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These plans w111 provide a practioal rnethod of produclng devicesfor use in the study of jet propulsion, and for use in the constructjonof worklng models of rnissiles, rookets and the like. These rnethods
can be applied in a safe nanner. Devices made aocording to these
nethods will perforin wltlr a high degree of clependa1r11ity. The iaeth-
o,js can be applied easily by one who understands the principles in-volved. It is therefore our object to present theee prinoiples in
necessary cletail . Those not acqualnted with the sulrjeot rila,y f ind 1t
neoessary to dispel any ideas that a practioal jet clevioe can be
prepared by plaoing a clry cx loose powclercd sub.stance in a tube orpipe. Suoh praotioes are useless and extremely hazardous. Therewi}I.be no rbason for oreating hazardous clevice s or conclitions when
these nethode are carefully applieci.

Over 200 years ago it wqs clisoovercd that a ho]low cor€d solid
m&ss of quickly oornbustiUle fuel, confineci in a oy'lindrical case wlth
an orifice at one end, could act as a self propelled rnissile having
great veloe;ity antl oapable of prolonged operation" Devicee of thls
nature in c1ouble, and corapound stagerl. asser:nbly wele made at that
time ancl suooessfully emplcyerl as an amusenent ancl 1n warf are.*
With the possible exoeption of certain new liquid fuel- systems there
has, up to this tirue, not been founcl a l:lore practical rocket pro-pulsion system. The reoent suocess of rnilltary nrissiles empLoying
shapecl solid fuel testifies to its value 1 Our plans will deal witha solid fuel system of jet propulsion. Liquiit fuels of any kind are
extremely hazardous an<i. requi.re the use of apparatus entirely too
oomplex and costly to be suitable for araateur oonstruction.

T'UEL
+*r*c/

In making our rocket rnotor the fuel will be fornecl wlth a oentraf
oonioal cavity extending inwards fron a jet orifioe. This providesa large area cver which combustion i:ray progress to evolve a suffic-ient volurae of gases for propelling the focket. Due to tlris oondi--.tion a relatively slow ancl safe fuel can\be utilized. Preasure wlth-
ln, the mot<.ir case is J.ikewise properly dI[eeted and the caee is not
su.bjeote,l to high terrperatures until a ilajor portion of tire fuel has
been expended. To riraintain the fuel mass in proper shape the fucl
compositlon will require ari ingredient iraving a binding or ceilent-ti.ticus character. The thermoplastic character of oertain substancespeurtioularly bitur,ninous raateriaLs suoh as asphalt and tars has been
u1;ilized in cornpounding rocket fuels. These naterials have been
melteci and inoorporated. wlth oxygen oontaining substances; A great
hazaro is enoountered in heauting a riixture of thls type, and its
use is theref ore not reGorJrnencled. The therurosett ing-chatraoter of
some materials such as natural and synthetio resinsr ancl natural
* Fre'zierr s ttTraite'Des Feux DrArtiJioort Paris, ]]7+7 ,
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and synthettc rubber compounds may be expCoited in using them as a
combined bincier o,nd fueL component. fhe raost successft'rI rocket fueLs
tnctuding those used to La'unch arttfictaL scte{ t i tes are comPosed of
an oxidizing materio I such os potoursi um perchlorate qnd q combustdbte
btnding mc-terta.L. This btnding materia| is produced by o patented
p.o.""" tn which a tiquid pol,ymer is formod by the chentcal recrctdon
between dtchLorodtethyformat ond an aLkati poLysutfide' fhis tiqpid
materiat fs copable of betng converted to a' tough resilient rubbery
matertal at room temperature' wi thout aPPrecirtbte shrinkage, by the
c'ppticotron of curing agents. The properties of most of tho above
dfscussed moteriols ore not adaptabLe for producing a rocket motor
by means practical for qmateur use.

Adhesive' orgonic substonces whi ch a"re so{uble f n wo;ter or qlcohol
may be empLoyed os binder ingredients in a fuet mixture' The follow-
ing fs an example:

Potasstum perchlorate 3 parts, red gum (gum yacca) 1 part, alcohol-
wcrter 5O-5O to dampen. fhese proportions are aPproximate--exact

quanti tf es wi t I depend on rocket srl ze and design. Tho material,
should be obtained in finely powdered form, and pure. Potossium
perch/orate as wel/ ds other oxddieors shouLd not be subjecfed to
frictton, grtndi.ng or impact particularly when in contact wtth any
dry conminuted subsfonce.

The ma,teriols crre ntixed on a targe sheet of paper. Sif t the
mixture through a fine mesh screen severol tr'mes to eLiminate any
lumps and insure complete mtxing. Do not prepare more of the mixture
than necessory for immedicte use. The mixture must be dampcned
with aLcohot (gra,in, wood, dena^tured) which f s di tuted hatf and hatf
w.i th water. Sprdnkle the tiquid sLowly upon the nixture whi te rol Ling
over and overxith tho hands (use rubber gloves if your sktn ds sens-
itivc'). The ntixture rnust be. dampened sufficientty so thct it wtLt
cttng together when it fs squeezed and be evenly danpened throughout,
A ctean wood rotting pin con be used to factlitate dampening after
most of the tiqutd has been qdded. Rol/ the mo;tertal out, thon break
up the moss with the fingers, and rolI again. Do not dampen to the
extent that the matertsl fs tacky or vfscfd. It shoutd retain a
grq,nuLo,.r appearq/?ce white being definitety wet to the touch. Keep
this naterial tn a. contctncr covcrc.d to retain the moisture of at I
tfrnes whtl"e f t is used. Add more ttqutd f f it should become at a.tl
d ry.

Caution: The matoriol potcs sium perchloratt-' re f erred to obove
shouLd not be confused with po*a.csium chLorate! Do not attempt
fo usc pofosstum chLorata. I t fs very dangerous" and entirely
unsuitobLe os q rocket fueL.

fo use the fueI refer to the ddrections in the foltowing poges. The
cohventiona-l rocket f rcols t L lustrated in our drczw.ings may be qdvan-
togeous ly emptoyed, Very littte pressurc ts requirod fo solidify
this fuet mixture, but it is necessary that dt be kept danp at atl
t inres . The prepared rocke t mot,or must be dried at room tempere,ture
f or 3 days o r more dependi ng upcn the ,s ize o f the, motor.
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dimeasions wd t I be found s<rtds factory for most condi tdons , they
attered to suit specio{ reguirements,

THE MOTOR C4SE
tP**+.:j:+rtn,i!r:

Rockets for mtlitary use ond large diameter reseorch models have
of necessfty, been made wtth metc-t cosfngs. fhe use of metat cosing
of any kindcreotes q. haza,rd due to the projection of heavy fragments
in the event of an exploded rocket, and bec<ruse of the possibtlity ofthe hecvy cose f attir,g upon persons or property. Meta(, ltc components
used' in rockets contribute to accidents. 6xperdence hos shown that
c:.ttube f ormed .of coavo Lutety wound Lqninqtions of o f ibrous shc.et
ma.tertal such crs paper, w,i I I provide c rocke t motor cose hcving f avor-
abte physicol charac terfstdcs, whi Le possessing tittter' if any, of
the hazardous propertfes of o. metqt cose.

Commerciatty produced paperboard tube of correct dimensfons wdlt
6e f ound to quqttf y .as the best rocke t motor cqse materiq. l, Spi.re{or heticat wound tube is not useful for our purposes. The reqder
who wishes to try out speciol sizcs of rocket rnotors, or who ds not
oble to secure commercial tube, can make the reguired articles withq ttttle practtce and study.

One of the rnost successfr.r! ond easity adaptqbte fuels tha.t canbe used to prope t a rocke t has qn ox{ dizer consistdng of potassrl urnnitrate. The ordinary b lack powder made with potass ium ni tr^cte -dsconsf dered to be unscfe f or thi s purpose. A s rlmi I'ar conrposi tion naybe modified'by the additfon of a.uroter solubte binder ingredient to
make d satfsfactory fuel. fhe fottowing r's a.n exanple:. water sufficient to dampen the mixturepotossium nitrq,te 3 pcrts by weight

dextrin 1/2 part by weight
sutfur 1/2 part by weight
charcool 1 1/4 part by wetght

Obtatn the ma^terials tn fine powdered form, Use the soarre method for
mixing and 'danpening as was exp La.ined previously. Dampen the mixture
well wf th water and keep i t wet at otl times. Use st"ightly more ..or
Iess chrirccjal, to odjust combustion in rockets of dtfferent sizes..
A large rocket witL requfre rnore charcool. Dry the prepared motorfor several days at room temperature, This fuet when property.ion-
solfdoted in a" fiberboord case wiLt prove very effectivg, and if used
with proper ccre, tt can be recommended os €ntirely suitcbte.
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Fourdrinier ncchinc pcpor s of mony kinds , particutarty kraft poper^ $t
having a hot calondq,rad hard /fnf sh, wtll be ,found to pnovf de c
sui toD{e shee t material. . CyLinder machine-f.ormed papor such, as
pressboord is c{so qn cxcel lont materio[. Adhesive nqteriol of
many /rfnds f s suf toblg for lotntnating the tube Icyers t .but ardinary
watlpaper paste fs both checp and perfectLy sctisfactony. Add the
dry wat Lpaper paste powder to co ld wster whi le st.irrt.ng rnpidly ,

with a wfrc mixor. Make. the poste czs thick cs tibnary paate and
allovt to stond o few days,if possiblo. The tack of t,ho prrste wt(I
improvo wtth age. To prevent spoi tage a pr'esGrvstdve such as o
few drops of phanol (carboltc'acid) nay be a.dded aftet the propen
tackr'ness hss' b6en attaf ned. Af ter dec iding upon a siee of tubag
(far the cvercge motor ms.kei the tength of f,he tube eguel. to choui
9 t f rnes the -ins ide' diamoter ,cnd hovo the outs.f do diemp tor sbout
75ofi greater thq,n the" ins ide), cut a piece of peper aqd,. ro,l.l. i',t,
ypan a metat rod or cytinder:- fta,ving the dosired dtametpl:.: When,o
tength is f ound to produce the desdred wct I thf c/<ness tlou o,re ,9?dy
to proceed. Make surci in rottjng. th* papcr that tho g.ra-in of the
pc,per lles parat tel wi th .the, f ormtng rod. The Cirection of gra,la
may be. oscertc ine! by f otding or tecri ng the sheet.. The papol wi l l
fotd or teer most readi ty atong fts grain. lt ds ddffiou(t, if not
frapossdble, to form a good.ccl-,se f f tho paper is not wound with the
grain running in the proper ddrectioa, Also; fn tlvent of. c burst

. rocr(ot ccso, o prope rly rolled ono wi tl .f nagmant f nto ndr(+ow strdps
whi le an incorrec t'Ly made case wi t t breatl circumf erenttal ty lnto
trvo so ttd Pdeccs.. ,. Apply paste to the f ormtng rod and to the toq
surfcrce of tho pepen sheet which is ptoced on a hard smooth tobte
surfoce, Lay the f.orning rad upon thc pasfod sheet cdjq"c..e'.nt the
end of the sheet nesrest to you and at rtght eng{es to the'gide of
t'ha"sheet'. iick up the'dear ond of th'e sheet and'toop 'it:over the
rod, Arow wfth pnessuro by the ftngars bf both hands, tuck the'ond
around and under the rod and conmcnce to roll the entire sheot
anound the rod. lf the rod: is started exact ly at rtght r:ngles to
the sides of tho shaot and if pressure is applfod smoothly a tube
of penfect dimenslons i's formed. lf heavy Po,Per ds employed as
sheet'mqterfat it nay.bo nocessdrry to complete fhe pasted wiTtpiTtg

' with an auter wrcrpPing of tt,in pc.Psr ta hotd down the- heavy wlnding,
By.gripptng the wound tube with one hand, and tho fros end of the
f ormlng:rod with the other hand the rod is exfrocted by a .slight
twtst. The enttne operetion shou(,d be cccotnp{f shed gs rapid!,y,ge
possIb{e to .preve nt undue mof sture scr turation o I the raaterdq{ iPf ior
to roLting, fhe wet cose fs drtad by exposure to a{r whlle resldng
in a horfeonta{ posftfon.

THE JET ORIFICE
**t**{**

{n oriffco formed of dny ctay witt operate porfectly in e wodl
desf gne,d rocket mot-or, end if an tmpnoperlv constiucted: nocket
stould buns t, the cttry wf I t shqtter dnto hormlese particulcto mctten.
Alrnos t any f orm of clean clay aray bo employed, but o specicrt roolcet
grade witt be best when obtcfncblc. ?rhe cLoy shoutd be well powder"
ea f ine c,nd contain moisture to os greot cn extent c'e possf b Le whlle
matntciar'ng a dry appearance. Keep the powdered clay in o closed



metal contatner with o damp ctoth or sponge to fncreccse the moisture
cantent. Do not qltow the dampener to contacf the ctay. lf reference
is rnode fo the it"tustrottons and key it wi Lt be seen that the nozzle,
or choke, is formed by tamping the loose mq,teria..l fnside o cose which
d s ptcced over o spi nd Le. Asce-rtcinr by triat, the exqc t quanti ty of
loose moteriol reguired to form q. choke of the right depth, and then
form the choke by tamping the, entire quantity of ctay of one time.
The hotlow ramming tool or drift used to tanp the clay shoutd ba tap-
pcd sharply with a wood or pLastfc mallet to compress the clay inta a
sotfd moss. The tool may be struck a number of timc,s, usua,tty sf x or
seven tf rrrcs , with al I the c lay under f t. Do not at this ttme removc
the cose from the sptndle, but prepcne to tomp in the fuel by fdrst
emptytng out any remaintng loose clay. lt wttl be seen that the en-
tire toadtng of a rocket motor cdn also be accomp{ished by ramming in
tlre cLay and fuet solid a.f ter which q centra{ hote f s bored to form
the jet and core. While thfs method *itL work, tt is not generally
satisfactory. Atthough it is possible to operote o soLid fuel motor
without a contral holl,ow core, it wiLl be. seen that onty a smalL crrec
of fuel is thereby utt tized at one tima. Condi tions resud ting during
the combustion of a coreless fvel nrcss crre detrtmcntat to the motor
cose ond not conducive to prac ticcl rockct opera t,ion, ALong wtth
rocket rrotors dependtng upon dry, l'oose fue{s, the corel,oss sol f d
f ui-. I nrcss is no t f avorab lo becouse of physico/ aharac f e'r i ncompatib le
wi th a mot.or cosc o / reosonab tc I ightness in we ight, Metqt tubtng
will not hoLd a clay nozzle os wcll os ftberboqrd does.

A correc I srze f or thc sp indle at i ts grecrte st dfrnensf on wi I { usucl*
ty be fovnd to eguot 1/3 of the inside diameter of the motor cose. The
sptndle topers stiEhtty to its end to attow r,xtraction from the rammed
compob i tion. I ts te ngt,h wt t t usuaI ty be about 2/3 the tength of the
motor ccsc.

FoR/'t t rn..ll'. 
*lu*EL 

Fi'lss

The prepared fuel composdfion shouLd be p{ostic onough to qdhere
whon pressed together, but dry enough so it wilL not reodfly cting to
any suriace. lntroduce the materiat in small wads or chunks in an
i*oont which, when compressed of one t r'rne, *i t t eqltat on ly a smal f
fraction of the tength of fhc cosc, For example, no more than 1/2tt
of fuet should be tamped at one tine in c cose of Sir tength. Use
firn hand pressure on the ramming tool to compact thc fuel massl a
few tight taps with the mallet may be employedt but hard blows ore
unnecesscry. (ffris entiro method is not to be employed in tiLting
a metol cese of any kind). After enough charges of fuet hqve been
ptaced to cover the top of the spindle, qnd a bit rnore, it is tfme
to make the top clay closure using the so/ne method cs is used dn
making the 1et choke. tt{tthdraw the comp lete rocket motor f rom the
sptndLe by twisting and gently puLling upwards.

PRIMING

Sorn6, rocket fuels aro not raadiey f lqmmabtc and witl, usua!ly re'
qufro some form af prtning. rtr good priming mtxturc can be prepored
cs f ol Lows; 5i x Parts by wef ght of f incty powdt-'red potos stum nitrate
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is stirred in*o enough ttot wq.ter to f crn a thic/< paste ' lnto thf s is
rrixed one part of powdered sulfur and two ports of powdered charcoo{,'
The mass of we t materia'L f s rubbed together and compLetety rnixed' Add
enough water to f orm q tirick patnt ancl rvith a snat t Arush or pipe
cLeaner, brush thc in.siCe surfoci-'of thc rocket mot.or fuel mass' Get
the prime up into the hc:l Iow core. Ano ther vto-y to use the prfnre ds
to soak pieccs of cotfon rvfcking or- soft string in the rntxture' A
tittle lroited stcncrl added f'o the prirno wd lL nake it adhere more rectd-
t ty. Thc soeked string ts drte',d and rnay then &c-' used to prime the
rocke t nrcior by in:;erting inro the ho I lovl cor^e. Th f s prf mod strf ng
f s knorvn as quick rietch, is quite: f L<:ntma.b {e an.d sltouLd be ke6: t in ct

closed c,rntotner vti'tt+n clry, Ti'ic primc nai'erict ds safe anywhere os
long as tt f s l<ept lvef .

Fi?;Pili? ! ti( Ti"li' ll;Ci{ET M.:T'Oi? f:-)i? i Gli lT lAbl

i4rhen the rocxe t ntctr',r l"rn.s beon prirned, i t may r5e eguipped with ssfe-
ty fuse ccco rding to tht:; me f loC. A Le*;gth of at least 3 inches or
more, dep.ending upon the si.ze of the. rocl:el', is r.nserted with one end

_-throug#r fhe cho&e.. ...leal,iiift -e .srl ac.5 le lc.rr3 .'l pro l,rudirtg f or tgniting.--'!trap a norrow band of pc:lfelo'ihir> pcp<tr^ eround l;he molor.cass adjacen-t
the rret cnd sc, thc.t ebc.trl frr.ro ilrci';es of pcrper protrudes reorwords.
Ga.ther fhe e;ler of the pc ::er nos.J 5cr:C cr.ou,,rd the f use und t f e rvi t/r o
pf ece of strlngr to f csi"m a !;oX -L i/<er ,:e,rii). t^ ;'or securir,g thr. f u.se, The
some method can be u.scc/ l;c haLt! a squils in pllca for el<tctriccrL tg-
nitian. A notor u.tit fort:tocl in l:i"tfs mc,nitci" is.rea-ciy r.or- use Gs ocomplete rocl(et vsi'l"lt l'ftu crJc/l L'io.*, o f f tns adap!ed to s!c bt ttre lts
t Light. A gr-ocrp ai' ni.a tcrs ,r;sCr..r ccccr *ri r:;r to aur direlc tton can he
ossemb{oo f o f or:n coi:t,ucund irotrrs c:ng rnl; tirrIo stofir:d rockef s. ln a
compound motcr., nose c\cclt ttnit _:c-pcr.c{t,tL); and l.-od o pip+rJ quick_match f nto eoch nose rvi *& c i.uJiq. f .Jnrl r.iri:i 'fhs- 7po tch ctd one point.
Pf pe f or quicknatcit i:s r,r.-:jc,,,:. c3s rocAc, t tt:ctrsr ccse by ra t, ttng a f ewturns of thtn pas too pcr;:<li^ on d. 'i t +rt rocj. ln th* pipe, a good quick-match shoul c! cammunicatc f ir-e instan*cneously to at I ports f t ds Ledto. .The mq. fch usec/ f or tnis 1ru,^pos(r i)r/sf be nrcde f rom wel I nixedprtme coinposiiion, ln nuLtipte s.t.L1.g()C rcs/<ets o hole in the upperclc.y plug of c. f l,-.s'J- st.r1-= r::c,,:oi- i1i.1...1 c cifiii;ur.if ccte f iro direct. ly or byme(rns af match tc o.n upirar ri.tor:)c. ..,jcnra exomillcs of itow the motor
COn bc. odop ieo- r'rri-: io f,c. 5()i?11 i,.r tlie phc to__,r.cllr,hS 

"

F t\'l?ACi;lj1-iiS
c': -i' t: * .* -1', + ir ;1 ..1

lf a shoot ot" thtn rtatc,,*iczI suc;1r as paper, f abrtc or pLasf f cf itm is cuf to forrn e. ;>cl.,.,Ecntt ou!,line. .:frin.cs can be attachsd atthe cornors of the chc.ef to f crm a snitl I parachute. A parachutet ofthis kind may be user/ to lc,.r,ar pa;-t or q! L of an expended rocket.
The par'achutc s/roriid,5e caro'i'urLL)r fatcled in o.cco,rdion-lrke pleqtsto insure bc,sf rosu/ ts" T.':+ t7,p,;2 cf p6.rachr-rtos or11de f ctr pyrotechnyin Jqpo.n are aCmirabty sui i'ed f or^ t/ris purposo, q.re guf f e inexpens-
f ve, and may r5o used a nu:n'>er of, f incs. Use a f ew p f eces of quickr
match under the ho ttont di:;/< si:;ov\,n in tho clravringrs to exp,c t theparachute. A study of t,h.a cl:^avli:;; vti t I provtcie at L r/etarl Is f or
corroct ty uring o part;.':,-''t:..,
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A sol id f uel rocke t motor must have a f uel rncss entire|y dev'oid
of crocks, air bubbles, or soft oreas' This fc ctor of fuel untty cdn

bqt secured if the fuet mixture ds used with a wet binder' and if fhe
fueL is core futLy tamped in a properLy .made cose' ln taunching your
rocket use o gui2* ra.c* to insure a correct course ' Proper priming
must be provided to comptetety ftre the fueL' A rocket mado correct-
Ly according to our pla..ns wt t L rise wi t'hout hcsi ta tion when igni ted'
f longated asse'mb I ies of rocket motors shou Ld be providod wi th s ide
sptn at the time of firing. Smol / sice thrust motors mdy be o'ttached
di rect ty to the essernb !.y or to q rotary pad upon which tha rocke t i s
supporfed. Use a fuse sufficientLy tong to atLow you to 9et 50 yards
or mare dway f rom Q.n iEnf f ed rocket, Wecr saf ety glossc s always when
work ing wi th rocke fs.

ln these directions and in the drawi'ng we hqve ittustrated o -"Is-
tem vthich can be intetLigentty aclapted fo the production of rocket
unf ts of any dc'siroble sizs and combination. The exclusive use of
non*motatLic components is urged, A soff rubber nose cone wi ll ettni-
nofe faltout hqzard when smalL rockets may be used in congested oreos'
Fins a.nd other members moy wetl be qlso made of soft pttabta material'
\ilhon it is desired to buitd a rocket of more than 1 1/+rt bore, it is
recommendeC that a numbe.r of motor unf ts be-' assem.b ted side by srde in
paral Le I arrangement to provide a /cr'r'ge compou*d- mo.tor. A motor such
os tht s can be used f o power one ar more ports of a mu'{'ti.^a,1o,n" mode l,
The compound motor con be cnclosed tn an outer"'sheLL or be exposed as
part of th<: mf ssi le su^f'oce, This rnethod of assembl'ing smdLt und f s l+os
betn used wrl th great success by ru=seorc.r!- wo"rkers and 'ryno.tetrrs. The
Armyt s Jupi ter rockets were-)owe-+ea in tht s manne-r.. Quick ma*tch. can
be usecJ to convey ignition simuLtaneousLy from a primary igni tion
point to each motar in one group.

LN
to

Vle hope that the reode r rnay derive mueh p leas ure and rl nspi ration
making rockets, and wtll also enjoy safety by Learning what NOT
do, os well as VlHAT to do. lN THE INT€REST OF SAFETY:

Do not rub, grind, or strike any dry combinatton of chemica{sr'
Do not use metaLtic materdals fon rocket componentsI dc nof use
loose, dry, powdered materiol os rocku-t f uel. PLan to ignite any
rocket onLy after a{. I possibde scfety precautions have been is.ken.
Use o method of igni tion s{rch os f use to perrni t ge tttng 50 yards
o r mo re dway f rom an.y rocke t yor) f i re .

When firing any d;:vlce you make, be sure to consider where it may
l.and and what po-ssiblc elffect may result. Carelessty or improper-
ly nade devdces a.re apt to perform with unexpectedLy hazardcius
octfon. Dont t take chances.
ALways koep away from a devicc that fails to ignito unttl all pos-
sibfltty of hang-fire is post. A good rule is, to stay away unttt

. you are satisffed it is sofe to inspect--and then wait another
15 mtnutesl
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K.ET TO DRAITINC-S

I'ig" 1 is a sec'tional side vlew of a spindle on vrhich a rocket
case may be charged to obtain a hoLlow core " An upright frusto-
conical member l. having an ou'i:wardly inclined shoulder portion 2
and. a shank 4 is secured to base nember 5 by means of a nut 6 " Arical section J at the base of shoulder 2 is adapted to en-

he mou-hi: of a rooket case . The spindl-e is preferably madening a metal rod on a 1athe. The base 5 raay consist of aof wood "

!-ig.2 is a, group of sectional views of rocket case charging toolr
All are sinriliir except for lengttr " They consist essentially of a.
metal rod / having a wooct handle I and are bored ho]low 9, 10 tofit over the spindle 1, Fig . 1 . A separate rod may be used navlnga cna.mferred ed.ge ]1 to seat olay for the jet nozzle. A ilal"f
lengtn tool such as is illustrated may have a srnaLl bore to fittne spi.rdle top section" A short rod. 1] used for eonsolidating the
fuel orrer trre top of the spincle and for maring tlre top clay plug
has a flat end surfaoe L2. The tools are prefe::ably made of btass,
.)opper or aluminum or wocd. Do not use steel or iron for making
locket too.i.s.

Flg " j is a sel)t ional side a.nd end view of a basic , soLid fuel
roeket rotor" The mo-Lor case L5 is a cylindrical tube of oonvolrrte
ur>und paperboard in rvirj.'*b an;Innular p1rrg* of clay 18 ls solidly
raurmed to form a jet orifice 20. Solio fuel 16 is solid.Iy packerl.
in tire case rshish is engaged over tne splndle 1, Ffg. i, to form
a holLorr ccre L7. A po::tion of tne fuel L9, extends upwarcls from
th.e top of -[he spi-ndle a,t least a distance of L/2 the diameter of
tne ',al.:e . A solid olosrr,re plug o.f rrlay l.I+ is f orued above tne fuel .

!"ig. 4 is a, sectional sidre vj-ew of the upper end of a rocket
motoi on whj.clr. a compa:,:tmen'i 2+ consisting of a cardhoard cylinder
has been at-bached for carry:)-ng a parachute 23. -4, ho-1-e 27 is drill-'
ed through the tc:p clay c'losure plug 14 ano filled tTi'uh fast burn*...
rng fr-rel . Additional iuel 26 may be looseiy plaeed over the elay '\plug. A card'ooard dlsk 2!::ests on top edges of the rocket rnotor
case L5. Granular materj.ai 28 such as sawdust is packed around
t he para,c hr-,t e 2-3 . .Amaterial and under alight woorl or prcfertied to heao 21 to tcarried inside the c.

disk of cardboard 22 rests over the granular
rccket hea,ding 2l (nose cone) f orrned of

abiy spcnge rr-rbber. The parachute may be
he rocket motor oase, or to another article
ompartruent .
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Tab le of diraensf ons f or sp indles

MOTOR
/nside

ni na

L
LENGTH

A
NOZA-E

Dtam.

B
)ri fico
iectioa

3 3/t5tr 7/ 32 5/8

3f 4tt 4 3/8 s/ 16 3/4

7r, 3/8 1

1 1/4tt 7/ 16 1 1/4

1 1/2tt 7 3/4 s/8 1 1/2

fhese sfees may be nodified to sudt speciat conditdons. NozzLe diamaters should be
reduced stightty for slow burntng fuels. Angle of nazzle ct orifice mdy ba o{tered
if desired. Spindle shoutd be formed of steel, aluminumr brass or hardwood. Taper
angle fs not inportant os'tt merely provtdes "drafttt to dtlow the spindde to be ex-
trocted ecsidy after q arotor is ronmed, lt ts possdble to make a usab{e sptndle by
filing, but a lathe turned product fs prefarabLe. tf spfndte is formed of wood it
should be impregnated with wox. Bees wox is tougher and more pliabte than ordtnary
paraffin or the li&e"
Sptndle 8ose" A block of hardwood will serve as a sotdsfoctory spindte bose. Fcrm
the sptndle with a tang whdch ds thraoded to receive nut and Lock n'csher. An alter-
notive type of bose coasdsts of o raeto t pl,ate which is wetded ddrec tty to the
spindte, or if desired, the ptate may be bored, and threc,ded to receive,z bottom
threaded portion of the spindte.
Rammers (drifts) nay be farmed of hardwood dowel stock, or qlumtnum, brass or white
metat rods. Do NOT use steel or iron for making rammers. PrePare at teost three
rdmmers of different lengths. The long ramgter shauld be hoLlow bored to engoge the
sptndle at the nozzle crrea. The medium length spindta should engage the sp tndl,e at
a point half way towcrds the top. The short ro,nmer is not bored, os it is used {o
consotidate the fuel portion cbove the spfnd{e.

T I PS AN US /,VG LOAD I NG fOOLS
Do not use heavy hammer blows upon the drtfts. Enptoy a mallet stroke of only 3 or 4
iaches to tap the drift sharply, A|ways dampen fuet being used with these toots. Do
not dampen the cloy used for makdng noeeles. Clay shoutd be ftne, dry powder. Turn
the motor tube oround the spindte between taps to prevent excessive pinching or
distorttng of spindLe. This is most iraportont with spindles rnqde of wood.

Central Rocket Company
PO8ox89

Vlaupaca, fy'i scons i n
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OILER SPOUT ROCKET SPINDLE
I f a metal lothe t's not avcri lable f or turning yaur tools
you can make an excellent spindle from an ordtna.ry ofler
ed.n.

Select an oiler wdth a spout having dimensdons correspond-
ing to thosc Iisted dn the tc.ble of tool sizes. Find a
place on the spout (X) where the dimenston ds the some as
the throat (nozzle) you desire. Cut the spout off 1t, be-
low thfs point. Remove any surplus length (L).
Fill a small box or can with ftne dry sand. Wrap tape to
close small end of spout and stdck the spout, small end
down, dnto the sand.

Mett lead and pour tnto targe end of spout unttl the en-
tdre spout fs futl. When tead is coo,, any excess may
be ftted away.

Prepere o wood block 1 3/4tt thick and about 3t, sguore.
Bore a hole 1rt deep into the center. The hole shoutd be
just large enough to hoLd the spouf boltom snugLy. Use
wood screwa applted at fhe sdCes of the btock to hotd
the tpout in an uprtght posrl tion.

P lace a cyltndrical col lar of fiberboa,rd
the spindte. The colLar should have an
the some as the inside diameter of motor
tend to use with the spindte.

or metal over
inside dtametar
tu6es you in-

Use sraoll nadls or brads to hold the collar in position
with the spindte exoctly in the center. Heap dry stno
around the outsdde ott the collar. Fill lhe space dnsdde
the coLlar wtth metted lead. tyhen the lead ts cool, re-
,rove the collar and shcpe the upper edge of the lead
knob with a ftle.
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ready
mptor

INSTi?UCT IONS FOR UsING ROC/(ET M}TOR L1ADING IOgL:
the spindle in your toot set fs rnode of wood dt ds supptied
waxed dnd ready for use. after being used for toading o rocketit should be re-waxed each time befora it is used.

Rub beeswex on the surf q,ce of the spind to and ;,ol dsh wi th apiece of paper to obtatn a. stick fintsh. lf your tool set contains
a meta I sp i nd te, the spind l+ rr:,?ui res no sS,ecial treatment othetr than
to be kept ctean, Jet tha spindte upor: a solid bench or uso a concrete
black as a support,

Enga.ge a f tberboord tube oyer the spind te and dq.posi t or?e scoop-
f uL of dry powdered cLay into the tube, Carefutty ins<:rt the (,ong
hoLLow drif t into th.: tube and qround th;: spindle. tlith a pLasttc,
wood or hard rubber mallet strl'ke thc drtft squarely, using a sharp
7 inch stroke . itpply a f otr:{ of 9 b{ows. Br:tween c.och bIow, rcrise
thc drif t an inch or so and rotqte i t to anttthcr posf t ion. Between
ecch 3 blows, hold the' spind lr: bcse f irmLy ,sith onc hand, and ,with
the oth*r hand rotqfe the tube 1/4 turn, bcing citreful to a5-,ply
pressurii o,: Ly at right cnsrl,-\s to t/re sprndle' so that tha tube Is not
I i f ted or^ r,lovu\d ulsward. r

l/hon the c lay nozz le has been f ormed dnd any surplus dus t tas,ped
out of ihe drif t you rnay comrnence to toad tho f uet, Conttnue wd t/r
tlte tong drift. AppLy 6 blows for each scooSiful of fuel.,fotate
t/rc. tube cs directad obove.

t.!11 'tn tht: f u,,t is so{ rd haLfwcty uy th* sp,tndlc stqrt using the
medturn length dri f t. Con1ip111; *f.t,h tho me:dtum loni;tlt drit t unti t
the top af the si:inrJIe ts c-ven u*ith thc pocked fuel..,!tth tho so{fd
drif t tlanp in 1/2tt of f ueL of:orzc the spend/c- top"

,,'e recomnend tho uso of dampened fucl in wlttch a bin'Cer ingrc-
dtent is rncorporated- '.;!hc,n a mctor toaded utith a fucl of thfs
type.is futly dried it witt operat,: pcrfectty utithout o top closure
of any kind. lf a tof, closure is rcquired to f orm a butkhe:ad be-
tr,ieen ul.-tper parts of a miss/e, you can f orm ct clay ptug over the
f uel usrng tho so/dd drif t. Ctean th,t hotLow dri f ts wr th a piece
of sttf f wire"

Do nt>t use metat tubing for naking r.ocket nlotors.

CEi T;?AL,.'jt.,Clii:f CQhil: i:tNY
P . A. BC'X 89

'.,1;\uf:,icA, I // scL.A,5 /N
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I{or,.r to },{ak* Ftn Al.Ignlng Jj.gs
,4,c,:l:.rat'n $pactng anC, a}-lgnment of ftne Le necesfiary f,or getting

F.:eDd fi.l"ght stabl.1"lty w1til jrou3r mo*eL mlssLl"e. One of theee sJ.mple
F:"g1x wil-i- ur;l,lce lt *.-ri;'r to *.ip-Ly th* s*ablllzlng members.

FLA.? ,BA$$ T]PE

"'-ise a $qu,are rieee of o::rll"nfi,rf ;rcL c*:'rter ho-],e is borecl Uo recel-ve a rro
*r:.uai to th* inslde of y*ur rnl-ss1^Ie
si1 cn th* d.or'ie1 jl$[i, tlr* fi"ns are lna*
,:*ii.e o:: ih6 surf*.ce of the boarrl. IIse
e.s*h fLn lnsi-de edi-.ie. Press ail four fj-

hc*lrd. of about 3/4r, tirickne*:s.
d6riel- peg (D) of crLarrieter

" t''Ihen the missl'l e 1s su't'port-
tcC. lnto sar,r kerf sI+t$ (K)

od"
Jcct

Al-l"o>: su.ffi*ient d.r;.ring tkeetrritl: thls Jl"i;; si:ou.l-d. lrave et
SOC {'XT BLCCI( fYPE

st d.rylng; cemer:t or glue ons flru}y agalnst rnLssl,J.e hod"3..vlng the n1ss1Le. Flns :;eeil
ottom ed.ges.

before I.e
rerlgirt cu.t

iltl.th fiIcrs sur"f,:*.se for supFort*.ng I
p::r:r,-5.ii.es 'best aI-iqnir$nt a.n(: i"s *id.a::ted. I
sj.liti:.rri or criitv**" bct'r;on secti-ong, Any
;aate.rial'msry be utliiaet'i tc form the jli
:l:*.;r i:e forinet wi"ilr a sei$ blade of a thLqilivl rr*"ter.ia} you inte:nd to use,

[he fi.i: memi:ers d

[o:' uee wtth fln xeruh*rs havlngbloen of wooa or p-Lastlc
r n.-c i-Li-ue t'r:eteci, il*e irlote
lxnenE correspond.lnE; to the

The :irlssl"l"* IrulL ls flrnll3
sir*u.-]-rl b* bo:'cd. acc:.:.rate1y pa.ra1
w*Lx wtrl-l he-!-p 'prevent cer*ent froare appLieci nlth ceinent or g1u+,
the as.cembl;,' 'bc p::ess the fins f

siuE oE ,?rlds
Th+,: mi"i:]^mu-rr fi'* slae f*r" an;r partli

nod.el- mlsslie fial'r' hs estlmated r'rlth fal
$.i:Cu,r$C),' .11.S sit'*un.

V * f tn vcrticcl diraeasior
ff - f tn hsri eon tu I d{aleas d on
L - over aI I rnis.st le laagth
D * rnlesi{e bslC dfaarcter DX2 E

the *enter gcclset r.rh.i-chLots. A thln co,rtlng ofo the J1S. l,r'Ih*n the finser rutrber b&nds e.round.i the bul-L. :

l-* u---,1

support$d. Inl-el to tne srr stlckfng t
wlnd. sfrlngirni y aqaLns

:uJ-ar
Lr

L
6

v

H

F.e;:;s:::ri::rsr. tc keep sufficLent r.iei-ght in nose coRe
srnd. f*::"i,;*:"d. seetlcn of :riis*lIe to help counte::balancei;he ti*i.i:i:rt *:il the ilstor an<L fuel lf ycu want 6ooc1 f1l ght stab-tltt3r.

v
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'vd'nen J"t ls dms1r*d t* 5.gxri-t* th* fu*3 *lr*'go or *::o*k*t m*'b*r at a"n l"nsten0
of ti*:* ur:der pr**tso c*ntr*}"u J-t n'iay be d$slrable t* anrpSoy e3*ctrt$al- presns,
Sf the'ss.rl*u.s r:*vi*es ra*tr{eh eax ile app}fl*€u r,ir* s:*rmesrcia}- e}ectris sqxlb
X"s pe:,haps th.* rnosb trxefttl", *thez" m.*th*d.s 5"s:r:iud3-r:g the s**eal"3ed. ht>b *rl"x-a
co':.t*.et sy"xtemu ssrd the ty3:* of hst ",6-grs whl"*h.'rs *,pptr*.*r[ t;o s s***xr<larXr fusa
eru ap* ** r*stilt i"r: s t'*rlsb3* *ftn* *elay* A)L**u thse* meLl:.*d"s usu*rliy r.'e*qutra s rather ?:tgh amp*rago *3"*ei;rl"ea3" sct.lr'**, fh* c.oxsusr*tal- sq*i"'n w131
cperabe on e vs:nr sre&k dlmrscli a*d f*r thtr* r'6fl.3oit itas b*sn krr,:*trr fi* op*rabe
sec.i"d,er:tsa11y be*ausry nf suvvent Lnouc** L* the wS.rlng *1r*u1* f;:*Bt fi".F* eusrglrs
s E*.tlE:, lf,glrtenlng, *tc " El*etr.i"* s qu3.hs a:'e r:et th* s atr{.* &a *l"e*t:.9e b}*.st -lng *aps pftl*h e** hlgi:ly dangar*us Bc"rd, -r:s*3"ess f*r rcekeatry"
A fc,rrn of *ls*trl*al *qr"rlb me,3* acc*rd{::g '** tr:.* fcl}-otxing flxstru*ticn-* ul.i1
*p#rets the **res &s & *c:rfffialcJ"a1 sjqr:l-b cl::d w1"}tr r*quirm s. ss.r*iy }*r'ge &J,'i*lr:lt*f *I*ctrl"*al ern*rgys'Lhsu&h e <:nsfd*Eabl'g' ioss th*n s*uie, of ih* d*vl**s pravS"*'*s*
1y mer:t3.*n*ri., S**"are a }*ngti: rf f{ne ir<:n o:" rri*hporne r.rlre tab*ut 28 ga, }vorp'fin* *sp"ps:" r*lr* rnay b* *ubstltutes lf niehrome or'lron trl"x* ts n*t
aoairuula. tt"p*.*** *f tire:*f"rs "x*"t i*- i*Jg is eonnecbed oXr sc3-*.*ring te
on,* snri. *f +ach of a pe*-:' *f $ f,t- lcng J"rrsul"ated o$ppsr :gl:"ee t3-& 6*" )- 'i9r*
sh*:''L ,rl"r* ts then i:enfi e*n'i,re-113r t* f,czm * V si:ap* *:.d ple*ed. slver a s*rip
of *a:'rSboerrl :rrlt}: *'::e l*g of'Eh* V *rr eaehr sldo of th* st:"ip. Xhe *ntlx'er
a***m1:1y *xe*pb for a *ma}l" p*rfrion srf th* apex of th* shiort +ri:re J-e t:1@1.
'nlrsE'nad r,'l,th ss*'Lch tap,a, Aft*x- thj"* pr**edaF** th* expased tip Lg tc be
*"*ale* wLth a ti:f*k past* maa* *{ prLtao'ri'ri-:r, su*h. es H&s *essr'lbed ii::*"*r
til,a t:Ltj"* of 'rFrtax3"::gtrcat *,r:sbher pag** 'inn:en th* L:*ad *f prima;uixtuv* lr*g
been el:"i-e*. tire squli: ls re*d;r f*r uee" T?:e equtb sirou3<1. be att*.*'h*d t* a
r*ekei j,ei ap*rtr*re +;hlehr !:a* L:s*n prlm*d,.-a::* pr*v3'ei*d w3"ta: e. pep*r &$ss bs:tti.
a.* !r&.s deserlbec? :-:r;d*r E'Id*e5.ng an*. Fr:si::St!.

The f'*.i-1owin6 prce*'*ure rns.st *Lw*y* b* used:
D* not atts,*lt th* equ3."i: imLil t}:e rf,#rn*mfi"bsfo*e *h*::*s:ksi;5"s t*'he 3"6x-:*fi*d"
D* nat corx:rseE th* *qu:Lb wlr*s ts: *li* ireclsnilg-q9o:: -19::* t"urtl'i )r*1"1" *.re **rtal*n
lhei; the ira.vi.sltii-xsi-*n tino l"s *.1"s*on:"i**t*d. {':n*m th.* power sr}xlll*su Use g
scriteh b*x lra:ri::g e. *$vsr -o*rS"*h e*l: be ?**ked tc;:rev*nt a**l"der:ts'1. *oxr:
nec*Lor: *r' *xq:er"i:tgi-

A 6 er }fi vclt aub*,habi;*:'y u5.L3- r'rcual).y provlci* s::9fi"*L*nt ci'err'*nt':l.f *'
faL:.ly hsa*ry tymr*:nis*1,"::r il":r* is :;sad.

if# Ex

6$e*1r 0*E'er }.o*ke*.wlti:. al-]" c om::o*tlor:sg:"e m.adg

i{eevf dutT. cxtsnsf.r:* s*rd"*c*nn*ct until" r,eady t* fl-p*.

prlng Seaded svl"*eh
aut *y*.o'cLve type

:5*,u5"b- - -

rf.rr.Ji":r;;; ;'{:,; -i"; Eei.r
**i: li,t*k*

il* :: e.:+.;

*+**. Bss"d cf ;o;'fur*

-*--.r&.;r;6r strJ"p 31&" ;;; )"ui
!s*l l-s ! Er"i-rc e l;it's

I nr";*

F& wl

Bqu5-b** **

i:: ; r,:t.i. g i; * i1 L*r O.f::-Li-]il'l; {.i.ii i t"r &c$
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Glossary of ftocket-ry Tcrms
Aceeleratton. The rato] of**t-ftct\ea-se- of-.speeffi+*mo,nfn83)ody.

Roeket acceleratlon ls ..usrially m&asured tn ierms of grauttles (#-qf,,
one g belng an acceleiratlon of 32 feet per secondAirfoll. lny thln flat surface used, for support or guldanee.of

Area Ratto. "The.,ratto between thp rnouth area and the throat *ie*of a rocket nozzle.L
Booster Rocket. An auxtltary; rocket havlng a large thrust and shortfirtng ttme, used durlng prellmlnary aeceleratlon of a large rocket.
Braklng parachute. A devtce used to lower a falllng roeket nose-

cone safely to earth
Burnlng tlme. The tlme requlred for a rocketrs fuel charge to

beeome exhausted.Burnout. The polnt at rrrhtch a rocket' s f ueI charge becomes
exhausted, (ttre German Brenschluss'ls sometimes used).Catapult. A meehanlcal device f,or lmparttng en added lnltlalacceleration to a launching rocket

Center of Graui.ty. fhe polnt at vhlch all the mass of any flylng
body may be considered to be eoncentrated.

Chanrber Pressure. The pressure generated tn the cofiibustlon
chamber durtng firtng. ,

Chemical FueL Motor. A true rocket motor, uslng propellants
supplytng thetr own oxfgsn (as opposed to atrstream englnes, whlehobtain thelr oxygen from the air)*

Chuggtng ( e fruir r ng ) . f nternrl-ttan t c om-busticn- -"due--bo, in corree tmlxture, lou temperature or pobr chamber destgn.
Combustlon Chamber. The space 1n vhlch the fuel eharge ls burnedln a rocket motor or jet engtne. .
Delayer. -A substance lncorporated 1n the fuel .charge of a dry-fuel rocket to d"ecrease the rat8 of combustlon.Dlpropellant. g eomblnatton of two s,ubstanqes used 8,s a rocket'fuell-
Dynaraometer. A d"evlce for lndlcating and record.lng the thrust of .c.

rocket motot' d.r.rrtng a test (also call"ed a reactLon balance).parth's Gravltyl An acceleratlon dlrected toward the ci:nter ofthe Earth of 32 feet per .seeond. o
Escape-gravity Accelerqtlon. Acceleratlon requtred to ov.ercomeJhe

"""fr1:;;3ti3r3[fli"'1il; I"ro"rty needed ror an object ro escape the \'
gravltattonal attractlon of an astronomlcal body. The escape ve1-ocltyof the ,Earth is 7 miles per socond..

Sxhaust Veloclty. Thq speed, reLati.ye to the roeket, &t whtch the

Sxternal (or ba1L1stlc,) Efflclency. the ratlo betueen the enengyusefully, employed. ln propulslon and. the klnetlc energy developed bythe jet.r (See also thermal efficiency.)Final Mass. The mass of a rocket at the end of powered fltghtoFtn-stabiltzed Rocket. A rocket wirlch does not rotate 1n f llglrt,but is stabilized. b5r means of flxed alrfo1ls.
F'ree Fltght. fhe portton of a rocketts f light whlch follot^rg the

combustlon 5r the fuel or the turnlng off of t6e nocket nrotor. I
('tr'ree f1"lght {s not to be eonfused. with free faI1, vhtch ls the
movenrent of a mass through space under the lnfluence only of lts own
nomentum and, gravltatlonal attractton. )Free-fl"tght Angle. The. angle of a roeket r,rith respect to the Earth
at the beglnntng of.free flight.

Free Rocket. A rocket whlch has no fltght control devlces other'
then fixed. alrfoils.Fuel. fhe combustl-ble' component of a rocket propellant-' -.Tlo.lt-errer'r
thts term ls often used to denot t-



g. Symppl f or g;r'arrltYr the r:nit of aceelera1;ion.
liu11 . The outel ca. s inti of i: l-a:";e roc;ke t '
I:nr.,u.1se. Tire tctr+1 r:i.ttl:rtt of ;:- r'r:rcltet ;riotor d.urinil a firinit; eoit':ll-s

aver"aqc :'cacti:-rl'. r-l:-l.ti: 1iea b:/ t in:t
Ieni.ter. A cie .'rice for i3nitinil ?' 1'ocLtet notcr ' A squib ' - .fnitial l!a-ss:. ?he ills"ss of ,l :'ooilet :rt the be;iinninri of flri"'ht'
Initial Yel-ocitlr, !l:e rre--l :,elt]' of a r:oc-fet at tire oei1inrlinll, of

1.ror'rerecl :'i li'ht
.Tet, The .qtre,?iil of in$ eJecteci- i:3r :-r. r'ea-citlon acxor '

Jet Propr:I,s l.cn (ii-oi:ile.t roi+er') . Pi'orru}:ion e.sr a resu.,r t of eiectini;
a" strea-n cf ranirrl;1 motr'itlti gqs cr ci-her sr-r"bs1,'ance through'-a nozzl-e'

Laird-ine' 'Xear. Iqr-ii-'r:neni, orcii,naril:,' a pll"a!l'rt1, a.nd" release inecir-
artisnl, usoC to rri-n:,' '; rocr:c t genti;, to Xi, rtir af te;' a f -t-ir'irt '

. i,llultehe:-;-- The clc-;iee f ::l:l -r:il-l cil n 1'!c'iet is sl :rl'
l.au.nchinr; AnnJ-e . ''i'C. r rii'-l p . l::e!-e r;-:'ecl. Ilorrt a horizorrtal r'la'ne , rt

vr.ltlch a r,rcllet is incl.ineci. ar launching. 1' L/D F.at:l-o ' -'t't* r"rio c1' l-eu."trt to rlla*reter of a. rock-et urotor
e'om,.ugticn charlber 

)e',-e.r brlr^ninp, Lants.:Liiqlil-iue1.'Rccliet. .A roc"e't ?:ur"ning liqui.d'irro::ei-
T-o',,d.ei lre ir'ht , See it:i.'; iril nia s:r; .
T ^-, - -'. n,.i ,q nv:r-orLJiJ.x, . !i .! Lr .1 -L!L l,-".,y , U - r .i,inaa Dqi-in lj.,e r:a.tro betr.ieen the total initiai mas,s' ano the frnal-..._.' il ir r.fl \ .f .

jr,gSS :f i,r fOelie1'.

ii',;;;: TAi"D .iet' ,rot:t'. ::ccl:e,t ::o1.o::, .thlrf t motor', veaction 'notor)
The cevv'ee -trrirat ?rovid.es thrust f 'l:' .:: rockef . r-'-.,.;t.ii'*"f"-fr-nc"ii"t. r --rou.r of tr.ro or ?cre roclgts arran6leci so thllt
as the i:roi:or of oni tlu.::ns ot-r.1, tirat of tl.le next f ires p-utomatlcai-1-y.

Iice e C one . Tire hr:llow section a-t tire top of a rocket ' In'etrumeirts
anC. n:raehutes et'e eir-rieit in tne nose-conC.

i{oz;1e. ?he oi"rf ice through::l+irieh tl:e iet is e'jected" fron a rockei
o, tot ,0xio,izer'. The: oxj-clizlng eomuonetrt of a rochet nropellant
O::ciina"ri.l-y. conto" ins ox;,'gen a.va.llable f 01" comlru,s tion

P:rrachute rel-ea.se. A*oevice ltsed t# 'e ject a landing parachute from
q rneltet.p.r.-,-IOa{x-, The rr.sef,;.1- 1r1.. I er-rriect, by t::e::oeket, ir, atlo-it:i,:n to its

n?ces, l.ar"r" f.rr'r-ct':raf r.re:nirt lr.c, i'.re.l-.'
Poitnils of Thrr-:st. A fienSt-;1's o! the r:rorrer'ij.evelonetL by a roCl'tet motor.
r.1r.,1r'y66. TI-i-ir:. --re .o:iio1 ,':f .!. :'oc .etrs f11qi1t aufini' r'll:fch the

roollet :trcto:: is rn elleira,t:irtn, -
P:."one.l .lir:i.1:. I'lr.e ci:enic:.:1s :-;.seci ,itt e :"oc-iet motor to irrotlt-ice the

iir':vir, jet.
Pt'or,'jni St:,.nrj . flec te,s+- i.':n:.:.
F'-r'o'i;errirr:-i c l,,re.i . .i1. flol. ic1 Propell :.r,i,, '..lhrci-i sitrillles its olln

C:<iti - z:':" -,-; lit r"t ri t:'.o .",1t:tr-:::e .

Re: ci. i.ot:.' ' The r"ecoil- or rr1'-i.l-!! or.'o-j-u.ceo- b;1 the .Jet of, a rocl"et ncto:'.
F:eL',ction l'iotor. i-t.e r:.ttlir€fii 1 term f o:' :,rl.t. [;'lnes of niotors ,':"n.i engile s

that tl-1err:rte o:: 'r;he l:.rsi s of ex.naniLi nii anC, escjaning il:ases,.
Iioel:e i: . ,L lrojectile pol,ior€d- l:r',- a. tae?.eticn notor' rti:.icir ctoeg not rt'qilire

a ir i it -i' : Fne 1':l t lr:r
l;.1g:is1.prr. .'i-.lie iie I ri nf sluc-;r of loc-:ets, i.nc1ud"i-ng theory, cle.re1crl:nent,

i'6: s9 .1'gir ilnd, exaer:i-n'ent:"ti"on.
$ho+.:. "1, i"ocl.et f.l-irht : 

'

.ling-Le.S te.fi.e i*lochei;. A roci:et in i'.rhj.cl-r a1l the inoters of;erate at oncie '
fi"rl- jcl--irrel-.Ior"liet. ,'i r,celi;et .ll:ne l.-l e-i uI ,* soIio. 'r:;rrotechnic propellant

i,. clrT-111e1 rrc-:r'r., r
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Solid- Propellant. $o11cl Roci<et Fu-e1.
Scu.nding Hoclr.et. A researgh rocllet carrying instruments to

lnvestirgate the u.pner atmosphere. ''
Sqi-:-tb -An ignitor, consisting of an electrical brid"ge with a

coati.ng of a nyrotechnie composltion
Ste'c"-roclte t . -(e e nult i* s tage roc.ke t .

Static Testlng. The testing' of an a ircre.f t or rocltet englne in s.

s"oe cial cell or stancl^that is instru-mentecl to record aspects of
opers ting efficiency. z'

Telemetering. A meth.ocl of rrarying raclio waves to recorcl pressures,
torque, }ead., temperatu-res ancr velocity of an obJect moving' on the
gr"ound. or in the a"ir. Also can be used. to transmit physiological
ieactions, $u,ch as brain rnaves and pulse rates of mamnials in fligiit.

Test Stand.. A structti.re r,r"hl.ch hold.s a rocket or Jet engine for
statlc testing.

Thernial- Eff iciency.. The rati.o' of the kinetlc energy d"eveloped tty
the rocllet iet to the thernral energy content of tl:e fuel.

Thircl Lairr of }liotion, Si:" Issae l,iewtonrs statenient of the prlnciple
utfon wh.ich the reactlon motor i^rorks: trTo every action ttrere ls always
an equ-a1 ancl contrary react3-on; the mutu-a.l actions of arry two bod-ies
nr. n}l.n*y* equal and- opnositely d.irected".rrl

Tl:roat. . The naruolrest part of a rocket nozzT-e..
Thrust. the push piod.ucecl by a rocket motor.l-
T::a.cker, 4 mechani-sm for observing or control]ing a flying rocket

from the ground., olr the man operating suEh a d-evice.a
Fr'-;r io.-f,gp;r, fhe curve lrhich a rocket d.escribee in moving tlrroughIrk.JUv 'the a.tmosphere.
Warhead., See nose-cone.
X-hour. (Zero-hour). The time at rrrhich a rocket is launched''
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