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2 MR, ERTEL: This is an interview with Gene Matrangs
3 at Flizht Research Center on July 28th, I guess, on what he

Lo
4  remembers about the frv and all the sweat, blood, fire

5 MR, MATRANGA: My memory is mostly written down on
6 | oieces of paper, I may have to call on that now and then,

7 MR, ERTEL: According to Xen (Lavent) some people

8 |sut here at Bell were talking about something like the ,;EERV in
9 | Late 161, and they found ou when nmy had something on paper,

St b ﬁiu&ux{ i ,}(_E 1=
10 tiﬁfgiﬁigﬁ%ﬁg) gat in touch Wlth“ﬁgvenﬁ and asked him to come

11 " aut and bring what he had, get to thinking and see how your

12 thoughts matched,

13 Were you in the program that early?

14 MR, MATRINGA: Yes, 1IN fact, we got started thinking
15 3hout the problem In the summer of 1961, An ad hoc committee
16 | yas formed to see what we cculd do that rebated to lunar
tanding.

18 4 We felt ourselves sone ?%nﬂ of experts in the terms

g}\@@% 4 .

diag work we had

19 1 of landing, based on the

20 gone particularly as related to X-15,

21 And we felt we should extend this expertise into

22 the avrea of lunar landing, so the ad hoo @Oﬁmi%@ee was FTormed

[i_?:ﬁ-éi, gezid )

23 lat the inkling or guestioning, I might say, of Jake Drake, who
: ~

24 pretty well was coordinating and thinking about our long rang

25 | regearch efforts oub here,
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So we formed a commititee at Jake's insiSteice and
we came up with 2 number of' recommendations for looking at
manned lunar landing.

At the time, there was,the official NASA policy was
that the whole command module would go on down to the moon,
and Drake, I guess, could see the handwriting on the wall and
decided, "Well, we ought to be thinking more about a LEM
type vehicle breaking off from the main system and going on
down. "

Anyway, the findings of the committee said, essentit
that we should look at this satellite tyne vehicle for golng
on down, It should be manned. W should be able to simulate
five-sixths of the =zarthts gravity through some other form of
propulsion device and have rockets to duplicate the sort of
thing you'd expect the spacecraft to do,

The findings of that committee were typed up and
given back t0 the Director, I guess it was, Probably Septeubs
August or September of 1961,

The formal group was set up =~ the very nucleous

v

|
of the group, I guess yould say =~ under Véiéﬁﬁﬁsgifif in

~ November of 1961,

We talked to Johnny Disher who was heading up the
a»ffice and headquarters st the time, And I think he's the one
that put us onto Bell.

MR, ERTEL: Yes,

METROPOUITAN REPORTING SERVICE, INC.
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| MR, MATRANGA: Apparently Ken L%véﬁg and company hat
2 talked to Bell == had talkad to him at Hsadgquarters a week Or
3 | two earlier, and it sounded like their approach was just

4 | exactly what we had been talking about.

5 | And Bell csme out here just before Christmas, as |

g || recall == 1t was late December. ANnd we initiasted a study con-
7 || tract with them to run for three months. It ran from the

8 || seginning of January through the end of March,

9 And this looked at the feasibility of the whole

10 || roncept.

11 MR, ERTEL: 1 have a copy of that,

12 MR, MATRANGA: Okay.

13 MR, BETEL: A porticn ofF It,

14 MR, HMATRANGA: We then went through the battle of

15 | trying to find money to finance the proiect; Don Bellmahy by
18 | that time, had been appointed program Manager since Wes .

17 | dessing had left to 2o down'to Whnite Sands,

18 In Pact, Wes lert late December, early January -- I

19 donf't recall. really, but just as we were getting off the

HEW HAMPIHIRE AVENUE, SUITE 210 ¢ LANGLEY PARK, MARYLAND 20783 & 3017 439 « 5800

20 gyound. So Don Bellman was brought in as project Manager and

76l

21 | 1 guess I had the title of Project Engineer, Or something 1ik:
22 | Ghat.

23 We played the money game, We went dawn and talked
24 to the people at Houston =~ had very strong support from

25  dalt Williams, who was the Assisgtant Dirsctor down there and

METROFCLITAMN REPORTING SERVICE, MG,




Cota

0%

{301 43% -« 5600

TETE NEW MAMPSHIRE AVENUE,

SUITE 210 ¢ LANGLEY PARK, MARYLAND 20783 e

o

~3

10

11

12

13

| crew division.

from Dick Day, who worked under ¥zrren North in the flight

We got mixed reaction among the astronauts. Most o1
them seemed to be pretty open-minded about the whoé; thing,
Max Faget, who was quite skeptical, and =-- I'm trying to thin}
who the 2Zpollo Program Manager was at the time; he was a fellcfw
who had come from Convair.

MR, ERTEL: Charlie Prick.

MR, MATRANGA: Charlie Prick. That's right. He was
very much opposed to it. He didn't see any particular
advantage to it at all,

In any ease, we gat to'the point where right at the
middle of the summer, July or August, that time period, we

had our money about two inches from cur fingers.

And all of a sudden, it got pulled back, W
sweated agsin for a whils. Finally gat the money released.
gnd {%ﬁ%??%igk : That was the mail box drop. (Inaudiblec)
apparently the -- he had the contract signed by the Govern-
ment ,ready to go at the ring of the bell, was ready to drop

it IN the mailbox as he was waiking out the deor, --

MR, MATRANGA: On a Friday afterncon, if I recall,

correctly.
53£&?%?9* :  And had he dropped that, we would have
had a contract and Seen off and running iA September.

: A 1little action and ready to go in

AL ﬁ%é - :
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Buffalo.
MR, ERTEL: Who was this?

skl tag) ‘jﬁ}fﬁ{v f‘u ¢
R &
¢+ It was In washington and they got all

{:ﬁ ”“ﬁt;,) ,4,}#{{.1 by

e

this paperwork -- but then somebody caught 1t, Somebody
caught him 1in the hall or something as he was ready to mall
this thing, and he said, V¥ just got a new directive. If
the thing hasn't been mailed, don't mail it,” and we had to
wait until when? February?

MR. MATRANGA: It was January -=-

{’{gé‘)\ : January, February, '62, So we wound
up with about five months delay because the thing hadn't besen
dropped In the mail.

MR . ERTEL: Oh, boy.
MR, MATRANGA: Our angel in the whole thing really

turned out to be Bob Seamans, He was pushing for this agains

i some of the opposition at Houston.

I recall the Houston -~ the money apparently was

) xﬁ»ﬁg»{f‘; &:) N éé*'i/f&@;:‘u;@{j
illccated In the budget, but f¥armeviel ) and some of the money
nanagers down at Houston really weren't convinced that they
santed to utilize the money where it had bazen budszeted.

Ad finally, I guess Seamans Just said, "Get off

she dime and letts get this thing moving.”

I

O Wgbsp Waen't OART trylng 10 get money out of

hem?

KADTHAND M 0T A 21 peotom s
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MR. MATRANGA: We tried to gzet money out of then,

. and their attitude oOn the whole thing was they had funded the

LLRF at Langley, and they could not see funding two similar
projects, because they felt that was the real research tool
that OART would use and then LLRY would be more a'pilot train:
device than a research vehicle, as suck.

MR, ERTEL: I heard the story somewhere else, and
they said the money should come out of manned space flight
funding.

MR, MATRANGE Right, Right. And that -~ and it

h&ff@ ).&é.ra — IEZ%}
was budgeted accordingly. f%é@@, i¥ was released. Anyviay,
as you indicated, Wayne, money did became available In early
1962, and we did get the contract written with Bell and the
srizinal dollar value, as 1 recali, was almost -- was it 4,
xoint, 37

I think that's what it went up to, but | donit, think
the original contract =-

MR, ERTEL: A Little less than 4, © think,

MR, MATRANGA: A 1lttle less, okay. Something like
shat, Wayne went back to Bell as iIn-plant representative of
IASA so that he could live with the machine snd Its detailed
tesign and fabrication, and also 8o he could apply his

WZM‘ {.Ei; ;yﬁf’dﬁ.\:’(
iXpertlise in rocket systems, @ﬂicnﬁcn the X-15, I guess it was

And make sure that the machine met our standards of

iafety, We had had a number-of tebhnlcal disagreemants with

METROPOLITAN REPORTING SERVICE, INC.
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Bell, over how things should be clone. Bell was not as == |
guess I'd say careful == maybe thatt's not the right choice of
words, but they had a different philosophyq;%vhow some things
shauld be done.

And we thought those things were not in line with
things that we felt should be safety-wise.

We had a design review at the == what was supposed
to be the 90 percent drawing release time, and that was in
June of that year. Remember we had quite an entourage that
went back to Bell for the design review. L

btk

Recall #arren Horth being there? As 1 recall, -bear

{—@wfi:%ﬁ} was there. I know Dick Day waz there In Houston,

j Meal Armstrong was there representing the Flight Research

| Center as their project pilot, which is kind of interesting.

Be was designated as the Project Pilot when the
group was set up. OF course, before it was delivered, he --

MR . BRTEL: Along came September, and he --

MR, MATRANGA: Moved on down to Houston in a differ~%

r

e

e

Let’s see, Vehlceles were pretty well pul together

| and went into some ground testing back st Bell in The spring

of "A3, 1 guess 1t was,
(ﬁéﬁ:;?%g : It was about (inaudible) 1664,
MR, MATRANGA: Was it 1642 Oxay. April, '6lL, The

first vehlele was delivered, as vou say, in Aprii. It was

&
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| We just packed it up "in a moving van and brought 1% back,

delivered in pieces, We had the main frame; we had the legs,

The seécond vehicle followed about a month later, in

smaller parts. And the reason for the parts then was Bell got
into money trouble; they were obviously over-running the
contract, and we decided == we put a ceiling on the contract,
and what they didn’t finish, we would TFfinish ocut here,.

So vehicles were delivered cut here. %e had a

contingent of eight or ten Bell people that came out with the

macbine, helped us in the Final assembiy ?%d the check out.
D7
Again, we had another pre-flight #8%, and I recall

(Inaudible), Warren North being out here for that, They

made a number of recommendatlons, which were incorporated in

the vehicle,

We made ground runs, We made runs on two diffarent
fixtures that we computated to exercise all the systems on the
ground. And Chris ¥Wnite was == coversd everything.

It was the day before Halloween, I know,

. (lnaudible,) —  ~ - T e

_ P

- ~ %

MR. MATRANGA: That's right, We only got aégéi f c

%

six Or eight feet in the air on the first fiight. W ha \ | —
2

testors 0N the thing; I remember that. / 25?

z:ma

MR, ERTEL: (Inaudible,) flight plan, eight or ©
Feet above the ground, (Inaudible) station, I was down tie

MR, MATRANGA: No, T was (ifnaudible},

METROPOUITAN REPORTING SERVICE, INC,
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MR, ERTEL: Socmsone else was in on that too, -—

gk

MR, MATRANGA: T don't recall it. We got somebody |
ip there though. I'm sure we did. (Inpudible), we r%% that

H
#
7

relay (inaudible). ! ;f

"{}()Lv
ELIA

%

M?ﬁ : I ; ,,}:

We could see the (inaudible) ef the roc3@ts and it

A

N

#as very obvious that it was not performing as @% should

i
. _ _ _ / ?
secause It was a perilous situation. ’ \%
iz’
(Inaudible), b %
I'd never get up enough guts to i§ 2 thing like {

s P

7

shat., !
/
: (Inaudible,) /

i

MR, MATRANGA: (Inaudible) in fhe beginning, and I

Vﬁ¥%4

.d\\/m%_w

(v

) / .
~emembar he lifted it up when he was ?ﬁviﬁg a test of It, and

shere was 2 or 4 hundred miie and hﬁ%& wind blowing, and he

lecided 10 scale {inaudible), /f ;

The first flight as ygu say, went eight, ten feet

in the alr, He went pr@gr%gsiﬁgly higher on the next two or

shree flights, (Inaudible.)

{Inaudinle Discussion.)
MR, MATRANGA: Five or six of these rockets - /
E
inaudible),
) /
(Inzudible gicoyssion,) «Nx/

MR, HEBETEL: How we're back on.

MR, MATRANGA: Okay, lett!s See where we are.
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IggaS they related té-*ggﬁ&r&%%ﬁ, And along about ﬁhéf/g e

i
Z we checked out a third pilot in tnhe machine, Colone

{%1uver):
f\i-ﬂ- PR ,f\/g

3 | Jack x1uver of the Army, who was assigned to the Centery—

4 It would be interesting O get his comments on the
2 | machine. He had spent a great deal of timeﬁé;:?i;%Fopters

6 | with the Army. We had flown the variable %g;ggi;é§§fxﬂl&, a
“ Iplane that Bell had built for the ames Research Center,

8 He had flown chase on a great number of our flights
9 | In the helicopter, and was extemely skeptical of the kind of
10 | pilot comments, pilot ratings, that were being gziven to the
11‘ control system.

12§ He just didn't know of any VTOL machines that he

13 1 had ever flown that had the kind of gZood pilot ratings that

14 | both Joe Walker and Bob Malek were gziving to the control

15 1 system on the machine.
16 So he was extremely anxious tO get In the cockpit
Y and fiy it and szee 1T they resily knew what they were talking
% labout.
1 9 A"’.;»Tcif-uﬁ-mww " P
(AR T [ audtoie
20 MR, MATRANGA: Yes, he had to knock off a few
21

pounds because he was up in excegs of 200 pounds, and that

required a great deal of palilast on the bark end of the machin

23t counter~balanca,

24 Of course, on a hot day, we had trouvle getting off
23 the ground, Fortunately, he checked out in December of '6H,
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[ﬁfﬁ?ﬁ;fﬁa : (Inaudible.) to get really into the

' hot summer day take-offs, To get the gasses away SO we woulc

ingest.
MR, MATRANGA: We were limited to about == with the
original engine, to something on the order of less than 90
degrees of having the temperature.
fi 5?3{ : Yes.
I%R. MATRANGA: And we ultimately  got that up to
close to 100 degrees, by the time the program was over.
i Longe @ (Inaudible.)
4]
MR. MATRANGA: That's right. In the summertime,
Okay, after we got Jack on board, after we had
looked at the different displays, we also put in cur (side

arm) controller, which we had fabricated =~

g;;&%¢§£ - - Gemini.

MR, MATRAKRGA: ~- modified, It was off the
Gemini-8, yeg, That was the one that ﬁsi} Armstrong had had
trouble with on Gemini-8.

And Beb {Ballard) down IN cur machine shop re-

cconfigured the whole thing, putting in sink grooves instead

of (potentiotomers), Or was 1% the other way around? FProbabl]

the other way around.

And putting in redundancy, so that we bad dual

sensors everywhere.
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MR, MATRANGA: We (flew) that through that, so we
noved the pedestal, the instrument psnel, from between his
legs in front of him over to the right hand side, as it would
ve in iine,

Ad then put in the side arm controller, so that
he had the sane relative position from his eyesight to the
_ daleracits wpdd bovae wn 48 LEM
i nstrument panel as the

And he had the same altitude control stick, with
three access sticks.

AL a1 (Inaudible.)  RV-2?

MR, MATRANGA: Two was the first one that we put

. the entire enclosure over,

LG L, Youlre vight, We took the emergency

;

-

| rackets off of it,

MR, MATRANGA: WNeo, we never =« did we or didn't we?
:+ You never got those emergency rockets
MR, MATRANGA: Okay. You may well be right,
Q;ggéﬁﬁgu\ I - took it off of one before we sent
it to -~
MR, MATRANGA: Back to this part, Okay. We’ll
come to that 1ititle story.
The next thing we 1aéked at, as I recall, was
trajectories, And we specifically went through and flew some
of the proposed LEM trajsctories, We demonstrated that the -

seat trajectoriss had been proposed—$eor easily {lyable, showe
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14t

that you could get relatively higher rates of descent in
close proximity with the ground witheut any particular
difficulty,

And then came the enclosure. We started to restrict
his vision, built that cockpit up around him. Originally, he
had plexiglass on the sides, primarily to shield him from
the spray of the peroxide attitude rockets,

sut we built up a styrofeoam enclosure around him,
giving him Just the same fileld of view as the astrenauts
would have out of the LEM,

And raniggggéu;jectien tests of that coenfilgurstion,

2 hig\l;‘ i«;\_gﬁggw¢&§:‘€: &
(ﬁ‘;,;:ﬁ:;;wg&ﬁ : (&mg Bie)l ef the new rockets?

MR, MATRANGA: Combined with the larger thrust

rockets, right, To give him a little better push away from

- the vehicle, give htm a little more height, and demonstrate

“that the ejection seat would punch through the styrofoam

~canopy without, any difficulsty.

Ciy - That brought us up to the point where we started
R S 7 S .

L “lefffm oy
checkling out Joe Alivanti) first and then Bud %@%@ﬁﬁ%a

?Vﬁaﬂf%”\ :  Before you progress, let's cover this
seat upgrading.
MR, MATRANGA: Let's talk abdul the seat Itsgelf,
gﬁi;iiﬁf;:\,f,% . 1 Okay.

MR, MATRANGA: he seat originally was developed for
!’vw'\
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@ osroposal.  Ona was ~

seat for the 1ifting -- the plywood lifting body,

S e g7
[ Aty bé‘/& - e f‘%ﬁ% . ShEl:}..
MR, MATRANGA: That’'s correct. Essentially for
(low Q) » | remember we cut it from 40 G's to 20 G's in terms
of acceleration capability and from the six or seven hundred
2 down to about 400 @ or so. Very small --
(Y bR i
MR, "ERFEL: Very light welgnt, (Inaudible).
MR . MATRANGA: Right; we asked == the spec that
#ent out said it had to be less than 100 pounds.
Cildemgen _
MR, “BReEL: And it came In about g5,
MR, MATRANGA: And it came in about g6. we had two

responders to the -- well, we had three responders to the

o3

MR, ERTEL: Douglas?

MR, MATRANGA: Yes, Douglas had one that they thoug!

!'20uld come in under 160 pounds, and id had a spring-loaded
anopy. And we felt that was somewhat marginal on really belt

| :ble to do the job at low altitude.

The Weber seat that was rocket deployaed canopy ~—°
:nd then Stanley came in, and he wheeled and dealsd saying
;hat he could do it, although he had never done it. Re was
taying that he felt that they had the technical expertise to
o ahead and do it.

And we just feit that he hadn*t demonstrated it and

re couldn't take a chance with seeing A couple of machines

METROPOLITAN REPORTING SERVICE, M.
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20

21

Y¥TL machines, go in here on the base with the loss of crew

because the ejection seat did not work proeperly.

And we felt that was a real must. W but & lot of
.,._;,{:i LLE t;,w. x?;":»

effort into that. V¢ had Weber make three -{setting pines) fo

us, one with the vehicle == the seat --

aisf@g\ i
MR, Fixture,

MR, MATRANGA: TPixture; right. At zero attitude,
| rigt
one tipped forward 30 degrees, and one tipped to the <{romd)-
it rolled 30 degrees, and we demonstrated that the seat would

work under those conditions.

As you say, then we increased the thrust of the
rocket to give us a little petter capability, W thought it

- ) 53 g o }.
wan margin (E{)r&‘f%f) N km“y{v, f{} [ ;‘3& e vv}{,? Eodehat ;ﬂ"ﬁ vy B L, h{ % 3" i{gﬁ{{l’i
e v bued w«}wﬁﬁnwvﬁwwgw*tz*ifﬁﬁ%m”z “

-"i"’?

Ry

(T S .
éﬁ?“ . -”ﬁ‘m{éﬁ&&é&b&& #;g main tﬁvu%t in terms
of trying to get hat thing i@glem@ﬁﬁpﬁ s@«%&ewwwmwe-agw%aﬂ to
: . M s
rraddbte) as I recall, {inaudible) and he was flying

TFE

the thing, had a personal interest in it as well, but he -~

MR, MATRA%@A} Well, we were in the program for

L fairly small funds, Tt was running us asbout a million dollar

a year in terms of tetal expense for running the program,
and this included some design work for thei\??;;f v: 1t included
things like vperating the seat: it inecluded the fabrication
of these controllisrs and displays,

And we had various and sundry product improvement

a5 we went along, If you'il recall, we had a great deszl of
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‘weight was ?Qigaun&s ~§£@%g&i%£a and they went te 33-5,

2gg

T de e RVTEIN
fficulty with the mther-two~Gegerals, There—was Cal Jarvis

shuttling between here and Portland, Oregon with gyros on
several occasions because we down to our last spare, and tryin
.o figure out now to beef these things up and make them last
little bit longer,
Well, that"s that again. Everything on the vehicle
rag lighte weighﬁ We developed an instrumentation system,

P Z“;v% ’vi’n@g f{’&ﬁf ’}?iﬂﬁ&’i fu‘?&»{ iﬁz}“f—}i
‘hat BCH telemetry sgctﬁmg ‘because it weighed 35 pounds as
5

s

ontrasted with an

y_(@ %Gangrad) that would weigh 75 pounds,
And alzif o Y the ejection seat had to
i@ 100 pounda Or less.,- We really sweated for ulcers on the
wehine,

%ﬁﬁ;f@vimgri 1y because there were thrust limitations
& just wouldn't get up in the alr. .
Dl drpnie — prz peed s fpnion

MR, ERTEL: f%ﬁ%%&%%%@#m“W“@ﬁ the "LEM, thelr, masims
{/T'iywwmﬂ? L{’im | e ol izp ‘Rﬁ“““ ‘“‘“Q‘?"“é wrd iy f?& 9"’?"@‘ ‘i

MR, MATHANCA: %nd our total zot up at one staZe as

nigh as 36, and they felt 1t just would never get off the pad

tat that kind of welght.

(DAL GTTZE s T think we grew LO or 15 percent, but ou
b

4th MOre actual thrust margin IN the v "thanwe had dreamed

£, Even though We grew in weight in total -- {inaudible).

T think {G's initial conservative),
MR, MATRANCA: That's true., Aand 1t's an ironic

METROPOLITAM REPCRTING SERVICE, IMC.
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(Alr Force engine, 1%t was not a new engine at all. It wa

18

hing if you wish, You were told that the background of the
ngines, The englines orizinally were developed by the Air
rorce, Tne PAN-J-85 was what it was.

And the original ==

wf@m;ki;xg -- they went Into the commercial -~ |

PSR E

now the tests were -~ the first# test was an

“aA L&’g,(

vir Force' £ault test.

MR, MATRANGA:. It was basically -~
iﬁzéiéyigﬁ;\; But they never went into production,
MR, MATRANGA: But 1t was a horizental engine. Not
v vertical engine,
5{%{;;;%§m : Yes, but his production was really
rommercial,
MR, MATRBANGA: Right.
gf b?\%L@*-” ot military.
MR, MATRANGA: That's true, .

s i, g/j AT ?éuf*,.i/ G- ‘i )
'Eﬂfizﬁ}gﬁch~ £ under the AIr Force contrac

e

&

MR, MATRANGA: Very true, And the thing that we did
ras take One of the original Alr FOrce engines, modified it --
(vbi“f‘kﬁ ~ ¢+ T ihink we Look ocur oWn ==

MR, MATHAHGA: That nmay be ==

' (;Qggggéﬁﬂ_; Put in a4 new «-
MR, MATRANGCA: HModified it Tor vertical operation
£ A ii

ind the original g%a&ﬁ test in the vertical would run with the

[

L
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iservicing the lube oll tank, It waz just nit

19

ised engine. And that engine always produced more thrust thar
iny of the others, (Laughter.)
And that engine always produced more thrust than

wny of the others, That was the best ~=-

At At 1 think we wound wp -= T think owr fire
"light engine was a used engine in a sense.
MR, MATRANGA: That looks == that was the =7
Cﬁiz ‘%mg,ﬁ"\ : == the same one. (lnaudible,)
MR, MATRANGA: Right. But GE. did a fine Jjob and

that engine was a fine enzgine, That was re&iable -

EL{ T

(zﬁé@?kig“x : There were a few in the engl
nrogram, bubt they were so small and very --

MR, MATRANGA: I remember we pul sone ducts, somne

teovers over the bleed ports,

-t

is\ b~ Yes,

MR, MATRANCGA: To deflect the air as they came ocut o

ltha bleed ports, and we obviously choked those bleed ports,

;Tﬁwy had some compressor stalls, on the englne run,
B ¥

_“ ~ brin ~ ¢ But we wound up ~-
MR, MATRANGA: We wound uw c¢hangling thosge,
it%;x% o~ Exaaﬁd*ﬁg them, pubting in bigger ones
for some reason. And we had some solder (inaudible).

f

MR, MATBANGA: Yes, I g ggmbe? that.
o 4»1
Eé V&Vugi N : Tt was P

‘ifnﬁ)

%

7
E4
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20

that you could solve, by keeping your nose to the grindstone,
(Inaudible) -- nothing in practice (inaudible), or safety,
sxcept perhaps that bleed port, That could have gotten to us,
sut we picked 1t up ;a%i Grovme
MR, MATRANGA: Fortunately, we picked up most of oux
o e f:swwwxa
3mh7emﬁf\ in fect, We picked up all of our problems on the
&a;:h$ e didn't have any significant airborne problems, with
the exception of the one flight where Cooper made very very
nuch at the end of the program, where the feedback connections
sn the attitude control system were not plugged in and he
flew not only back-up, but he flew open locns with the
acceleration control,
AT e ‘Right,
MR, ﬁﬁ%&gﬁaa: But that reslly was the only -~
® ié:;\g’ v 2 Wasn't (inaudible)} that cccurred ==
MR, MATRANGA: Yes, We had a peroxide leak on
Bud Rheem; ¥YWe had a valve «-
o szi ggx :  w« peroxide leak or scmething -~ or
Bud'%%gggLflgw or scmething and »- we %&d a peroxide lesk
though, behind the cockpit.

ME, MATRANGA: Was it a sesl or was 1t the zctual

suckling of the valve?

{TQA/L%QQEZQ\;z T don't remember, (Inaudible.)
N F Y
MR, MATRANGA: ut anyway, 1t sprayed straight

seroxids on (inaudibvied,

METROPOLITAM REPORTING SERVICE, INC.
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5&25@3::§i&\ - So out of what -- 200 filights; roughly
or mere than 200 counting Ship-2.

MR. MATRANGA: More than 200, counting Ship-2. We
made 198 f1i¢nht= on Ship-1, and & Fflights on Ship-2 before
we delivered ticse =~
.{~. - So say a couple hundred flights, and

voutve got really two Flight incidents regarding hardware

MR, MATRANGZ: | think a great deal went back --

'@agéi”ifxéia: Hé had a number of ground Ilncldents
and learned our Lessons well, 1 hope ==
MR, MATRANGA: Well, we had a number of ground
incidents and we had some hard and fast ground. rules.
gﬁif5552§?§2:: Yes,
MR . MATRANGA: Which we never violated in flight.
We never flew in winds over 12 feet per second, 1T I recall
correctly, or was 1t 15¢
Cﬁ?}g}:g%ﬁx_: We gradually sxpanded to this; ==
MR « MATRANCGA: Oh, we got up tO maybe 15, We would
not go if we had any questionable system operaticn. We would

not g0 unless we had telemetry, to be able to monitor the

| systenms ,

? ;. s Ess ¥ Ei E 1o
/;ﬁ L“Qﬁ:ﬂﬁﬂ(w :  You plcked up some comments in Buffalc
L i ﬁg{,&.«w’b-’?
about scme of Qﬁ???ﬁights getting down pretty close 10 the

hoard point becsuse of Jjet engines running fast --

MR, BRTEL: I think thal was ==

METROPOLITAM REPORTING SERVICE, IMNC
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(%gﬁ'ery@w‘: ‘Things of this nature and == I can

| remember now when --

EM =xvEL: 1 don't Imow if it was Reiken or who,

but he szys he had a bunch of people out from Washington ==

a bunch of Generals, a bunch of MASA people, and they were
standing there watching and it was just ready to go and they
sat these and sat there and sat there, and they could see
that fuel. burning up, and he was saying to himself, "On, hell,

hets not golng to get 1t off the ground.”

’“_i?qgrylv Well, 1 think a little is related

YN

in somewhat 1n what we are talking about., |If a

came up after you start the engine, go through this fairly

| extenaive checkllist, and then you go back, and we had power

égrabl&ms and we wanted to make sure all the firinz backup

systems were working, and all the stuff® was®very thoroughly

zhecked out, and of course, you comz up, and you go back- and

start It over and re-check It and then you had‘>§\gano—go,

Many times it would be no-go, wut I think for all

£ i*’?'}f e
2f our (Themos), I can't think of a one where we really shut

ldown and reserviced it agaln, but we 4id Just get it off,

Maybe we didn't gilve a2 full <rajectory or a full «-

MR, MATHAHUGA: The one that John's thinking about,

land I remember it, was during the (Expedine) Conference of

119565 or gomewhere in that bhall park,

e

ey

iew it of f here off the the bank ramps, That wa

METROPOLITAN REPORTING 3E£RVICE, IMC,
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the first time we ever flew off the back ramp.
MR, ERTEL: VYes, that's ATAA. Yes, the X-15
Conference, but that was not =~

MR, MATRAHNGA: But that was not a marginal service

oo 255 wr

| eituation. [ ——

R - //’ i \VS‘ )
(AT o, thats was the one u (mate’ FLaston)
¢ -

at 20 feat off of the ground.

MR, MATRANGA: But the thrust light computer didn't

work properly.

{{f;éfzu\}aém. : Well, it was successful.

MR, MATRANGA: Okay, Well, that"s what I'm saying,
It was pilot technique.
széfasxfiﬁﬁf¢ Yesf Right,

MR, MATRANGA: That made the différence, but becaust

Ut

Ja

of the pilot technigue, the jet enzine was not puttin

snough thrust, and he got down in close proximity of the

G ground and didn't have encugh thrust,

«:;K = £, -+ -v-»wq'
B i DA o
¢ ~ z““@fi’““: Yhat was the swyiteoh that we moved that

I was arguing with him? You had -~ I was talking about the

X858 golng in a week or twe before that, and T had a big battl

golng with Walker about wanbting to do this,
I wanted to get 1%t off the console and put 1t up on
the jet throtile head,

MR, MATRANGA: It was the {funsr) sim switeh that he

Lcould puneh off of lunar simulation and lock evaryihing back U

METROPOLITAM REPORTING SERVICE, HNC.
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Zf%f """" ;::ﬁkﬁ\ ¢ And that par%icular’fzighﬁ‘esnvineeﬁ
him that we are moving up and he 4aid It, |
MR, MATRANGA: Right,

Cﬁ?é{iwi?:Exg> : But there wag another switch which got
moved off' of the throttle and was it the same switch Later
on for different reasons?

MR, ERTEL: Was that the one that Alex was telling
me about that after the change in your seat, you were sitbing

in a different position and he accidentally --

"W(ﬁ'l/‘ o~ 2 Was it the emergency throttle?

MR, MATRANGA: T don't recall.

Cﬁ?giiﬂwmg/&xj?> We had a backup jet throbile systenm
that was electrical instead of hydraulic,
»%gf MATRANGA: Right,

(fzfi“@\g?ﬁﬂww”é And, as T recall, we had a switch on
top of the throbthles hand with that end 1% could have been tha
one was actuated.

T think we always had %o keep that right up there,
MR. ERTEL: VWell, he said that after this happened
C:éjkj-ifgéi%wf T remamber what you're talking sboub.

=

There was a swiich -- down here in South base In your (flight

&
ot

éer) you actuated a -- it got inadvertently actuvated and

el

the decisgion was madse to get rid of it.
And T dont't know 1f we got rid of it entirely or

what, and T think that --

METROPOLITAN REPORTING SERVICE, tNC.
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deletion of the emergency rocket sy

from el ek
MR, MATRANGA: T don'®

raecall. That slips my memory
- }@L SEEY ihﬁ.b’h’fr;g"
~and Reen and [Alvrany)

Ckay, 80 where are we? Wetve gotb
rhecked out.
We got a contract run-through with Bell to redesign

the vehicle to make 1t more operational -- LLTV, IF you wish,

'rather than LIRV.

/i{,»TZ”f;a Do you have GE contract --
MR, Tﬁ_ﬁ?é Put the second vehicle -- okay, get
everything documentation-wise -~
(fﬁﬁi&,iﬁ%ﬁ{ v -~ and injezchion with that so 1t could
take off from there,

MR, MATRANGA: Right, and the second vehlcle put to-

1 gether . --

o umiwm
@ 1%V1§A3xwﬁ All right.
¢
MR, MATRANGA: -~ which included, as you sa&y, the

&

tem which, in rstrospect,

Lid

A

lwe felt was certsinly marginal for use by astronauis.

Lralness.

F\/ﬁ‘&’v i\%:m Hhyr

MR, MATHRANGA: Traineeg, yes, right., Tor gxperl-

| enced pilot, that's cne thing, bul for a traines, that's bet-

i ter to just punch out as

;:ejection position.

MR, MATRANGA: That's true.

METROPOLITAN REPORTING SERVICE, INC.
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(/ Lé by x{%./:; - And yout!re Just running s bigger risk
In 1oss of life, whereas a research situation with more €X-

pertise, then you“ll always save the vehicle than when you

| take a -

MR, MATRANGA: Right, »ight. And then wea delivered

the rirst vehicle to Houston in January of 1067 and shortly

¢+ thereafter, the second vehicle was brought down to Houston.

We tried to check out the vehicle. We went down in

February to demonstrate that the vehicle was still flight-

| worthy down there and ra2n into difficulties with Facilities at

Houston and just couldn't get proper veroxzide servicing,
We couldn't get --
(ilﬂ£i¢yfégﬁ“x_fz Power.,
3
MR, MATRANGA: Yes, power -- a whole bunch of facili
ties things. Ve made a ground run --
C:QEL{;;QIEgéwa; And wouldn't sive stable enough power,
permanent --
MR, MATRANGA: We made & ground run right there on

oncrete Like crazy, 80 we

o

the ramp and wound up chipping

1 figured we had to have & blast shield under the machlne to

4

| protect ug Trom blowing up concretle.

T decided that we were going to pack everybody up
and come home until they got all of the facilities problems
solved.

And we went back In March and then got off tweo full

[
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frovs
simulation flights, with Jack {

%

- ’,/" ;“ ) - -
(j_jgff,twij“ . Csmi/rxg‘ in‘eut of this (inaudible)

point of the flight.

MR, MATRANGA: Yes, anfl SO it was operational. And
|

SO that was Bind of the end of dur committment, except that

S

we did consult with the Houston people in the fabrication and
design of LiTv and of course a eoupla of us got involved with
acci ?%Q;vaestlgatlons down thiere,

N o)

7 :mmf%iiifféiﬁ%v«u%

MR, MATRANGA: (Maligi was in B-70 school or -- 1
don*t recall this -- B-70 schoe::%l or B-58 school, but in pre-
paration for »-70, that is Csrr%ct.

Don got wrapped up.inithe things involved with B-70

in the fall of 1966 and Jeck[Hoover flew most of the latter
£lights 1IN the machine, N
n fact, the people/who flew the different flights

down here at kind of inﬁﬁ?e%%ing and, in fact, the flight

distributions are kind of Interesting,

S

Walker flew ?5 ighte for so hzr@ 1@ h@ ﬁaé%?
> twe hours and 23 mzﬁaﬁ@s of actual time. xi&mf§ﬁw - 4

7
7o Tiights and woundrup with the most flights here and he had

4
é
i

g little over six héu?sﬁ gight minutes and 27 seconds, to be

axact,

<i” J&u& Aiﬁﬁ%?) wound up with only 65 flights, bub
5

ix hnﬂ?%g eight winutes and 59 seconds, so he had

-

er) flying the machine and -

" “s

»1635
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X'abifléi,g 29,
22 seconds more time than Don“ﬁm%mhﬁill

1
g iivf—{mw:& : Yes, T'11 bet hels the happier of thenm

all -- sguesze more out of it. .
{‘\{\ 3?‘vﬂg

E,/‘“‘{

MR, MATRANGA: Buﬁ*%&rfﬁr&nnyﬁ*made 13 flights here

. for a little over an hour’s time, butM made 12 Tlights

| for 5a minutes before the machines went down to Houston,

So, they were pretty proficient in the machine by
the time 1t got down there -- each one came down -- so about

f£7?mfé,*a: L LT ij i1 N C,}NV{? n,

ryy-and-—{Don ) went down there -

six weeks here.

to check it outf?ga%@h outh vase for a couple months,

MR, MATRANGA: For a year.
,E~ig;{§§iLf\} For a Year, but the ironic thing aboulb

o

it is that hardly any OF the guys that trained here stayed

#ith us.

MR. ERTEL: Stayed with US (inaudible),

MR. MATRANGA: When they s1l went back €O Houston
they decided that was the end of the rope. Most of them quit
and Stayed cut in Southern California.

CMingen . pid they?

MR, MATRANGA: Yes, most of them quit and

]
ot
o3
St
)
£
i
e}

vy

. mMﬁykﬁ %}@{{E?ﬂwaWVQQ '
( * Li"{\f‘\ \g e fé 3 P . 4 . 2
Py : %%?%@}sﬁﬁﬁ a real problem on menning,
: {

getting good fechniciang -~

MR, MATRANGA: Sualiifisd people.

AETROPOUTAN BEPORTING SERVICE, INC.




PA-6

1301} 438 « 5800

SUITE 210 & LANGLEY PARK, MARYLAND 20783 @

AWENUE,

MOW W AMPBRHIRE

TBTE

-3

9

L)

11

12

29

Cii?gglgcgﬁgx“ : And they didn't even have an enginser-
ing budget or staff,

MR, MATRANGA: Okay, & breakdown on the flilghts as
we made them and, as I say, we made 2084 flights with the two
machines,

58 landinzes were made iIn the lunar simulation mode.
we made 37 operational check flights; we made 15 flights in
this check-out of the jet stabilization system; we made &
flights for the auto throttle check-out; we made 43 flights
for pilob Familiarization -- that's really the biggest chunk
of Flights we made.

We made 12 flights evaluating the side arm control-
ler; we made & flights evaluating the LEY panel; we made 10
flights svaluating the drag «f the machine, the asrodynanic
characharistics of the machine.

[Eltig;;g;ﬁk : And some interesting filghts, as T
recall.

MR, MATRANGCA: We made 16 flights evaluating atti-

ok

et
Kﬁj

tude control, which the LEM did noi® havwﬁ but that was an sca-
demic interest and the indsed the number of (V20 machines

have gone Lo that,

(*”Ef;;gﬁx : You've talking aboub attiiude command?
ey xo

MR, MATRANGA: Attitude command, right.

MR, MATRANGA: A nunber of (V20) mschines have gone

METROPOLITAN REPORTING SERVICE, INC.
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to that probabiy as a result & our problem on --
We made 31 "Flights evaluating the rate command
system and then 26 Flights specifically looking at lunar

trajectories.
| e
Ak ““é ™ : NWow, this attitude command -- now,
as/i,g}a Q’{_,

the LEM had atﬁiﬁ&dé”ffﬁTW&T@%}vmm

#MR:rﬁATﬁﬁﬁGA: The LEM had attitude command with
attitude;€:§;§§ -- the combination of tre two.
Which was the better thing. Now, the
L vl Hadie,
pure attitude command, the EEM {states) over, the vehicle
comes over and it stays there. The (stick) comes back to the
(Inaudible).
MR, MATRAWGA: 1o, NO. Iie'd have to hold the stick
10 whatever attitude he wanted tO hold.
Cﬂﬁ'yhfxﬁ\»: And it would stay there,
MR, MATRANGA: And it would stay thers, I he let

go of the stick, then the machine would come in back Lo -~

Cﬁ;ffyyz?34 So the vehicle follows the sitick, pure

MR, MATRANGA: Pure and simple.

Vs
ST SE—
(wwévaﬁxfk : uO%nani with attitude holds -~
. j\ jaﬂ é}
MR, MATRANGA: TBwearx command with atiitudse holds
PR/ Y ‘ ) | e
(i;_ﬁ 4 : Okay, vesz, you sald it the other way,

but it would be %?@@kﬁcammaﬁa with attitude hold would be wnat

.:;}—M‘,frtvnxﬁég" &‘ﬂsi
T gowmrmt-out first, wouldn't it ~- move the stick over and let

METROPOLITAN REPORTING SERVICE, #MC.
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It come back to the tip of the vehicle and --
X1, MATRANGA: It will stay at that attitude, that®
correct, which is what 1L.EM has and which is what L 7v had.
{}ifwgig\ : Yes, right.
MR, MATRANGA: When wve originally designed the ma-
chine, we designed 1t to what ne expected LEM to have and,
of course, It changed as --
{ﬂéi?ﬁg&\‘ : /s tine went along.
MR, MATRANGA: -- as time went along. And we up-
e “,:/»:%5 ey ‘a‘\
dated the LTV to be more 1@%% (Thor).
e
VW had to make some hard decisions on LRV Long be-
fore systems were frozen in the LEM.
Qi;iiyg”fﬁ& - | think one of the interesting design
experiences T do recall and It is certainly from 2 systenms
. ST,
analyais standpoint, 1t wasS early In the Tv p?@gramjmﬁﬁE‘had
, . HWVM%MWM%} _____
a keparate’ (Ahority) for failure analysis modes.

"And it was e darned zood exercise, st lesast for me.

| dontt recall specific design changes that were made out of

| that.

MR, MATRANGA: Vell, a specific design change that

was made was -~ for instance ~-
S s Phe ele ica yahen the last ship
EE”LXWWﬁifﬂw“‘ The electrical system on the last shis

MR, MATRANGA: The electrical systenm of the last

LLAV, thatls right,
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[‘,{{,,3 Ff‘,\ - Well, | think some of those changes
/

- though were wade before, and the analysis itself was just

reflecting what would haapen on the ~-- is this third crash --
f I've heard 1t explained -- apparently, it was a generator
failure?

MR, MATRANGA: That is correct.
?/{/ty»\?/\n : And then from that the residual field
that apparently no knew was there kept the relayk@ to
out you on the battery from dropping lt out or dropping in.

N |
neither bus to

So here you are with enothes
zenerate power.
MB. MATRANGA: That's right. W had neither

zenarator poOwer nos battery power.

AL ** 1 £nd then I heard also that once the
sngine flamed out due to the ejection seat gasses, ingesting
into the engine- as you pointed out; the engine wound down

in RPM's.

Your generator wound down the field disappearance,

:; Eh-ralay cama on; the battery came on, and this attitude

rentrol system started firing, and that's how they Tound

| sut what the problem was.

And there is a good example for the failure analysis
iidn't pick up the thing, and actually even the test program
c0, let's sag, more realistically check out the system.

MR. MATRANGA: Okay, what eise dO we hava?
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MR. ERTEL: Well, T think I want to ask you a

' couple -- do you recall who was on that early ad hoc committee

Nere as many as you can, and | can say the ad hoc committee
is --
MR, MATRANGA: | can go back and look. I remember
Jim Atkins specifically was on it I remember (Farmer) John
Smith was on it. | remmber a fellow named Joe (Washiield)
sag on it. Joe was a performance engineer. H left shortly
thereafter. I have no idea where he went.
I was the Chalrman of the committee.
ﬁ}j{ﬁ}%éﬁa_ +  Was Drake part of it?
MR, MATRANGA: No, Drake --
C;fﬁ}%:?%ﬁwﬁ Or just an assistant, as before?

MR, MATRANCA: He inzisted that it be formed and

? shepherded us along, but he was not an active --

CéiﬁﬂHW§jw\ : In terms of -~ in Drake's part in 1%
(
7as more Or less addressing the general problem of lunar

landing and what can this center contribute to it, but it

' 1idn't really constitute building a simulator.

MR, MATRANGA: NO. And the guestion was, what kind
f simulator should we usze. We went down to the south frack,
“of instance, and talked with those pecple to see if there

as some wag we could orient the man on the sleds down at

jouth Track to simulate 1L, to See whether we could do it with

v helicopter.
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()iivm}x - Well, vou had to get the general para-
metric things together so that you would need, let's say, a
combination of a jet engine, but as it turned out, the
combination of a jet engine rocket made more sense. Because
of the impulses involved.

MR. MATRANGA: W went up and talked with some

Q P yien-
people at “{Then)_Lake, They had a tower, a 100 foot tower,
that they were running some Ranger rocket engines, rocket
engines that could have been utilized on Ranger -- using
radar altimeters. That type device.

All of these things were too constrained. We

figured we had 10 get something that could go to as high as

30 1000 feet, and that was the kind of number we talked about.

As high as 1200 feet to simulate this Last 1000

- feet of the lunar landing, and that was one thing that made

us so skeptical OF the LLRF at Langley.

we felt that they Just couldn't get encugh simulatioc

time in there to do the pilot enough good.

ml$%&§“ . What was its height?

MR, MATRANGA: 200 feet, maximum., But, OF course,

i }
I by the time --

—

F

Qﬁﬁ$V?\§5“ s ~- into the trajectory, ves.
- . 7

MR, MATRANGA: Right, by the time you got into the
simulation modes, they were down something on the order of
J AL

75 or 100 feet, “My-feeling was that Jfust wasn't encugh.
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And 1 think, again, that was fairly well confirmed

that --
572532545 - Yes, they stopped using them pretty
early.

MR, MATRANGA: I'm aware OF that. They did run som
landing gear type studies with it, which were extremely use-
ful. Each one wound up having its place, as it turned out.

But from the flight training standpoint, 1 think
11l the setronauts had flown the machine, and our pilots
certainly felt that the strange'attitude you got into with
this machine was like nothing else they ever experienced
sefore or since, other than on the moon,

Because you JUSt hed the £ip, attitude-wise, SO
far -- unnaturally far to get the proper thrust and the prape
Ehrusth Background.

And, of course, the other thing was the very steep
shtitudes that were involved in the whole thing. They were
nuch steeper than normally ubillzed, let's say, with a-
heliconter, For Instance.

MR, BRTEL: Would you address yourself a 1ittle bit

A
to your fixedﬁm% simulator?

MR, MATRANGA: Well, again, the fixed bzsze simulato
sach one had its place, and T think you could not have done
s good a Job if you didn't have any one of them,

The fixed bass sinulator ceriainly allows you (o
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go through all the parametric &' zs, particularly relevant
to trajectories, but it does n.: ive the pilot the feel of
the large attitudes; he cannot z=t a feel for it on the fixec
base simulator, or even a moving 'base simulator.

Because you don't have the acceleration associated
with the large attitude. You can tip a cockpit up on a grount
base simulator, but you don't have the accelerations that
go on with 1t. It's not all there.

MR, ERTEL: It's really -- for some reason, I'm sure
it was a good idea, Somebody told ne that the fixed base
simulator -- 1t was really a simulator simulator simulator,
sacause It would simulate RV's which would simulate the Tv,
#hich would simulate the LEM's

MR, MATRANCA: We had a small --

C“?th\(;mu : It didn't really simulate the Tv.
MR, ERTEL: Tt did in a sense, didn't 117
57y Lars ey
*%Eﬁ%$?%% ground WOrk; as far as a true
simulation, the TV's just sort of a foliow-on Of the rvw.
We did build in some vari&bilitgiﬁas I recall. in the conirol
N v .
system for the BV to do basic“;;é;:%%?ﬁw research work.

And some was done, which rz2ally wasn't, as vou call,
whassarily related to the moon,

nterested in

MR. MATRANGA: That's right. we were
' C

L
[

vasic research and research that pertained to - as well as

| to general spacecraft application,
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fﬁleﬁaéﬁx

whare the TV simulator,as far as operational training, it was

So you had = duz1 role with the ry

timed -- 1t was late enough so that we could get wors up-to-
date with developments iIn configurations, a11 the way around,
But then we went ahead and put some (virgos) back

into the TV's O keep up with LEM. SO N the long run,
L sl e ge Vhao My

probably wound up =thie complex—(iﬁzﬁ&%ﬁﬂe%e),gﬁf because of the
additional operational controls.

And this i1s where, I think there's addressed -- we -
N
hit an the real weak spot, as far as the failure ofthose-
;%»i,\i:,;\ A vl .
studies IS concerned. Whers-—they-sre trying tc handle this

trangition from RV to Tv, that Kind of an effort really had

N i %f‘;,i-ff’iféi’yﬂf
to take place. And 1t was strictly a fall-out of an mirsnic
Awc kel
exercise in the systems, jet systems. o
A Ly e
et [

T think there were a Tew changes that gresk out,
now that T recall, in the jet system. There was a discovery
{inaudible}.

MR, MATRANGA: And we always recognized the cne

Cares we had no redundancy was In the Jeb englines atiitude

control systems. And there was no way to provide thab.
We Just nevery could figure out a way fto -~ 1if you
B
ever added hydrglics to that Jet engine attltude control
gystem, your accumulators would lock up the gimbal system,

4 (LR
. the hgérggics} you were dead.

bt 85 soon s you
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I and the jet engine, of course. M lest the jet engine and

couldn™t (inaudible).
But those really were the only twO areas that we

didn't have some form of redundancv.

(j) i@v‘r{;{:}"u / ? "ih\
MR, $R9ET,: YOu bad yvq%fb&rn}gﬁaﬁ accunulator --

qh4

was redundant o the normsl hydrglic pump on the jet engine.
MR, MATRANGA: TRight, but 1Fyou had a hydrolic
line failure, where you lost hy§§§11¢ pressure, the accumulat
would not --
Im going to have to but out for about a half an

hour .

Cﬁgiﬁﬁi?\ - (Tell) wented to catch us earlier
today, SO why don't We move down in here with him and then
later on wrap up.

MR, MATRANGA: We'il plunge through some of these
things. I've been trying to get to that ever since you
zalled saying you were going o cane, and that got delayed
untll tomorrow T until tomorrow -- until tomorrow.

T have a collection of photographs, if you would

! 1ike to ilook at them.

MB, ERTEL: I surely would. That's one thing I
nesad badly.
: (Enauﬁiblg) and he wants to get a copy
of its; do you still have any (inaudible)?

(Tnaudible discuzsion.)
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MR. MATRANGA: Oh, I dontt know.
MR, ERTEL: | think that was really --
See,that was ({inaudible) at Edwards
(inaudible) picture,
MR, MATRANGA: Okay, I'm sure I have --
: --and should probably have a negative
>f your (Inaudible).
MR, MATRANGA: VWade through photographs of --
I would like --

(END OF taPE Qth, SIDE ONE)
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