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Of all those consulted during the presidentially-mandated space review, no one had been thinking longer
about the future in space than Wernher von Braun. Even when he had led the development of the V-2 rocket
for Germany during World War II, von Braun and his associates had been planning future space journeys. After
coming to the United States after World War II, von Braun was a major contributor to popularizing the idea of
human spaceflight. As he stressed in his letter, von Braun had been asked to participate in the review as an
individual, not as the Director of NASA’s Marshall Space Flight Center. Von Braun told the Vice President in
his letter that the United States had “an excellent chance” of beating the Russians to a lunar landing.




April 29, 1961

The Vice Prosidont of the'United Statas
Tho Whito House

Washington 25, D. C.
My doar Mr, Vice Proesidont:

This is an attompt to answer some of tho questions about our
national spacae program raised by Tha President in his memorandum
to you dated April 20, 1961. 1 should like to emphasize that the {ole
lowing commonts are strictly my own and do not nccessarily recflect
tho official position of the National Aeronautics and Space Adminis-
tration in which 1 have the honor to serve.

Quostion 1. Do we have a chance of beating the Sovicts by
putting a laboratory in space, or by a trip around the moon, or by
a rockot to lJand on the moon, or by a rocket to go to the moon and
back with a man? Is there any othor space program which promiaos
dramatic results in which we could vin?

Answaors: " With their recent Venus shot, tho Soviets demone
strated that they have a rocket at their disposal which can place
14, 000 pounds of payload in orbit. When one considers that our own
onaeeman Mercury space capsule waighs only 3900 pounds, it becomos
roadily apparont that the Soviet carrier rocket should be capable of

« launching several astronauts into orbit simultaneously.
(Such an enlarged multi-man capsule could ba considored
and could serve as a small "laboratory in space''.)

= soft-landing a substantial payload on the moon. My
estimate of the maximum soft-landed net payload weight
the Soviet rocket is capable of is about 1400 pounds
(ono-tenth of {ts low orbit payload). This wgight capa~-
bility 18 not sufficient to include a rocket for the return
flight to earth of a man landed on the moon. DBut it is
entirely adequate for a powerful radio transmittoxr which
would relay lunar data back to earth and which would be

~abandoned on the lunar surface after complotion of this
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miscion. A similar mission is plapned o our
o= MR ancor' projoct, whlch usos an Atlza-Agena 3
booot rocket. Tho "semi-hard" landed portion
of tho Rangor package weighso 293 pounds.
Launching is ochoduled {for January 1962,

The existing Sovict rocket could furthermore huxrl
a 4000 to 5000 pound capsule around the mooa with cnsuing re-cniry
into the carth atmosphore. This weizkt allowance maust be considoxod
marginal for a onoc-man round-tho-moon voyage, Specifically, it
would not suffice to provido the capsule and its th 3 "safa
abort and roturn' capability, - a feature which unacr NASA ground
rulos for pilot safecty is considcred mandatory for all mannecd Zpaco
flight missions. Onec should not ovaexrlook the poasibilily, mowcevor,
that tho Sovicts may substantially facilitato their task oy “ioaply
wajving this requircment.
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A rocket z2bout ten times as powerlul 29 the Sowvict
Venus launch rockot is requirced to land a tnan on the rnoon 306 Dring

kim baclk to carth. Devclopment of such a gupor rocket can bo cizr-
cumventod by orbital rendezvous and refucling of smaller rockets, Lut
tho developmeont of this technique by tho Sovicts would not bo hidaca
{rom our eycs and would undoubtcdly require scveral years {possibly

as long or aven longer than the deveolopment of a large diroct-flight
super rockat).

Summing up, it {3 my belicf that

a) we do not have a good chancc of beating the Soviots
to & manned 'laboratory in svace.' The Russiaas’
could place it in orbit this ycar while we could
cstablish a (Bomewhat heavier) laboratory only

after the availability of a reoliable Saturn C-1 ‘whaich
{8 in 1964,

b) we have a sporting chance of beating the Sovieta to
a soft-landing of a radio transmittor station on tho
mmoon. It is hard to say whethor this objoctivo icon
tncir program, but as far as the launch rocket is
concorned, thay could do it at any time. Wo plan
to do it with the Atlas~Agena B-boosted Raagor 43
in early 1962,
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c) wo have a sporting chancae of sending a 2-mo=x
crovs around tho moon ahoad of the Sovicis
{1965/66)., Howover, tho Soviotos ¢ould conduct
a round-tho-moon voyago oarlior if thoy ova

ready to waivo cortain cmargency safoty feca=
My

turoo and limit the voyage to one man.

ostirmato is that thoy could perform this

simplifiod task in 1962 oxr 1963.

d) we have an oxcecllent chance of beating the

Sovicts to tho first landing of a crew on the

moon (including roturn capability, of coursc).
The reason {s that a performance jump oy
factor 10 over thelr present rockets is neccc-
sary to accomplish thic {feat. While today wa
do not havae such a rocket, it is unlikely that

‘tho Soviets havo it., Thercfore, woe would ot
have to enter the race toward this obvicus ncix
goal in space exploration against hopgiess oads
favoring the Soviets. With an all-cut crash
program I think woe could accomplish this

objactive in 1967/68.

Question 2. How much additional would it cost?

—

Ancswer: 1 think I should not attempt to answer
question bofore the exact objectives and tho time plon for aa accol-
orated United States space program have becen determincd.

Howeveor, 1 can say with somo dogree of certainty
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funding increase to mecect objoctive d) abova would bo woll over
$1 Billion for FY 62, and that tho requiroed incroases {or supsoquaal

{iscal yoars may run twice as high or more.
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Cueontion 3. Ara wo working 24 hours a day on cxisting pro-
grams? If not, why not? If not, vAdll you mako rccommcndations
to meo a8 to how work can bo spoodod up.

Annwor: V/o aro not working 24 houro a day on oxioting
programs. _At prcaent, worl on NASA's Saturn projecct proceocds oa
=2 basic ona-shift basis, witah ovartima and multiple chift opcrations
approved in critical 'bottloneck' aroas.

During the months of January, Fobruary and
March 1961, NASA's Georpge C. Marshall Space Zlight Centlery,
which bas systems managoment for the cntire Saturn vchiclo and
dovolops the large first stage as an inhouse projcci, has worked an
averago of 46 hours a wook. This includes all adminfcirative ond
clorical activities. In tho arcas critical for the Scturn »roject
(design activities, asscmbly, inspecting, testing), cvorago woridng
time for the sama period was 47. 7 hours a weak,, wita ladividuedl
poaks up to 54 hours por weck.

Exporionco indicates that in Rosearcia & Dovel-
opment work longor hours are not conducive to progress baczusg oX
hazards introducod by fatiguo. In the aforementionoed critical axcas,
a sacond shift would greatly alleviate tho tight schoduling situation.
However, additional funds and persomnocl spaces aro required to nicc

a socond shift, and neither are available at thios timeoe. In this arez,
help would bo most cffective,

Introduction of a third shif{t cannot ba rocom-
mended for Research & Deveclopmont work. Industry-wide expaci-
enca indicatos that a two-shift operation with moderata Hut not
excossive overtime produces the best rosulta.

In industrial plants engaged in the Saturn pro-
gram thao situntion is approximately the samo. Modorztcly increzsed
funding to permit greator use of premium pzaid oveoritlmo, prudently
applied to real '"bottleneck’ arcas, can dofinitcly ¢paaed uwp tho pro-
gram.
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Qucstion 4. In building large boosters should wo put ouw
cmphasios on nuclear, chaemiczl or liquid fucl, or a combinztion’
of theso throao?

Answor: It is tho concensuc of opinion among most Tocket
mon and reactur oxporto that the futurc of the nucloar roclkat lias in
doop-spaco oporations (uppor stages of chemicully-boosted rockets
or nuclearxr spaca vechiclos departing from an orbi:z around the carth)
rathaer than in launchings (under nucloar powor) frora tho ground. In
addition, thoro can bo little doubt that the basic tochnology of nuclear
,rockets is still in its ocarly infancy. Le nucloar rockct should therc-
foro ba looked upon as a promising mcans to extond and oxpand tho
scopo of our space oparationsa in the yoars beyond 1967 or 1968. It
-should not bo considorad as a sorious contondor in tho big boostar
problem of 1961.

The forogoing commont refers to tha simplest and
most etraightforward typo of nuclear rocket, viz. the 'heat transfox
or '"blow-down' typo, wnereby liquid hydrogen is ocveporatad ond
superheated in a very hot nuclcar reactor znd subsequently cxpamdoed
through a nozzle.

Thoro {s also a fundamentally differont type of
nuclaar rocket propulsion system in the works which ia usually
referred to as “"fon rocket'" or '"ion propulsion’. Here, the nucleos
encrgy is first convorted into clectrical power which is then uced e
expel "{onized" (i. 6., clectrically charged) particles into the vacuuna
of outer spage at extremely high speeds. The resulting reaction
forca is the ion rocket's 'thrust'. It is in the very natura of nuclear
ion propulsion systems that they cannot be used in the atmosphero.
While very cfficient in propecllant economy, they “ro capable only of
very small thrust forces. Therefore they do not quallfy as 'boosters™
at all. The future of nuclear ion propulsion lies in itc zgplication for
low-thrust, high-economy cruifse power for interplanetizy voyagos.

As to ""chemical or liquid fuel' The Prozident's
question undoubtedly refers to a comparison betwean 's0lid' anud

"Miquid" rocket fuels, both of which involvo chomical roactions,

At the present time, our most poworful rociot
boostors (Atlas, first stage of Titan, first staga of Saturn} arc il
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liquid fuel rockats and all availablo ovidenco {ndicateos that tho Sovicts
arc also using liquid fuols for thoix ICEM's and spaco launchings. Tk
largest solid fucl rockots in oxistenco today (Nike Zcus boostor, irce
stage Minuteman, first stage Polarid) aro substaniially smaller and
loso powarful, Thoro {8 no quastion in my mind that, whea it comos
to building vary poworful boostor rockot systemo, tho body of cxpox=

fenca avallablo today with liquid fucl cystems greatly oxcocdo that
‘with solid fuel rockots.

Thereo can be no quostion that lJarger and mora
poworful solid fuel rockets can bo built and I do not bolieve trol
major broakthroughs are required to do no. On the othor hanad it
should not bo ovorlooked that a casing fillad with soiid Zropecllant and
A nozzlo attachod to it, while entirely capabla of produciag thrust, is
not yct a rockot ship. And although the roliability rccord of goidd
fucl rockot Ei‘oPuleion units, thanks to their simplicity, is impros-
sivo and better than that of liquid propulsion units, thic cocc not apply
to compoleoto rockot systems, including guldance systeme, coantrol
elements, stageo soparation, ectc.

Anothor important point is that booster periorme
anco should not be rncasured in terms of thrusat {orce alona, ourl in
torms of total impulse; {. 0., tho product of thrust force and opar=-
ating timo. ¥or a number of reasons it is advantLzicus 2ot T0 extend
the burning timo of solid fuel rockesis beyond about &C caconde, .
whorecas most liquid fuel boosters have burning tinmes of 123 soconds
and more. Thus, a 3-million pound thrust soiid roclkc: ol L8 Ziconds
burning tima {8 actually not mora powerful thas = 1 1/Z-_uilllom neund
thrust liquid boostor of 120 seconds burning tira...
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My rocommondation {6 to. substantially incxcaud
tha lovol of offort and funding in tha ficid of solid fucl roclkais (o7
30 oxr 50 million dollars for FY 62) with tho immodiata objociives cf

= dcmonstration of tho fozcibility of very largo
sogmentod oolid fuel rockets. (tlandling and
shipping of multi-million pound solid fucl
rockets bocome unmanageable unless tho
rockets consist of smaller individual segments
which can be assermbled in building bleck fasnion
at tho launching site. )

» dovolopment of simpla iznspectiion rnecthods to
maola cortain that such huge solid Iucl rociceia
aro {reoc of dangoerous cracks or voids

« dotormination of the most suitablo oporationzl
mothods to ship, bandle, assomble, chiccik aznd
launch very large solid fuel rockets. This
would involve a sories of papor studlas
&ne8war quosiions such as

a. Aro clustors of smaller solid rockets, ox
nugo, single pourad-in-launch-site solid
fuel rockets, pousibly superior to sagmentcd
roclkets? This question must be analyzed not
Just from the propulsion angle, but from tho
operational) point of view for the toizl spoca
transportation system and its attemdani jpround
support equipment.

b. Launch pad safety and rangeo safety criter.
({Eow i{s the total opearation at Caps Canavesral
afiected by the presence of loaded multi-
million pound solid fuel boostars?)

¢. Land vs off-shors ve sca launchings of largoe
solid fuel rockets.

de Requirements for manned launchings (How to
shut tho boostar off in case of trouble to pore
mit safe mission abort and crew capsula
recovery? If this is difficult, what othor
safoty procoduras should be provided?)
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Question 5. Are wa making masdmum cffort? Axo wo achioving
nacosaary rosults?

Anowort No, I do not think wo aro maldrg mo:lmum oflcst,

In my opinion, tho most affoctive citopn to impnrove
our national staturo in tho cpace fiold, and to cpeed thingo up would
be 0

- identify o fow (tho fower the botter) goals in our opaca
program ase objoctives of highest national priority.

(For cxample:r Leot's land a man on the moon in 1967
or 1968.)

« {dontify thoso clements of our present space program
that would qualify as immediate coatributions to thic
objoctive. (For example, softlandings of ouiteblc
{nstrumontation on the moon to ceterr=ing ko coviron=
mental conditions man will find therc. )

« put all other clements of our national spicooroaiixy
on tho ‘back burner'.
/'}‘Uf‘i lak/d/
= add anothor more powerful,booster to our national lnunch
vehicle program. The dcsign paramdcicrs of thic boozuiz
should allow a certain flexibility for desircd program riv
oriontation as more expericnce is gatherad.

Vo Example: Dovelop in addition to what is Lcing done today,
A {1 2""“’ boe! a first-stage boocter of twica the total impulse ol Szwusa’a
first stage, designed to be used in clusters il ticeded.
With this booster we could
a. double Saturn's prosently envisioncd paylioad.
This additional payload capability would be vory
helpful for soft instrument landings on the moon,
for circumlunar flights and for the {in2l objoctiiva
of a manned landing on the moon (if a few yecars
from now tha route via orbital rc~{ueling should
turn out to be the more promising ore.)

b. assemble a much larger unit by strapping three
or four boostoers togetner into a cluster. This
approach would be taken should, a fow years
hence, orbital rendezvouc and refueling run inlo
difficulties and the ''direct route' for tho mannod
lunar landing thus appeaYro moro promising.
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Summing up, [ should like to say that in the space
race we are competing with a determined opponent whose peacetime
economy 13 on a wartime footing. Most of our procedures are designed
for orderly, peacetime conditions. I do not believe that we can win this
race unless we take at least some measures which thus far have been
considered acceptable only in times of a national emergency.

Yours respectfully,

=7

Wernher von Braun




