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esearch Center
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BOULDER, COLORADO

Mr. Grote Reber

National Radio Astronomy Observatory
P, 0, Box 2 g

Greenbank, West Virginia

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 mec. cosmic noise receiver (SCNA). These are total power
receivers with a fixed antenna beamed vertically. Four of
these units are in operation at various observatories.

2. 18 mc. phase switched interferometer with fixed antennas
beamed vertically.

%6 mc. phase switched interferometer essentially the same as
18 mec.

A

e 15 me. te 33 me. swept—frequency‘phase—switched interferometer,
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.
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Qur 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 rahge ef 15 te 33 me.

I am very much impressed by your accomplishments in radio
astronomy, and hope that I may someday have an opportunity to meet

you.
Sincerely,
4 4 /7
bord A L
Robert H. Lee
RHL:ajm
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Introduction
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Ms The decay in sipgnal strenpth is much slower indicating the recom-
'bination time of the ionization in the D region of the ionosphare.

The socond ﬁu’hhéd of detoction is to record galacvic or cosmic radio

58 coning to us Srom space. This noise, in coming to us through the ionos-

» 18 partially absorbsd. Lhen a solar flare occurs, the ahaorptim is
ly increasod. This 1s callod a Sudden Cosmic Iloiso Abso on (SCMA).
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tgn »a of usasurement. If a considarably highar froquency is used,

n becames smallor snu may be difficult to mausurs. If a lower
oy is usad the intecfurence fron radio stations and a't.mwlwﬁoa be-

m describad hare vas supported by a resvearch and davelognent granﬁ
hie U:by Program for the I @a




.‘,‘E 2. Present Status

o B ~ The equigment it now in oporation in a broadboard form #t a site near

" 3 Boulder. It has duotacted saveral [laras and com2 subflarss. It has also

' missed come subflar;s and class 1 flares for undetarmined rossong.

- -

F 3. PFlans
I Aftor puining nore exparience with ths eyuipment, we plan to put it in |
r a finnl form to va sant to othar locations. we intend Lo ancamble the squip- i
- ment into a fom which will permit unattended oparation if nascessary, at Hiu, ;

_ sellath-llulbart Obeervatory and at Sacramento Peak. |
l L Cireuitry aml Techniques
It wvas decided at the Leginning of the project thit noive~{ree locations

for the eyulymant would be JiiTicult to obtain and man, and uiat considerabls
effort chould Le cpant in noise reduction schemese ‘

S.A The signal for the SJA raceiver consists of individual bursts of
atuosphieric noise causod oy thunderstorms. If the thundacstora is suriieiantly
distant from the rocaiver that reception takes place Ly multiple reflections ' I
Irom the D=layar, ths strengil ol tha siynals is increasocd at the vime of a

. solar 1lare. also there shiould be an :xtension of tha arz2a over ‘nhicg signals
can ba received. This phenomencn is adeguatsly o :seribed by wllison.

kt 27 keo/s. serious interferenca is crsatad by powar-leaks, brush-type
slectric motors, and a varisty of electrical uppliuweu- For f.hi:s raason ve
have chosan a rocelver whilch uves a ab:leld i 1o N, gln

-{"%f}.’“ b e

accdm we havo chosan a urpin unit, ihe nhv,y Lo : ﬁ{
roceiver. This raceivar was dasignzd o Le usad i.n‘ﬂavy&iu*ai’tna

diractiun sinder, and tungs Jrom 15 ke. te 7O ke. dnd Crom 100 ke to 1750 ko

It is eommhiat more complex than is necousary for this agplication, but it is ‘

‘available complote with loop antenna at a rhasonavlo price.

- ~ A cathode followsr uas addad to the rocciver and is usad as an Infinite
inmpodance datactor. Also the recaivor front and was modified to parmit the
1oop antemna Lo Lia uted ranotaly.

Woise Rejoction In spite of the use of ths 100p auntenna, thace is still {
&n appraciasle anount of noise racilved, so that il an ordinary averaging
eirouit ware uaed the atmospherics raceived would be lowt in the low lavel

_ Jbackground.

Fortunataly the auaospharics, though infrequent, arc gratie in amplitude
than post of the poaks of e background “hash® arter nulling tho main source
of | rline noisz. Thiv parndts wse of 4 vase clippar to pravanu tha low
X Shguals from raaching the slgnal integrating device. ‘this elipper can
tha Bi@me dlode that permits tha charga anc oischar;s Lims constants of the
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! inteyrating circuit to be differsnt. This portion of tha cireuwit is
: taken from the ane designod Ly Lr. J. A. Rat€liffe (Cavendish laboratory)
';1- for use by Sllison's group at wdinburgh.

. The action of an atmospheric Lurst throngh Lhe cireuit, Fig. 3, is
as followes The burst comilng {ron the infinite impadance dotsctor in the
roceiver appsars as a positive buret as shom in Fig. 2. when the ampli-

: tudo becomes graat anou ii, Dl will cunduct, and the pulse will charge C1
the ecapacitor C2 and the limiting r2sistor 1. As the amplibude

: of tha burst drope, D1 will open, and C2 #rill be charpged throazh &3 t a
new lavel so that tho diode biss is rostored. Also the chacge lost by G2

l during the cbarging of C1 will ve rastored. The systam is now raady for
the next burst w be raceiv.d at vome undoiwcmined laver tims.

through R1 and alucharysd at a slow rsave through R2. Cathode follower V1
maintains the groper bias across D1 for clipping low lavel nolss out of
the sipnul and providss a low imgadance output to tha rzcordar.

The voltayge on capacitor Cl reaches equilibrium at a valus given by
] average of pulsus (above clip loval) x R2/k1, assuaing lhat €2 can reach
equilivrium betivesn pulsas.

i To sumarize, the Intogrotor capacitor Cl is charged at a iust rate

lioise Limiter In addition to clipping out some of the basa lavel
noise, it may e dasirabls to rejz2ct local thundorstorm bursts. This can
be dona on the bLasis of applitude wolaction and is accolplishad by the
basic circult showm in Fig. ©.

In this application V2 is biasod beyond cutoff by the D.C. restoring
rircuit C3, D2, Fl. If a positive burst of sufficient anplitude occurs,
¥2 will conduct, causing tho Lucst to appsar as a drop across dl. The
) voltage wavefor: prosented to tho integrator will then appaar as in Fig. 6.
The Cl charsing curzent vaveforn will be Lhe wung as that portion of the
voltage wavelorm abova the DL catiiode livel. Uy 45 & grid currant limiting
rasistor for V2. Thus the systan rejacts bursts sbove the amplitode selcted
at Pl, axc spt Jor the lsading vnd twrailing adges which are bLelow the rajactlon
lovoal. A fypleal waveform ior a rajactad Lurot iu tham in Pig. 6.

v The trailing adre of an atmospheric Lurst has comewhat laus slope Shan
tha leading edys, oo nost of the charge accumulated Irom & rejectad Lurst
comes from the tralling edpge. The trailing edpge chan be eliminated by’ the
additionsl circuitey sliown in #ig. 7. when a luarge burst comes from the
rociver, Ch will be charged through D3 to about the peak vilue of the
burst; then as tua ourct drogs ofl'; I3 will open, leaving Ck to discharge

 through Rk and tus vack-pesistance of D3. By choslng capuacitor Cl propsrly,

the voltage wavelform prasaniad Lo tho intsgssvor will be as saown in Fig. 8.

unly a small spike representad by tha part of the curve avove D1 catiode

Jleval w.ll chow up as capacitor charge.

It shonld be pointed out that thare w.ill bo smallir vursts prauvant in
thunderstorm a-ainst which whe uystem cannot discriminate. There-
he best that can ba hopad Cor iu that there-will be some discrinination

L
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storme not ln the inmodiate arasa but too closa to bs roceaived by
D layer reilection.

ﬁ%‘ signal for the LCIA is galactic or cosmie ralio noise gener-
galaxy. In coming throud. the luvnosphere tho noise is attemu—

ated, dapanding on the iwnization prosont. «hen & so%ar [lare occurs, the
attenuation is inccroxsad. A paper by Shain and kitra® describes some of
the work don2 in this [lold.

At the fre uencies chosen yor this work (approximatsly 10 me.), auto-
mobile ignition, power line noiuvae, and radio swations are the chisfl soucces
of interfarunce. In this cése ons cannot discriminate against "oackpround"
since this is what is 1o be nwasured.

3
it
|

The mjecti&l vichniyue for ignition and powarline noise is similar to
that used in the LA W reject local thundarstorm bursts. However, the
rajescted noise vurst must bo reduced only to twhe avieaps lavel. If it is
raduced too far, it will caute a dwrease in the cscordad vignal level and
would be worse than no rajection at all, uvince w2 are looking lor decrazasas.
This is acconplished by raturning the cathods ol the nolsa vejection triode
to a point wuliien variss 4as Wie avarare noise lovel, rathar than to round
as in to Lale Fige 7 fhows the voltage waveforms at Uw inpat to the aver-

azing circuit (23C3).

The 'rnjnction circultry just doscribed satisfuctorily ramoves impulse-.
, interference (rom the racziver output. llowever, there ¢till remains

) the problam of intarforing rndiv statlons. e bave found that sven though

the raeceivar is tuncd to an intarfarance-iree frejuency that, alter a time,

v an interfeving station nearly alvays comas within the bandpass ol' the re-

: oeimmﬂthagalmﬂcnoise]malialost- In ordar to ovarcume this

, tvp. of intorfevence, the tuning dial of lhoe roceiver is mochanloally driven
‘80 that 1t oweeps vack and forth ovar a small range (50 ke. or so). When
-'fhu sutput of the raceiver is racorded, tha trace appeacs as 1e shown in
Fig. 10. S5inco tha ugward oxcursions from the noiue levul uerve no useful
purpose and cause the record to be cluttared, they can e oliminated Ly the
eircuit showm in Mig. 11. Csapacitor Ch is chargd slowly in a positive
diraction by R5. when it reachos the vollage level of the cathode of V2,

- L3 conducts, and pravents the capacitor from chacging further. If an inter-
fordng signal cansas the cathode of V2 to go positive, D3I opens, and Gl
starts to charge ulowly. As soon as tho interfarsnce iz pone, D3 conducts
and rapidly discharges Cl down to a lovel determinad by the background noise
as averaged in R3C3.

~ If the charge rate of C4 is chosen to be much slowsr than the sweep
rata on the tuning dial, tha ragording will be nsarly a straight line repre-
senting the bass noiso lsvel and irnoring the interfering radio stations.

e Ths rocoiver now in use is an AR-7 (aircraft version of
leraltars Sx-204) working into a D=2 receiver, maldng it a double con~

on Guperhet with I.F.'s of L56 and 838 ke. The first R. F. stage of
- tlie ARR-7 was changod from a GUK7 to a 6ACT tube to improve tho noise figure.

Sy
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This combination glves a pood shape factor (60 db width/6 db width)
to the bandpass curve. In selscling bandpass one must compromise bLetiean
having a band narrow enough to "fit" bLetreen interforing stations during
& eweep but broad snoush to make a satislactory measuromsnt in the short
time the receiver is in.a "hole" of the spectrum. This implies that a
nearly rectangular bandpass shape would be nost useful for this work.

The Hallicraftors SX~00 appsars to be the most satisfuctory commarcial
receivor for this purpose, au it has I.F.'s at 2075 ke. and %0 kc. and has
a cathods [followver output at tho :0 lke. I.F. output. However panufacture
has Lesn diccontinued on this reciever and it will be difficult to obtain.

L ' The llallicraltors SX~100 and the Collins R-390 will prooally be satis-
1 factory, and almeost any reciever using tha Collins mechanical filtar should

1 be satiafactory. Lost commarcial rocelvers should have the first f.F. anpli-

: fier replaced Ly a low noive pentode lor this application, cr a cathode
couplad preanplifier muy os usxd. A cascode preanplifisr would also Le Juits
vatisfactory axcopt that it is ousily overloadad by stroag ci<nzls on nearby
freguencizs. At times voery ciron; signals are pravent on thxe lyreyusncies,
and recoiver overloading may Lecone & problam.

Racelver noise is not a terribly important problam, since the pgalactic
nolse leval is high at this rreejancy, vub reasonavle efforts uhould be spont
in lmproving the noiss figure of the roceiver.

Neadless to say, pain stabllity in the rassdvar i inmportant, so fila~
ment and B supply \mltage should .e ragulatad.

Antenna Tha receiving a.ray we have chosan ‘comitdo 3k of tvo horizontal

parallel halivave rolded dipolas, spaced cne halfvaye syect and deiven in

phuse. The Gipoles are placed ono-tenth wavelangth abiove & sround plane

: constructed of wires three-quartecs wavelangth long, spacod thres faot apart,
and runuing parallel to the dipoles.

, This avray wus chosen becausz it cun Le esasily constructed fron "ladder
line" telovision lsadin viro, nnd thera ars no difficult phausing or impedance
matehing problans. It is also a relatively Lroadosnd acrray.

Tha vertical zain of tho antenna is useful primarily as a means of dis-
criminating apainst intorforing signals arriving at low angles ahove the

S+ Recording Schene

The outputs of the S3A (27 ke.) and SCHA (18 me.) recievers will be re-
corded on the sume rocord, ubiliuing 2 time-sharing scheme. 1his will pormit
~ accwrate comparison of the sffects of [laros at the two Iroyuencies and will
,ﬂ]m C“ect considerable aconumy in Pirst cout and in recording supplies.

| The gmam msthod of recording utilizes a modified Lseds and Northrup
. onax" cacorder. The LCHA (18 me.) receiver output is placed so that its
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e plan to utie a Sanborn racorder vith a slow chart drive, as this
will eliminate worry about ink supply and will provide more coumpact records.

6. iesults

e have accumlated many yards of racords, but until recently equip-
mant funilures, interforence, and othur problems have rendeced most of the
rocords nselnn 4y lar as ability to detact small flares is concorned.

Racently, however, the equipment perfarmance has been improved to the

- t where we ars nble to detect some subflares (class 1-). It also has
m- dafact that it ignores same class 1 flaras, lor reasons we have not yet
astablished. Larger flares are sasily dotectsd on the UCUA system, but the
‘SaA system is not completely satistactory. Atstempts at improvement will be

ve will loave the sqwipment in routine operation ae much as prusible
in the future, although there are suill modifications to be made: wiuults

. will be included, whera ponb.i.ule. in the HAU waekly "Preliminary nwport of
. Solar Activity."
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SOLAR-FLARE
DETECTION FOR IGY

By ROBERT H. LEE

High Altitude Observatory
Boulder, Colorado
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Photograph of solar ilare taken at Sacra-
mento Peak Observatory, Sunspot, New
Mexico., The solar flare ionizes the atmos-
phere, resulting in changes that are de-
tected by two radio receivers

By ROBERT H. LEE

High Altitude Observatory
Boulder, Colorado

SOLAR-FLARE

UMMARY —— Two radio receivers, operating at 27 ke and 18 mc, inter-
cept signal disturbances occuring in the D-layer of the ionosphere during a

solar flare. The detection system indicates an increased signal caused by sud-

den lightning bursts and an attenuated signal caused by cosmic-noise absorp-

tion. Pulse analyzers discriminate against background noise, interfering radio

stations and unwanted atmospheric disturbances. Signals are chart recorded

on a time-sharing basis

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-
meters,
Two distinet types of radio sig-
nals are used to detect and study

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

The first receiver, operating near
27 ke, detects any important sudden
enhancement of atmospherics and
records the frequency and intensity
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 an
increase in the strength of the re-
ceived signals. The decay in signal
strength is much slower, 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 smaller 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 diseriminate
against unwanted pulse signals.



Antenna array for solarflare detection
uses two parallel half-wave folded di-
poles, spaced one half-wave apart and
driven in phase

Solar flare detection equipment includes from left to right, a 27-kc receiver, noise cali-
brator, 18-mc receiver (second i-f), ARR-7 receiver (r-f and first i-f) and motor-driven
radio frequency scanner. The two signal-interference rejectors are on top shelf, on both

sides of timer. Chart recorder is not shown

DETECTION FOR IGY

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 ke, 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

COSMIC— NOISE SIGNAL
MATCHING RECEIVER NOISE MINIMUM
TRANSFORMER 1BMC REJECTOR DETECTOR el
NOISE ;
FR
DIODE gxgggc‘ SJ"‘;fN L AMPLIFIER
CALIBRATOR i
LOOP
ANTENNA
SOLAR—FLARE SIGNAL
MATCHING RECEIVER OVERBURST
TRANSFORMER e | Wesrren ENERR A0 TMER

FIG. 1—Block diagram of solar flare and cosmic-noise detector

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 still an appre-
ciable amount of noise received. If
an ordinary averaging circuit were
used, the atmospheries would be
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
nulling the main source of power-
line noise. This permits use of a
base clipper to prevent the low-level
gignals 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
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THRESHOLD = -150V

FIG. 2—Iniegrator and noice-rejection cir-
cuits in the 27-kc receiver

D, CATHODE
LEVEL

GROUND LEVEL

FIG 3.—Solar flare signal from the 27-kc
receiver

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 C,
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.
can 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-¢ restoring circuit C,,
D,, P,.

If a positive burst of sufficient
amplitude occurs, V, conducts, caus-
ing the burst to appear as a drop

across B,. The voltage waveform
presented to the integrator 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. Thus 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 re-
ceiver, C, is charged through D,
to nearly the peak value of the
burst. Then, as the burst drops
off, D, opens, leaving C, to dis-
charge through R, and the back-
resistance of D, By choosing
capacitor C, properly, the voltage
waveform presented 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 diserimination 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 18-me receiver
is galactic or cosmic radio noise
generated in the galaxy. In coming
through the ionosphere the noise

is attenuated, depending on the
ionization present. When a solar
flare occurs, the attenuation is in-
creased.’

At approximately 18 mec,
mobile ignition, power line noise
and radio stations are the chief
sources of interference. One can-
not diseriminate against back-
ground since this is what is to be
measured.

auto-

Cosmic Signal Level

The rejection technique for igni-
tion and power line noise is similar
to that used with the 27-ke 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
worse 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 the average noise level,
rather than to ground as in the
27-ke 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 ke. Radio station in-
terference can be eliminated by the
cireuit shown in Fig. 5.

Capacitor C, is charged slowly in
a positive direction through R..
When the potential reaches the volt-
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FIG. 4—Output of basic amplilude selector

elimination (B)

for rejected burst (A) and after pulse



age level of the cathode of V., 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 ke. 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 congists 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 & 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-mec receiver output has its zero
point toward the bottom of the
chart. Increasing signal level
moves the pen upward. The 27-ke
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-me

B+

A RECEIVER

B+ +75V B+
Rsg
200 MEG
G L
jr2ac
6ALS
D3 SUDDEN
COSMIC NOISE
ABSORPTION
Ry Caq
27K Im
RGT =2
50 MEG REJECT

REJECT
THRESHOLD

SUDDEN SHORT
WAVE FADEOUT

4 ouTPUT

8+ DEPTH
Va
]

— 12AU7

i

FIG. 5—Radio-interference rejector for the 18-mc receiver
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FIG. 6—Chart recording of solar flare shown in photograph. The two signed traces are

recorded in universal time

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.

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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