minutes, to the cathode of V. 
in Fig. 5. This averaging circuit 
is then isolated by a cathode fol
lower. 

Three of the finished units will 
be in operation during the Inter
national Geophysical Year 1957-58, 
at the High Altitude Observatory, 
Boulder, Colo., at Sacramento Peak 
Observatory, Sunspot,. New Mexico 
and at McMath-Hulbert Observa
tory at Lake Angelus, Mich. 
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The work described here was sup
ported by the National Committee 
for the International Geophysical 
Year 1957-58, through a National 
Science Foundation grant. The au
thor wishes also to express appre
ciation to William Wright of High 
Altitude Observatory for his assist
ance in construction and testing of 
this equipment. 
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