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TII T AttATilUR SCITI\TIST
About the activities and the triaLs
of amateur rocket erperimenters

Jf, during a weekend drive in the
I country, you should happen to see ar thin trail of white smoke shoot 100
feet into the air, you will ffnd an un-
usual group of scientiffc amateurs near
the bottom of it. They will be equally
proficient in handling explosive chemi-
cals, differential equations, machine
tools and irate policemen. In short, they
are amateur rocket experimenters. Oc-
casionally they dream of setting foot on
the moon, and people who live nearby
wish they would-or at least that they
would move away! Sometimes the roar
of their rocket motors can be heard
night and day. But if amateur rocket
experimenters are short on local popu-
larity, they are long on enthusiasm and
persistence. They have been at it for at
least 30 years, and have given rise to
nearly all the leading professional rocket
workers.

Rocketry is not an avocation for the
lone amateur; it requires more in the
way of resources than he can usually
provide. Rocket experimenters pool their
talents and their cash. That they can do
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so successfully is indicated by the sub-
stantial number of amateur rocket
groups scattered across the U. S,

Elbert G. Barrett and John H. Gran-
ger of the Reaction Missile Research So-
ciety, Inc., an amateur group in State
College, N.M., write: "Amateur rocket
societies give their members an oppor-
tunity to participate not only in the the-
oretical study of rockets and their prac-
tical testing, instrumentation, guidance
and firing, but also in the many pleasures
and satisfactions which come with be-
longing to a team. The modern hobby
was initiated in Germany in 1927, with
the formation of a group which included
Willy Ley, Max Valier and Johannes
Winkler. By 1931 the German ama-
teurs had built a liquid-fuel rocket that
could rise to a height of about a mile.
Wernher von Braun, Hermann Oberth
and many others joined the group; at
one time it had nearly 1,000 members.
When the Nazis came to power, the
society was disbanded and its equip-
ment and experimental results were
seized.

"Another pioneer group was the
American Interplanetary Society, formed
in 1930 by seven men in New York City.
The early years of the group were
fraught with difficulty, chiefly because

of the lack of a permanent proving'
ground. Upon the completion of a test
ffring on borrowed (but not always au-
thorized.) ground, the group would load
its gear into cars and light out for home,
often just ahead of the police. But the
Society persisted. Finally, through the ,

use of static test stands, as distinguished
from flight tests, a rocket engine that ,
performed reliably and consistently was .

developed by James H. Wyld. He and 
.

three other members ultimately suc-
ceeded in raising enough money to form
what has since become a well-known
manufacturing enterprise : Reaction Mo-
tors, Inc. Some of their engines have
chalked up impressive ffrsts: they have
powered the Bell X-1, ffrst plane to pass
the sonic barrier, and the Martin Vi-
king rocket, holder of the altitude recoid
for single-stage rockets of 158 miles. In
1933 the American Interplanetary So-
ciety changed its name to the American
Rocket Society; since 1940 the group has
not engaged in experimental work be- ,

cause its members are .widely scattered .

and many of them have become pro-
fessionals.

'A third pioneer group is the British
Interplanetary Society. The day when
man will achieve space flight has doubt-
less been substantially retarded because
the law in England forbids laymen to
experiment with rockets. The British
Society's gifted members have, how-
ever, continuously published a ffne
journal devoted to space fight and
allied subjects.

"The outbreak of World War II inter-
rupted the work of all rocket societies.
Then, in 1943, George James of Glen-
dale, Calif., founded the Southern Cali-
fornia Rocket Society, later renamed the
Reaction Research Society. At about the
same time the Chicago Rocket Society
was organized. These turned out to be
vigorous groups, and interest inrocketry
has been growing ever since. The Re-
action Research Society staged a num-
ber of successful mail flights by rocket
in an efiort to emphasize the peaceful
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use of the art. The lack of adequate'
space for testing prevented the Chicago'
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Details of nozzle and ig:nition system ol a rochet built by an amateur group
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support for such national efforts as the
project to launch artiffcial satellites of
the earth.

"A relatively elementary project un-
dertaken recently by the Reaction Mis-
sile Research Society illustrates the solt
of experimental work appropriate forbe-
ginners and points up some of the tribu-
lations which the amateur rocketeer
learns to take in stride and enjoy. The
project was conceived by Walter La
Fleur, who was then doing graduate
work in mathematics at the New Mexico
College of Agriculture and Mechanical
Arts. The purpose of the project was to
record information on the trajectory rcf
a rocket by means of a light source car-
ried in the missile. Incidentally, ama-
teurs enjoy naming their rockets. La'
Fleur's was to carry a fashing light, so
the idea of calling it Firefly was pro-
posed. It turned out that another group
had used the same name, so we dubbed
ours Photuris, a classical word for ffre-
fly. Our 'A' series was a low-cost pro-
gram, each missile setting us back about
$9. Series 'B' involved electronic instru-
mentation and each rocket cost $50, In
order to record the fight information un-
der the best photographic conditions, all
ffrings were made on moonless nights.

"The Photuri.s A basically consisted of
a thin-walled steel tube of I l/4 inches
inside diameter to which a 2-inch alumi-
num tube was attached by means of a
reduction fftting. The steel section car-
ried the fuel and was fftted with a con-
vergent-divergent nozzle and ffns, as
shown in Roger Hayward's drawing on
page 174. The aluminum tube housed
the rocket's instruments and was closed
at the top by a wooden nose-cone. A
compartment at the top of the instru-
ment section was charged with fusee
powder, which burns with a brilliant red
light. The powder was ignited electrical-
Iy by passing a heavy current through
a ffne Nichrome wire buried in it. The
lower compartment of the instrument
section was fftted with a miniature pho-
tofash lamp, a pendulum switch and
a battery supply. The principle of the
switch was being tested as a possible
means of releasing a parachute in future
missiles. The switch was designed to
close when the missile turned over at the
top of its trajectory. A record made by
the photofash bulb would prove or dis-
prove the merit of the idea.

"Both the'A'and 'B' rockets employed
zinc dust mixed with powdered sulfur
as a propellant. First we thoroughly
stirred a mixture of 85 per cent zinc to
15 per cent sulfur. Then we used one of
two methods of loading the propellant.
In the ffrst method we poured the pow-
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Instrument section ol a "Photuris A" rocket
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P-"." o,rrc'r.r, has solved
many a comPlex oPtics Prob-
lem-often in record time. \\'e
have the largest indePendent
facilities in the West for the
design and manufacture of
precision glass and Plastic
lenses in ever.n'- shape and
curvature, uP to 24" in diam-
ett'r.
Perhaps you, too, can Profit-
alrly make use of our engitrecrs
and technicians for research,
develoPment, testing, Proto-
type or quantitY Production.
\['c rvould likc to vork rvit]r
you.

PACIFIC OPI!CAt CORPORATION
120 Glosgow Ave., lnglewood 1, Colil,
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articles on astronomy, observing, tele-
scoDes and accessories. Of interest to
beginner and advanced amateurs alike.
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wonders of the sky

. Constellation map

. Hints tor observers
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Wiring d,iagram ol the strobe.light assembly

been strong enough. The burst dia-
phragm temporarily closes the combus-
tion chamber so that pressure can build
up within it. The diaphragm thus estab-
lishes the rate at which the propellant
bulns. If the diaphragm bursts too soon,
the bun'ring rate will be low at the out-
set and the rocket will not rise from the
launcher promptly. Because the tail fins
of the rocket will not stabilize it effec-
tively at low speed, the rocket will thus
be aerodynamically unstable during the
early part of its flight. The next morn-
ing we ran two static tests which proved
that the burst diaphragm had in fact
been at fault. A thin diaphragm em-
ploved in the first static test resulted in
a performance identical with that of the
previous night: slow burning and a re-
mainder of unburned fuel. A heavier
diaphragm used in the second static test
resulted in perfect burning.

"Photuris l-A not only had motor
trouble; its instrumentation section also
behaved badly. The signal fare did not
ignite properly, the lower end of the

Strobe-light assembly ol the "Photuris B"

federal type
1t59 selsnium

wooden nose-cone burned away (ol-
though supposedly protected bv a ltver
of asbestos insulation) and the ports
provided for' flare exhaust appeared to
be too small. The pendulum switch ap-
parently worked. Two observers leport-
ed seeing a flash as the missile turned
over at the top of its trajectory.

"Following our tests Photuris 2-A was
fitted with a stronger burst diaphragm.
A low-current relay system was in-
stalled to improve the ignition of the sig-
nal flare. The flare section was provided
with largel exhaust ports, and both the
top and bottom of the flare comptrrt-
ment were fireproofed with a thick lryer
of plaster of Paris.

"The time rerluired for these changes,
other :rctivities of tl-re Societv and un-
favorable weather delayed the next test
for about two months. Finally the big
night came and we threw the switch.
The motor refused to fire. Investigntion
revealed that the propellant in contact
with the ignition filament had fused into
hard pellets. The combustion chamber
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40 POWER poslpoid $57.50
HIGH POWEB SPOTTING SCOPE-American MadeBig 3" dialneter Achromatic Coated Objectlve will gire
bright crystal clear imagps. Micrometer Spiral n'ocusing
Draw Tube. I]ight$eight aluminum construction throughout,
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Mounted in Black Anodized Aluninum Cells.

DIA. F.L. PRICE PRICE
th'.:. 19'.:. CoareLl 532.00 Nor Coared S28.OO4te" 62' Coared 969.00 Nor Coared gf,e.[f
We can supply ALUMINUM TUBTNG tor the above lenses.
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States availablo fo! imDediate delive!y. Perfect magnesiumIluoride coated and cemented achromatic telescope objtctives.AiumiDunl tubing and c€lls ayailable for lenses listed below.
Send for compl€to list of othsr diamcters and focal lengths.
Dia. F.L. EACH Dia. F.L. EACH2th" 10" $t2.50 15" $2t.00216" rJ $ 9.75 3,i," 24y2" $22.50zt|' 2412" $12.50 3V"" 40" $30.002ua" 40" $t2.50 41R' 421'.!' $67.002)b' 50" $12.s0 5,'." 24i/2" $85.00
ASTRONOMICAL TELESCOPE MIN,RORS

Polished to Ya Wave aad AluminizedDia. F,L. postoaid
3i." 42' S e:75PJrcx 4%" 45' St3.S0

Free Catalogu€ "MILLIONS" of Lenses, etc.
We pay the PoSTAGE-C.o.D.,s you pay postagFsatisfaction
guaranteed or money refunded if returned within t0 days.

Angle
Meqsu
lnterferometers
An Interferometer which mea-
sures accurately the divisions
of a circle to a precision of
one-tenth second of arc with-
out cumulative or periodic
errors has been satisfactorily
produced by Ferson in collab-
oration with Eichner. Pictures
and a description of the func-
tioning of the instrument are
available upon request.
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Launching tocoer anil trajectory ol the,,photuris 8,, rocket

der into the nozzle of the steel tube in
small amounts, lightly tamping each
added amount by jouncing the rocket.
In the second method, which is more
effective but less convenient, the pow-
der is packaged in small cardboard cyl-
inders, the ends of which are closed with
tissue paper, These cartridges, each of
which contains the same weight of pow-
der, are loaded into the combustion
chamber end to end. The second method
has the advantage that every rocket
loaded in this way has nearly the same
thrust. It has the disadvantage that the
nozzle must be removed duriig loading.
In both methods of loading the powder
is set off by an electrical ignition unit
embedded in the last batch of powder
to be added.

"Both 'A' and 'B' rockets were
launched from a tower made of angle
sections and strap iron. Clips attached
near the top and bottom of the missile
ride on a launching rail welded to a cor-
ner of the tower. The rockets were ffred
by remote control from an observation
bunker located 50 yards from the tower.
The bunker was constructed of heavy

timbers and covered by several feet of
earth; observation slits were cut in the
wall facing the tower. AII ffrings were
conducted in a rural mountain area.
None of the missiles functioned perfect-
ly in every respect; some were down-
right failures. This is the usual situation
in amateur rocketry.

"In the case of Photuris I-A the motor
did not function properly. At 'ffre' the
fuel ignited and burned for about 10
seconds. The rocket left the ]auncher
slowly, climbed about 30 feet, nosed
over and struck the ground with the
motor still burning. Subsequent inspec-
tion disclosed that two hot spots had de-
veloped.in the combustion chamber, and
that about a pound of propellant had
failed to burn. Reasons advanced for the
malfunctioning included the suggestions
that (1) the fuel had not been packed
properly, (2) that during transportation
to the test area the propellant had
moved away from the walls of the cham-
ber, causing erratic burning, (3) that
the constituents of the propellant had
not been mixed in proper proportion and
(4) that the burst diaphragm had not

rinQs
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clip
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was emptied. repackecl and fitted \vith
a new ignition element. At the seconcl
Edng the burst diaphragm tuptured and
releasecl a sl'rort tongue of flarne. The
rnissile did not move from the l:runcher.
Suddenly the rvtrll of the combustion
charnber netrr the exhatist nozzle became
red hot and the red area moved slorvlv
tor'varcl the nose of the rocket. Subse-
rluent chen-rical irnalysis of residue rvith-
in the cornbustior-r chamber disclosed al
excess of zinc in tl're propel)ant. We
changecl the fuel mixtnle to 75 per cent
zinc trnd 25 per cent sulfur.

"Phottrris 3-A u,as firecl successfully
one rveek later'. Tl-re instrtlmentiltion rl'its
the san're as that in previous tests. We
dicl not, horvever, lttain our oltjectives.
Tl're flale u,ent out during acceleration.
doubtless because its porvdel l-rad rrot
been ploperlv mixed. The flash bulb
failed to operate u,hen the rocket turned
over; a subsetluent check shorved that its
supposecllv 'neu,' batteries rvere dead.
As a final contribtttior-r to our dismay the
rocket shed its fins aftc'r thrce rlutltels
of a second at an altitude of rbout 75
feetl The total burning time lvas about
one second. The main bodv of the mis-
sile landed 300 feet sholt und nolth of
the predicted impact area a rluarter of rt
mile arvav. Tl-re divergent section of the
exhaust nozzle rvas badly eloded.

"Despite these failures the group felt
it htd acrluiled etrough expelience lvith
zinc-sulful propellant to risk the con-
struction of tr lnlger missile rvith mole
elabolate instrumentation. Accordinglv
we began to rvork on the fir'st of thc
Photuris B missiles. The propulsion sec-
tion rvas mtrde of steel tubing 1/16 inch
thick, 57 inches long, trnd rvitl.r an in-
side diameter of 1 3/8 inches. It u'as
ecluipped with three parallelogltrm-
shaped fins u,ith a 60-deglee angle of
sweepback. The rocket rveighed 8.75
pounds empty and 15.4 pounds fueled,
a mass rtrtio (empty weight to fuelecl
rveight) of 1:1.8. The fuel mixtule 'uvls
75 per cent zinc dust and 25 per cerrt
sulfur. The exhaust nozzle rvtrs a 30 de-
gree convergent-divergcnt double cone
of steel.

"The instrumentntion consisted of a
high-brillirncv xenon stlobe lamp, n

porver supp)y and an associated elec-
tronic timing-circuit designed to trigger'
the lamp ut l rtrte of five flashes Per .sec-

ond. Photographs of the flashes, rvhich
rvere bright enough to record on film
fron-r tr disttrnce of three quarters of a
mile, rvele me:rnt to chnrt not only tlie
flight path but also to enable us to com-
pute the missile's velocity, its total flight
time, its ucceleratior-r at uny point on its
tmjectory and so on.

"Ploviding a dilect-cullent sottrce of
300 volts and .008 amperes fol the lamp
in tl-re sn'rall space available turned out
to be a rniljor headache. Because bat-
telies of the desired voltage nnd current
rating u,ere not nvailable, rve deciciecl
to use flashlight btrtteries and step up
their voltage bv a viblator power-srq)-
ply of the type used in automobiie
raclios- A series of tests rvere first run to
irscertirin if the flashligl'rt batteries could
deliver errough po'urzer.. to drive the larnp
and nssociated circuitrv for the esti-
matecl flight time. A Jiu'ge numbel of
thrce-minute, high-current tests were
run o1r foul brirnds of flashlight batter'-
ies nvailable in local stores. We leiunc'd
in these tests that rilthough the srntrll
batteries used irr pen-sized flashlights
have about a 20th tlie volume of the
lalgest fltrshlight batteries (size D),
thev deliver half as much enelgy. An-
otl'rel interesting fact came out of thc
tests: Inferiol cells alu,avs shorv a char'-
trctelistic drop in voltirge during tl.re first
10 seconds following the application of
a he:rvy lozrd. As ii lesult we set up a
standarcl testing ploceclulc rvhich re-
rluiled that rrll cells to be used in thc
n-iissile delivel voltage r,vithil plescribecl
limits duling a 10-second test interval.
As finally assembled, the battery con-
sisted of 14 size-97 2 cells r.r,ired in serlics
parallel. It cleliveled 10.5 volts and oc-
cupiecl I 3/4 vertical inches of the in-
stlumelt section.

"The timing circuit consisted of a 9.2-
megohm resistol thlough rv}rich a .1-
miclofariid cupircitol u,as alternately
charged l>y the porvcr supply and dis-
chlrged by an NE 48 gas-diode tube.
Because the supply voltnge tendecl to
vary beyond tolerable limits, a voltagc-
regultrting cilcuit was iidded. This corr-
sisted of two NE 48 gns diodes ir selies
with a 470,000-ohn-r resistor lsee circuit
diagrant on page 1801. The tin'ring cir-
cuit worked lvell and continued to furrc-
tion even u,hen the voltage dropped
below the vtrlue ilt u,hich the stlobc
lamp rvould fire.

"The problem of tliggeling the stlobe
lamp was initi.rlly difficult but rvas filal-
ly solved by the use of a trigger tubc of
the OA type which actuated a photo-
flash trigger tlrrnsfolmer. The trigger
tube wtrs in tuln triggeled by tlie timing
circuit through a transforrner of the
miclophone-to-grid type.

"A hollorved block of cle:rr pltrstic rvrs
cast and machined to size to serve both
trs the nose-cone of the missile and the
housing of the strobe lamp, an arrrlnge-
ment which afiorded an unobstructecl
view of the lamp. The circuit compo-
nents u,ere mounted in :r cvlindrical

I
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J
stalling a continuous light source in the
missile and providing timing by means
of a rotary shutter in front of the camera'

"More advanced projects currently
under way include the development of
a nozzleless, finless missile of high mass
ratio, a device to measure range by
short-wave radio and a data-recording
system. The mass ratios of conventional
rockets rarely exceed three to one. The
projected missile will have a mass ratio
of nine to one. A small cone at the tail
of the rocket will replace the conven-
tional ffns. Results of wind-tunnel tests
on pilot models indicate that a cone
should provide better stability than ffns.

"A number of rocket societies are
investigating both solid and liquid pro-
pellants. Our group, however, prefers to
concentrate on instrumentation. Liquid
fuels are challenging and have spectacu-
lar perforrnance, but they are costly.
Some of them, like hydrogen peroxide
and fuming nitric acid, can get out of
hand. Amateurs without experience in
rocketry will find excitement enough in
the zinc-sulfur mix to outlast their first
year in the hobby. In contrast with black
gunpowder and other solid propellants,
the zinc-sulfur fuel can be used with
relative safety even in large rockets. Its
burning rate is high-on the order of five
linear feet per second regardless of tube
diameter. Its density is also high, yet
danger from explosive pressures is low.
Our society purchases Zinc Dust, Tech-
nical Grade, from the American Smelt-
ing and Reffning Company, P. O' Box
487, Sand Springs, Okla. We do not
specify grain size. The current price is
$18.25 per 100 pounds. Prices quoted
by chemical supply houses usually run
somewhat higher, doubtless because of
refining costs and certiffed purity' Flow-
ers-of-sulfur is inexpensive and available
locally in most communities from hard-
ware stores and dealers in farm and
garden supplies.

"should you feel the urge to take up
rocketry as a hobby, you will be well ad-
vised either to join with others in your
community who are similarly inclined,
or become a member of an established
group. Few individuals have the time
and skills required for the design and
construction of a successful, well-in-
strumented rocket, and none can be in
enough places at once to fire and ade-
quately observe the performance of one'
Even if he could, he would be cheating
himself of the rich satisfactions which
come only through participation in a

group project."
A list of rocket societies ean be ob-

tarned by forwarding a stamped, self-
addressed envelope to this department.
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