



























































































































































































































































































































































































































































































































































137. 01001
010111

138.
SUM = XYC; + XYC + X¥C; + XYCy

CARRY = XY61 + xfrc, + XYCj + XYCj

138. From the table we can see that there are four
combinations of inputs that will produce a sum
of 1 and four combinations that will produce a
carry of 1. Using the truth table we can write
the boolean expressions for the sum and carry.

FULL-ADDER TRUTH TABLE

AUGEND X|0]1]0{1{0]1|0|1
ADDEND Y|[of{Ooj1]1|0|01]1
CARRY-IN |C(0]|0j0|0f1]1|1]1
SUM Sjof1j1{0f1j0|0|1
CARRY-OUT|C,[0{0[0|1{0f1]1|1

SUM = XYCj + XYCj +

+

CARRY = +

+ +

139. The sum function for adding two numbers and a
carry from the previous order of addition can be
generated using two half-adders., The first half-
adder we have just discussed. The second half-
adder will have as inputs the outputs of the first
half-adder and a carry-in (Cy) from the previous
order of addition.

(Proceed to next frame)
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140. The function of adding no carry-in or a carry-in
of 0 from the previous addition and the sum gen-
erated in the half-adder just discussed can be
generated by a NOR gate with inputs of
C;, XY and X+Y as shown below.

OUTPUT = Cj + XY + (X7Y)

Cy = (Cy) (XY) (X+Y)
e
+ =()C+)C+)

=( ) +)

140. () (X+Y) (X+Y) 141. The function of adding a carry-in of 1 from the
— = = previous addition and the sum generated in the
(C) (XY+XY) first half-adder just discussed can be generated
—_— = = ‘ by a NOR gate with inputs of C; and XY + XY as
CiXY + CiXY shown below.

OUTPUT =Cj + XY + XY

= C) (XY) XY)

(Ti -
XY + XY = )+ )C+)

= +

141.  (C) X+Y) (X+Y) 142. The two functions just discussed if combined in

an OR gate will produce the full sum for the
CiXY + CiXY addition of two numbers and the carry from a

revious addition. If the two functions,
CiXY + Ci{XY and CiXY + CiXY are applied as
inputs to a NOR gate the output will be SUM or
+ - + .
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142. CiXY + C{XY + CiXY + CjXY 143. A carry-out will be generated any time any two
of the three inputs (X, Y and C;) are 1's. There-
fore the expression for the carry-out can be
written XY + C;X + C;Y. This function can be
generated by applying X+Y and C;XY + C;XY to
a NOR gate as shown below.

%) + CXY + CXY

X+Y (X+Y) (CiXY) (CXY)
CiXY + CiXY

(X+Y) (Ci+X+?) (C 1+X+ Y)

XY+CiX+CiY

(Proceed to next frame)

144. Now that we have discussed all of the logic cir-
cuits that make up an adder let us put them all
together and see if they will add. (Putting 1's
and 0's on the diagram will help in getting the

outputs. ) L7 I._ADDER TRUTH TABLE
AL

O = =00
o= OO
OO =Moo
OO O
OO
O O
-0 O -

Q Q= PRI
[ el = =]

O

||
|
||
|
I
I
I
I

%)
=
=

x|

<|

CiX + XY +CiY
Co

CiXY+cCjXY
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145.

[=Ne]
oo
-
o o
-
O =

145. flip-flop or 146,
bistable multivibrator

GATE
X

Usually in an adder there will only be inputs of
X and Y, while for the adder we just discussed
we required inputs of X, Y, X and Y. As you
recall, a device which will give us outputs of
X and X for an input of X is a

Gated flip-flops are used in the adder shown be-
low for timing. A timing sequence is shown also.
We have discussed the gating functions of the X
and Y inputs. The purpose of CLEAR is to reset
the flip-flops for the next addition. The READ
gate inhibits the output until READ goes to a 0.

CLEAR O——FD

4 T T e

GAT:D&@'
T

CLEAR I L

T,

w
[
=

READ

X GATE

L

L

L I

(Proceed to next frame)
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147. As was mentioned earlier, the two ways of add-
ing numbers are serially or in parallel. The
parallel adder shown below consists of four
full-adders in parallel. The two numbers are
applied as shown and the SUM will be generated
when the READ input goes to 0. Notice also that
the carry-out from one addition goes to the suc-
ceeding adder .

X‘ Y‘ X3 V5 Xz Yz x| Y|
¢ ¢ R 'y ¢ R}
Ci Ci Ci Ci
co co Co co
) | I | R |
SUM SUM SUM SUM
TIMING
PULSES
TRUTH TABLE
Time | 4|3(2]|1
X 0({1]0]1
Y 0]0]1{1
G 1/1111]0
Co [OJI]1If1
Sum 11000
147. Carry-in (Cj) 148. When adding two numbers serially, there is only

one order of numbers added during a timing inter-
val. Therefore, only one adder is required with
a means for delaying the carry from one order

of addition to the succeeding order. This delay
can be produced by a delay line or a flip-flop.

A serial full-adder is shown below with a truth

table for adding 01011 and 00101. Complete the
truth table.

. TRUTH TABLE
V1o = 1 | Timelslalsl2)s
— X Jo[ijoli[1
TIMING Y [0]0[1]0]1
PULSES
” c; | [ifio
{ Sum 0[0
SUM
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149. When the READ pulse occurs, the sum may be

1 (1) 11 GATED into other circuitry for further compu-
100 tations or it may be shifted into a register to
be used later in the timing cycle. Because the
sum may be shifted in and out of a register, the
register is called a register.
149,  shift 150. A circuit we have discussed previously is the

gated flip-flop shown. The flip-flop will accept
no new information until the GATE input goes to
(0 or 1)

-l

~INPUT '
| " GATE ‘

150. O 151. A shift register must be capable of supplying the
information stored to other registers when new
information is being shifted into the register.
Therefore, a register must consist of more
circuitry than just a gated flip-flop. The shift
register shown below uses two gated flip-flops
with flip-flop #2 gated by the GATE function.
When the GATE input is 0 new information will
be shifted into flip-flop #1 and when the GATE
input goes to 1 (GATE goes to 0) the new inform-
ation will be shifted into :

FLIP-FLOP FLIP -FLOP
Nol No.2

SUM

4]
c
E<

GATE GATE

GATE ___l_l
GATE ———-—-—r_—l

1L

-
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151.

INPUT

GATE

Flip-flop #2

SHIFT REGISTER NO.I

FLIP~FLOP NO 2

152. Let us examine two shift registers in series as
the number 01 is shifted into the register. The
outputs will be referenced to the F side of the
register.

SHIFT REGISTER NO.2
i T T T T T T T T e e e

FLIP- FLOP NOI FLIP=FLOP NO 2 '

GATE

To T T2 T3 Tq
| | | !
: 1 | ‘
| , l '
| | l '
INPUT | f f
| |
| l '
WPUT ' | : |
: | | |
—t
| I
I | : |
| | |
GATE | | | '
t | } J
| I | |
| | 1 |
GATE | |
' |
| - I
I I I |
Time
Register | Flip-Flop [ To| T1|T2|Tg| T
1 1 0 |1 (1 (O 0
2 0|0 |1 (1 ]0O
( 2 1 0 |0 |0 |1 1
2 0 (0 (0O |JO |1
(Proceed to next frame)
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153. Let us now consider a serial shift register con-
sisting of three registers instead of two as pre-
viously mentioned. The number to be shifted is
101. Complete the table.

INPUT 1 SHIFT
REGISTER

> #2

m|

INPUT

o'
Fy
&'

-4

a

INPUT

INPUT

i

|
|
GATE EI | l I I | I
N l i
. \ | ]
e L LT
Time
Register | Flip-Flop | T,|T|Tg T3|T4|T5|Tg
1 1 0 (1 |1 10 |0 |1 |1
2 00 |1 |1 (0 |0 |—
2 1 0 |10 [0 |1 (1 | |—
2 0 |10 [0 |0 |[—|—]|—
3 1 0 [0 |0 |—|—]_|—
2 0 10 |—|—|—|—|—
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153.

155.

oo
OO -

O == O
O O

TIMING
GATES

Y

154.

ADDER
Co_Sum T

Ci

]

To shift the output of a serial adder into a shift
register we will use the serial shift register
previously discussed. We will use the READ
gates to gate the shift register because the READ
gates are used to shift the sum information out
of the adder. A serial adder with a shift regis-
ter is shown below.

READ

GATES

TIMING
GATES

READ
GATES

one

155.

SHIFT SHIFT I._. SHIFT

REGISTER REGISTER REGISTERfs- SUM _OUT
* | *2 #3 (SERIAL)

(Proceed to next frame)

Information may be shifted into a shift register
either serially or in parallel. A parallel adder
with shift register is shown below. As you re-
call the sum information is read out of the adder
when the READ input goes to 0; therefore, we
can gate the inputs to the registers with the
READ gates. All of the sum information will be
shifted into the registers when READ
pulse occurs.

X3 Y3

ADDER
Co Sum

b8 ddef ) 4

Xz Y2 XY

Ci
ADDER |y ADDER =
Co  Sum Co Sum

L]

SHIFT SHIFT 1 SHIFT

REGISTER _1 REGISTER —l REGISTER '1

SUM SUM SUM
ouT ouTt ouT

This Completes Logic.

4-54




FRAME COVER




SATURN X APOLLO

LUNAR ORBITAL RENDEZVOUS MODE

A @) TYPICAL MISSION PROFILE
@4 QO LUnAR
(P8

SEQUENCE OF OPERATIONS*

1. S-IC STAGE IGNITION & VEWICLE LAUNCH 19. CREW TRANSFER (2 MEN) FROM CR TO LEM 37. SH IGNITION. INIECTION OF CSM INTO MOON-EARTH TRANSIT, ENGINE CUTOFF =
2. S-IC STAGE CUTOFF & JETTISON (IGMITE S-IC RETRO & S-il BLLAGE ROCHETS) 20. PRE-DESCENT LEM CMECKOUT & LANDING SITE RECONMAISSANCE 38. MIDCOURSE CORRECTION [lmm. (S) & CUTOFF (S) OF SM PIONISIH]'
3. S-1} STAGE IGNITION & THRUST BUILDUP 21. SEPARATE LEM FROM CSM & TURN AROUND LEM TO DESCENT ATTITUDE 39. Ct SEPARATION AND JETTISON OF SB £
4. JETTISON S-1l AFT INTERSTAGE (AT APPROX. FULL THRUST) 22. LEM LANDING STAGE IGNITION & BURMING TO DESCENT ELLIPSE 40. CM ESTABLISH RE-EMTRY ATTITUDE
@ 5. LAUNCH ESCAPE SYSTEM JETTISON (AFTER FULL S-N THRUST & VEMICLE STABILIZATION) 23. CSM CONTINUES IN LUMAR PARKING ORBIT (1 MAN) 41. (Mt EARTH ATMOSPHERE RE-ENTRY & AERODYNAMIC MAWEUVER YO MEAR LANDING SIT!
; 6. S-1l STAGE CUTOFF & JETTISON (IGMITE S-Ii RETRO & S-IVB ULLAGE ROCKETS) 24. LANDING STAGE PROP. CUTOFF & COAST VIA ELLIPTICAL ORSIT TO NEAR LUMAR SURFACE 42. JETTISON FWD. COMPARTMENT MEAT SHIELD (AT 50,000 FT.) “’
7. S-IVB STAGE IGMITION & ORBITAL VELOCITY BUILDUP 25. LEM LANDING STAGE RE-IGNITION & BRAKING OUT OF ELLIPTICAL ORBIT 43. DROGUE CHUTE DEPLOYMENT ( BY MORTAR AT 25,000 FT.) —
4 8. INSERTION INTO 100 N. M. (185KM) EARTN PARKING ORBIT & S-IVB ENGINE CUTOFF 26. LEM HOVER, TRANSLATION, DESCENT MANEUVERS & LUNAR LANDING 44. PILOT CHUTE DEPLOYMENT (BY MORTAR AV 15,000 FT.) & DROGUE CNUTE RELEASE 5
9. EARTH PARKING ORBIT COAST (CMECKOUT CREW & EQUIPMENT) 27. LUNAR STAY (SCIENTIFIC EXPLORATION, EXPERIMENTS, & SAMPLE GATHERING) 4S. MAIN CHUTE DEPLOYMENT (REEFED CONBITION) ¢
10. IGMNTE ULLAGE ROCKETS, S-IVB RE-IGNITION & TRRUST BUILDUP TO ESCAPE VELOCITY 28. LEM LUNAR LAUNCH STAGE IGNITION & LAUNCH (LEAVE LANDING STAGE DN MOON) 46. FINAL DESCENT WITH FULL CHUTE 2
1. INJECTION INTO EARTH-MOOR TRANSIT & S-1V8 ENGINE CUTOFF 29. LUNAR LAUNCH STAGE POWERED ASCENT TO HONMANN TRANSFER ELLIPSE 47. EARTH LANDING AND MAIN CHUTE RELEASE {
12. JETTISON FORWARD SECTION OF I.U./APOLLO INTERSTAGE ADAPTER 30. LUNAR LAUNCN STAGE PROP. CUTOFF & COAST TO LUNAR ORBIT VIA HOHMANN lllIPSl 48. LAND RECOVERY
13. (S SEPARATION FROM LEM/ILU./S-IVE & CSH TURN AROUND 31. MIDCOURSE CORRECTION E‘ﬂm (S} & CUTOFF (S) OF MAN m] ALTERMATE EMERGENCY PROCEDURE
14. CSM DOCKING TO LEM/1.U./S-IVB 32. MAIN ENGINE FIRING INTO CIRCULAR ORGIT, ENGINE CUTOFF, RENDEIVOUS & DOCKING : s
15. JETTISON AFT APOLLO ADAPTER SECTION & 1.8./3-ive 33. TRANSFER OF CREW (2 MEN) & sm_mm‘ MATERIAL FROM LUNAR LAUNCH STAGE TO (M IF LEM CHECKOUT INDICATES LANDING NOT POSSIBLE, STEPS 25 TMRU 32 ARE OMITTED AND <
16. MIDCOURSE CORRECTION m {S) & CUTOFF (S) OF s m 34. JETTISON LEM LAUNCN STAGE (CONTINUES IN LUNAR ORSIT) THE FOLLOWING STEPS ARE TAKEN TO GET TO NO. 33: \ .
17. Sk IGHITION & BRAKING INTO LURAR PARNING ORBIT, ENGINE CUTOFF 35. CHECROUT OF CREW & (S PRIOR TO LUNAR ORBIT ESCAPE 25A. LEM CONTINUES IN ELLIPTICAL ORBIT COAST _ llﬁ
18. LUNAR PARKING ORBIT COAST (CHECKOUT CREW, EQUIPMENT & LEM) 36. (S ASSUME ATTITUBE FOR LUNAR ORBIT ESCAPE 32A. RENDEZVOUS & DOCEING AT POINT OF ELLIPTICAL & CIRCULAR ORBITS INTERSECTION ) % >
\“‘V
= \ '®
A
® G Q] JovaT ol o T )k T xf c T I==p r& e e - o e - ol - ro e '
~ £
~ "'_ —
SPACE VEMICLE CONFIGURATION TECHNICAL DATA o PHYSICAL DATA APPROXUMATE VELOCITIES REQUIRED 1”’ -~ ] ,
. U taaTn | moos T oM,
PESCRIPTION pe— WO |unern | sameren P—— Toras mawst | o _ N .1 e
-2 N— (l:Sl tr o) uss.} CAPACITY (1B |} "OAN SiAm. |mawncaifaors] 077 WITO 100 5. M. tASTH OdeiT  17.008] 15000 = \\j—ﬁ* =2 /
A. 3 STAGE SATURN V LAUNCH VOIRGLE PAVIOAD TO ORSIT & SSCAPE VELOCTY f2esu] 3813 | vamss 303, 653 = 3.568 & mmnes [sravum Jror | sae = RO
8. $-1C BOOSTIR {38% NOTS 8-8) WOITIAL LIWT-ONF - 300.0 k| 13s.0 310 S 5-1 LOR/P 7.508 RisiA LiviL)| eese w saaviry 16 | /6 |HICTION WTO EARTW - MOON TRANGY | 24.200) 2000 (D
€. s-ic/3-n THRUST FORCES FROM $-IC TO S-1l sen] w3 33.0 = ¥ - B ATMOSPUERT am_ [vacwum| 20ON-SART! =
o L STAGE (381 mOTE 3-8) VENICLE VELOCITY SUILDUP FOR scom]| sie 33.0 S 5-2 LOR/iNy 1.008 X (VACY 938 & e S0 mgan | *M2° = Smamen Srw)osee - @9
=—F 2. S-1/3-1VE INTIRSTAGE SNROUSD TRANSMTS THRUST FORCES PROM $-1C & 3-01 YO S-1VB soxj 190 |21s 70 33.0 - - - in 1 seapow] 37.2° | _ge3+ | TARTN ATMOSPNERE RE-ENTRY 26 e80] .200
» 7. S-1V8 THIED STAGE (3583 NOTE 8-A.8) APOLLO INJECTION INTO EARTH OEMT ARD IARTH-ROON TRANSIT 120 sse ne V-1 LOK/ing 208 X (VACUUMN) 230 & NOTES: &
- . LAUNCH VEmcit wenT (1. V) a ©F LAUNCH 3sx] 30 e - = - ——
I . APOLLO SPACICRAST LUNAR BRAKING ORDIT, LANDING, LAUNCH & EARTH SETURN vesx| s30| vaams 3 pp— 7eeun 1 COANY PRMIONS ARK SITWENN POSITIONS §'A 10, W & 14, W0'8 32, WY “ 32,304 3. 308 0.
a 1. 1.U./APOLLO INTIRSTAGE ABDAPTIR LAUNCH VENICLE THRUST TO C3m, a em 12.8 YO M8 - - - 12 :“'. ::'::‘:..:’,,:,: :""'.,“:.1 "'u”" .::‘;w“ S ." e e
3. Syman N MANNID tUNAR ARG Saxs O PR £ asie ? SOTTOM OF TANKS SEPORE MAIN PROPULSION 16MITION
- K. LEM LUNAR LANDING STAGE (SIS NOTE 8-A.C) ::'“ AIRRR'S > FRANILATION, e 8. S0 0x] s3e LEGS 1 NYPERGOLIC STORABLE L ) :.‘ oAy w':‘mu Al coasy Fry F0R Tas P
i L. LEM LUMAR LAUNCH STAGE (S22 ROTE 5-A) LUNAR LAUNCH & INJECTION INTO LUNAR OBBIT 150 1 asL® 3.5 K ."‘“ IGHITE SPONTANEOUSLY WHEN THE PULL & OXIBIZER ARE BNRED.
: [ = savia (SM) (SE€ ROTE 8-4.8) LussaR a tscare [ 2s Y - s."am FLIGNT PATH USING AN RLLIPTICAL e Pusesy
- . MmOGULE (C) LUNAS ORSIT & EARTH A s wont nex = ~ S LA n:“:m ":':":.::‘:.':'o'.u‘ S—
K O. APOLLO LAUNCH ESCAPE SYSTRM (LES) CREW ESCAPE BURING ABORT . e.6x| 338 22 3 S0UIB YUR moTOoas B 2 SURTCN..
r O-1 LAUNCH E3CAPE MOTOR PULLS CM CLIAR OF ABORTED LAUNCH VENICLE il - : sous rua 158 X FOR 3+ SECS. - 2 . .:" i . nrm‘o: mm-‘-mn.m.‘mmm -:-.'
T— -1 TOWER JETTISON MOTOR JETTISONS TOWER AFTER LAUNCH OR asoaT - - - sous run 33 K FOR 1.2 SECS. - FOR CLARITY'S SAKEL VERY LITTLE CONSIDERATION MAS BEEN GIVEN TO RELATIVE ane
©-3 MITCH MOTO™ PROVIOES TURN DIRECTION FOR LES TOWER OR LES/CM - - - SOuUD FUR S X vOR .3 SECS. - POSITIONS OF THE EARTH VS. THE MOON DURING ELAPSED TISE INTERVALS SHOWSN. NS CRART MARSMALL SPACE FLIGHT CENTER
LOR VEMICLE (TOTAL) wuNaR L ane 000 xj 364.2 | MAX 330 | 14 MA, " PROPULSION ENG S, T ome of TYmcaL ¥ semos ane s e e - Frrre
CSM = CM/SM [ riod L ugus ANTS; OTHERS ARE BRY b ] X=I080 4. PROPULSION SYS. ¢Au‘.uu or iy mr:::‘u. elmu-c( ) THRCTTLING o NG Mt 2 oz agrsT L T :x.-xo- 3
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