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THANKS TO CARL FEYNMAN, MICHELLE FEYNMAN, AND
RALFPH LEIGHTON FOR THEIR GENEROSITY OVER THE
YEARS. AND (F THE LAWS OF PHYSICS ALLOWED, I'D G0
BACK TO THANK WHOEVER IT WAS THAT FIRST SHOWED
ME "SURELY YOU'RE JOKING, MR. FEYNMANS
THEN I WOLLD READ IT AGAIN, FOR THE FIRST TIME.
—Ja

-

- __K"j JJ_

FOR MARIA. il
—L.M.
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SOME FOQL PHYSICIST
(1964)

| MATURE HAS ALWAYS

LOOKED LIKE A
HORRIBLE
MESS. .,

B0 ALONG,
WE DISCOVER
PATTERNS AND
COME LUP WITH
THECRIES.

IS SMALLER THAM THE
MESS T WOULD'VE HAD TO
SHOW YOU TEN YEARS AcO. |




LAWS OF MOTICN,
HEAT, MAGMETISM,

AND WE HAD

| ABIGGER MESS ELECTRICITY, LIGHT,
AT THE BEGINNING X-RAYS...
CF THE 20TH d
CENTURY, BEFORE |
v JAND ON
AND ON
AND OM,

CLASSICAL
PHYSICS
COULDN'T
HANDLE ANY
OF IT RIGHT.
AN ABSURD
SITUATION !

MAYBE THAT'S
JUST BECAUSE
OF CUE LIMTED
IMABGINATION. ..
i S0 WHEN SOME MAYBRE T'S
: FooL PHYSICIST BECAUSE WE
ESA el PHYSICISTS
: HAVE OML
AND SHYS: BEEN ﬁELE
TO THIMNK OF
THE SAME
DAMN THING
CNER AND
OVER AGAIN,

*THIS 15 THE WAY 1T
WORKS, AND LODK HOow MAYBE
WONDER FULLY SIMILAR ALL TS NOT
CUR THECRIES ARE, BECAUSE.

THEY

EEALLY ARE
SIMILAR.







26 FEET.

THE IMPORTANT STUFF
(1923/1986)

IT MEANS A
TYRANNOSAURLS
REX 15 AS BIG AS

YEAH, AND
IT COULD
LOOK RIGHT
INTO THIS




AND ITS
HEAD Was S0
BiG 1T COULDN'T
FIT THROUGH!

- f
; ' WITHOUT
' A LADDER?

WITHOUT
B LACDER!

WHAT DOES
"TYRANMNOSAURUS
REX"” MEANT

] IT MEANS

"TYRANT LIZARD KING,"
BUTIT'S MOT REALLY A
KING OF LIZARDS.

AND WHAT
ARE KINGS
ANYWAYF JUST
BUYS IN FANCY

CLOTHES.




IN FACT HE MAY NOT HAVE
EVEN CALLED A T. REX
BY ITS PROPER NAME.

l MY FATHER, MELVILLE FEYNMAN, DIDN'T
ALWAYS SET THE DETAILS RIGHT

\-....\\\_‘ ey

HEWASAUNFORM | [ . == 'xxx\x\
SALESMAN, NOT A [i= fiy : )) oY
. [ 5C|E”T|5T “-._\ / e ﬁ | Ty n —

i et ! Tl - - , e ,___ ',
SO Vo B (iRl "' -
k{h\‘xv\\x\\\\\kktlﬁN “""‘k_\_:\'% il oA N i A “Ix-t._ da

' =1

1987

I

- AND THEY
DIDN'T STAND 26

| FEET TALL, AT LEAST AS

FAR AS WE KNOW
ToODAY.

BUT HE GOT

THE IMPORTANT STUFF
BISHT: HOW TO OBSERVE
MATURE, WAYE OF THINKING
ABCUT NATURE...TH
SPIRIT OF IT,

-I"li:|!

1 FOUND
THAT VERY
EXCITIMG.

FROM HIM L LEARNED WE CAN
IMASINE THAT THIS COMPLICATED

ARRAY OF MOVING THINGS —
YTHE WORLDY=-12 SORTA LIKE
A GREAT SAME PLAYED BY THE
E00S5, AND WE'RE OBRSERVERS,

WE DOM'T KEHNOW THE
RULES—ALL WE GET
TO OO IS WATCH
THEM PLAYING.




IF WE WATCH LONG
ENOUGH, WE MAY
EVENTUALLY CATCH
ON TC A FEW RULES
OF THE GAME, AND
WE CALL THESE RULES
FUNDAMENTAL PHYSICS.

BUT EVEM [F WE KHEW
EVERY RULE, WE STILL
MIGHT NOT BE ABLE TO
UNDERSTAND WHY A
FPARTICULAR MOVE IS
MADE, MERELY BECAUSE
IT IS TOO COMPLICATED
AND OUR MINDS
ARE LIMITED,

IF YoU PLAY CHESS
TOU KNOW YOU CAN
LEARN THE RULES
EASILY, BUT T8
USLALLY HARD TO
CHOOSE THE BEST
MOVE OR TO UKDER-
STAND THE “WHY"” OF
YOUR QPPONENT'S

MOVE.
: rr IT'S THE SAME
WITH NATURE,
OMLY MUZH
MORE SO




WELL, THE REASON
THE BALL KEEFPS
ROLLING IS BE-
CAUSE IT HAS
INERTIA.”

I e

THAT'S WHAT b

o SCIENTISTS CALL THE
REASON THE BALL KEEPS
MOVING, BUT IT'S JUST

: A NAME.

HOBODY
REALLY KNOWS
g WHAT IT
¥ MEANS.

IF WE KNOW THE RULES,
WE COMSIDER THAT WE
VUNDERSTAND" THE WORLD.

THAT WasS
A LOT OF YEARS ASO
AND THINGS HAVEN'T
CHANSED mUCH SINCE I WAS
A KID N FAR ROCKAWAY.

WE STILL
CON'T HAVE
THEM ALL.




T —= — - ——

I DISCOVERED A

MYSELF. IT TOOK
A LOT OF WORK, :
BUT IT WAS EASY | P
BECAUSE I FOUND

|

| WORTH THE RISK
(ca. 1927)

FEWRULES | it

IT INTERESTING N A
AND EXCITING. L

B AL THE :

¥ TIME. HE SAYS

| | HE CAN'T DECIDE

Il | WHETHER TO BE A
1 SCIENTIST QR &

E COMEDIAN.

LET A CHILD LIKE

YOU SEE, FROM THE VERY
BEGINNING, I ALWAYS FOOLED
ARQUND WITH MATHEMATICS

| AND PHYSICS. PLAVED, REALLY...

BUT HOW
COULD You

THAT HAVE A LAB-
b, ORATORY?




WELL ITWAS
CHEMISTRY
LAST MONTH.

MONTH T
THINK RITTY'S
: FIXING RADICS.

5| AND SOME STAMP
COLLECTING.

stamp V[
COLLECTING ||

\ | APPROVE

/%_tf;m
LOW UP
| T'I-!E HOUSE! |

10
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|

NOW WHEN
IT COMES TO
SCHOOL, T CAN'T

F| EXPLAIN HOW TC FIN
| OUT HOW TC HAVE A &
\ GOOD TIME DOING

THE PARTICLULAR =
¥ FIELD OF SCIENCE, MY \
| FATHER EDUCATED ME
EARLY ENCUGH TO -
KNOW IT WAS
GOING TO BE
FUN,

NOBEL SPEECH #2

FAR ROCKAWAY HIGH &CHOOL

AND I
HAD ALCT Yo

OF FUN DRING

M, ALL THE

TIME.

S0 DON'T
LET FEOPLE
TELL ¥oU IT'S
HARD WoRK, IT
TURNS OUT THAT
ITISN'T BEALLY
HARD, \F YOLVRE
LUcky.

(1966)

BUT IT*S
REALLY TRUE THAT ¥
FAR ROCKAWAY HIGH
SCHOOL HAD SOME-
THING TC DO WITH
My CAREEE.

DAYS HERE,
THOIGH, THINGS
WERE A LITTLE
DIFFEREMWT — I HAD
A HARD TIME
FINDING BOOHES
OW SCIENCE.

THE PUELIC
LIBRARY CIDN'T

HAVE INTRODUCTORY
CALCULUS BOOKS
WHEN I FIRST GOT
INTERESTED.

WHEN
THEY FINALLY
SCT OMNE, I
TOOK IT TO THE
LIBRARIAN.

T



"WHO
IS THIS
FOR? You
CAN'T READ
THIS."

ONE OF THE

| FEW LIES I TOLD,

~ \ BECAUSE I WAS
. ALWAYS A...

AND HE
TALKED ME.
F LESEUR INTO
LETTING ME VISIT
FAR ROCKAWNY
HiGH WHEHK I 'WAS
STILL 1N SEAMMAR
SCHOOL,

THAT'S l

TOLD ME WONDERFLIL
THINES ABOUT THE
WORLD, BUT THE
NEAEEST THING TO

AND HE HAD A
CRONY, MRE.
LESEUR, WHO
WAS TEACHING
SCIENCE HERE
AT THAT TIME.

AND HERE
I MET MR.
JOHNSON,

ASK HIM TO
GEWE ME SOME
EXPERIMENT TO DO,
AND HE'D HAUL OUT
ALL KINDS OF
APPARATUS. ..

MAGHETS,
TUBES,
AND PIPES.

12



AND I'D
PLAY, AND ONCE
INAWHILE T'DASK T FJ:&Ef E:m
A QUESTION. USUALLY == COME TO THIS
| MR, LESEUR AND MR. SCHOOL, AND...
JOHNSON COULDN'T IDON'T GOTTA
Tﬂ:_?%agej ;ggp f:f ~_\ LOOK AT THE
Tans TN RECORD.

1wAs
MEDILM IM
ENGLISH, MEDIUM

IN LANGUASES,
IMPOSSIBLY POOR
IN DRAWINE.

IT MEANS
YOU'RE MEAR =
THE EDGE OF L
KNCWLEDGE. 4

BUT 1'VE
COMPLETELY
GIWEN UP ON

EMGLISH.

SO WHEN 1 THINK ABCUT
My HIGH SCHOOL YEARS,
AND ALL THE CLASSES...

ONE OF

THINGS T AT THE
P2 O
REMEMBER WAS THE FIRST

THAT IN HISTORY
CLASS, THEY HAD
EVERYONE
| ALFHABETICAL.

ROW. ..




...AND THERE WaS

1 HAD

A PRETTY NFTY
GIRL WITH*R*IN TO EXPLAIN
THE MIDDLE OF THAT 1 COULDN’T

SEE GoOO0D
ENOUGH,

\ THE CLASS, /

501 '
MOVED My -
SEAT ONER TO

THE MIDDLE OF |

1T
DIDN'TWORK
QUT WITH MISS
RIPINSKY TOO
WELL... T MEAN, IN
HIGH SCHOOL IT WAS
ALL RIGHT. BUT 1
DIDN'T MARREY HER,
ULTIMATELY.

SHE'S HERES
SHE'S HERE !

ARLINE
. (19 | SHE WAS *VERY* PRETTY, BUT
15 B A BUT I DIDW' T BELIEVE M THIS
) : UNDEMOCRATIC BUSINESS OF
CHANGING WHAT YOU'RE DOING
BECALUSE THE GQUEEN COMES IN.

i : : ol
ONE TIME I WAS AT A PARTY -
FPRACTICING... WITH MISS RIPINSKY? [
I DONT REMEMBER.. ANYWAY,
PRACTICING A NEW ART WHEM

==t | cpoKE TO HER FOR THE |
I FIRET TIME AT A DANCE.

T ALWAYS HAD PROBLEME AT
THOSE THINGS, WITH CUTTING
. WHEM A GIRL'S NEAR YOU,
YOou THINE, “WELL, MO, THIS
ISN'T MY KKIND OF MUsIC."




FORWARD, OR AT LEAST YOU THINK YoU DO -

|WHEN THE MUSIC CHANGES, YOU SORT OF STEP|

D SOME OTHER GUY CUTS IN FRONT CF You. |

e

FOOLING AROUND, T
| FINALLY MUTTERED

SOMETHING TO THE
£ GUY MEXT TO ME.

WE ONLY DANCED FOR A FEW MINUTES,
AMD ¥OU CAN SEE THE CONDITION T
WAS IN BY My FIRST WORDS To HER:

HEY! GET A
LOAD OF THIS:
RICHY WANTS TO
DANCE WITH

- SOOM OHE OF
| 4 THE GUYS 1 HUNG
AROUND WITH
GOT A DANCE

WITH HER. THEY

ENDED UP
NEAR US, AND T
FINALLY “CUT IN.”

How
DOES T
FEEL TO

BE 5O
FPOPULAR?




SHE WAS IN THE

ART GROUP AT
THE JEWISH i o : AT THE TIME, 1

| | YOUTH CENTER. ; HAD NO INTEREST

IN ANY SUBJECT

EXCEPT SCIENCE,
; T BUT I JOIMED. HER

Pt v _ A - BOYERIEND JOINED
— - TOoO, THOUGH, S50
: I HAD NO CHANCE,

THE FIRST TIME 1 WENWT
TO SEE HER, THE PORCH
WASHT LIT. 1 DIDN'T
WANT TO DISTURB ANYONE
BY ASKING IF 1'D COME
TO THE RIGHT HOUSE,

I'MPRETTY GOOD WITH
NHUMBERS, THOUGH.

16



il L | FEE=IR 1] [ P = |
SHE WAS HAVING EVEN THCOUGH T DOUBTED THE GREAT
TROUBLE WITH HER DESCARTES, 1 TRIED TO FOLLOW.
PHILOSOPHY HOMEWORK. '8 / HE STARTS | g

WITH “COBITO
ERE0 SUM” AND
ENES UP PROVING
THE EXISTENCE

|
| THOUGKTS ARE IM-
PERFECT, THEM HE
| KNOWS PERFECTION

IN SCIEMCE
s WE DON'T HAVE
'V PERFECT THEORIES,
.| AND WE DO JUST FINE
WITH SUCCESSIVE
APPROXIMATIONS.

)

SHE UNDERSTOOD THAT NO THEEE
METTER HOW IMPRESSIE ARE TWO
AND IMPORTANT PHILO- SIDES TO
SOFHY WAS SUPPOSED TO | THAT, Too,

BE, IT COULE BE TAKEN
LISHTLY.

TEACHER
SAYS, “THERE
ARE TWO SIDES
TO EVERY QGUESTION,
JUST LIKE THERE ARE

I GUESS

IT'S OMKAY TO TWo BIDES TO
TAKE THE EVERY PIECE OF
OTHER SIDE. PAPER™

I

READ ABOUT MOBIUS STRIPS IN THE ENCYOLOPEDIA BRITANNICA, AND
NE-SIDED SURFACE WASN'T SOME WISHY-WASHY POLITICAL GUESTION.

TAKE 1
A STRIP
OF PAPER, AND

cLOSE
THE LOOP
AND YOU HAVE
A ONE-SIDED
\  SURFACE.




r: I | SR

THE NEXT DAY IN CLASS SHE LAY INWAIT
FOR MER TEACHER. SURE ENOUGH...

THERE
== ARE EVEN
f,,.* TWO SIDES
;4 TO THAT/

«iﬁ

SIDES TO EVERY ([ )
o] QuesTion, JusT ||

Ao | LIKE THERE ARE [

TWo GIDES TO |

EVERY PIECE

OF PAPER.

FOR
MyYSELF, L
CAN'T REMEMBER
ANY MOMENT OF
EXCITEMENT AND
DELIGHT N ANY
CLASS.

SHE FPRID MORE
t| ATTEMTION TO ME

L FR M THEH :
1 j Ok,

1 Do
REMEMBER

i ONE OTHER. ..

| IN-TER-EST-ING, ..

INCIDENT FROM
HIGH SCHOOL

(1931

ORDINARY ) NG
|

1E



A ANy
o SECTION
TaAKEN AT
AN ANGLE
15 AN
ELLIFSE.

SE CTIONS
OF A TETRAHEDROM
ARE ALWAYS
TRIANGLES.

HERE, THE
SECTION OF A
CUBE ON AN ANGLE
CAM BE EITHER
A RECTANGLE OR
A TRIAMGLE.




BECALSE,
NOL K NOW
WHEN 1 SEE
EqaUATIoONS, I SEE
LETTERS N COLORS.
I Cob'T KN

SWHY.

THAT WAS

’ MY DMLY
EXFERIENCE OF
HOW IT MUST

FEEL TO BE AN

N\ GRDINAEY HUMAN

SINCE THEN,
VISUALS—LIKE

THE DIAGRAMS—
HMVE BEEM KEY
FOR ME.

20
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BUT I
WONDER
WHAT THE HELL
THIG STUFF
LOOKS LIKE TS
MY STUDENTS.

4ot )K e = 0 20" + 0+ (w2 - 000 = 0 Coy = G = 2(dCefdn) ot + Comt= () Cod(r) = 2 (W/21 7 [T(w 40,0 = 2 (
{70+ Wa) TV2)] fteisin 812 cos (reos 6) 48 ') TN SrR(sin 0) cos (rees 8) dBJyr) =2 (hf2)7F [M(v + Y2) T
Jete(sin @7 cos {r cos @) 0 P8 (== WOFR! dr™+ | [ rdR/ dr + (W= R AR =02 KR a4 | JrdR S dr) 4 K¥i=— 1/ &d
48 0, = (22T 1| = (e f2)W2 (20420 + CUDY2 420 2) (&) v+ T1 + () - a0 = 033 C" + %Gl + (w2 - nB)Cn
Cat = Coat = 2(dCaldx) Coc+ Com = (20f) Codilr) = 2 (/2] [Tv 4 400) = 2 (/20 [Tv + 1) T (M8)] fg=(sin 8} cos (r
8) d& 14) FUAY) [ (sin B cos (r cos B) dB (1) = 2 (W20 / [P{v 4 V) T(%:) ] Jer(sin @)% cos (r cos B) dB ot/ det =
NS ot 41 PR ek (B = R PE = DR BB e | rdR ) gk 4 K = ] [ @0 L8 = (22T (b 1) {1 - (203 2(2n
t (Y AZnt2)(2rt "+ [ * (- AW = 0030 e O (- pCa=0 G - Con= L{d Caldy) Cot Con= (2n/
Cal( =2 (/2 [Ty £ 0000 = 2 (720 [T + W) TOAYLIRS (i B)™¥eos (r cos 8) d8 W) T(Y2)] [ (sin B)*Veas (ro
SV dB () =2 (20 [M(v + V5 TIAN S {sin ) cos (r cos @) dOa"8 /e = - NOI'R{dr+ ) FrdR M v + (2 - A2/ ¥R =
R Ldrts | frdR Y dr) 4 K= — | /O 07 2 Sy = 2PV 1311 - (/U2 0En+D) + /Y2 420+ 2) (Entd) w" * [ + (1 -
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THIS ME.
BADEE, HE'S
MATH?

SCIENCE
TEACHER.

=



ITRY TO
SOWE ALL
THE PROBLEMS
AND IT'S REALLY

WELL, I WAS
MAKING TOO
MUCH NOISE IN
CLASS. 1T'S JUsT

J CALCULUS™ KEEPS

CUZ 1 WAS BORED, PA. |

YOU QUIET? HOW
COES THAT
WOoORK, RITTY ?

HEEE'S THIS
IDEA MR. BADER

SHOWED ME. ]

1IT'S THE
FRINCIFLE
OF LEAST
ACTION.

THIS GUY

WITH THIS
FORMLULA:

EULER CAME UP i

THE MOMENTUM
OVER DISTANCE
= TRAVELED, WHICH

| ISMINIMIZED FOR

INTEGRAL OF

THE TRUE
FATH OF AN
COBJECT.

/' WHAT WE USE NOW,

AND HERE'S ]

THE “ACTION” OF A
FARTICLE, 5, BETWEEN
TIMES O AND 1 1S THE
INTEGRAL QF T, THE
KINETIC ENERGY OF
THE OBJECT MINUS
¥, IT'S POTENTIAL
ENERGY. i




S0,
THERE'S
A LOTTA WAYS
AN DBJECT
CAN GET FROM
HERE TO
THERE,

COME
ON HOMEY,
LEAVE THOSE
TWC AKND HELP
ME WITH THE
DISHES.

BUT
WHICH
MINIWZES
THE WALUE
OF THE
INTEGRALT

fI‘I"E-

Ol |F ou
DOMN'T UNDER-
STAMD.

INTEGRALT

THE
FORMULA
THAT STARTS
WITH THE
SQUIGGELE.

BUT HOW
DOES THE

you

CAN THINK PARTICLE KNOW |
OF T AS THE IN ADVANC E
L,E!'*EE;‘E'*MY WHICH ONE TO

THE AREA
INSIDE THE
CURYES,

23



YOU CARE WHAT
OTHER PECPLE

THAT'S The A -
GREAT MYSTERY, .
/ JOANIE, LIKE DAD Siys, DON'T THIMK o 47 MOLDING
[ T HAS A NAME SO 7 ANYBODY REALLY N

PEOPLE THINK THEY |

T (1935)
| DCES. MAYBE SOME- i

:-.;__ UNMDERSTAND [T. DAY, WHOD KNOWS? _

P HERE'S

WHAT I MEAN: WE
SHOULD LISTENTO
CTHER PEOPLE’S
OPINIONS AND
TAKE THEM INTO

BUT IF
THEY BON'T
MAKE SENSE AND
WE THIMK THEY'RE
WRONE, THEN
Y THAT S THAT/!

CKAY. 1
Y AcREE. AT LR
i [LEAST FOR US, IN] |
| | OUR RELATION-
SHIP,

... AND WE
BECAME
VERY MUCH
IN LOWVE —
A LOVE LIKE
NO OTHER
(| b LOVE THAT
WE'LL e T KHOW OfF.
BE VERY
HOKNEST WITH
EACH OTHER.
SAY EVERYTHING
STRAIGHT, WITH
ABSOLUTE
FRAMKHNESS,




ARLINE MOLDED MY PERSONALITY TOO. SHE HAD A
REALLY PCLITE FAMILY, SO SHE TAUGHT ME TC BE
MORE SENS[TIVE TO OTHER PEOPLE'S FEELINGS.

B

=
i i

i
=4 .-_l'-"ﬂ"—"‘_"'“

T

e et
SN e

—s————

i
]
el

]
L

=
i

BEAUTIFUL. 1
SOTTA GO
TELL. ..

I ALREADY
S4ID GOCD-BYE,
AND IT'S LATE,
AND IT'C BE
AWEWARED FOR
THEM.




"NORTHERN
LIGHTS," WHAT
CAUSES IT?

7

DON'T WORRY ABOUT THAT
STUFF NOW...IT LOOKS JUST
AS AMAZING EVEN IF WE DOM'T
. KNOW THE “WHY"* OF IT.

SCIENTISTS
ARE PRETTY
SURE THAT IT'S
THE SOLAR
WIND, WHICH
ACCELERATES




MR. AND
MRS. FEYNMAN,
AWORD IF I

A WORD
(1935)

A YOUNG
- MAN LIKE
| | RICHY COMES
ALONG VERY
RARELY. YauU muUsT
BE SURE HE
GOES aM TO

% COLLEGE. THE

HE HAL A LAE TOO, AND TAUSHT ME
ALL ABOUT OPTICS. BUT HIS FATHER
WAS DEAD AND HIS MOTHER WAS

POCR, 50 HE HAD TO WORK.

- -

TO SUPPORT THE FAMILY. THAT
HAPFENED TO My FRIEND
ROBERT STAPPLER.

e T S ;
“| N THOSE DAYS A LOT OF KIDS a?;&%% &"%TL,
HAD TO GET A JOB IMMEDIATELY : e

1 TC SEND HIM TO
b COLUMBIA OR

ot
e

'f::""‘ SR T

27




‘ m
MRS. FEYNMAN,

A WORD BEFCRE
You &0,

. R, — - .I..
INTHE END THE JEWISH QUOTAT KEPT ME

OUT OF COLUMBIA. BUT MIT TURNED OUT TO
BE A GOOD FPLACE FOR A GUY LIKE ME.

THEY'D ALMOST COLLAFSED
THE YEAR BEFORE BECAUSE
THEY HAD TWO DIFFEREMT

- i i, THERE WAS &
AT MIT 1 PLEDGED PHL DELTA THETA. | g | SROUP OF SOCIAL-

T HADN'T LOCKED FOR A JEWISH d ITE CHARACTERS
FRATEEMNITY-1 DIDN'T BELIEVE IN ANY | S Ll AND A GROUFP OF
OF THAT=BUT THOSE DAYS NOBODY GUYS WHO DID

ELSE WOULD EVEN LOOK AT vOoLL _ NOTHING BUT STURY.

THEY'D REACHED A
COMPROMISE: MY GROUP
WAS TEACHING THE OTHER

| HOW TO THIMK, WHILE THE
OTHER GUYS...

| ...TAUGHT THE REST OF
- | US HOW TO BE SOCIAL.
1 PERFECT FOR ME.

5 ELKITA SYSTEM LWATEDR THE NUMEER OF JEW.SH STLOENTS ADMITTED 1M ANY GIVEN CLass,

26



A RELATED PROBLEM I HAD: T DIDN'T WANT
THE GUYS TO FIND CUT I WAS A SI5SY,
O SO S S S X FOR EXAMPLE,
E,*::’i;ﬁ*:}:{:‘:@ ] 1was TERRIFIED WHEA
- O P9 A BALL CAME N o
o #‘}M&%‘-’ _

%ﬁ?axﬁ‘ﬁ?ﬁ; XH
gy R
o0

SO HERE I FIGURED T COULD MAKKE A MEW
REPUTATION, AND WHEN THE HAZING STARTED...

27



...l FOUGHT
LIKE HELL.

THEY EVENTUALLY TOOK
US WaY ouUT OF TOWM;
WE HAD TO FIND OUR
WAY BACK,. BUT FIRST
WE HAD TO SET FREE.

TO Hiw, BUT HOT BECAUSE
HE FOUGHT BACK.

——




THIS WAS THE MID-
1930'S, AND HE WAS
FrCOM EURCPE.

ANYWAY, MY FIGHTING &0
LONG AND HARD NOT TO
BE TIED UP GAVE ME A
TERRIFIC REPUTATION.

I NEVER HAD TOC
WORRY ABCUT
THAT *5I55¥"

BUSINESS AGZAIN.

[ oF course, THAT WAS THE DAY
MY PARENTS CAME TO SEE ME.

| THEY'RE, UH,
| OM AN OUTING.

M

A TREMEMDOUS RELIEF.

E = ™
by P e A ."_-" -




GETTING US INTELLECTUAL |1 THEY COME
CHARACTERS TO SOCIALIZE [\ Al s
AND BE MORE RELAXED, [ 1 [ [
AND VICE VERSA, WAS A
GOOD BALANCING ACT.

:jf'l.
| mavee F THEY'D PiCKED
= A BETTER DAY TO VISIT...

My PARENTS WEREN'T AS
HAFPY ABOUT |T AS ME.

et o o g ] e

MEANWHILE, MY FRIENDS SENT ME LETTERS SAYING THINGS LIKE, |
Wal SHOULD SEE WHO ARLIME'S GOING QUTWITH.” OR “SHE'S |
LOIHE THIS AWND THAT WHILE Yol RE

i‘j . -_%.; La?_i‘l-q- !
[\ b= !’.‘i‘"qf
i AL

HEY, 1 WASN'T ALONE. BIUT THESE SIRLS DIDN'T MEAM.A THING, THEY
WERE JUST DATES, AND 1 KNEW THE SAME WAS TRUE FOR HER. |

Y

3z



OSE DAYS
(ca. 1936)

I STAYED IN BosTON  [[8
AFTER THE FIRST YEAR, [
AND SHE FOUND A JoB S
KE ARBY. WE COHNLY Saw
EACH OTHER £ £CURPLE

OF TIMES, THOUGH

MY FATHER BECAME COMNCERMNED

THAT I'D GET TOO INWOLVED
WITH HER AMD SET OFF
TRACK IN MY STUDIES.

S0 HE TALKED ME, OR HER
(I DON'T REMEMBER) OUT
OF GETTING MARRIED,

UNFORTUNATELY,
FHSIOLOGICALLY
_INCAPABLE OF DOING

-..BRAINS ARE

WHAT WAS
THAT= WHOSE

SCIENCE.

WOMEN'S
BRAINS.

23




WELL,

SCIENCE.

SHE WANTS TO

BE AN ASTRONCMER, | = -
AND WOMEN CANT |~

RICHY,
BE CAREFUL
WITH THOSES

[

Too THECRETICAL

MATH

PHYSICS

BUT REGARDING
ME AND ARLINE, ELECTRICAL ENGINEERING
=, THEY DIDN'T NEED

TOOPRACTICAL
I LCVED IT THERE, AND SETTLED ’

FRETTY QUICKLY OM A FIELD
THAT SUITED ME WELL, I THINK.

S

CNCE T ESCAPED BECAUSE THEY HAD

ASTRONOMY LISTED IN WUMANITIES !

THE ILLUSION OF LOGIC
(1936/1923)

THE OMLY PROBLEM WAS
Y| THIS RULE ABOUT TAKING
| OTHER COURSES. YOU
kKNOW, TO GET MOEE
“CULTURE "

AT THE TIME 1 WAS INTERESTED OMNLY
IN SCIENCE AND NOTHING ELSE.




[ BUT BEFORE LONG 1
|_WJ“LE REDUCED TO...

» CLASSICS?
WHAT DOES THAT
EVEN MEAN?

- ENGLIEH?
HAD ABOUT ENCUGHA
THAT.

FRENCH
1 LITERATURE?
s, GEEZ, NO DICE.

GREEE?
I KMNOW THE SYMBOLS
JUST FINE.

] T
ITWAS THE CLOSEST THING
TO SCIENCE I COULDR FIND.

FINALLY, ONE DAY AT THE END
| OF CLASS, THE PROFESSOR

MUST HAVE SAID SOMETHING
INTERESTING.




1 WAS STUCK. THE ONE THING 1 REMEMBERED
FROM THE WHOLE YEAR WAS “MUGGA-

WHAT HE'S - | WUGGASTREAMOFCONSCIOUSNES SMUGGAWUGGA."

BEEN TALKING . —

THEN I REMEMBERED
A PROBLEM My

FATHER =AVE ME A
LONG TIME AcO.

SUPPOSE
SOME MARTIANS CAME
TO EARTH, AND THEY DON'T
HAVE THIS CRAZY PHENOMENON 1
"SLEEF,” AND ASKED Yol HOw £
\ DOES T FEEL? .

DO YOUR THOLGHTS SUDDEMLY
STOP, OR DO THEY JUSST
MOOOVEE MOOQORRREE AND
s MORERREEE SLLLLOWW=

; WWWLLLYYYYY?

7 HOW iy
| DOES THE |
| MIND TURKN

I WORKED O MY PAPER
FOR THE MEWT FOUR WEEKS.

/ I HAD TwO TIMES EACH DAY=-EVERY
DOES THE STREAM OF CﬂNEC]OUEHEEE J‘ AFTERNOON AND EVERY NIGHT-TO

END WHEN YOU GO TO SLEEFT MAKE EXPERIMENTAL OBSERVATIONS.

T i 7=

T

2E



1 NOTICED SOME
INTERESTING THINGS:

100 ALOTOF e o\ I ALSO IMAGINE
THINKING BY TALKING TO . A= THINGS VISUALLY.
MYSELF, INTERNALLY. e :

, THE IDEAS CONTINUE WHEN I FALL

. THEY BOTH \ , ASLEEP, BUT THEY BECOME LESS
HAPFEN AT OMCE, . | AMD LESS LOGICALLY CONNECTED.

THERE'S THE ILLUSION OF LOGIC, BUT
THE THOLSHTS REALLY BECCOME MORE
 AND MORE COCKEYED UMTIL THEY'RE
COMPLETELY D|SJOMTED,

I KEFT CBSERVING MYSELF EVEMN AFTER
I TURHED IN THE PAPER —WHICH I DID
WELL ON/-1 50T TO THE FOINT WHERE

I COULD ENTER INTO MY OWN DREAMS.

a7



T ALSO WORKED ON OTHER STUFF,
INCLUDING MY SENIOR THESIS AND A PAPER
SN COSMIC RAYS WITH PROF. VALLARTA.

THAT SEEMED FUNNY
TO ME, BUT QKAY. ..

- fd"lﬂ'smjn rayg{ by the otars (s
ﬂgﬁeﬂngu by
MSE vaiiartd gnd R.P. Fey¥Nman

|

nme

“THE SCATTERING OF
COSMIC BAYS BY

THE STARS OF A
GALAY . BY...

] +

SINCE I'M
THE SEMIOR
SCIENTIST, THE
CONVENTION IS
MY NAME GOES
FIRST.

HEISENBERG EDITEDR

a | LATER,
A BOOK ON COSMIC RAYS,
AND HE COMMENTED ON

i

BUT AT THE VERY END OF HIS BOOK HE
MENTIONED QOURE THEORY, SAYING, “MUGGA
WUSGEA BLAH BLAH BLAH BLAH THIS AMD
THAT ACCORDING TO VALLARTA AND FEYMMAM. "

: YEAH,
YEAH, YOU'RE
THE LAST WoRrRD

1IN COSMLC
RAYS,

THAT'S
WHAT I SET
FOR PULLING

38



AND ENGIMEERING, _
THAT' S wHY =
AMD—

REALLY
THINK WE'RE f
THE BEST? |

AT THIS SREAT
CYCLOTRON, AND
THERE'S ¥OU
AND AND._.
AN

-/ THAT'S
; WHY You
.| HAVE To GO ||
-\ SCOMEWHERE Jf

AND HE WAS RIGHT.
THE WORLD IS BIGEER.

=5

| IT'S LIKE THE
NEW YORQKER' S
IDEA OF THE

UNITED STATES.

AND YOu

H&E TO
LEARM THAT

[ IT'S NOT
TRUE.

.......

29



SO 1 WENT TC PRINCETON,
AND THAT'S WHAT I LEARNED.

BUT FIRST 1T BOT ENSAGED.

o T -

HEY...
WHERE"S THE
CYCLOTRON?
I WANT T

/ 1T'S DOWN
[ 1N THE BASEMENT,
(| AT THE END OF

o




CAN ¥OU GIVE
US A HAND
OVNER HERE?F

H



N, e

BY THAT TIME I'D [l THE FRESHMAN
DECIDED THAT I 2 ; | EXPERIMENTS
: — AP SHOULD BE DONE

! %ﬁ%ﬁggf =i | ) IN THE FRESHMAN

|PHYSICIST, THOUGH.

LAB.

| NO ONE UNDERSTANDS
QUANTUM MECHANICS

FEYMMAN. ”*1

GooObh T

MEET YOU.
-

MY ADVISER WAS
JOHN WHEELER.

WE'LL BE
DISCUSSING
SELF-ACTION OF
THE ELECTRON
ToDAY ANMD NEXT
TUESDAY.

FOR THIS
I CAN SPARE
ATOTAL

ya




FOR OUR NEXT MEETING, E

I CAME FULLY PREPARED: B

HAH.
WASTEBASKET . \
AND ERASER, 7 ==
JUST LIKE el

I'D PICKED UF OHE
MORE THING THAT I
FISURED WO

HELF...

CEAY,
TODAY IS

OUR SECOND
DISCUSSION OF
ELECTROM SELF-
ACTION AND
WILL LAST...

HAVE AN
HOUR TO
SPARE
TODAY.

4z



WE DIDN'T GET MUCH :
DOME THAT AFTERNOON. ..

WAS SAYING,
IT WiLL LABT

BUTWE GOT ALONG
GREAT FROM THEN OM.

1T HAD TO DO WITH A STATEMENT ABOUT
GUANTUM ELECTROCYNAMICS DIRAC MADE
AT THE END OF HIS BOGK THE PRINCIPLES
OF GUANTUM MECHANICS,

Ea=

WE LOOKED AT A PROBLEM |

| 1'D WONDERED ABOUT AT MIT: [
-

g =

e o, o, T, L Gy’ " P T T
ffob “&J’Jﬁ’n?éfﬂ‘?”.? Son ta te

—

QUANTUM ELECTRODYNAMIC S, OR QED, IS A
THECRY OF HOW PHOTOMNS (“PARTICLES OF
LIGHT") INTERACT WITH ELECTRONS

("PARTICLES OF MATTER").




(JED HAD ONE MAJOR

THING WRONG WITH IT: —
CEeTRoNS Ha>. AT’ JusT
r

INFINITE SELF-ENERGY. WORDS, WHAT'S

IMPORTANT IS THAT
NOTHING CAN HAVE
INFINITE ENERGY, SO
QED THEORY WAS

HEVER MIND & PRECIGE
DEFINITION OF SELF-ENERSY.

WHEELER CAME UP WITH THIS l UYTHEN L e
ENCUGH MOT TO SAY:

IDEA OF PHOTONS AND ELECTRONS

INTERACTING BACKWARDS N TIME,

BUT
HoW AN
IT BE LIKE
THATA!

NIELS BOHR HAD TAUGHT THAT WORKED, AND SOT

LSRN —l SO I CREATED A THEORY
Y iwe
LR, AR KA LT READY TG PRESENT IT,

" UNDERSTANDS

GHAANTUM MECHANICS,

3 AND MOBODY LKNOWS
HOW IT CAN BE LIKE THAT.




THEN, A MIRACLE
(194.0)

FEYNMAN,
I THINK YOUR
WORK WITH

WHEELER 15 INTER-
ESTING, SO I'VE
INVITED RUSSELL
TO THE

Lim....
HENRY NORRIS
| RUSSELLY THE

ASTRONOMER? |

W DR. WIBNER HAD INVITED THE GUY WHO
HAD FIGURED OUT THE PROCESS OF

JOHM VON NEUMANN WAS THE GREATEST
METHEMATICIAN OF THE DAY, AND JUST
ABCUT ENVERY COMPUTER ARCUND IS
BUILT ©N THE ARCHITECTURE HE INVENTED.

FROM SWITZERLAND,
SO I INVITED
HiAA,

WOLFGANG PAULI DISCOVERED OME
OF THE LAWS OF NATURE SOVERNING
HOW ELECTRONS BEHAVED.

i STELLAR EVOLUTION. % 2
L LT S T T I il T i T A ik P )
/ AMD OH,
PROFESSOR BY THE WAY,
PALILI 16 VISITING ' PROFESSOR

EINSTEIN RARELY
COMES TO OUR
SEMINARS, BUT
1'VE INVITED HIM
SPECIALLY.




/ RUSSELL WILL
UNDOUBTEDLY
FALL ASLEEP. IT
DOESN'T MEAN
ANYTHING; HE
ALWAYS FALLS
ASLEEP,

.....

SCATHING CRITIQUES, INCLUDING
TTHAT ISN'T RIGHT. IT |SN'T EVEN WRONE."
[} - o

ON THE
OTHER HAND,
IF PAULI NODS
ALL THE TIME, PAY
NO ATTENTION. IT
DOESN'T MEAN HE
AGREES; HE
HAS PALSY.

SEE You
IN A COUPLE
OF DAYS,

FALLI was FAMOUS FOR

s | =T 1 10 -

I WENT TO WHEELER AMD MAMED
ALL THESE BiG, FAMOUS
PEQPLE WHD WERE COMING.

T'M..-
A LITTLE
UNEASY ABOUT

ALL RIGHT,
YOU GIVE THE
PRESENTATION,
1'LL ANSWER THE
QUESTIONS,

THE DAY CAME, AND BEFORE
THE TALK I WROTE TOO MANY
THE BoARD. g

WISNER, EINSTEIN, PAULI...
THESE GUYS DIDN'T NEED
'‘EM; THEY cOULD FILL IN
THE BLAMIKS. THEY WERE
FOR ME BECAUSE T
FEARED 1 COULDN'T.

HELLD,
You ARE
FEYHMANT T'M
COMING TO YOUR

SEMINAR. BUT
FIRST, WHERE 15
THE TEA?

AT LEAST 1 ANSWERED EINSTEIN'S
FIRST GUESTION RIGHT.

Ll




= LS

| MY FIRST TALK, AND HERE.
ARE THESE MONSTER
MINGS IN Fncn‘r OF ME

AND [T'S OCCURRED AGAIN
AND AGAIN IN MY LIFE, AME
IT'S VERY LUCKY FGR ME.

== = i ]

ToDAY
T'LL PRESENT
A CLASSICAL
THEORY OF ACTHIMN-
AT-A-DISTANCE IN
ELECTRO-
D¥YNAMICS, .,

TO THINE ABOUT PHYSICS
AND COMCENTRATE OM
WHAT T'M EXPLAINING,

I'm COMPLETELY |MMUNE

TO BEING NERVOUS,

HO WORRIES ABOLUT THE
AUDIENCE AND THE PERSON-
ALITIES. I WAS CALM, EVERY-

THING WAS GO0,

MY TALK WASN'T GOOD
BECAUSE I WASHN'T UsSED |
TC GIVING LECTURES,
BUT THERE WAS NO
MORE NERVOUSHNESS
LINTIL. 1 SAT Down.

ﬂ oo
NOT THINK

THIS THEGRY
CAN BE RIGHT
BECALUSE OF THIS,
THAT, ANE THE
OTHER THIMG.

CoN'T
YoU AGREE,
PROFESSOR
EINSTEIN?

NO. I
FIND OMLY
THAT ITWaULE
BE DIFFICULT

TO MAKE A
CORRESPONDING
THECRY FOR

4e

BUT
SINCE WE
DO HOT HAVE
A GREAT DEAL OF
EXPERIMENTAL
EVIDEMCE, T AM
HNOT SURE OF THE
CORRECT
GRAVITATIOMAL
THEORY.

e 1 1 | | ek




1 -
[ =
SO1
WOULD NOT PAULI HAD MORE OBJECTIONS,
USE THAT AS BUT WHEELER KEPT HIS PROMISE
AN ARGUMENT | ||| AND ANSWERED ALL OF THEM.

AGAINST

EINSTEIN APPRECIATED THAT THINGS MIGHT
BE DIFFERENT FROM HIS FAMOUS THEORY OF
RELATMITY=VERY NICE, AND VERY INTERESTING.

F

“T DON'T KHNOW. HE HASN'T TOLE ME. |
HE'S WORKING 1T QUT HIMSELF. ¥

LATER, ON OUR WAY TO |
THE PRINCETON LIBRARY,
PAULI ASKED:

S0, WHAT IS WHEELER
GOING TO SAY IN HIS
TALK SBCUT A QUAKNTUM
VERSION OF YOUR
THEORYT

WHEELER

J B o
- WILL NEVER
= T SIWE THAT
e s
. == o
-1 o =
: - = :
B s ; =
=45 OHZ | ) ikl
; __ pLLr
—_— '_- T
THE MAN
DOESH'T :
TELL HIS ASSISTANT : AND |T'S TRUE. BY THE TIME
A WHAT HE'S DOING ON ! HIS TURN CAME HE REALIZED
=i} THE GUANTUM THEORY? £ ! HE DIDN'T KHOW HOW TS O IT.




| o

WHEN I CAME HOME ONE TIME ARLINE
HAD DEVELOPED A BUMP ON HER NECK.

I DIDN'T SOLVE THE GUANTUM
VERSION EITHER, AND I
WORKED ON IT FOR YEARS.

ARLINE
(1940-1942)

SO MAYBE FAULI'S *THIS, THAT, AND
THE OTHER THING* WAS RIGHT.T DON'T
KHOW...T WASNT PAYING ATTENTION!

AND THE BUMP GOT BIGGER—OR MAYBE
SMALLER—AND THE HOSPITAL SAID SHE HAD
TYPHOID FEVER. RIGHT AWAY I RESEARCHED IT.

THE MHEXT TIME T VISITED, I
ASKEDR THE DOCTOR HOW
| THE WYDELL TEST CAME OUT,
| <

DOCTOR TALKED TO HER PARENTS,
WHC TOLD ME NOT TO INTERFERE.

THE RESULT OF THAT WAS THE ’

HOW CAN %
THAT BE WHY ALL [ \ /" b :Em
THESE GOWNS, THEN? | ALL, HE'S THE

MAYBE SHE DOESN'T ' | COCTOR. YOU'RE
HAVE TYPHOID FEVER! | | OMLY HER FIANCE ,

!
T

i

ANYWAY, AFTER & LITTLE WHILE SHE SEEMED TO (GET BETTER. THE
SWELLING WENT DOWN, AND THE FEVER LEFT. BUT LATER IT STARTED AGAIN. P

50
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THIS TIME THE DOCTOR [ FOUND “SWELLING OF |
NOTICED SWELLING IN HER [[| || THE LYMPHATIC GLANDS. "
ARMPITS AND GROIN. :

il

AS SO0ON AS T HEARD ABCUTIT T WENT §
BACK TC THE LIBRARY AND LOOKED B

UP LYMPHATIC DISEAGES

L ——

(1 TUBERCULOSIS
OF THE LYMPHATIC
SLANDS. THIS IS VERY
EASY TO DIAGNOSE, .,

1 DECIDED THAT THE MOST LIELY /|
SHE WAS, BECAUSE THE i ﬂ
HE HAS, BECAUSE TH . THING WAE SOMETHING INCURABLE.

b, TROUBLE FIGURING
. T OUT

| | | Ilu
SO 1 STARTED READIMNG ABOUT CTHER
DISEASES: LYMPHODENEMA, LYMPHO -
DENOMA, HODSKIN'G DISEASE, AND
ALL KINDS OF OTHER THINGS., ..

THE MEXT TIME I SAW HER, I TOLD
HER THE JOKE ABOUT PEOPLE
WHO PON'T KNOW ARNYTHING
ABOUT MEDICIMNE READIMNG
THINGS AND ASSUMING THEY
HAMVE A FATAL DISEASE.,

1T WAS VERY STRANGE-LIKE HAVING TWC MINDS

51



1 ALSO SAID THAT 1
THOUGHT WE WERE IN
GREAT DIFFICULTY, AND
THAT SHE MIGHT HAVE
HODGKIN'S DISEASE.

I when ovE e veg
DOCTOR, SHE ASKED ABOUT IT.
|

COULD

IT BE
HODGKIN'S

WELL, YES
THAT'S A
POSSIBILITY.

AND WHEN SHE WENT TO THE
HOSEITAL, THE DOCTOR THERE
WROTE: “HODGEKIN'S TISEASE 7Y

R

THEY
DONT KMOW
ANY MORE THAN

Do ABOUT THIS

.!Z : oy
e [

THEY AN ALL SORTS
OF TESTS AND X-RAY
TREATMENTS FOR THIS
"HODRDGKIN'S DISEASET |
AND HELD SPECIAL
MEETINGES TO DISCUSS
THIS PECULIAR CASE,
I REMEMBER WAITING

FOR HER QUTSIDE
CHCE, WHEMN. ..

TELL ME,
HAVE You
EVER COUGHEDR
UP BLOOD?

(=T8]
By E
WHAT KiND

OF THING IS

THAT TO ASK |f
%A PATIENT?

R |

{ 1 DIDN'T CATCH ON. HE WAS
CHECKING FOR SOMETHING,
AND IF 1'D BEEN GMART
| I'D'VE ASKED HIM WHAT IT WAS,

/




[ 10 s0RRY | No, No?
E%%tg ;ZIF:; ALor OF | |10 HEAR THAT. | WE'VE ALREADY
ToLD ME THEY FiouRep ||| VL TELL HER |/ Mo, NOY DISCUSSED THIS, ‘
EY WE DON'T WANT 1 KNOW SHE CAN

TO UPSET THE
FPATIENT. WE'RE
GOING TO TELL HER
IT"S GLANDULAR

|' THE MOST LIKELY THING “'”QEGU
| WAS HODGKIN'S. -

ADJUST TO [T
' / THERE WILL \ ' \v
BE SOME PERIODS OF !

HER

1 IMPROVEMENT, AND SOME e PARENTS DON'T
PERIODS IN THE HOSPITAL. e 'I o WANT HER TO
ON AND OFF, GETTING — | = | eNOw. You HAD
B NR | = BETTER ASK

THEM FARST.

GRADUALLY WORSE, ‘
THERE'S: NO
| WAY TO REVERSE IT

ENTIRELY; IT"S FATAL

i I

AT HOME, EVERYBODY WORKED O ME: MY PARENTS, MY AUNTS, QUR FAMILY
DoCcTOR. EVERYBODY SAID T WAS WRONG. I THOUGHT 1 WAS DEFINITELY RISHT,

WHAT \/.'m _—_— SHE&

BE THINKING?
) BO0T, AND I CAMNOT
LIE To HER.

HOW CouLD
YOU Do SUCH
A TERRIBLE

HEY,
WE MADE
A PACT, THERE'S
NO LUSE FOOLING
AROUND.

BLAH
BLAH

SHE'S 50

woMDERFUL,

AND YOU'RE 50
STUBBRORMNS

53



I

|| THAT DIDIT.

THEY'RE TELLING ME I HAVE
GLANDULAR FEVER, AND
I'M NOT SURE 1
BELIEVE THEM,

S0 [ WRCTE HER

AND EVERYWHERE.

A GOOD-BYE LOVE uTSLILI-wa'E
LETTER, FIGURING il
THAT IF SHE EVER el
FOUND OUT THE ?
TRUTH, WE'D BE
THROUGH, T
CARRIED IT WITH
ME ALL THE TIME,

GLANDUL AR
FEVER:

%)

1
r ABOUT A WEEK LATER, I GOT A TELEPHONE
CALL. SHE WANTED ME TO COME OVER. 1
COULD TELL SOMETHING WAS WRONG, 50
I MADE SURE I HAD THE LETTER WITH AE.

ALL RIGHT,
50 TELL ME,
DO I HAVE
SLANDULAR FEVER

, OR HODBSEIN'S

THEY MUST I'm
HAWE PUT . SORRY.
YOU THROUGH I FEEL
HELL! AWFUL. 2
S E
[ I
UNDERSTAND,
RICHARD. JUST i
DONTOOIT  ¢o T NAVE v i ./ |
N, AGAIN. ¢ opekIN‘S
T DISEASE. WHAT
\ %

{I HAD JUST TOLD HER SHE HAS A
FATAL CISEASE, AND ADMWITTED
THAT T LIED TO HER AS WELL, AND

SHE'S WORRIED ABOUT ME!

WE WO

MOOM. WE'D MARRY, I'D QUIT SCHOOL AND
TAKE A JOB, BUT RIGHT AWAY OUR PLAMS

GOT MESSED LW, ..

C— W




TELL ME,
HAVE You
{ EVER COUGHED
3\ UP BLOOD?

“BIOPSY EHGWE
TUBERCULOSIS
OF THE LyM-

\ PHATIC SLAND. "

I MEAK, THAT WS THE FIQST SODDAMN THINS ON THE LIST !
T PASSED IT BY BECAUSE THE BOOK SAD T WAS EASY TO
DIASHNOSE, AND THE DOCTORS WERE HAVING A HARD TIME. THAT
GUY RUNNING OUT GF THE MEETING ROCM HAD THE RIGHT IDEAS

BT,

: IF I MIGHT
LIVE AS LONG AS
SEVEN MORE YEARS,
OR COMPLETELY

RECOVER, WE WON'T ]
™\ BE ABLE TO GET KMOW, T'LL
MARRIED UNTIL BET WE CAN
: LATER ! COMVINCE OUR-
SELVES THAT
THIS IS

AND IT'S NOT JUST ABOUT A |
FROMISE. WE'RE ALREADY
MARRIED, EMOTIOMNALLY.
WOULD & HUSBAND WHO
LEARNS THAT HIS WIFE
IS SIck LEAVE HER?

—— —

F-H;U WE KMNEW WE COULD FACE THINGS TOSETHER, AND AFTER GOING
| THROUGH THAT WE HAD NO DIFFICULTY FACING OTHER PROBLEMS.

4

T T

MY PARENTS STARTED | o
| | WORKING ON ME AGAIN. |
BUT SINCE THEY'D
GIVEN ME THIS EIND OF
ACMVICE BEFORE, AND
HAD BEEN S0 WROMNG, ]
WAS IN A MUCH

STRONGER POSITION.

BUT
youlL |
W GET sicke B
] Too! !

Look, IT'S
NOT A REAL
PROMISE, You
MADE IT WHEN ¥ou
DIDN'T ENOW THE
SITUATION.

e
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RICHY,
THE TRAIN
LEAVES SOOMN.
COME ALONG OUT
OF THERE, BOTH
CFYou,

7 LEAVE THEM

/" TO THE &CIENCE
TALK, DEAR. YOU

REMEMBER WHAT I SAID.

I THINK THEY WERE TRYING TO SHIELD
HER FROM DISAPPOINTMENT—IT WAS HARD [
N FOR WOMEN IN SCIEN L 1S, BUT... |§

T

ELSO STILL GE‘I"TINE-

5&



SHE WROTE ME A LETTER ASKINE,
"HOW CAN I READ TP IT'S &0 HARD.”

T e
et jgron of

T i ..."1 v
\{ H THEN START AGAIN AT THE
BEGINNING AND KEEP
H WORKING THROUGH UNTIL E

You CAN UNDERSTAND
THE WHOLE BOOK.

UH-OH,

\ START AT THE
M FoREAT I TOLD HER TO START

BEGINNING AND READ AS FAR AS
YoU CAN GET UNTIL YOU'RE LOST.

AND THAT'S WHAT
SHE DIk

. ms g8  opp JOB
i (1s41194¢€)

.;'.—-—'_'_'_-_'_-_ = —————
T == THE
e | BY THIS TIME, EURCPE LOCATION
B~ AG AT WAR. e OF THE AlR-

PLANE cOMES
IN ENVERY 15
SECONDS,

SECONDS/!
How DO YOUu SET
THAT INFORMATION
S0 GUICKLY...
OR AT ALLY

TO HELF QUT T'D ALREADY SPENT ONE SUMMER h
CESISHIMNG MECHANICAL COMPUTERS AT BELL LABS. .,




| SOMETHING CALLED “RADAR,”
INVENTED IN ENGLAND.

ANYWAY, WE NEED A
CALCULATING MACHINE TO
DRAW A CONTINUOUS PATH
FOR THESE PLANES AS THE
DATA COMES IN.

[ I HADR A LOT OF FUN DESIGHING THAT
COMPUTER, BUT THE NEXT PROBLEM
WAS QUT OF MYy LEAGUE, SO T WENT

BACK TS PRINCETOM,

WORKING ON MY THESIS, WHEN BOB

| NOT LONG AFTER, THOUGH, T WAS
WILSON SHOWS U, .

- ST

S0 HE TOLD ME ABOUT THIS FROJECT [e=
To SEPARATE URANILM |ISOTOPES;

LULTIMATELY TC MAKE A BOMB,

... 50
THERE’S &
MEETING.

LISTEN, THERE'S A ¥ I'M NOT SUPPOSED TO TELL

SECRET PROJECT  ANYBODY, BUT I'M TELLING

1'VE BEEN FUNDED YOU BECAUSE AS SOON

_ AS YOU KNOW WHAT IT IS,
YOU'LL WANT TO WORK

THERE'S A
MEETING AT
3 e'cLOCK. 'L

.
IT's
ALL RIGHT
THAT YouU ToLn
ME THE SECRET,
BECAUSE I
WON'T TELL
AMYBODY. ..




..NOT
GOING TO GET ™=
INTERRUPTED
IN MY NCRMAL




|

%

S0 1 WENT, AND BY 4 0CLOCK T HADA DESK
| AND WAS TRYING TO CALCULATE WHETHER
THE LIMITS OF A PARTICULAR METHOD. .

[amasmus]

THERE WERE FELLAS BUILDING AN
APPARATUS BASED ON OUR AL CULATIONS,
AND IT WAS JUST LIKE IN A MOVIE, EVERY

TIME I WENT IN THERE, WELL. ..

ANYWAY, T HAD & DESK AND I HAD
FAFER AND I WAS WORKING AS

IT WAS REALLY INTERESTING HOW SCIENCE |
PRETTY MUCH STOPPED PURING THE WAR —
IT WAS MOSTLY ENGINEERING.

1w}
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1 MANAGED TO FIMEH,_U.; 7 BUT...
DISSERTATION AND GET A PH.D.* . ||| OPPENHEIMER
BEFORE IT CAME TWME TC LEAVE FOR WAS DIFFERENT.

L_u:ls ALAMOS, THOUGH. 1 HAD TE,
P BET
MARRIED
RIGHT AWaY.
GHE'S, WELL,

!
= knmwsws
- \‘_QUITE'IL’L./

I'M SOREY,
MRz, FEYNMAN, :
BUT OO SO AND - F
YOU WILL FORFEIT N
YOUR SCHOLAR-
SHIF,

"*THE PRINCIPLE OF LEAST ACTION IN
GLANTLIM MECHANICSY MAY, 1942

- | EVERYEODY'S PROBLEMS, AND MADE SURE THERE

EVEN THOMGH HE WAS IN CHARGE OF THE WHOLE
ATOMIC BOMB PROJECT, HE PAID ATTENTION TO

WAS A HOSPITAL ROCM AVAILABLE FOR ARLINE BY
THE TIME WE Tﬂ' LO‘ ALAMOS,

B

|| THE GUY IN CITY HALL WAS VERY NICE—
§ HE DI BEVERYTHIMG RIGHT Away

Yo DON'T
HAVE Amy
WITHESSES,

HEY

GLYS, COME |

IN HERE!

o W -
T SHE HAD BEEN TOO SICK TO ATTEND MY
SRADUATION, BUT WE WORKED EVERYTHING CUT, |

WE' GOT MARRIED ON THE WAY TO DEBORAH |
_HOSPITAL, WHICH WAS NEAR PRINCETON, |

|

MARRIED NOW,
YOU SHOULD
kIS5 THE

S0 THIS BASHFUL CHARACTER DID,
AND THEW WE SOT BACK IMN THE Car
AND DR OVE TO THE HOSPITAL.

€1



7 LOOK,

WE HAVE |
A VERY SMALL
STATION

SOON THE TIME CAME TO |
LEAVE FOR THE MhNHATTAHJ

PROJECT IN NEW MEXICC,

BolDY BUYS
TCEETS FROM
PRINCETON TO
ALBUGIUVERGUE,
PEOFLE WILL FIGURE
OUT SOMETHING S UP.

S0 EVERYBODY BOUGHT THEIR TICKETS FOR [ [
SOME INTERMEDIATE PLACE ALOMNE THE WAY.

EXCEFT ME. I FIGURED

IF EVERYBODY WENT

SOMEWHERE ELSE
FIRST, WELL. ..

-l F*p TAKE THE DIRECT ROUTE, THE SAME
ROUTE THE EQUIPMENT TOOK, T GUESS.

"-:-ﬁl

[F



[WHEN T GOT THERE...|

WELL, FOR A PERSON FROM THE EAST WHO
DIDN'T TRAVEL MUCH, IT WAS SENSATIOMNAL.

MOSQUITC BOAT
(1943)

L



| US THEORETICAL 6UYS,

| ON THE OTHER HAND,
COULD START WORKING

RIGHT AWAY.

£ e
|

o —
i 1 HAD EDMEL_'.EK EARLY ON,
|

' | WITH MOST OF THE BIG SHOTS |

AWAY A LOT OF THE TIME, HANS
BETHE NEEDED SOMEONE TO
|| PUSH IDEAS AGAINST.

—_——

= =
I HAD A LOT TC LEAEN ABOUT

HUCLEAR PHYSICS, SO 1 STUDIED
AND READ, STUDIED AND READ, |

JRSTHE WAS A BiG SHOT MIMSELF, WHO EVENTUALLY WON THE NOBEL
| PRIZE FOR FIGURING CUT HOW STARS PRGOUCED ENERGY.

AMD THIS WAS JUST WHAT HE HEEDED.

CRATY—IT/LL | : IT'S THAT hiE_.HCLE ASAIN.
&0 LIKE : i .
THIS.

for g,

3 -Lln' AT
o Pty od 1
) 5 anEy
5,

f RS

Ll T -

LT x-"_'---v-'u.:l-L‘w“
Ry CREA L s
= 1 fant it

LT e e - o

C: | Lifa s

T = e

=L, B B BT

I WAS A NOBODY, BUT WHEN I HEAR ABOUT
PHYSICS, T JUBT THINK ABCUT PHYSICS.

- . 5 ’ NO;
| HNO NOS

A You'rRE )
i f WRONG !/ /

MOSQUITO
BOAT 1S AT
ITASAIN. /

THAT'S WHAT THE BIS
SHOTS CALLED ME.

‘ THEY CALLED BETHE

|| i i “THE BATTLESHIP".

WHO T TALKIMNG TO.

i ] |

4



'S0, My REPUTATION IS GROWING,
I GUESS, THEY JUST MADE ME
THE HEAD OF THE THECRETICAL

COMPUTATIONS

NUTS TO You
(‘-'94-‘3)

Bl [ THe HOSPITAL r:rppﬁuEJm-En FOUND
Bl For ARLINE WAS IN ALBUGU

Y ——————=
L —— WE WROTE EACH GITHE'FE IN THE MEAMTIME,
|| [ AMD OWCE 1 RECEWED A BOX OF )

BE LIS
«wm\f\oo

_ENGRAVED PENCILS IN THE MAIL,

S ILVED INTHE DORMS DURING |
THE WEEK, AND ON THE WEEKENDS
TOOK THE BUS INTO TOWN.

WELL, TH.II.T"S i"Mi:.'EJ AND [T LOVE HE'IZ
TOO, BUT- Y0OU KHNOW HOW YOU ABSENT-
M!HDEDLV DROP PENCILS ARCUMNMD:;
| YOU'RE SHOWING FROFESSOR WIGN‘EE
I____ A FORMULA, OR SOMETHING. ,

[

IN THOSE DAYSWE DIDN'T HAVE EXTRA
STUFF, So T DIDN'T WANT TS WASTE
THEM. AND SHE NEVER CAME TO LOS
ALAMOS AND WOULDN'T HWE TO KKNOW,




BUT THE VERY ﬂExT MOEHJNE
I 50T ANOTHER LE'I’TE |

"WHAT'S THE %
IDEA OF TRYING |
1 TO CUT THE '.‘;'-
| MAME OFF THE |-
B PENCILS?,., " y

S0 1 HAD TO USE THEM.
WHAT ELSE colLD 1 DO?P/!

| SHE ADDED A

POEM, TCO. |
EACH LINE ENDED |
WITH *NUTS TO |

| WO N A

~ DIFFERENT FORM

=l " /7 “IF You'RE
- ASHAMED OF ME,

= DAH, DAH, THEN | i
d PECANS TO YOW!
{; \ PECANS TO YOU/ |

WE MADRE UP LOTS OF RULES,
AND THEY SAID THEY'D
MOTIFY US IF THERE WERE
AWy DIFFICULTIES. ON THE
VERY FIRST DAY, ..

I DUNMNO,

THE MILITARY CENSORED MAIL
AT LOS ALapMos, IT'S ILLEGAL
IN THE LS., SO THEY SET IT

UP AS A "JOLUNTARY" THING.

WE HAVE
A GAME. T
CHALLENGE HER
To SENMD ME A
CODE I CAN'T
DECIFHER,
SEET

CODE BREAKER
(1942-1945)

o



My FATHEEJ WELL, You'LL HA‘TE_? :1_: S e e e R F!

I:'DEE iT ™ TE___L THEM | . WE oip TH.I!'IT', BUT GC'T I8 TR'C’UELE AH:"W#Y THE
.IJ ]‘

LB
| -

NEXT DAY T GOT A LETTER SAYING, “IT’S VERY

\ T00. & TR e DIFFICULT WRITING BECAUSE T FEEL THE

EURBER LOOKING OVER MY SHOULDER. "/
. i i

e

YOU'RE NOT |/
SUPPOSED
TO TOUCH

BUTI
CONT HANT
TO =EE THE
KEY.

THAT'S N e RIBICULOLS,
FINE. WE'LL e — J DOYOoU THINEKE
TAKETHE | | ——— s ] ; WE DO T THAT

' - g JEl) ~.| waY?wE cuT
: 1_:—‘#-""_ B . THINGS

= S OUT WITH
< N, SCISSORS.

; e
| [WHEN I WENT TO SEE HER THAT WEEK END, I FOUND|
= OUT SHE'D FOOLED BOTH ME AND THE CENSOR.

——r— - Tl R 3 T R

A5 I FOUND OUT, WHEN 1 GOT |
THE NEXT LETTER. SHE HAD |-
GOTTEN ME (NTO TROUBLE.

yching TLUEt pavel

 Gian’t IOt &
peen (he I:::j

e =

Fea e

e le sa Key i -
e’; 50 WE;"IC_II'U B "--\.._‘__‘__‘_

15 SHE CRAZY?

IT'S ALL OUT OF |

PROPORTION! v
J'-'--" I

“LITHARGE, GLYCERIN, Hmp_oes,i [— S L
LAUNDEY. ¥ T WANTED TO MAKE OHWE TIME SHE

CEMENT TO FIX MY ONYX '| SENT A BIG

BOX, AND WE NEED CATALOG. THE |
| CENSORS DIPN'T
BOTHER WITH IT,
| BUT IT CONFUSED
THE HELL OUT
OF ME.

&7



I'M GOING TO HAVE )
TO WRITE HER THAT

. THIS IS TOC
EXPENSIVE,

| BIG CATALOG OF INSTITUTIONAL KITCHEN
EQWUMPMENT IS LEADING TO, WHEN ANCTHER
OHE COMES, AND THENW ANOTHER.
e g K

WHEN I GOT TO ALBUQUERGUE HEXT SUNDAY, | wELL COMPROMISE : YOU RON'T HAVE
1 REALIZED SHE'D JUST BEEN SOFTEMIMNE ME LI, | T WEAR THE HAT AND GLOVES.

T THOWSHT
WE COoULD
HAVE STEAKRS

BUTWE'RE Y ~ I CAN'T
ON ROUTE &6, 2O THAT,

THE MAIN HIGH- WITH ALL THE
waY ACRoss  CARS AND TRUCKES |
THE UNITED AND PEOPLE : WHAT OTHER

n STATES! GOING BY! gL ER [ PECPLE THIME ANYWRY 7

EE TORTURED ME WITH THﬁT._]_

I Can'T
SEND THESE
T ENREICO FERMI
AND NIELS
BOHRf

oo YOU
CARE WHAT
| OTHER PECPLE
THINK?

(-



| NATURALLY, WE SENT |
'EM, NEXT YEAR CAME

AROUND, AND BY THEN

T KNEW THESE

| FAMOUS SCIENTISTS
PERSONALLY, AND

THEY KNEW THE KIND

OF GUY I AM.

*MERRY
CHRISTMAS
AND A HARPY

NEW YEAR FROM

|DR. § MRS, R.F

S

WHAT'S

STUFF,

YOU HAVEN'T
" AGKED ME ABOUT
[ OUR CHRISTMAS CARDS

MY FRIENDS WERE ALL HAPPY SHE W!ﬂ?a-
HAVIMG SUCH A GoOD TIME AT My EXFENSE.
] R, —

IT REALLY wnsn TOP SECRET PLACE, THOUGH. |
ALL THE BIG SHOTS HAD CODE NAMES. |

———— A WAS YNICHOLAS BAKER.” THERE
I DIDN'T RATE OMNE, BUT BETHE DID—OF COURSE, %/ WS NO MEMO TELLING PEOPLE

HE WAS “HOWARD BATTLE. " FERM! WAS “HENRY

WHOD THAT WAS, YGU -JUE!T
FARMER. " OPFENHEIMER WAS “CMMEE OBEEHELM "

NIELS BOHR. FoR E:IEICLIIQ'.IT','HI REASONS*® You WEREN'T EVEN SUPPOSED |
TO SAY HIS NAME EVEN WHEN HE STOOR RIGHT IN FRONT OF YoU.
__F"_ﬁ‘;_“_-"__'_'-"‘--\.

: EARLY ON HE PICKED ME o
| OUT AT ONE OF THE MEETINGS. LATER, ﬂ

HIS SON, AMSE-WE CALLED HIM
I "'.'JIM BAKER" TI-IEM-—TD‘I..I:! mE WHY,

e e = 51

M,
y IT'5 NOT

EFFICIENT! YOUR
METHODR'S NOT
SOING Tf.}

REMEMBER:
THE NAME COF

THAT LITTLE FELLCMW
| BACK THERE HE'S

HEXT TIME
WE’LL TALK TO
HIM BEFORE WE
MEET WITH PECPLE

THE OMLY GUY WHO'S WHO ONLY SAY, “YES
MOT AFRAID OF ME. YES YES DR, BOHR, "

WITH THIS
FoRMAL

_' ’E.Gl-ui?: HAD BEEN SMINSELED OUT OF EUROPE AFTER bEN.'.u.RK FE|_.|_ -rcp THE MNATIS. |

&4



50 THE NEXT TWE HE VISITED, [
HE CALLED ME OMER FIRST,
WE ARGUED FOR HOURS.

oW
|ABOUT 50

S SOUNDS A

L LITTLE BT

55 BETTER, BUT IT'S
GOT THIS DM

FOCL IDE &
INIT,

| [_.a{jum THAT'S HOW IT WENT. T WAS

DUIME THAT WAY, BUT IT WORKS
~IWITH THE RIGHT KIND OF PERSON.

e

[oean]

MENDING FENCES

_.ru‘““h.u;_

_I. ""\‘_ -
3 -
W

(1944, 10:07 A, MJ

'*-u_,\_,*-_—ﬁ._F —'_", ey

= f

-l -J"i "'?:‘
L"“-a.w'-.; 5

AR BT,
'h-t"i-*ﬂ‘ . “é

I_LJTHR‘! SUYS ARE NOT THE RIGHT KEIND l:'JF PEEEDN iy

7o

GOIN' OUT, BUT

THE HELL
IS GOING ON
ME. FINE-EH-

YAH KEEFP

[ HEVER SEE
YAH COME
BACK IN/ '_,f'l




| GLAD YOU NOTICED, BUTT |
\ ALREADY TOLD YOU

. e S T
. B | YA KNOW,
’8‘ T eres A

: | =

- THERE'S e

M HOLE | THE FENCE
AROUND THE SIDE HERE AN

ll_mu CAN WALK RIGHT THROUGH.

A S

T ; " ik =
How T LOS ALAMOS CANNOT ACCEPT
RESPONSIBILITY FOR SAFETY...

(1944)

IS SICk, SO WE
NEED YOU TO SO TO
OAK RIDEE, TENHESSEE, AND
FiX SOME MFCJRTAHI ﬂDLE'E.

e =
praw L Bonneg / THERE'S A LOT OF MILITARY
[, VT |BRASS THERE, BUT ALSO SOME

e TECHNICALLY ABLE PECWLE

AMONS THEM. MAKE SURE

THEY'RE AT THE MEETING .-
_COTNE CALLED.

MAKING THER
FLANT SAFE.

!
||| /
AMD WHAT
IF THEY'RE NOT? OR
WHAT |F THEY DOW'T LISTENT

| e S




YOU MEAN ME, LITTLE

r
| RICHARD, IS GOING

THEN YOU say, VLOS

/

A
LAMOS CANNOT | | THERE AND SAYING
: ACCEPTTHE THAT?
i RESPONSIBILITY FOR '
SAFETY AT THE CAK

RIDGE PLANT
UNLESS, ¢

YES, LITTLE mr:umzr:-
YoU GO AND You
SAY THAT.

UST BE TER
F

S s
=0 THEV STE'F\PPED A SATCHEL
FULL OF SECRET DOCUMENTS
TO MY BACK, AND T FLEW
Far THE FIRST TIME

iUFF.ﬁST i

WITHOUT

FICULT TO FLY

PRICETY

RIBLY
A

WELL,
I WOULDN'T
ENOW. T HAVE

A PRICRITY g

AH WELL, LODKS LIKE
SOME SEWERALS ARE
COMING—T'M SURE
THEYLL FUT OFF
SOME OF US
PRICRITY 3'S.

e

IT'S ALL
RIGHT, T°M A,
FRICRITY
2.

———— s



| JUST TELL US How
TO KEEP THE PLANT

WHEN T GOT THERE, A LIEUTENANT ZUMWALT
TOOK ME TO THE COLONEL IN CHARGE

1 CAN'T
COPERATE
THAT Wiy

ANY WY

OPINION, (TS

) MPOSSIBLE For
FECPLE TO ORBEY A

— ELNCH OF RULES UNLES=

- THEY UNDERSTAND wHYy.

1| THIS GUY DIDN'T WANT ANY OF HIS WORKERS
_l._ TS KNOW ABOUT URANIUM OR NEUTRONS OR
WHAT THIS PLANT WAS GONNA MAKE.
e—————— —

[ _D"_f’wﬁn_ﬁ“ ,

& THAT,

HUH,

CAMHOT ACCERT
THE RESFONS- | =
IBILITY FOR THE |-

| SAFETY OF THE oAk |-

| RIDEE PLANT LINI.E'BEl'
THE WORKERS ARE

b FULLY INFORMED

AS TOHOW T

N ———
THIS IS WHAT THESE GUYS'RE |-
| 000 AT-MAKING DECISIONS. 3
e ——— 1
AL ORIt
RIGHT, GO

AI-IEAD K

f o ZUMNALT,

L7 /' MAKE THE
| ARRANGEMENTS.
AND WE'LL NEED
DR. FEYNMAN BACK

HERE IN... THREE
MONTHS,

——

| 50 T HAVE A GREAT DEAL OF RESPECT FOR
THAT, SINCE 1 CAN NEVER DECIDE ANYTHING
IMPORTANT IN ANY LENGTH OF TIME AT ALL |




SO 1 TOLD 'EM ALL ABOUT NEUTRONS, HOW THEY WORKED, HOW SLOW
NEUTRCNS ARE MORE EFFECTWE IN SPLITTING URANIUM THAN FAST OMES, ..

/I s .
[TALL ELEMENTARY STUFF AT LGE ALAMOS, BUT TO
THEM 1 APPEARED To BE ATREMENDGUS SENIUS.
el R s T B -

EVEN THOUSH I WAS BATHER PRIMITIVE |
BACK N NEW MEXICO, | WAS LIKE A SO0
COMING DOWN FEOM THE SKY TO THEM.

PP AL '

1 MEAN, I TOOK MECHANICAL DRAWING IN HIGH SCHOOL AT |
FAR BOCKANAY, BUT I'MNCT GOCD AT READING ELUE*N."'E. |




i I = 3

THAT AT FIRST L THINK IS A
WINDOW, BUT IT CAN'T BE BECAUSE
[T'S NOT ALWAYS ON THE EDGE.

ESDE"“IE:MEELE:J&‘I!H”E . E‘ THERE'S SOME KIND OF THING
'q‘

D IH CONPLETELY
DAZED. WORSE, I DON'T HERE, THE UO
KNOW WHAT ANY OF THE (ND, ), FLOWS

SYMBOLS OM THE
BLUEPRIMNT MEAM, Tht AV,

FLOW THROUSH
HERE DEFENDS

ON THE PUMPS s
HEVING A HEAD
OF 37 FEET. )
NS ‘
@)

AND ¥YOU KNOW THE TYFE OF SITUATION, \'\ ]_[1 GOT AN IDEA. MAYBE IT'S A VALVE. o
WHEN ¥You DIDN'T ASk, FOR HELF RIGHT i
AWAY, AND NOW YOU'VE HESITATED TOO
LOKNG AND IF ¥You! ASk THEY/LL sAY:

V]

_! Have you |
BEEN
WASTING
MY TIMET!

HAPPENS
IF THIS
VALVE GETS

'I__.- -:+ 'ﬁ

mt& 1 WAIT FOR THEM To SAY, "THAT'S
| NOT & VALVE, THAT'S A WINDOW,"




YOU'RE ABSCLUTELY RIGHT,
SIR/ WE'LL REDESIGN
THAT SUBSYSTEM
IMAMEDIATELY,

T KNEW
YOU WERE
A GENIUS WITH
ALL THAT NEUTROM

BUSINESS LAST
TIME YOU WERE

Hieay—
: HOW—

L Do VoL DO
SCMETHING LIKE THAT?

[T HAD A FEW MORE INTERESTING RUN-INS WITH THE

/,—— | MILITARY, AND SOME DIDN'T JUST INVOILVE GOOR
B Luck. ACTUALLY INVOLVED SKILL.
BY TEYING TO ) il | R T
WHAT [=] ;

EANDE FOR.

SAFECRACKER '
(1942-1945)

I LIKE PUZZLES, AND A GUY T MET THERE MNAMED
LEC LAVATELL] TAUGHT ME TO PICK LOCKS.

§

s A SIMPLE
FROCESS, BUT [
PRACTICE HELPS |

SEE, SINCE EVERYONE WAS _
IN A HURRY, HOLES IN FENCES
1 WEREN'T OUR OMLY PROBLEM.

Té



THE LOCKS
ARE EASY, AND
EVEN BETTER,
THESE THINGS

DON'T HAVE
SOLID
BOTTOMS !

.+ ;__.l'x.\'-\ L
AMAZINGLY, I

WAS, THEY WERE
AN IMMEDIATE

CHALLENSE.

|1 STUDIED THE ONE IN

2

MY CFFICE. |

EVENTUALLY SOME CABINETS WITH COMBINATION
LoCcKS CAME FROM THE MOSLER SAFE COMPANY,

THAT'S A
FILING CABINET.

TROLUBLE
THERZE, MRE.

I DIDN'T GET
ANYWHERE.

© S0 I BOUSHT SOME
BOOKS BY SAFECRACKERS,

THEY WERE ALL THE SAME .
A st




IN THE FIRST PART THEY
TOLD STORIES OF THEIR
FANTASTIC ACHIEVEMENTS,

S0 I WENT BACE TO
MY OWN STUDIES,

o,

T TOOK LOCKS APART, AND I DISCOVERED THAT]
THE MECHANISM WASN'T PRECISE, 50 You
JUST HAD TO BE MEAR EACH NUMBER.

| PESYCHOLOGY i

“LOTS OF PECPLE
LIKE T UsE
DATES FOR
GGMBiNJ::TIlDNE

OF THE

OF THE

P ]
- SECRETARY
MIGHT WRITE IT
DowWN IN ONE OF THE
FOLLOWING PLACES,, .”J

&

I ONLY HAD TO TRY EVERY FIFTH ONE. THAT'S
18,000 COMBINATIONS INSTEAD OF 1,6

Koo i

WITH PRACTICE, 1 COULD CcHOOSE
MY FIRST NUMBER AND THEN TRY THE
SO0 BACK NUMBERS IN 1/2 HOURE, SO

1 COULE OFEN A SAFE IN A MAXIMUM OF

& HOURS, WITH AN AWERAGE TIME OF &7

] I i

T m



5 8
ANYWAY, T KNEW

*,..AND WITH THE SAFE

OPEN T CAN PICK OFF | | | "5ome
CTHER HEY,
THEE'EEF%“E”‘“' GLYS WHO [ STALEY. LET'S
COMBINATION BY WOULD LIKE &0 TO THE
FERL THI= G COMPUTING
LOWE,

RICHARD"

IT TOOK ME AYEAR AMD B HALF T
EET THIS FAR. OF COURSE, 1'WAS
WORKING ON THE ATOMIC BOME TOOD, ..

THF-\."E &WaAY OF QPEHING SAFES
Wu KNOW THE FIRST
| ]

EVERYBODY
EEYNMAN'S SONMA
SHCW STALEY HOW
T OFPEN A SAFE,

50, SUPPOSE
THE FIRST NUMBER
[ 15 40, AND WE’RE. TRYING
[ 15 FOR THE SECOMND NUMBER.
= T TAKE THE WHEEL HERE TO
L THE THIRD NUMBER., BACK
M TO HERE, AND SO ON...

=)

1 NOW WE TRY 20 FOR THE SECOND |
"\ NUMBER, WE TAKE THE WHEEL TO
. HERE, AND BACK TC HERE




SEE WHAT You mEAM.
1T'S AVERY GOOD

=

il Ll__,z_'{,._.

CHAY THIS WAS PURE LUCK, BUT
FRETENGED ITwWAS NO BIS DEAL,
AN STALEY PLAYED ALONG.

J'\IL:!

e



NOW, I DIDN'T SPEND ALL MY
TIME FOOLING ARCLUND WITH
LOCKS, BUT WHENEVER I SAW |
ONE GPEN, I PICKED OFF
THE LAST TWO NUMBERS.

YOU DO IT UNCRTRUSWELY, SO IT LOOKS LIKE A

HABIT YoU MIGHT HAVE OF TAPPING YOUR PEN OR

SOMETHING, SC NCBODY REALLY NOTICED,.. I'M
NOT REALLY DOING ANYTHING, YOU KNOW?

AND WHEN I HAD THE LAST TWO MUMBERS FoR
SOMEBODY'S SAFE, I'DWRITE “EM DOWN.

HEY, FEYHMAN! CHRISTY'S
QUT OF TOWN AND WE
MEED & DOCUMENT
FROM HIS SAFE

—_——

AND MY REPUTATION GREW... |

BUT IF IT WAS A SAFE I
HAD THE NUMBERS FOR...

1

r

IF I DIDN'T zmo-.TTHEJ

LAST TWO NUMEBERS
OF THE LOCK,, .

FIGHT MOW; I'VE GOT
ALL THIS WoRE I HWE To oo,

YEHRISTY 35-50.4
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S —
THANKS. THAT MUST
HAVE BEEN A

TOUGH ONE,

1T TOOK
YOU LONGER
THAN THE
ONE YOU DID
YESTERDAY.

PRETTY TOUGH.

j
.. WHO HAD A MUCH FANCIER
SAFE THAN EVERYBODY ELSE.

L

YOU MIND,
WHILE You READ
1 MY REPORT, IF I
LOOKED AT

| I'D WRITTEN A REFPORT THAT HAD TC BE OKAYED
| BY THAT COLONEL IN OAK RIDGE. IDELIWERED |
IT MYSELF TO THIS IMPCRTANT GUY. .|

= = _I— p—
ITWAS OPEN, AND 1 SAW THAT IT WAS THE ALL RIGHT, IT'S
SHAME DAMKN LOCK,. JUST ALL DRESSED UP, FINE.
50 FOR THE SAKE CF

PROFESSIONALISM, T
TOOk THE LAST TWo
NUMEERE OFF CF IT,

YoU CLOSE
THAT, I SET

THE IDEA You
THINK THINGS
ARE SAFE

B3



WHAT DO You MEAN—
IT'S MOT SAFE?

W5

REASCN YOU
THINK THEY'RE
SAFE 1S BECAUSE

CIVILIANS CALL §
IT ATSAFE”

AGOOD W
SAFECRACKER
COULD OPEN THAT
THING [N THIRTY MINUTES.

YOU CaN
OPEN THAT IN

THIRTY
MINUTES?

CRACKER. 1T
| MIGHT TAKE ME
| ABOUT FORTY-FNE.

WELL/
MY WIFE IS
WAITING AT
HOME FOR
ME WiTH =
DL FES, BUT 1M
GOKNA 2T
DOWN RIGHT

HERE AND YOU'RE
GOING TO WORE
ON THET DAMN THING
FOR FORTY-FIVE
MINUTES Al
NOT OPEN 1T/

T TURNED THE WHEEL AT RANDOM, | |
| JUST TO GIVE HIM SOME ACTION., |

EVEN FIVE MINLTES IS5 A LONG TIME WHEN
YoOURE JUST SITTING AND WAITING.. .

WELL,

ARE You
MAKING ANY
PROGRESES?

"PROGRESS! 7 WITH

A THING LIKE THIS, You ¥
EITHER OPEN IT OR

YOU DON'T OPEN T,




50 1 BEGAN
TCWORK N
EARMEST, AND
IN ABOUT TWO
MINUTES. ..

I TOLD THE COLOMEL HOW I DIB IT, AND ABCUT THE
DANGER OF LEAVING THE DOGRS OFEN SO ANYBODY
COULD PICK OFF THE LAST TWO NUMBERS, HIS SOLUTION?. .,

THATWAS IT: T WAS
THE DANMGER. 1T'S
A PAIN [N THE ME Ck

a
Re Possibie 5E;uge Persannegy \—7

ity breach T2 REMEMEBER A MEW
P ey .f] COMBINATION, SO
nIMan has st gny - - THE NEXT TIME I
OF TIEAT Your offing, op et 18 been in youp o || VISITED, NOBODY
Flease chanpe the com HIng throggy, -‘!"‘:'Ui"afﬁ.::' { WAS HAPFY To

bingtjon of voup SEE ME.

S57e,

AS HEAD OF T4, 1 HAD AN ARMY SPECIAL |

. EI'«IIi:‘rlF"«‘EER]I"'-'IE-.?I ﬂTTﬁC%ENTE_T'-F_D_EFi ME,

[ COMPUTING MACHINES

CLEVER HIGH SCHOOL BOYS WITH ENGINEERING ABILITY WHO
THEY SENT T LOS ALAMCS, PUT IN BARRACKS, AND. ..

o

...THEY
GOT TOLD
NOTHING! IT'S
LIKE AT OAk
RIDGE, OMLY
WorsE,

85



= OPPENHEIMER TALKED TO
THE MILITARY BRASS, AND
GOT ME PERMISSION TO
GIVE A LECTURE ABOUT
WHATWE WERE DOING.

COMPLETE
TRANSFORMATION.

THEY BE@AM TO WO RK i
NIGHTS, INVENT WAYS | °
OF DOING THINGS
BETTER, AND DIDMN'T
NEED SUPERVISING.

= = Lt - y T
a o e = fé«?/:‘ .. e . : P
ARl ; ”é/—/'?‘:;i;.c" o Y. S el flor Qe :
= T

| ICH WAS GOOD, BECAUSE I WAS STILL TRAVELING TO ALBUQUERQUE ALL THE TIME.
- Pl =" L o S i =t N

T i I il 1Y !
et

= =
OVER THERE, I DIDN'T [ [=
ALWAYS COME QUT ol Toye, | THAT ONE'S

% ONCE WHEN I VISITED,
AELINE WAS PRACTICING
CHIMESE CALLIGRAPHY.
I THOUGHT IT WAS
LOVELY, BUT. _,

YOU MEAN,
"WREONG"? 1T'S
ONLY A, HUMAN
CONVENTION.

B&



-

I, THE "GREAT SCIENTIST,” KNEW THAT THERE'S NO LAw
| OF NATURE THAT SAYS HOW THEY'RE SUPPOSED TO LOOK.

[ MEAN, ARTISTICALLY IT'S
WRONG. IT'S A QUESTION
OF BALANCE, OF How

BUT YOU

CAN DO IT

ANY WAY YOU WANT.

ONE WAY 15 JUST |
AS GOOD AS

QY
! HERE.
MAKE ONE
YOURSELF,

n BLDE'E-}'I"

I LEARNED WHAT SHE MEANT. AN R

=4 T
HUH, HOW T'VE HAD A
ROYOU | H FASCINATION |,

-

P - _;1"__'—
: A’[T A MINUTE.
/ LET ME MAKE.
ANOTHER ONE.. . THIS
| ONE's Too BLOBBY.

AESTHETIC THING HAS A CERTAIN SET,
A CERTAIN CHARACTER 1 CAN'T
| PEFINE. BUT SHE TAUSHT ME THAT
THERE /& SOMETHING To IT.

FROM JOAN.

.| ARCUND THIS TIME,
1 GOT A POSTCARD

B

LS =
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[SHE WAS NOW STUDYING PHYSICS, S0 |
MAVING ME AS HER CLDER BROTHER
WAS TOUGH

SHE w.ﬂ.ﬁ ALHA':’S
LOOKING FOR  |&
THINGS 1 COULDN'T -
DO-THAT'S WHY [
THE CHINESE. .

l
J

50 WE TRANSLATED HER CARD, THEW PWCEED OUT
FOUR CHARARCTERS THAT MADE SENSE

TOGETHER, AND I PRACTICED UNTIL I ACC|-
DENTALLY MADE OHE @0OD EXAMPLE OF EACH. l.“

WHICH I KNCW NOTHING ABOUT, BUT ONE THING 1'M GOoD
AT 1S SPENDING INFINITE TIME SOLVING A PUZZLE.

T koW
SHE’'S TRYING
TO FLOOR ME

H WE PASTED THEM TOGETHER, TOOK A
PICTURE, PUT A LITTLE PIECE OF WOOD
H on EN:H Enr:-, AND SENT THAT TO JOAN. |

MADE FOUR

OME AFTER
“J THE OTHER,

o

-—H——] | 4 4
LOCKED LIKE ) S IT SAY?
1 HAD SIMPLY & i h

» o | GHE COULDN'T -

b= o READIT |
e

THIS [S
WRITTEM
RATHER WELL/

aa
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.+ | I WAS A REAL BASTARD~I NEVER LET
: . | MY LITTLE SISTER ScORE ONE CN ME.
ke LbLC S ] ¥ i

DICK. I'VE BEEN
LOCKING FOR

YOU OUR NEW )
EXPERIMENT. WE'LL
NEED T4 TD STEP
UP WORK ON THE
CRITICALITY
CALCULATIONS,

SEE. LET'S GO
TO BUILDING

B

e
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AN ALMOST CRITICAL
MASS OF LIRAMIUAM-

ey 5 i
- g £ i
By F e
|
—
T
o =

/ .. WHERE IT FORMS, FOR

- AN INSTENT, THE CONDITIONS
FCR AN ATOMIC
EXPLOSION.

..ANCTHER PIECE
OF LIRANILNM, JUST
LARGE ENCOUGH TD
MAKE THE WHOLE :
THING CRITICAL...

GUIDED BY |
THESE

o
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' =
WE DID & LOT OF DANGERCOUS THERE WAS THE IMPLOSION TEST 1
EXPEEFHE BACK TH. CALLED THE “BEER CAN EXPERIMENT. "

ITWAS LIKE TRYING TO BLOW
IN & FULL AN WITH THT. ..

e
EXPERIMENT.

—

LS

e - =

INITIALLY, IT STUNK. BUT WE ENDED Up

USING THAT VERY METHOD To COMPRESS
PLUTONIUM NTO & CRITICAL MASS,

LIKE TICKLING THE TaIL OF E:D,_C.AHWU GETm SROUP TO DO 'm.E
l_ 4 SLEEPING DRAGON, CRITICALITY CALCULATIONS BY THE END OF
THE WEEK?
| [ _

9z



[ GUYs, MEET OTTO
FRISCH. HIS AUNT,
LISE, 1S THE ONE
WHO FIGURED OUT

TAILL IS DOME, CAM
THEY 0 T7

{1

S

= MID-JUNE.
| WE NEED IT
IN THREE

{ THEY'VE WORKED
| OuT Away T DO
PROBLEMS PRETTY

S5TACKS OF CARDS
THROUGH THE MACHIMNES
IN FHASES, COMPUTING
TWO OR THREE DIFFERENT
PROBLEMS IN PARALLEL.

SUYS! OTTO AND BOB NEED
SOME NUMBERS CRUNCHED
FAST IT'S...CRITICAL, WE SOTTA
DROF EVERYTHING ELSE TO
Foous OM |T.




1A UNE 16, 9:22 P. M.
LS (1945)

I HAD THEM
START RIGHT
AWAY~ALL OTHER [
PROBLEMS

WERE OUT.

HER CONDITION HAD BECOME
MUCH WORSE. 1 HAD ARRAMSED
AHEAD OF TIME WITH MY FRIENE
KLALS™ TO BORROW HIS CAR IN
CASE OF AN EMERGENCY.

1 PICKED UP A COUPLE
OF HITCHHIKERS.

Yo D -
BETTER COME
oW HERE
RIGHT AWAY.

WE HITCHHIKED
MOST OF THE WaY.

YOU KNOW, TO HELP ME 1M
CASE SOMETHING HAPPENED,

®RLALS FUCHS TURMEDR CUT TS BE A RLUESIEH SPY, AND HE'D USED THIS SAME
ChR TO TAKE SECRETS OUT OF LOS ALAMODS, BUT NOBODY KKEW THAT THEM,




][ P L T g S A

WHEN 1 GOT THERE, HER FATHER | [ 1 kepr E::PECTIN AN hmm::nwﬁ
| WAS SO UNHAPPY HE HAD TO LEAVE. | || EFFECT, WITH EVERYTHING CAVING IN

SHE WAS FOSGED OUT.

BUT SHE JUST SLOWLY
&OT MORE EOBSY, HER
BREATHING BECAME
LESS AND LESS, UNTIL
THERE WAS NO MORE.

75

HER HAIR SMELLED
EXACTLY THE SAME.




1T WAS KIND OF A SHOCK, BECAUSE IN MY MIND
SOMETHING MOMENTOUS HAD HAPPENED-
AND YET NOTHING HAD HAPPENED.

I DIDH'T KNOW HOW TWAS SOING To FACE MY
FRIENDS AT LOS ALAMOS. 1T DIDN'T WANT

| PECFLE WITH LONG FACES TALKING TC ME

! ABOUT DEATH.

SHE'S DEAD. AND
HOW'S THE PROGRAM

Fé



I MUST HAVE CONE SOMETHING TO MYSELF
PSYCHOLOGICALLY. I DIDN'T CRY UNTIL MUCH LATER.
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*Thursday, Oct. 17, 46
D'arline,
I adore you, swestheart, "

RN

4 A

®...Itie such a terribly long time gince T last

wrole you-almest two years but [ know you'll

excuse me because you understand how 1 am.,
stubborn and realistic; 1 thought there

Was o SENSe IT Writing.

“But now I know, my darling
wife, that it is mght Lo do
what [ have delayed in
doing, and what I have done
so rmuchin the past. [ wam
to tel] you Ilove you 1
want to love you-

Twill always love you.

57
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“P.S. Please eXcuse my
noel mailing this—but
1 don’t know your
new address.™




JULY 16, 05:29:45
MOUNTAIN WAR TIME
(1945)

/” Wey! waT's
GOING ON? WHAT'S
WITH ALL THE

: YOu Yo RE
, ) == noT SUPPGSED ToO

SIS DO MORE THAN ONE
Gl PROBLEM- ONLY ONE
e FROBLEM/!

GET GET WE'LL
ouT! EXPLAIN
EVERTHING
LATER.

YOU KNOW HOW |T IS, THEY MUSTVE HAD
TROUBLE WITH THE CALCULATION AND
FISURED CUT & WAY TO FIX [T,

B—

...THEN THE BOSS

COMES WALKING M.

I LEFT THEM ALONE AND
THE CALCULATION
WORKED OUT FINE.

1 WAS HOME ON A SMALL VACATIOM,
FOOLING AROUND ON A SHORTWAVE, WHEN
1 GOT THE MESSAGE TELLING ME THAT

THE TIME FOR CALCULATIOMNS WAS OVER

HE



LT SAID, "THE BABY 15 EXPECTED OH JULY 1. IR

50 1 RUSHED BACK, ARRIVING JUST BEFORE
THE BJSES LEFT FCR THE TEST.

i WE DROVE TO THE TRIMITY
TEST SITE—ACTUALLY, THEY I8
DROFPPED US OFF AROUT |
20 MILES Away,

WE SETTLED IN : : ;
FOR THE WAIT, : I cHECKED ON THE

OTHER GROUF TO
MAKE SURE THEIR
RADIOS WORKED. ..

i

g

g




WHEN I GOT
BACK....

PEOPLE SCATTERED 50 THEY WOULDN'T BE IN EACH OTHER’ S \WAY.
THEY TOOK OUT THEIR DARK GLASSES. SOME PUT ON SUNTAN OIL.

I'D HELPED CALCULATE HOW POWERFUL IT
MIGHT BE, AND KNEW MANY THINGS HAD TO
G0 JUST RIGHT TO GET A REALLY BIG BLAST.

1 COULDN'T EVEN CHECK MY FLASHLIGHT
THROWSH THE WELDER'S GLASSES THEY GAVE
US AND T WANTED A FULL SOLID EXPERIENCE
OF ITIF IT DID GO. S0 I TOOK ‘EM OFF.

WOoULD PROTECT

ME FROM ULTRA-
VIOLET LIGHT.

1 WAS BLINDED, AND
HAD TO LOOK Aniy.

AWAY WHEN I CLOSED MY EYES.

THE AFTERIMAGE DIDN'T on

100



THE BRIGHT, ORANGE, FLAMING
BALL-LIKE MASS STARTED TO RISE,
LEAVING A COLUMN OF SMOKE BEHIND.

SOME THING. IT CREATED
CLOUDS OUT OF., NOTHING,

T APPEARED WHEN I
COFENED THEM AGAIN,

1™



THAT WAS
THE BOMB.

WE'D BEEN WATCHI
PICTURE UNTIL THEN, AND HE'D |~
| FORGOTTEN THAT THE SOUND- | -
| TRACK WAS DELAYED BY... |[&
| 1MINUTE AND 40 SECONDS. |©

wWAS YOUR
IMPRESSION
OF THE

HAD THE
OFPPORTUNIMTY
| TC SEE OME OF
i THESE THINGS

. GO OFF
B BEFORE. J

EVERYTHING wWAS PERFECT BUT FOR
THE AlM. NEW MEXICO WASH'T
OUR REAL TARGET.

WITH THIS THING, MAYBE WE COULD END THE WAR
SOON. 1T WAS ALMOST TOO MUCH TO HOPE FOR.

{WHEN I GOT BACK T HAD THE FUN OF
= | TELLING LOTS OF PEOPLE ABOUT IT.

[



STILL, WE HAD TREMENDOUS EXCITEMENT
AT LOS ALAMOS. EVERYBODY HAD
PARTIES — WE ALL RAN AROUND.

TERRIBLE L
THING WE |

1 STOPPED WORKING AT LOS ALAMOS SOON
AFTERWARD AND GOT A TEACHING JOB.

CIVILIZATION
L (1945-1946)

Il vork, my FiRST
i MPRESSION WAS
8 VERY STRANGE.

ik

[T
1 LOCKED OUT AND
THOUSHT ABCUT
THE RADIUS OF THE
HIRCSHIMA BOMB
DAMAGE,




(T T
[_FRC'M HERE TO 34TH STREET...

J ;_-:,1*,-.
sy 4

—

——
e
o=

l!

fl}

&

BBw

AND I WOULD SEE

PEOCPLE BUILDING A ,

BRIDGE OR SOME- |a
THING, AND 1D THINK. .. =

¥ THEY'RE
CRAZY, THEY
LJUST DON'T
DERSTAND. WHY

RE THEY MAsciNG
MEW THINGS?




‘ | FORTUNATELY, T WAS WRONG, 1 GOT TO CORMELL ON HALLOWEEN,
| WITH THE POSTWAR HOUSING
| SHORTAGE STILL IN FULL SWING,

I'M GLAD THOSE OTHER FECFLE
HAD THE SENSE TO &0 AHEAR. q
72

[

WAIT'LL THEY SEE
WHAT KIMD OF
"PROFESSOR"

THEY'RE

CkAY. I°LL
HOOE. .

HOW AT LOS ALAMOS THEY
USED TO TEASE ME THAT

I'D GET A REFPUTATION
RIGHT AWAY AT CORNELL

GOT A
RESERVATIONZ

JUST 50 FlzOMm
ONE TO ANOTHER.
STAY AND WAIT

FOR ME.




LOOK, =
THAMK'S FOR
YOUR HELP, BUT
THIS IS STARTING
TO COST REAL
MONEY, T THINK
I'M GONNA WALK.

ANOTHER CSUY IN "
SITUATION. HOPELESS. |

HEY!
WE COULD
CRAWL IN THESE
ANMD SLEER, .

106



THAT'S IT. I'M
SLEEPING
HERE.

— l

l

il

iy

gl

W T
| I DIDN'T WANT TROUBLE MY FIRST NIGHT IN TOWN,
|50 1 FOUND THE JANITOR AND HE SAID IT WAS FINE. [|-

CISMIFIED. O o8

| NOW, H&ING JUST SPENT THE LAST |
FOUR YEARS AT LOS ALAMOS N A

CONSTANT RUSH, IN THE MORNING I
EO0T OVER TO THE DEPARTMENT

cCouLl,

CVER A WEEK,

WHAT‘RE YoUu
POME HERE?
WHYDJA TELL ME
TO GET HERE
SO EARLY
THEN?!

O CLASSES
START? DID
I MISs IT?

07

[ DICK! MOTHING TO
WORREY ABOUT — THEY
DON'T STAET FOR

THOUGHT
You'n LIKE
SOME TIME T
GET SETTLED.
FIN[> A PLACE
Ta 5TAY.,

S0 1 WAS BACK 1IN CWILIZATION
AND T DIDN'T KNOCW WHAT 1T WAS.
i ) ==L




- — —

S0 I WENT TO FIND THE
HOUSING OFFICE, AND. ..

s
. iy
By

BELIEVE
IT OR NOT,
A PROFESSOR
HAD TC SLEEP ON
A COUCH IN THIS

LOBBY LAST 4
NIGHT.

I8 THAT
PROFESSOR, AND
I DON'T WANNA

/. | 80 I GOT A ROOM AT TELLURIDE HOUSE, N

—=—— AND STARTED PREPARING MY LECTURES [
i ON MATHEMATICAL PHYSICS,

THAT,
TEACHING THE CLASSES,
AN READING THE
ARABEAN MEHTS, I DIDN'T
HEVE MUCH ENEREGY
FOR REGEARCH,

THAT SITUATION WENT
ON FOR A LONG TIME.




LOOKING BACK, IT
PROBABLY WASN'T
|| THAT LONG, BUT 1
SIMPLY COULDN'T
GET STARTED

AND IN THE MEANTIME, [ 60T JOB GFFEEﬁ!J

EACH ONE FOR MORE MONEY—AND
5 EACH ONE MADE ME MORE DEPRESSED.

FINALLY, I GOT THE MOST
DEPRESSING LETTER GF ALL.

== |

WELL,
TS BETTER
THAN THE DEAL
THEY GAVE
EINSTEIN.

HEY Dick, JUST GOT
HOW'RE THINGS- A JOB OFFER
WHATS SOIMNS FROM THE INSTITUTE

FOR ADVANCED

THEY'RE
INVITING ME =
TC TAKEA SPECIAL

POSITION

TELL
YOU WHAT.

P

S0 I DID, AND CONCLUDED
THAT ITWAS.. ABSURD.

109

THINKE ABCOUT IT
SOME MORE AND
THEN COME BY




IT WAS 50 RIDICULOUSLY OUT OF I
PROPORTION THAT I REALIZED IT
WAS IMPCSSIBLE TO LIVE UP TC.

AND T WASN'T MY RESPONSIBILITY
To LWE UP TO ITY

THEIR MISTAKE, NOT MINE! SO 1 WENT TO A
BOB"S OFFICE FEELING A LITTLE BETTER,

GOING TO
TELL YOU WHAT
TO DG, BUT I
CAN TELL YOU

YOU'RE
; TEACHING
Y/ YOUR CLASSES WELL,
{ AND WE‘RE VERY SATISFIED.

o

TAKE ALL
THE RISK WHEM
WE HIRE A
PROFESSOR, 20
DON'T WORRY ABOUT
WHAT YOU'RE NOT

ANY OTHER [ R e s 5 e |
EXPECTATIONS HE SAID [T MUCH o a
WE MIGHT HAVE o| BETTER THAN THAT, B a
ARE A MATTER / AND IT RELEASED o

OF LUCK. _ ME FROM MY GUILT. =

- - | PHYSICS RESEARCH HAD BESUN
- TO DISGUST ME 4 LITTLE. I USER

—— 7 |TO PLAY WITH IT, BUT RECENTLY I ...

-~ et i Jl -

EwW A-mTUDE.] J

| ANYWAY, 1 GOT THIS N

"o



| NOW THAT 1‘M BURNED OUT AND
Ll WON'T EVER ACCOMPLISH ANTHING,
I'M GOING TO PLAY WITH PHYSICS,

\

WITHOUT WORRYINS ABOUT
WHETHER [T'S IMPORTAMNT.

m

SINCE [ HAD NOTHING BETTER TO D
T STARTED TO FISURE OUT THE
MOTION OF THE ROTATING PLATE.

|




] 1

THE "WHY* OF IT

50 I LOOKED FOR
A MORE FUNDA-
MENTAL WAY TO

EXPLAIN THIS
2-WOBBLES/
1-ROTATION
RATIO I SAW IN
THE CAFETERIA,

=t
e 9./ t‘:
P =07 \ Coe

. ¥ T
I DON'T REMEMBER HOW,
BUT I WORKED OUT HOW
ALL THE ACCELERATIONS
BALANCED TO MAKE
IT COME OUT.

A=

. LY e

il

HANS, WHILE
YOU'RE HMERE,
LET ME SHOW
YOU SOMETHING
INTERESTING.

PLATE COES |
AROUNDG

AND THE REASON
IS TWO-TO-ONE

e

THERE'S MO
IMPORTANCE
WHATSOEVER!




[ s =
[op AND THE EQUATIONS OF WOBBLES T WORKED
[LT'A JUST DOING IT FOR THE FUN CF 7. | OUT STARTED ME THINKING ABOUT HOW
ELECTRON ORBITS WORK N RELATVITY THEORY.

BETHE'S REACTION DIDH'T DISCOURAGE ME. 1
HAD MADE UP MY MIND-T WAS SONNA ENJOY
PHYSICS AND D'-?_WHP-TE‘!"ER I LIEED.

| | THEN THAT LED ME TO ELECTRODYNAMICS
| AND THE DIRAC EGQUATION, e

-

THEN TO GUANTUM ELECTRODYMAMICS.

e i - =




AND S0 T FOUND
MYSELF WORKING
ON THE PROBLEM
- I'D STOPPED
DOINE WHEN
ARLINE AND I
WENT TO LOS

I ALMOST TRIED TO RESIST »
IT, ITWAS S0 EFFORTLE 5.

HARVARD
as47)

T






— - T P, T
WE WERE TRYING TO CORRECT. . WELL ...
~t ALITTLE HOCEY Q"“f“ COMPLETE...WORK DONE BY DIRAC, WHO

(5l - DETERMINED THE STRENGTH OF THE
(19471948) MAGNETIC MOMENT OF AN ELECTRON
TO BE 1IN CERTAIN UNITS.

BUT NOBODY COULD

: = L L CALCULATE IT MORE

2 > BLH G b , 2 ACCURATELY WITHOUT

S0 T TURNED OUT THIS WAY: JULIAN SCHWINGER R GETTING S CREWY
AND T CLIMBED THE SAME THECRETICAL - ' ANSWERS. DlRAC SAID:

MOUNTAIN, BUT FROM CIFFERENT SIDES. | g

i W i::= = W

[ IT SEEMS
THAT SOME
ESSENTIALLY
NEW PHYSICAL ¢
IDEAS ARE HERE |

MEEDED.

VISUALIZE THE STUFF GOING
OH IN THE EQUATIONS,

i

e



MY COLLEAGUES
IS 1M FROM
CAMBRIDGE AND
I WOULD LIKE
B T

P

THE BLOODY ACTUALLY I
LIKE THAT
ABOUT
DICK,

THIS Wiy 1
KNCW THAT
WHEN WE DO

ATEET et T =

1 [[=iiroan]
LT LIKED THIS FREEMAN DYSON FELLOW | 1T WOULD'VE BEEN GREAT FOR WHEN
AS SOON AS WE MET. KINDA CLASSY, PECPLE DID SOMETHING REALLY STURID.

===

"y



BUT I ALREADY HAD ONE, SO WHAT CAN YOU DO?
1

1T MIGHT
BE USEFUL TO
CONSIDER EVENTS ;
= | THROUGHOUT TME. 2\
5\ ALL ATONCE., ==

ANYWAY, HE WAS VISITING
THE U.5. AND ATTENDING
SCIENTIFIC MEETINGS, LIKE

THE AMERICAN PHYSICAL
SOCIETY IN NEW

P T
THINE THE
CBVIOUS DIFFERENCE
BETWEEHN PAST AND FUTURE
DOES NOT SHOW UP FOR
Y MICROSCORIC EVENTS.

THEM THERE WAS THE OME IM
THE PoCOHC MOUNTAINS. ..

EVERYEODY SHOWED UP TD THAT OME:
BOHE, OFPENHEIMER, DIRAC, FERMI, BETHE.

4

SCHWINGER SPOKE BEFORE ME. HE
ALREADY HAD A GREAT REPUTATION.

e -
(-

AT THE TIME, I HADN'T DONE ANYTHING, |
S0 I THOUGHT HE'D BE OLDER.

ITWAS A SENSATION=] DIDN'T UND
HE CAME IN LIKE A BULL INTO A RING, AND... HIM, BUT HIS LEL"I‘JEES WERE EEﬂFéi:rr,Mﬂ

118



;_' ALL I EUED m} IS, vr:ru imcw.
TALK ABOUT SOMETHING.,

[ LOOK, SCHWINGER STARTED TO
| LOSE PEOPLE WHEN HE TRIED
\ TALKING ABOUT THE. MEANING

OF HIS EQUATIONS. é

WE DO THE
PATH INTEGRALS
HERE, AND

WHAT 1S THIS
NOTATION YOU
ARE USING?
1'vE NEVER. ..

[ LOOK HERE, ONE CANNOT &

"FORGET ABOUTY
HEISENBERGS'S

"y

THAT' S HEIEEH‘EERG’
STUFF THERE.

JUST FORGET
ABOUT [T, SEE?
LET ME SHCW
YOou THIS,

BOHR THOUGHT I DIDMW'T
UNDERSTAND THE
UNCERTAINTY PRINCIPLE,
AND OTHER BASIC
THINGS.

i 'fl-ju _|_|_| Fp =




BUT SCHWINGER AND I GOT TOGETHER, AND SAW
THAT WE WERE BOTH ON THE RIGHT TRACE,

A

| DIFFERENT PATHS, THOUGH— &
I COULDN'T UNDERSTAND HIS

MATH AND HE COULDN'T
UNDERSTAND MY PICTURES.

\
et ;
a'.l

f:l""-{'f_j o

b

BUT YOU KNOW, IT WAS CKAY. |

{1 AM
GOING TO
THE FOST
OFFICE. b

_..-"'L"'_""-ﬂr"
1% 4
g\

2\

{BE CAREFUL,
} IT'S SLIPPERY

120



{1 HAVE
b [ NO IDEA WHO
MIEHT BE
WORKING ON

(NOW THAT Wi
: WE HAVE
SAVED ENOUGH
MONEY FOR . g
POSTAGE. LwouLD =1 — 1§
LIKE TO GET THE == U
OFINION OF THE
AMERICANS ON THE
WORK I DID

DURING THE
WAR>

SNOBODY,
FERHAPS. &

{BUT THE
FAMOUS MR,
J. ROBERT
OPPENHEIMER
WILL KKNOW. b

A VOICE FROM
THE DEEP
(1948)

121



_\\
WHEN DID THIS IT's N\
GET HERE, SCHWINGER'S
HANS? QED, 5 YEARS
BEFORE JULIAN AND
; COMPLETELY...

UNBELIEVABLE —
f HOBOLDY TALKED TO
ANYRBODY IN JAPAN
FROM 1247 UNTIL

AFTER, WELL,
e,

AND WHEN DIC
YOU SaY THIS
WAS WRITTEN,
FREEMAN?

P R

IN TOEYO.
HOoW? BETWEEN
AlR RAIDS? WHERER
IN A BOMBE SHELTERT

==
[ 50 TOMONAGA
CLIMBED THE SAME
MOUNTAIN, BUT
HAD FOUND AN
EASIER PATH THAM
SCHWINGER.

AND MY METHOD GOT
RESULTS FASTER THAN

EITHER OF THEIRS, E'I’

COULD UNDER-

STAND THEIR
STUFF, AND MY
STUFF AGREED |e

1EE



THAT'S WHEN
I KNEW1
HAD SOMETHING.

ANYBODY WANNA GO DOWN (=
70 THE STUDENT UNION
AND LOOK AT

WELL, NOT ME. I HAVE T
GET READY FOR SUMMER
SCHOOL, SCHWINGER

IS LECTURING IN ANM
: ARBOR AND . ..

A COUPLA
QLWEEKS FROM HOW,

TELL
YOL WHAT,
I'LL DRNWE YOu.
I'M GOING TO

THE wayy TO ANN
ARBOR FROM CORMELLT
I'M STILL A BIT CODGY ON
AMERICAN GEOQSRAFHY.. .

L *ON THE Way?* THAT' S
. WOT THE POINT!

I'M GONNA
MEET THIS
WOMAN I KNOW,

MAYBE

SO CTMON.
1 GET COMPANY
FOR THE TRIF AND
You GET TO SEE
SOME OF THE

MARRY




=
WE PICKED UP HITCHHIKERS SOMETIMES, BUT

MOSTLY [T WAS JUST US FOR THE FOUR DAYS,

WE TALKED ABOUT WOMEN, |

¥ WE TALKED ABOUT THE WAR, |

WE TALKED ABOUT ARLINE, |
WE TALKED ABOUT PHYSICS.

WE TALKED |,
WEATHER.

THERE'S. ..

WELL THERE'S EXCEPT
NOTHING MUCH

MOSRE RAIM,
HERE. ‘ IT SEEMS.

AND CARS.
WHERE DID
g THEY ALL COME
FROM?




/ THIS MAKES THE
HARDEST RAINS
IN ENGLAND
3 LOOK LIKE A
(5 DRIZZLE

PERHAPS
WE SHOULD
\ FIND A ROOM
TO KIP IN?

FLEE?DS & 1 e = LET'S SEE

U AHEAD. THE ROAD ISN'T Tl e e SRR, IF WE CAN
P passapLE BEYOND TowN. JiY| EESEE S make T

T

| WE DROVE ANOTHER 10 MILES OR
AND THEN REACHED AN ARROYWO.

AT

CoN'T
WORRY,
HAPPENS ALL
THE TIME. I°LL
FIND LS A

125



THAT'LL BE TWO BITS EACH.
EXPECTING ANY DER NEW MANAGEME

THIS
KIND OF
FLACE, THERE
ARE USUALLY

AND NOBODY MAKES fa
RESERVATIONS,

ME,
I“M THINKINY

STUFF 15 BEAUTIFLIL,
AND WHAT YOu TOLD
ME ABOUT TOMONAGA'S

STUFF SOUNDS
&\ RIGHT,
(=

/ BUT...
IT'S JUST
GUATIONS.

126



AND THE PHYSICAL REVIEW SETS
ALL FULL OF THESE FUNNY-
LOCKING PICTURES?

TEEE 2
WOULDN'T IT BE FUNNY IF THESE | |BECAUSE, YOU K”U""'-j\
THINGS TURN OUT TC BE USEFUL, | | I DISLIKE TALK THAT

| SAYS THERE'S NO
PICTURE POSSIBLE... £

TO KNOW 1S HOW
TO CALCULATE
SOMETHING.

MATHEMATICS IS
TERRIFYING.. .

UNDERSTAND THEIR
EQUATIONS.

127

I WANT TO
UNDERSTAND




BUT YoU CAN'T EXPLAIN
THE FUNDAMENTAL LAWS
OF NATURE TO A
HIGH SCHoOL

‘ WE CLAIM THEY'RE SIMPLE,

HEY,
GIUIET IM
THERE. WE'RE
TALKIN'
PHYSICS!

[ INWHAT SENSE ARE THEY Si

]

i

il
= .

MPLE -
BECAUSE WE CAN WRITE THEM iz
_ IN ONE LINE OF MATH? =

[ WE DIDN'T SLEEP THAT NIGHT.

. ; T /:"' F 'f—-;—.f i
—.__‘_\_‘_\_‘__‘- / i L rj _,---"""'#f /

e

BUT FPH.D.
OR NO PH.D.,

IT TOCK You AHD
ME & LOTTA YEARS
OF COLLEGE TO
UNDERSTAND THE
SYMEOLS/

N

L

THE RAIM AND THE
- OTHER STUFF WAS
Too LOUD, BUT
ITWAS FINE,

= i e e

VAT hlrlllllllllmn'.r.:n-: =

™
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I DIDN'T END
(" UP MARRYING
| THE WOMAN IN
| ALBUGUERGUE,
BY THE WAY. HANS
|| AND FREEMAN
THOUGHT THIS

50 AFTER DROPPING OFF FREEMAN, 1 STOFPPED
IN PITTSBURGH AND STAYED WITH MY FRIEND
MULEIKA AND HER HUSBAND HERE.

I

" ABUNCH OF %
OTHER PEOPLE
TOC, APPARENTLY,
SINCE HE DIDN'T

KNOW WHERE
b YOU WERE,

WHADDAYA

THAT'LL MAKE ME
RESPECTABLES

HE S4YS DYSON HAS WRITTEN A PAPER THAT
TALKS ABOUT YOUR STUFF AND SCHWINGER' S5,

T ALWAYS HATED WRITING, AND HAD J
AVOIDED IT. I'D RATHER, YOU KNOW. ..

SURE, AH, T'D
Dick, BUT RATHER &IVE
YOuU HAVE TO A COUPLE MORE
WRITE ABOUT TALKS ABOUT

WHAT YoUVE I,

HERE,
LET ME TELL
You ABOUT MYy
THEORY OF MOVING
BACKWARDS
IN TIME...




THEY LET ME TALK, BUT FOUND
A WAY TO MAKE ME WRITE TOO.

YOUR RESULTS.
FUNNY PICTURES
AND ALL,

Do T AND WELL LET
You ouT,

WHAT?!
I GOT A DATE

TELL
ME HER 2
I'LL PHONE
HER.

YOU kNOW T
CAN CRACK
SAFES AND PICK
LOCKS DON'T
yous

120

SHE MUST

BE REALLY

SPECAL.
h NICE TRY.

THAT'S
WHY IT"S NOT

LOCKED.,




MULEIKA?

MULEIKA?
\ HERB?

/ YWEAH.
IT"S GREAT.

GOCD. ILL

EAT IT WITH

GLAD
TO HEAR
IT. SLIP IT TO
ME UNDERE
THE DoOR.

13




Eal

IT CAME OUT AFTER DYSON'S. HIS PAPER HAD SOME
CRAZY LANGUAGE THAT I COULDN'T UNDERSTAMD,

A A

;.‘? P - o ." " fh

§ 3 |
e

A

mv‘

UE_".

FREEMAN'S WORK COMVINCED ;
OPPENHEIMER MINE WAS ORAY. 50 THAT was THAT,
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[ =X
F CORNELL HAD SOME 600D PECPLE, BUT
IT ALSC SOME REALLY INANE DEPARTMENTS,
| LIKE *“DOMESTIC SCIENCE.”

11}

CORNELL-CALTECH: B
THE SCENIC ROUTE  [L1 -/
(1951-1953)

i M

I CAN GIVE YOU
A HAND WITH
THAT PHYSICS

HEY,
< I'VE HEARD
| OF You. YyOU’'RE
NOT A STUDENT,
YOU'RE
FROFESSOR

[THE WEATHER WASN'T S0 HOT EI‘I‘HER.J

AND... MY COVER WAS BLOWHN.
THE COEDS HAD CAUGHT ON.

£ e -

£

WORLD THAT DIDN'T
HAVE THESE PROBLEMS,

PROFESSOR BACHER HAD GONE FROM
CORNELL TO CALTECH, AND 1I'D :
VISITED HIM A4 COUPLE OF TIMES.

(v R

=
5

B
HERE, BORRCW MY CAR AND
mﬁ%-l géiugﬁrﬁﬁﬁg HAVE A LOOK AT HOLLYWSOD

AND THE SUNSET
STRIF

|| CALTECH HAD GOCD WEATHER AND A |

PERFECT FOR A
ONE-SIDED GUY LIKE ME.

PR T T

133




THE PROBLEM WAS, CORNELL MADE A
COUNTEROFFER AMD I WAS LIKE THE
DONKEY BETWEEN TWO PILES OF HAY.

S o e —
Mam e

e
.(wf Y v Y

] I REALLY WANTED TO GO TO BRAZIL, AND 1
HAD & SABBATICAL LEAVE AT CORMELL TG 2O IT,

Pl LS fo
il 50 1FIGURED THAT T
| CLINCHED IT-1I°D STAY.,

Py
,'*-u.-.-u
ek

P ar = el TUN A a2

|
z

HO PROBLEM:
SPEND YOUR
FIRST YEAR HERE
AT CALTECH. ..
DOWN N
RIC,

S0 I TOOK THE JOB, AND PRETTY

» | 200N AFTER DECIDED THAT WAS IT.

I HAD A GO0D TIME IN RIC.
I EOT A ROOM AT THE MIRAMAR.

o

r b -

| | I DECIDED I WOULD |/
HEVER DECIDE AGAIN. |+

||_ | e T TR

=




!
I WENT OUT TO THE BARS WITH THEM AND HAD
| A FEW DRINKS SEVERAL NIGHTS A WEEK.

™ 4

O
T T e e
L BUT OME AFTERNOONTI [% ~.
”‘| FOUND MYSELF THINKING; WAIT &
- T BAR MINUTE !

: /” YEAH,
THAT 'S WHAT

BUT THERE WaAS NO SOCIAL
REASON TO DRINK, AND THE
G FEELING SCARED ME.

THINKING THAT I DON'T WANNA |
MESS LUP THE MACHINE THAT
MAKES LIFE A KICK.

50 [ DECIDED, RIGHT THERE, NEVER TO DRINK AGAIM.




| BEHIND THIS
\ SYMBOL IS...

[AND INTHIS |
VASE THEY PUT |
ENTRALS. [

You WERE A
\ SCIENTIST?

1 REALIZED I WAS LONELY
FOR THIS OME WOMAN,

LEARNEDR ‘n-us STUFF
,  FROM MARY LOU.

[ someBoDY WISE WOLLD HAVE.
| TOLD ME THAT'S DANGEROUS .

OM AT CORMELL, AMD
THEN SHE MOVED TO
WESTWOODR, NEAR

I WAS ALONE, AND WITH NOTHING BUT PAPER
¥OU REMEMBER THE GOOD THINGS AND
| FORGET THE REASONS WHY YOU SPLIT UP,

126



|| WHY YOU ARGUED ALL THE TIME,
I o

AN OLD BORE

INVITED US FOR
DINNER T& MEET |

WAITAMINNIT-
DID HE SA&Y MEET
N OLD BORE, OR
MEET THE
BOHR?

WHAT
DIFFERENCE
DOES IT

—_— e ==y e =5
WELL, THE SPELLIVG [ e
1S DIFFERENT FOR 4 f Ep
ONE THING! .l
|

‘'~ | " DIDN'T STAY MARRIED LONG.

g = T e T

SO IT DIDN'T WORKE OUT, AND WE [

THE SPACING FOR [
THE BOROM LEVELS
WE TALKED ABOUT
L AST WEEK. ..

DEAR FERMI: SO I AM, WITH THIS
LETTER, SWING UP ON YUKAMA'S
IDE&S AND AM SGOING TO THE
COPACABAMA BEACH TO SEE
IF T CAN GET ONE CF
MY OWHN.

r_ “I GET LOTS OF
IDEAS AT THE
BEACH.
YOURS, FEYMMAN. "

|| AND WITH LETTERS, TCOO. g
THEY WERE OKAY FOR SCIENCE. |

137



l_-'!

H

El 1 LJOINED

- THE “FAKERS OF CO
. |was MORE LIKE & SCHCOL OF FISH, REALLY—

%

P

: | 4 i "=
A SAMBA SCHOOL CALLED
THE FARCANTES DE CCPACABANA, ||
- = e

)
BCABANAY SCHCOL

-

I pl..ﬂ'!"ED‘_"_FHE FE‘JSIDEII?.H FoR 'JHEM )

E{THE AMERICAM ASAIM S

O s —
[50 1 PRACTICED ALL THE TIME. | ~—"— |
o= ey ” (2 )

TO CARNIVAL, I WAS OKAY.

‘ AND BY THE TIME IT WAS CLOSE @ -

| =7 /
A =7
WE DI SOME PRACTICE MARCHING IM THE
STREETS, AND T WAS ENTIRELY UNLIKE IN THE U.S.

e A
NOBODY MADE ANY ARRANSEMENTS BEFOREHAND, BUT IT WORKED OUT FINE |

138
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ALL CWER

1 WE WALKED AT RANDOM

THERE WAS 4 COMPETITION JUST

3 BEFCRE CARNAVAL, AND WE ENTERED IT.

PROFESSOR
FEYNMAN, THE
SAMBA SCHOOLS
OF THE BEACHES
COMPETE
TONIGHT.

COPACABAMA,
IPANEMA, AND

WILL ALL BE
REEFEESENTELD,

COFACABANA.
: ?_'f'E“PE{a
3
e 1Y ]
[=]
(TR e et I
B8 15T IT WAS WONDERFUL.
R B
i 00 o
H.f £ g — X m
| L & - i
F | £y I ol
00 jikas 1 £
AH, T'M KINDA
BUSY TONIGHT.
L MAY NOT

MAKE IT,

IT S HOT
LIKE.. WELL,
THESE WHO
JUST FPASS

BUT YOU MUST
SEE 17—

HE s.lu I'D LEWE IT SO MUCH,
AND WAS SORRY I'D MISS IT.

i

S0 WE FARCANTES JOINED THE MARCH, WHICH
EVENTUALLY PASSED |N FRONT OF MY HOTEL.

WE WON THE COMPETITION, AND 1 WAS A REAL FARCANTE.
BESETErTAR
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B
[;LTEcH I ALSO WENT TO JAPAN.

EFORE FULLY SETTLING IN AT

I LOVED THE PLACE, BUT DIDN'T GET AS FAR
WITH THE LANGUAGE AS I DID IN BRAZIL.

IM EYCOTC L TOOK LESSOMNS
FOR AM HOUR EACH DaY,

{YOU WOULD SAY,
“MAY [ OBSERVE

YOUR GORGESUS
BARDENT")

LMY T
SEE Your
GARDENT )

NG, I7M
AFEAID ITIS A
LITTLE DIFFERENT.

CNOW HOW
WOULD YOoUu
ASK IF I wWouULD
HLIKE TO SEE YOURS?TY

{UM... WoULD
YOoUu LIEE To sEE
MY GARDEN?Y

LM SORRY,
BUT THAT IS ALSO
INCORRECT. IN THIS

Mo

I WAS MAINLY LEARMING JAPANESE
FOR TECHNICAL REASOMNS, SO T
CHECKED WITH OTHER SCIENTISTS TO

SEE |F THEIR PROBLEM WAS THE SAME.

50 WHEM
ITS ME, IT'S
"I SOLVE
THE DIRbc

W ¥

2




[ AND WHEN T ASK YOU

| TO DO IT, THE WORD

A "SOLVEY IS
DIFFERENT?

1 I il il

I GAVE UP—TI:HS STUFF ABOUT WHEN IT'S ME
IT°S MISERABLE, WHEN [T'S YOU IT'S ELEGANT?

IRERe

BUT WHEN T SOLVE IT,
AND WHEN YOU SOLVE IT,
IT'S THE SAME DAMN
THING!

: S,

BUT IT"S MORE
FOLITE THIS
WY,

CALTECH
(1952-)

e

INST IV TE

0

'HJ_ 'I'El'riri"lﬂ... qjg%

= 118

-

i

AS A FULL PROFESSOR 1 HAD
MORE SABBATICALS, BUT
CALTECH WAS SO PERFECT FOR | E

ME THAT SOMETIMES I STAYED |

o

OM CAMPUS FOR THEM. e

= ===
4 "“ T
gerapr = s




Ll Ty 1 ~db T

I DIDN’T EVEN COME CLOSE TO LEAVING,
NCT EVEN WHEN THE L.A. SMOG SEEMED
JUST AS BAD AS THE LTHACA SNOW. THE
REASON? EI.I"-'PLE.

BAADE FOUND THERE
ARE TWO DIFFERENT
POPULATIONS
OF CEPHEID
VARIABLES/

et

IN THOSE DAYS THE EARTH APPEARED TO
BE OLDER THAN THE UMNEREEé 4.5

BILLION YEARS VS, 3 BILLIOH YEARS.

—

THANLS
FOR TELLING

ITWAS A PUZZLE, BUT |F THERE WERE [B
MORE TYPES OF CEPHEID VARIABLE STARS
=THE EIND USED TO DETERMINE THE
DISTANCE OF GALAXIES-THE UNNERSE

TO TELL
; You ABOUT THE
| EXPERIMENT THAT

WAS OLDER THAN WE THOUSHT.

1T WAS BEAUTIFUL-HE'D USED HEAWY NITROGEN
TO FIGURE OUT THAT WHEN BACTERIA DIVIDED
IN TWO, SOMETHING WAS REPLICATED.

THE THING DIDN'T JUST SPLIT IN TWD, RIGHT
DOWN THE MIDDLE, LIKE PEOPLE THOUGHT.
SOMETHING WAS BEING COPIED.

=] THIS SOMETHING
| WAS DNA, AND AGAIN
L] 1 HEARD ABGUT
IT RIGHT AnaY.

THE PLACE WAS PERFECT FOR A GUY LIKE ME.

ALL SCIENCE—-NC GOOPY PSYCHOLOGY,
FHILOSCPHY, OR HOME ECONOMICS.

e



["50 EVEN WHEN FERMI DIED, AND THE LATER, LEONA MARSHALL, WHO L KNEW FROM THE
UNIVERSITY OF CHICAGC TRIEDTC | | MANHATTAN PROJECT, FOUND ME AT A SCIENTIFIC MEETING.
TETME. | & 7T CAN'T UNDERSTAND HOW '
=] _ YOU TURNED DOWN SUCH /.
e \  ATERRIFIC OFFER. _/
1 DON'T 7 == '
EVEN WANT ~/ :
TO KNOW THE >
SALARY. . :

T—}-—- - BESIDES,

l - ngu. I5 1N THE
o EASY. I
'I' OTHER ROOM. IF i LT

SHE HEARS THE SALAZY
WE'LL SET INTC AN
R g s ARGUMENT.

et 11

THEM TELL ME WHAT
, THE OFFER WAS.

A WEEE LATER 1 SOT A LETTER FROM
HMER. LEONA TRICKED ME: THE
FlIRST SENTENCE READ:

IT WAS A STAGGERING AMOUNT,
| AND 1 WROTE BACK RIGHT AwaY. |

PECIDED
I MUST
REFUSE.*

*1 KMOW WHAT WOULD HAPPEN:
I'D WORRY ABOUT HER, 1'D
HAVE ARGUMENTS AT HOME.

*&0 SINCE
WHAT I'VE
ALWAYS WANTED
TO DO WOLRLD

BE BAD FOR

TWITH THAT SALARY, 1 COULD
GET A WONDERFUL MISTRESS,

PUT HER UP IN AN APARTMENT,
BLY HER MICE # I-I#JEE UNHAPPY, AND I WOULDN'T BE ME, I CAN'T

ABLE TO DO ANY PHYSICS, L_ ACCEPRT."

= : -=-t§:-
“THAT WOLULD MAKE ME




l'

_, HHHHAE
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| THAT NIGHT JIRAYR |
| ZORTHIAN AND T WERE |

WE GOT TO TALKING AS THE PARTY |
|| WOUND DOWN. HE WAS AN ARTIST, AND |

BOTH TRYING TG
t|  IMPRESS A GIRL
| NAMED ALESSANDRA
PANDOLFIN.

CKAY DICK, I'M GOING
TO GIVE YOU A LARGE
PIECE OF PAPER AND
L SOME CRAYONS,

IWANT You TO

0O THE MOST

QUTLANDISH,

IHOTIC, CRAZY

DRAWING THAT
YOu CAM

b, POSSIELY

: oo,

%=

L HAD THINGS TO SAY ABOUT THAT.

..KIDS CAN DO

| BETTER THAN
WHAT [ SEE IN /.
., MUSEUMS. /.

=

—
=
T NOW WHAT THEY'RE DOING. .,
OTHER THAN PULLING OUR LEGS/!

THEY DOMN'T

SURE. .
GIMME THOSE.
ILL SHOW %A,




[ T HAVE AN IDEA.
1'LL CALLYOU
A TOMORROW.

JERRY-THAT'S WHAT I CALL HIM
NOW-ENDED UF WITH HER.
£l

S0 OM ALTERMNATE SUNDAYS 1°LL GIVE

YOU LESSCONS IN SCIENCE, AMD ;

You GIVE ME LESSONS e
IN ART. : g

THE IDEA WAS THIS: 1°'D BEEN HAVING DOPEY
ARGUMENTS ALL MY LIFE ABOUT ART VS, SCIENCE,

WE NEVER GET ANYWHERE BECAUSE k‘&l’
YOU DON'T KNOW A DAMN .

THING ABCUT SCIEMCE,
AND I DON'T KNOW A

CAMN THING

and "L‘- F

NOT
IMPOGSIBLE,
OF COURSE,
YOLFLL HAVE
TO WORK,

1 W.GNTED TO COMMUHICATE i) EMCITION I HAD
ABOUT THE MATHEMATICAL BEAUTY OF NATURE.
THIS MAST WORLE, ALL RUN BEHIND THE
SCEMNES BY THE SAME ORGAMNIZATION.

&



JERRY TURNED OUT TC BE A GREAT TEACHER.

BE COMMUNICATED THRCUGH DRAWING.

OKAY, GREAT.) || \
- //\
s ¢

AZCUND BACK ‘
THE LINE OF THE

FLOWERPOT RDOESN'T
TOUCH THE LEAF.

THAT'S A

* SO0D WY
Sy | COF SHOWING

CEFTH, VERY

CLEVER.

AMD
THE LINES
AREN'T ALL

THE SAME |
THICKMESS.

THAT'S

GOOD TOO=
IF THEY'RE ALL
THE SAME THE
DRAWING CAN BE DULL .

IT ALWAYS WENT LIKE THAT: HE USED EVERY-
THING THAT I THOUSHT WAS A MISTAKE TO
TEACH ME SOMETHING M A POGITIVE WAY.

L. T4

1 DREW ALL THE TIME.



[ STARTED TAKING
CORRESPONDENCE

AT THE PASADENA
ART MUSEUM.

COURSES AND CLASSES

[T ] :
11T MADE ME THINK ABOUT
|| HOW WE TEACH PHYSICS.
b o

o

HAVE 50 MANY MATHEMATICAL
CHMIQUES THAT WE MNEVER STOPR
LINE FEQPLE HOW TO DO THING

BUT DRMWING P
TEACHERS ARE
AFRAID TO TELL
YouU ANYTHING.

IF YOUR LINES ARE TOO HEAVY,
WELL, SOME ARTIST HAS
FIGURED QUT 4 waY TO MAKE
GREAT PICTURES WITH HEAWY LINES,

SO THEY ENMD UP TRYING TO
COMMUNICATE BY OSMOSIS,
LY == T

TECHMNIGUE, RATHER THAN THE SPIRIT

[ FPHYSICS TEACHERS ALWAYS SHOW

OF HOW TO SOLVE PHYSICAL PROBLEMS,

—

‘ = =)
MEITHER WAY WORKS ALL THE TIME— WE
STILL DON'T ENOW MUCH ABOUT TEACHING.

= g

JERRY HEVER DI LEARN
MUCH PHYSICS. HIS MIND

WANDERED Too EASILY...

A MOTOR THAT
DOESN'T WORK &hD
L GON'T KNOW WHY. DO

S )

“| YOU THINK WE CAN Eix IT?

e

G
SO OUR ARGUMENT CHANGED FROM
SCIENCE VS, ART Ta wHO 'S A BETTER
TEACHER %5, WHO'S A BETTER STUDENT.




HELIUM AND THE 6-t
PUZZLE AND V-A
VECTOR LAW OF WEAK
INTERACTION
(1954 -1957)

| B i [

A

»

: OUT THE
: THEORY O

/,.| - HELIUM,

¢ — G\ ~ONCE.

I WORKED

F

\

A, ]

o

I - i
Y

=

t’l[ &

?‘.

R B

—

TEACHING, LEARMIMG, DISCOVERY, ALL MYSTERIESS .

| dERE

79 S

~y

o

+ =

BUT I ALSC WONDER: 'I;I'HF-T WQS_THE
PSYCHOLOGICAL CONDITION?

IT'S PSYCHOLOGICALLY FUNNY—I CAN
REMEMBER THE COLOR OF THE FAPER I
WAS WRITING ON AND THE ROOM AND
EVERYTHING ELSE,

R

WAIT. 1T CAN'T BE

THAT DAFRICULT. IT
MUST BE VERY EASY.
I'LL STAND BaCK AND
JUST TREAT 1T VERY

ny

I'D STRUGGLED AND STRUSGLED WITH
HELILW FOR TWO YEARS AND SUCDEMLY

l Gaw EVERYTHING. 1 LOOKED UF AND SAID. ..

BEACH AND I SAY,..

| AND THERE IT WAS! HOW MANY TIMES
| SINCE THEN, I'M WALK INGS OMN THE

LOgk. 1T
CAN'T BE SO
COMPLICATED. I

v AND TAP IT.

R

! ; LL
3 Bm  SIMPLY TAP IT




-
MY SISTER JOAN-A SCIENTIST HERSELF, NOW-
PUT ME UP WHILE I WAS AT A CONFERENCE.

WHY S0
DISCOURAGED?

AND NOTHING HAPPENS...

I'M READING
THIS STUFFE YAMNGS
AND LEE ARE DOING
AND IT'S S0...
COMPLICATED.

11 WENT TO BRAEIL AGAIN, AND BY THE
TIME T GOT BACK 1 WAS WORKING
OM A FROBLEM IH BETA DECAY,

BUT WHEN T GOT BACK HOME AND|

HEARD MY FRIEND MURRAY GELL-

MANN PROPOSE THAT PROTON-
NEUTRON DISINTIGRATION WAS

| Ve INSTEAD OF SET, I KNEW...

AND T CANT
UNDERSTAND IT. YOU'RE STILL A STUDENT,
AND WORK THROUSZH

EVERY LINE,

C;n UPSTAIRS, PRETEND

SHE WAS RIGHT—THE
PROBLEM WAE OBVIOUS [
AND SIMPLE. I'D BEEN |
AFRAID TC READ IT FOR |
SOME nan-sou

THATS
NOT WHAT'S GQING
ON, WHAT ¥OU MEAN IS ¥ou
DIDN'T INVENT IT=2IDN'T
FIGURE IT OUT YOUR OWN WAY.

- .-_.-.L-L-—

THE WHDLE THING WAS |
A MESS THOUGH fﬁ

I HAD THE WHOLE THEORY.
I KMNEWIT, BUT I HAD
TO CALCULATE |T.

EVERYTHING FIT WITH
EXPERIMENT TC WITHIN 2%, THE
THECRY EHOULD HAVE BEEMW
MORE PERFECT THAM THAT,
BUTITWAS CLOSE ENOUGH.

150



AND AS I LCOKED AT IT, I FELT THAT IT WAS THE
FIRST AND ONLY TIME THAT L KNEW A LAW OF
NATURE THAT NO OME ELSE KNEW.

IT WAS WONDERH

v

|

YOU'RE BACK 1N PLEASE LEAVE AND LET B 1D OMLY EVER DATED THIS
TOWN AND YOU DON'T = ME FINISH. e 5 WOMAN A COUPLE OF TIMES, AND
- EVEW CALL? 2 - - e = OF COURSE HER PURPOSE WAS
' g TO BOTHER THE HELL OUTTA ME.

; .'-,'_?,_; :
. :
1
~ IWE JUST Ere ey :
DISCONVERED SOMETHING : '_ SHE DIDM'T EXACTLY

AND TS IMPORTANT. - sIT EIT‘!—IER,

i 1 DONT REMEMEBER HOW I
| | FINALLY GOT HER CUTTA
4 THERE, BUT T DID. :

R ot et e e

151



" EVERYTHING
FITS! I'VE GOT
THE 8-T PUZZLE

LICKED

WHOA. HEY, FIRST,
WHAT BETA-DECAY
CONSTANT DID

BOOK, DF
, COURSE.

MEASUREMENTS
SHOW THAT
VALUE IS WRONG

CALCULATION
IS OFF BY 2%.

TR -

IT WAS LIKE YCIU‘F!E LETE Fc.u.'e
& PLANE, AND THEM SOMECNE
TELLS YOU [T'5 DAYLIGHT
SAVINGS TIME, BUT ¥OU CAN'T
REMEMBER WHETHER THAT'S
YERY GOOR OR VERY BAD

0.
IS 1T I.I'-"RONIS
BY 9% + 7%

HOAMC AH\

ICALL ¥YOU
) BaACK?
THERE SHMEW
DATAONTHE
BETADEC &Y
COMNSTANT

i IT"SOFFBY
] i T

I'MWORKING
IMOUTI'LLCALL
FOUBACK,

IT%E THE RIGHT UM‘}"—THE
DIFFERENCE BETWEEN THECRY
AND EXFERIMENT WAS REALLY
OnLY 2%

WAY OF CALCULSTING THINGS,
AND A GREAT WaY TO SWEEP
SOME PROBLEMS LINDER THE
RLUS, SO TO SPEAK. AND
FEOPLE WERE USING MY
FLNNY PICTUEEE

BUT THIS. THIS WAS A LAw OF
MATURE. HOT A BIG ONE, AND
T WASK'T REALLY THE DHLY
GUY WHO ENEW IT.

M EELEWAS f MRE EFF“:’E”rl!i ‘ Lw FRIEND MURREZAY ALSO

|

ENEW, FOR !HETANC E.

]|

BUT AT THAT MOMEMNT 1
THOUGHT T WAaS IT, AND AS I
BEHELD IT IN MY MINDC S EYE,

THE GOPDAM THING WaAS
SPARKLING, IT WAS
SHINIMNG SO BRIGHTLY.




= == = R ] )
| T
‘ WHICH WAS NICE, BECAUSE 1'D BEEN GONG | . — E#H%ngi%ﬁ Jf;féq '1'r¥ %‘Lﬁ’- Eeiﬁé:gﬁgl "
THROUGH A ROUGH PATCH, SCENCE-WISE. | A e :

_~| GWENETH
(1958-)

| scon AFTER, I WENT TO GENEVA TG |
GIVE A TALK ON "PROBLEMS OF THE
STRANGE PARTICLES WITH MURRAY.
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' AND 1 SAW HER, AND 1

STRANGEST THING-I HAD
NG IDEA WHAT TO SAY,

q

EXPERIENCED THE

UM, 50.
THE WATER’S
PRETTY COLD,

e T THAT DOESN'T HAPFEN
B OFTEN. T HADN'T BEEN
s s prasi IN THIS CONDITION SINCE... |

O

i\)\?}

]

—

HMPH.
PLSHY
AMERICAN.

YES,
IT DOES
INDEED SEEM
coLD.

HOWARTH, AND SHE WAS
EMGLIZH.

HER NAME WAS EHENETH_i

-

]

A

SHE'D LEFT HOME FOR ADVENTURE—
HADN'T EVEN BROUGHT ENOUGH
MCNEY FOR A RETURN TICKET.

SHE WORKED AS AN AU PAIR GIRL FOR AN ENGLISH FAMILY—
AND LUCKY FOR ME SHE WASH'T MAKING ENOUGH MONEY.

HEY,
1'LL PAY
YOU MORE JUsT
TO TAKE CARE
OF MY HOUSE
FOR ME!

1 CAN OMNLY
coOK STEAK,
LAME CHOPS, AND
: PORK CHOPS WITH

PEAS, CORN, OR LIMA BEANS.




THERE’S
ONLY MINE
PERMUTATIONS
OF MEALS FROM
THAT, AND THEN
IT REPEATS!

BORING!

. ' I CANMNOT REALLY SAY

THAT THE IDEA OF AMERICA
HAD CROSSED MY MIND.

e
T PERSUADED HER, THOUGH 1T TOOK A WHILE.
AND THEN & WHILE LONGER TO GET HER A VISA,

S e

I WAS
THINKING AUSTRALIA o L), R
= | WOULD BE MY NEXT PORT IT WOULDN'T 00 TO HAVE ME EE THE SPONSOR
e '\% OF CALL, ACTUALLY. LTHC:-UGH, SO MY FRIEHD MATT SANDS HELFED CUT.

e
SHE LIVED IN THE OTHER HALF OF MY DUPLEX. [ AND THEN, WE SORT OF
=i DISCOVERED EACH OTHER.

]

[ =
|

|

|

O OVER A YEAR GWENETH CATED OTHER
BLYS, AND T HAD A FEW DATES MYSELF

AT S

B e ol

55



I

MATT GAVE AWAY THE BRIDE, |*
AND JERRY WAS MY BEST MAN. |

I DON'T AUWAYS KNOW IT WHEN IT HAPFPENS,
BUT LILE 1 SAID TO FERMI, 1 GET SOME OF MYy
b= BEST IDEAS AT THE BEACH.

PLENTY OF RCOM :
(1959/1974/19€0)
: 5]

1cs oF EGUALITY -
2l IN EDUCATION -
& FEVYNMEN ..

ARCUND THAT TIME 1 SUFFERED FROM
A DISEASE OF MIDDLE AGE, AND GAVE
SOME PHILOSOPHICAL TALES ABCOUT
SCIENCE, THE DISEASE ONLY LASTED A
WHILE, BUT IT RESULTED IN
SOME IMTEREETING CONVERSATIONS. ..

[ EVEN IF T WAD TC DRESS FUNNY TO DO IT.

Eargull‘:ult Sciencﬂ W]

IF |T'S FIRE
WE CANT USE
IT CN SATURDAYS
ACCORDING TO
\ THE TALAUD.

3 OUR LONG B
= HISTORY OF LEARMING
 HOW NOT TO FOOL QURSELVES
AS SCIENTISTS IS, I'M SORRY TO
SAY, SOMETHING WE'VE LEFT FOR
YOoU 7O CATCH ON TO BY OSMOSIS.

. JCONMVERSATIONS WITH FRUSTRATING RESULTS. SO [
STOPPED ACCEPTING THAT KIND OF INVITATION AND
STUCK WITH WHAT [ KNOW,

15



SO EVEN THOUGH IT'S TOO LATE, T'L J
,  GPELLIT OUT HERE, ATTHE £
LAST MINUTE.

THE FIRST
PRINCIPLE
IS THAT You
MUST NOT FOCL
YOURSELF.

AND YOU ARE
THE EASIEST
PERSOMN TO FOOL.

YOU WHAT TO DO ABOUT
FOOLING YOUR WIFE OR
GIRLFRIEND, OR SOME-

THING LIKE THAT,

WHEN YOU'RE
TRYING TO BE AN
O DMARY HUMAN
BEIMGS. I'LL LEAVE
THOGE PROBLEMS T
YOou AND YOUR RBABEI.

/ WHAT DO
¥You THINK [T'S
A, ABOUT?

There's Pleaty o

g Kpone
I

BUT STICKING TO FEEAL 5€ENCE WAE ALWAYS
BEST. IT HAD SOME IH-TER-EST-ING RESULTS,

1'M NOT TRYING TO TELL | |

-~ AFTER THAT IT'S EASY
| NOT TC FOOL OTHER
| SCIENTISTS=YOoU JUST
= HAVE TO BE HOMNEST N
A CONVENTIONAL
: WAy,

- SOMETHIMG
ELSE I BELIEVE:
YOoU SHOULDN'T FOOL %
| THE LAYMAM WHEM YO L' RE
B TALKING AS A SCIENTIST.

WHAT I'M TALKING ABOUT IS A SPECIFIC, EXTRA
b INTEGRITY . A BENDING OVER BAC KWARDS. ..

FREE T MAINTAIN THAT KIND OF IHTEE-ELT'}’.

WHEN YOU'RE ACTING AS A
SCIENTIST,

S0 I UAVE
JUST oMNE wisH
FOR YOU: THE GOOD LU CK
TC BE SOMEWHERE WHERE YoU'RE

1 DON'T KNOW. MAYEE
THAT THERE'S LOTS




1 LIKE CRAZY TITLES, AND I LIKE NOT TELLING
|  ANYBODY BEFOREHAND WHAT 1 PLAN TO TALK

[

| ABOUT, IT'S FUN.

F?Enf‘:,r of
at the Bottom

TODAY T°LL
DESCRIBE A FIELD
: INWHICH LITTLE HAS BEEN
L DOME, BUT WHICH AN ENCEMOUS -t
AMOUNT CAM BE DONE. .. [N PRINCIPLE. B

THE FIELD ISN'T FUNDAMENTAL PHYSICS5—LIKE
"WHAT ARE THE STRANGE PARTICLES?"—
BUT INSTEAD ONE THAT HAS AN
ENORMOUS NUMBER OF
TECHMNICAL APPLICATIONS, 3

iy i
2] 1N 5
L r s
P

WHAT T WANT TO TALK
ABOUT 1€ MANIPULATING AND
CONTROLLING THINGS ON A SMALL SCALE.

| rmrsa Y
STAGSERINGLY
SMALL WORLD |
DOWN THERE, [/

OF THIS TALK 15
“THERE'S PLENTY OF BoOM
AT THE BOTTOM"=NOT JUST
“THERE'S ROOM AT THE BITTOM,

LET*S
START WITH
INFORMATIOMN.

IF EACH LETTER OF
THE ENCYCLOPEDIA
BRITANNICA TAKES
e OR 7 &TS OF
IMFORMETION=

I

A CODE
oOF DOTS AND
CASHES OR

SIS, S SCMETHING...

=

... WE WOULD NEED TO S5TORE ABOUT 101

BITE TO HAVE EVERYTHING IN EVERY
Book [N THE WwoRLD.

g




| WHICH 1S THE
| BAREST PIECE
OF DUST THAT
CAN BE MADE
OUT BY THE
HUMAN

DON'T
TALK TO ME & d
ABOUT MICRO- L

FILM...

BUT F FOR EACH BIT I
ALLOW A CUBE oF SXEXE ATOMS, =
ALL OF THE INFORMATION 1N ALL THE BOOKS 1N
THE WoRLD CAN BE WRITTEN DOWH [N A CUBE o
| OF MATERIAL ABOUT ¥/200TH OF AN INCH WIDE. THERE IS PLENTY OF ROOM AT THE BOT TOM/

h—s

IS 100-125 ATOMS TOOS [ o 1. i j SO WHAT ABOUT THE
B OPTIMISTIC? NO. 3 : e BRAIN ITSELF? .~

.

BIOLOGISTS
ALREADY K MNOW
ENORMOUS AMOUNTS
OF INFORMATION CAN
BE CARZIED IN AM
EXCEEDINGLY SMALL
SPACE. ..

THIS LITTLE
COMPUTER
I CARRY IN MY
HEAD CaM DO
REMARKABLE

DNA USES APPROXIMATELY
50 ATOMS FOR OME BIT OF
"i mmtmh'rmu ABOUT THE CELL.

1T EASILY 1
| RECOMZHNIZES FACES.

ACTUALLY,
T DON'T ALWAYS
| RECOGNIZE PEOPLE, )
BUT AT LEAST 1 ; : | -
RECOGNIZE THAT IT 740 3 COMPUTERS  W'T

: . WE CURRENTLY
L ot - & e BUILD CAN'T.
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|

[IF WE WANTED TO MAKE A COMPUTER RAVING THIS k. i
MARVELCUS QUALITATIVE ABILITY WE'D HAVE To THIS HAS DISADVANT, ]l
] AGES.
MAKE IT, PERHAPS, THE SIZE OF THE PENTAGON. | ITREQURES T00 MUCH STUFE." J %

{L\___'.,-F‘
&im

C,\ o
.

S e RELE -, - ey
s et A 3

ik Eor : FASTER THAN THE SPEEDNGE‘“ITEG TTEAvEL
| THERE'S ALSG THE PROBLEM OF HEAT | MAKE OUR COMPUTERS FAETEE AN]-I‘:} :ME}RE

i| GENERATION AND POWER CONSUMPTION. |5yl ELABORATE, WE'LL HAVE TO MAKE THEAM SMALLEE.
R e T T IR

Y s --
e '\-"-I.l1‘--'1.'-"1'“"\_\.1. R N e

s

o -

BUT THERE‘S HOTHING
I CAM SEE M THE
PHYSICAL LAWS THAT
SAYS THEY CaN'T BE
MADE ENORMOUSLY
SMALLER THAN THEY
ARE WOW.

HOW, YOU MIGHT SAY, "WHO WiLL |
DO THIS AND WHY SHOULD A
THEY?" WELL, THE REASOM

1 MIBHT DO IT IS i
JUST FOR FUMN.

THERE'S "" :
PLENTY OF ROOM.

S6 [ OFFERED $1,000 TO THE FIRST SUY TO |
TAKE THE FAGE OF A BOOK AND SHIZINK T

25,000 TIMES [N SUCH A MANNER THAT T CAN
BE READ BY AN ELECTROM MICROSCOPE

AND I OFFEREDR ANOTHER $1,000 PRIZE
| TC THE FIRST GUY WHC MADE AN OPERATING
lELEr::'rmc: MOTOR ONLY 1Yelt INCH ON EACH SIDE.
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I DIDN'T EXPECTIT

| TO TAKE MANY YEARS
FOR SOMECNE TO
CLAIM THE MONEY.

Llii§Z

it N‘ ZHE

| I ALSO DIDN'T EXFECT

ALL THE KOOKS, AND
FEQORFLE WHO JUST

DIDN'T GETIT.
. L F A S

Al

[

ii_

s

L

\r‘ NG

THIS WENT ON FOR A FEW MONTHS,
AND T SAW A LOT OF PG BOXES
CONTAINING, WELL, BIS MOTORS,

Il

L ook, THANKS FOR

COMINE M2, MCCLELLAN. BUT ANYTHING
THAT MEEDS A CRATE OF THAT SIZE...




WOW. NOW IF YOU'RE THINKING
ABOUT WRITING EMALL FOR
YOUR NEXT TRICK, HERE'S
MY ADVICE.

et

GWENETH WAS A LITTLE MAD, SINCE I
Ter SET ASIDE THE PRIZE MOHNEY

AND T WAS A LITTLE DISAPPOINTED

THAT HE DIDN'T HAVE TO CREATE A
MAJOR NEW FABRICATION
TECHNIQUE TO BUILD IT,

BUT STILL.. . THERE IT WAS !
FORTUNATELY, IT TOOK UNTIL 1986
FOR SOMEONE To CLAIM THE SMALL

WRITING PRIZE. 1 WAS A LITTLE
MORE SET BY THEM.

‘ CARL ]
i (1962-)
‘ MICHELLE

(1968-)

EWEMETH AND

I HAD TwoO

WONDERFUL

AND THEM.. WELL, HERE’S WHAT HAPPENED.
THEY JUMPED IN THE WATER AMD—

[ [=]
CADDY, WO,
READ IT

CH, 1
SEE. YES,
YOU'RE RIGHT,

| SHE KNEW THE | %
| STORIES SHE
| WANTED TC
HEAR AND SHE
KENEW HOW
THEY WENT, [
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1= | T 1T TR

|'|-\'TTH MY SON, [T WAS DIFFEREINT.

i‘.x' | ']*. \ll'| - !

AW, DADDY' S

A LITTLE TIRED.
CAN'T WE JUST...
. O, DAY,
“NOW, REMEMBER THE LITTLE PECPLE FEROM “THEY'RE A FUNNY COLOR TOO. AND
LAST TIME? WELL, THEY'RE GOING ON A PICNIC HLONG THE WAY, THEY SPOT A CAVE, AND
TONIGHT. THEY HAVE A LONG WAY TO MOVE IN CLOSER TO SEE WHAT [T WAS,
WALK, THROUGH THE WOCD S, [

¥
.

“BUT THE TREES ARE STRAMNGE-
THEY HAVE HNO BRANCHES, JUST TRUNKS.

!’
E

AT THE ENTRANCE OF THE CAVE, THE WIND IE_C.'OOL
COMING IN, BUT WARM AR BLOWS OUT CF T,

THE LITTLE PECOFLE WERE SLEEFY, S
S0 THEY THOUGHT THEY
SHOULE &0 TO BED.

BUT
/' THEYWERE :
WOoRRIED BECAUSE
THEY WERE LOST,
LMD DIDN'T KMNOoW
WHERE THEY /

"WERY MIST-EEER-IOUS!
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WHAT T LEARNED FROM THIS IS WHEN SOMEBODY SAYS, | ' _|
“I KNCW A VERY GOOD METHOD OF TEACHING SCIENCE,,."

I'u!.I'ELLiI A METHOD THAT WORKED FOR MY SON DIDN'T WORK
AT ALL WITH MY DAUGHTER. DIFFERENT PERSONALITIES.

MATT SANDS AND BOB LEIGHTON WANTED To |
REVISE FRESHMAN PHYSICS—CALTECH HAD THIS WENT ON FOR
GIVEN BASICALLY THE SAME COURSE A WHILE, UNTIL

FOR ABOUT 30 YEARS, THEY WERE
Ty 1 REALLY STUCK,

FEYNMAN LECTURES | |
ON PHYSICS
(1961196 3)

7 CAWT AGREE
| ONHOwW TO

=l APPROACH IT
. THOUSH.

s e

ETSE A BREIGHT [DEA.

| THEN SANDS &

—— BT T X b T N

|

BUT MATT WEFT AFTER
ME, AND I KEFT HAVING
MORE IDEAS Ok WHAT
COULD BE DONE,
FINALLY. ..

LOCK, I DON'T WANT TO DECIDE
BETWEEM THESE! LTS NOT

e MY THING.. .

DON'T ¥our sIVE

THE LECTURES? okAY, LD OK.
YoU ALREADY HAS THERE
MEET INFORMALLY EVER BEEN A SREAT
| ?WITH THb;g-'t N FPHYSICIST WHO GAVE
oUR P [ = 4 ABOUT, .. WELL A COLURSE TO : I DON'T
DISCUSSIONS. * L AMYWAY, NO. NO WAY. FRESHMEN? | THINK SO.

A0 L RIRE
PHYSICS X WAS & WEEKLY, UNOFFICIAL “"COLRSE” WHERE
UNDERGRADUATES GOT TCSETHER WITH FEYMMAN AND
ASKED HIM ANY (PHYSICE) QUESTIONES THEY WANTED,

-
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ey 774 th"f.f..":l’-.n’h

-

; , : .| [EACH LECTURE HAD TO BE A PRODUCTION-WITH
OKAY THEN, 1 LLDO T * | | A DRAMATIC LINE, AN INTRODUCTION, A DEVEL-
i OPMENT OF THE THEME, D A DENOUEMENT,

\W“ I L

['D FORGOTTEN

MY FIRST YEAR AT |
CORMELL. I
SPENT THE NEXT
& MONTHS SOLID
OM THES.

‘ &-16 HOUR'S EACH D
wn‘H MATTAHD EGE-

IN THE
FIRST FEW
LECTURES NO

NOTES NEED TO
BE TAKEN, BECAUSE

WE'RE TRYING TO

CEVELOP JUST &
FEEL—A FEEL-FOR

THE SUBJECT. OF ¢OURSE,

You CaN TAKE
BOWH ANYTHING
INTERESTING
=1 YOU'D LIKE TO
, REMEMBER...

JAUR CURRENT
| CWERALL PICTURE
™y OF THE WORLD?

my ﬂN‘SWER 1iF,
IN SOME CATACLYSM, ALL
SCIENTIFIC KNOWLEDSE |S DESTROYED,

TO THE NEXT GEhEF?ATIGNG OF..
CREATURES..
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WHAT WOULD BE THE
BEST THING, THE THING
THAT COMTAINS THE MOST
INFORMATICN IN THE LEAST
NUMBER OF WORDE?

"ALL THING S
ARE MADE QUT OF ATOMS—

LITTLE PARTICLES THAT MOVE AROUND, IN
FERPETUAL MCTION, THAT ATTRACT EACH OTHER
HYPCTHESIS—0R THE ATOMIC FACT, WHEN THEY'RE SOME DISTAMCE APART BUT
OR WHATEVER YOU WANT TO CALL IT, I RESIST BEING SQUEEZED [NTO OME ANOTHER, ™

IT*S THE ATOMIC

| IN THAT ONE SENTENCE YOU'LL SEE
| THERE'S AN ENCRMOUS AMOUNT OF
| INFORMATION ABOUT THE WORLD IF

JUST A LITTLE IMAGINATION AND
. THINKING ARE APPLIED.

AND I WAS SURPRISED BY THE
BAUDIENCE—MATT HAD HIREC A |

SECRETARY WHD WAS SOING TD
HELF MAKE BOOES OUT OF THISS

I'D MEVER SEEMN HEE BEFORE—CALTECH
WAS ALL-MALE AT THE TIME.

E was s EPI:tSED. Hﬂ
EVER STARTED INTRCODUCTORY
FPHYSICS LIKE THIS.

YEARS, AND...T DON'T KNOW.

tTAUEHT THE WHOLE CLAGS. TWO |
z

WL WASTED
YEARE. .. ND
RESEARCH...
b DAMMIT WHY'D
L LET THEM TALK

|EEiN$ WEAK, WHEN SHE ATTENDED I GAVE
| ENTIRE LECTURE TO HER, S0 TO SPEAK,
| MBING THINGS AS CLEAR AS I COULD,

1E6



NO. SOMEDAY YOU'LL REALIZE THAT WHAT YOuU

DID FOR PHYSICS THESE PAST TWO YEARS
IS FAR MORE IMPORTANT THAKN ANY
RESEARCH YOU COULD HAVE

DONE IN THE SAME PERIOD.

I W =
KNOW, I DON'T THINK HE‘S|
| CRAZY NOW. T THINK HE WAS RIGHT. |

| THE BOOKS ARE |
.| POPULAR. A LOT
] OF PEQPLE
READ THEM,

I LOOK THEM OVER,
WELL.. . THEY'RE GOOD.
THEY'RE ALL RIGHT.

CiESATISAED
WITH THEM,

I EVEN GOT TO TALK A LITTLE BIT ABOUT BEAUTY IN
OHE OF THE LECTURES—="SOLUTIONS OF MAYWELL'S

EQUATIONS IM FREE SPACE."

167
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INIT I POINTED OUT THAT SCIENCE MAKES
TERRIFIC DEMANDS ON THE IMAGIMNATION. . .
WHATEVER WE'RE ALLOWED T IMAGINE IN
SCIENCE MUST BE CONSISTENT WITH

EVERYTHING WE EMCW.

o -';.I_F
| ,'

SO SCIENTIFIC
IMAGINATION'S |
GUITE A |

£ DIFFICULT GAME.




WHEN WE LOOK. AT A RAINBOW, IT B

LOOKS BEAUTIFUL TO US. EVERY-
BODY SAYS, "OHH, A RAINBOW."

WHILE I WAS ON THE SUBJECT
1 TALKED ABOUT WHETHER IT'LL
EVER BE POSSIBLE TC IMAGINE
E CAN'T SEE.

g,

Y E :?L" ~7 =

2 = I [ E =
E l: | T | (R — !
E A i : — 1 [

9ope 3 B |

450 500 550
AVAVAVAVAVAVAVIVAVAVAVAVAVAVIVAVARR TV S s
OKAY, 50 DO WE FIND THE GRAPH OF THIS BEAUTIFUL? IT CONTAING MORE DETAIL,
BECAUSE OUR EYES CANNOT SEE T -

e : :., by i g o 3 P o |

HUNE"-I'EIR. FIHBS_‘FEAIMEDWS THEMSELVES BEAUTIFUL. DO WE HAVE ENDUE_-H ARSI AT O
TO SEE IN THE SPECTRAL CURVES THE SAME BEAUTY WE SEE WHEN WE LOOK UP2

=T T AT | 5 e R, o VR L 5, 0 ) AP, i 2 v 7, AL t T o

I DONT EHNOW. I BELIEVE THERE'S i
BEAUTY IN ALL DIMENSIONS. FROM
THE ELECTROMAGHNETIC SPECTRLIM
To CELLS IM FLOWERS TO...

e
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THEN MY EYE CAME DOWN A LITTLE AND I
SAW SOME BIG, FRAMED PICTURES.

‘-f{ T

@

IN ROME, 1 WENT TO Tr-FE VATICAN,
BDLJEHTHD"TICH[—.T EARLY, AND ;i
QAN TO GET INTO THE SISTHE |- NOBODY EVER
CHAREL BEFORE ANYONE ELSE. f‘m\ TALKS ABOUT ¥
- - g AN THESE. AND Wow/
I/' 0 e I'ﬁ' Y THAT'S A GOOD

OHE.

WO Y [ s
EN % . . ' ; ] ! 2

J I‘ II‘ (3. T = 1 ] . .. s
?I 9 I SPEHT A LONG TIME LOOKING UP.
II| s = s T
|' T oy v SR TR = -'--_..—‘—..
I DECIDED THAT THEY WERE e

ALL SO0 EXCEFT FOR TwWo, ?n

YBELOW THE
PAINTINGS BY
MICHELANGELD %
THERE ARE FOURTEEN
PANELS BY BOTTICELLI

AND PERUGING, AND
BUT I'D FORGOTTEN MY SUIDEBOOR, SO 1 TWO BY SO-AND-50,
COULBN'T LOOK THEM UP UNTIL T 60T WHICH ARE OF NO
BACK TO MY HOTEL ROOM, SIGMIFICANCE, #

= —

i1



e

THIS GAVE A BiG BOOST FOR My SELF-
CONFIDENCE=IN MY ABILITY TC APPRECIATE BEAUTY
ON A LARGER SCALE THAN NANOMETERS. ,.

...EVEN THOUGH

I COULDN'T
DEFINE HOW
I DID (T,

AS 4 SCIENTIST YOU ALWAYS THIMNK YOU KMOW
WHAT YOU'RE DOING, SO YOU DISTRUST AN
ARTIST WHO SAYS, "IT/5 GREAT,” OR “IT’5 NO
GOOD," AND THEN CAN'T EXPLAIN WHY.

AN OFFER YoOU
CAN‘T REFUSE
(OCTCBER 196&5)

I'M SLEEPING.
IT WOULD'VE
BEEN BETTER IF ¥YCU
CALLED ME 1N THE
MORMNING.




THIS TIME T CAUGHT HER.
WHAT WAS

THAT ABCLUT,
RICHARD?

I OFTEN KID AROUND

WITH GWENETH, BUT
SHE'S 50 SMART

SHE'S NEVER FOOLED.

I WON
THE NOBEL
PRIZE.

1 LR AR RRAL]
ALY RD N

g

YEAH, YEAH.
1 KNOW, BUT
IT'S 4 [N THE
MORNING /!

I TooK THE
PHONE OFF
THE HOOK,

17



T

[ PACED FOR A WHILE, THEN PUT THE PHONE BACK ON THE HOG

LOGK, T HAVE
APROBLEM AT

o

10

LOTS OF REPORTERS CALLED, WITH LOTS
OF GUESTIONS. BUT MY ANSWERS WEREM'T
VERY ©S0Ch BECAUSE I HAR A QUESTION
OF My OWN...EVENTUALLY T GOT ONE OF

THEM TO SPEAK “OrF THE RECCORD. "

T ———
tiNRER o '\.\ St ; ‘1

[ GET OUT OF
THIS THING...7 ¥
IS THERE A wWay
NOT TO ACCEFT |
THE PRIZE?

[TLERRRRT A
BEogriki

CAN'T. ..
MOT WITHOUT
MaKING MORE
FUSS THAN IF
YOou LEAVE IT

SORT OF
oBVIOUS,
ISN'T ITP

e



PEOPLE BEGAN TO RECOGNIZE ME.
FORTUNATELY, SOME UNDERSTOOD
THE PROBLEM...

QOUT CF ACCEPTING 1T TOO, BUT HE COULDN'T
DO IT EITHER,

YIF I COULD EXPLAIN
IT IN 3 MINUTES...”
(NOVEMBER 1965)

50 '[ WAS ON THE MEWS. ARD THE!"' AEKED ME
WHAT I WON THE PRIZE FOR. BUT THEY
DIDN'T REALLY WANT TO MOW,

THAT'S CUZ THOSE
HEWS PEGPLE
DIDN'T SIVE Yol
NO TIME.

ON THE TV, WHEN T
THEY ASKED YOU | -
TO EXPLAIN WHAT (8 s
YOU DIC TO [ :
WIN THAT
THING?

YA KNOW
WHAT I
WOULDA SAID?

I'DA SAID, “IF I COULD EXPLAIN
IT IN THREE MINUTES IT
WOULEN'T BE WORTH
THE NOBEL FRIZE!

I'PE THOUGHT
OF THAT!

EG AFTER CELEBRATING AT HOME, WE WENT
TO STOCKHOLM, AND YA KNOW, IT WAS. . . OKAY.
SOME OF IT WAS EVEN FUM,

172



%

¥ = "q
' " ’ -\.;_.-::_ ..;__'"- ; n\‘l'::l\ll :II
N \

THE ONLY PROBLEM WAS ALL THE FORMALITY.

T Ve

i . IR

kY ..AND THEN THEY WILL BLOW
L) THE LONG HORNS,
- AND INTRODUCE YOU

TO THE KING.

o

47 ’ff//ﬂ“

"WE HAD THIS JUNIOR DIPLOMAT AND HIS
WIFE TAG ALONG WITH US EVERYWHERE.

/]

: =
CINDERELLA'S O f
PUMPKIN =
. | (DECEMBER 1965) e

YEAH,
— = I MEANT TO
——— ¥ ASK ABOUT THAT...

——

PEOPLE BACK
HOME TOLD ME
You GlUiYs GoT

A RULE THAT SAYS

YOU CAN'T TURN
Your BACK O
ROYALTY,

EEy s0 I'VE
BEEN FPRACTICING

FOR WHEN I GET THE MEDAL. |

= i ]

[ 2sy 2

DR. FEYNMAM, YOU HAVE

BEEN...ERR...MISINFORMED,

YOU MAEY WALK AWAY, IN THE
MORMAL FASHION.

| o |

[
I_IT DID, BUT 1 HAD ANOTHER PROBLEM. \

]Illf-

'|II|I'ELI.., IF . -1!

I DIDH'T WANT
THE DAMN THING,
HOW DO I SAY THANK

X YOU FOR IT?

?



2/ SCHWINGER AND TOMONAGA! l

B
ﬁ .
; :
= =]
n |I' ) "I 3
] A ¥ i o
© [N el
e — i )
] | o
e : fiok e I
W v . L
e — 150 T
e THERE
e ANYTHING WELL,
|| GOOD ABOUT THE TRIP'S
SETTING NICE. THE MONEY
e THAT €OMES WITH
B IT'S MICE...
L
M !
ek e -
[ I%'\\'\‘E o =y ; =Y "'-‘ ;:E:" o e E
i "\ g e N I8 SISl = %Q
_ - == /. AFTER WE SPLIT IT WITH

DR, FEYMMAN? MRS,
FEYMNMAN. YOUR

...BUT FINDING STUFF OUT-THAT’S THE
REAL REWARD/ SEEING OTHER PECPLE
USE THOSE FUNNY PICTURES, CR
HEARING ABOUT THE BACKWARDS
MOVING ELECTRONS IN SCIENCE
FICTION MAGAZINES. THAT'S
ENCUGH.

> C'MON...
{ NOTHING MORE? |

I DR. AND MRS. FEYNMARN,
YOUR CAR WILL BE READY
T IM 10 MINUTES. AND

L=

THEEE'S A TELEGRAM
FoR YOU FROM 2t
3 ENGLAND.

JUST A FEW
MORE MINUTES. | |
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T MUST TELL YOU, THE WORK 1
HAVE DONE HAS ALREADY
BEEM ADEGIJATELY REWARDED
AND RECCGNIZED,

BECAUSE
SUDDENLY I
FOUND MYSELF ALONE-

MOMENTARILY-BEFORE ONE
MEW CORMER OF NATURE'S
BEAUTY. THAT'S MY REWARD.

|
MESSAGES ABOUT FATHERS
TURNING EXCITEDLY TO WIVES,
DAUVGHTERS ELMNIMNG UF AND

AND THEN
COMES
THIS...

...BUT AFTER THE

AMNOUNCEMENT, ANOTHER

REWARD. & DELUGE.

DowWH THE APARTMENT HOUSE
L RINGING DOCRBELLS WITH ME'-'-'E-J

FORMAL COMMENDATIONS,
SILLY JORES, AND PAETIES.

VICTORIOUS CRIES OF
*I TOLD ¥OU 50" FROM
OTHER FRIENDS WITH NO
TECHMICAL KNOWLEDGE

—THEIR PREDICTIONS
BASED ON FAITH ALONE

FRIEND S, RELATIWVES,

AND COLLEAGUES. . .

o b L

7a

THIS WAS A SIGNAL TO PERMIT OTHERS TO
p EAFRESS THEIR FEELINGS, AMD ME TO
LEARN ABOQUT THEM.

50, FORGIVE
ME NOW I UNDERSTAMD
AT LAST.. FOR THAT
LESSON, T THANK YOoU/




ABOUT GED YOU MIGHT A& WIANZR |
. GET BORED.

DO SOMETHING
OF LESS VALUE, BUT
WHICH T CAN'T DO ELSEWHERE.

AND AFTER THAT COCKEVED SPEECH, I MADE | [ WHAT /D LIKE T TELL YOU |

PROBLEM.

RECENED A PRIZE.

P Eor WHICH
I ULTIMATELY

L O
MY SCIENTFIC TALK PRETTY UNSCIENTIFIC. | | ABOUT I5 THE SEQUENCE OF | | \ioit G EneiiN
WHC WON THE PHYSICS LED ME TO AN UNSOLVED I SHALL INCLUDE

ANECDOTES OF NO
SCIENTIFIC VALUE.
THEY'RE ONLY TO
MAKE THE LECTURE
MORE ENTER-

TAINING. ...

BUT THE BEST THINGS WERE THE ETUDEMT EVENTS.
AT THE LUCIA BALL, I GOT ANOTHER MEDAL .

[ THE SUPREME ORDER OF TH

= TR .;
EVER JUMPIHNG AND B,MILINGAMJ ;

GREEN FROG.

-—

RISE. ..

7 NOW SIR,
BEFORE YOU

2

W seeaks T
| sPEAK &

BRUNGA=M,
BRUNGA-IN

I'D READ "THE FROWESY &Y
ARISTOPHAMES MY FATHER
HAD & COPY—WHEM I
WAS YOUNSER.

w7

IN GREEX THEY WROTE IT
“BREK, KEE, KEKY—BUT
THAT DIDN'T SOUND RIGHT
TO ME, SO 1'D CHANGED
IT AND PRACTICED UMTIL
I 80T IT RIGHT.




THE FORMAL, SCCIAL
OCCASIONS WERE A LITTLE
DIFFERENT. THE DANCING
WAS STILL G0CD...

rrrrr

[BUT THE REST...
e

CF THE MOBEL

| !
WINNERS. 1N WHAT FIELDJ

ot
//N::Ec:-mr KNOWS
ANYTHING ABOUT THAT,

SO WE CAN'T TALK
ABOUT IT.

SOME PECPLE DO KMOW SOME-
THING ABOUT IT THAT WE

“\_-\EE_EN'T TALK,

—

ONLY THE THINGS -
HOBODY KNOWS ANYTHING
ABOUT THAT WE CAN DISCUSS,

B

I S0, WEATHER?
| SOCIAL PROBL E.l.\s?

_Qenmmamﬁﬂ |
FINANCE? .
= _,/ |l

HOW DO ROYALTY MAKE
THEIR FACES ICE CVER
LIKE THAT? THAT'S HOT
THE FIRST TIME I'VE

THERE IS SOMEONE. .. X
¥ ELSEWHERE..THAT 1D BE
VERY PLEASEDT:::- HAVE YOU MEET.

IZEE ‘rHE NOTES AT 'rHE END OF HE E!Dﬂk'.'rﬂ FIHD CUT WHY TOMONASA DICN'T MPA.KE IT T THE CEREMONY.

178

THE JAPANESE AMBASSADOR,
THERE IN TOMONAGA’S PLACE,*
LATER TOLD ME THAT I
SHOULD ADD INTERMNATIONAL
Iz::LM‘IGNE- TD MY LIST.




/
o &

M Em THAT wﬂ:5 THAT, [ / o N
(=

L ] T 1 s .l '|

AND THEN T WAS CVER.

L=]

WE CALLED OUR OWN TAXIS,

IT HAS
_ 1 a CARRIED CUR OWN BAGS,
- E'EFELE;JQE%“E ) i AND MADE OUR OWN
ACCOMPANY AND o = : .
ASSIST YOU THESE s ol e ey
PAST FEW 2 o P
SPECIAL GONE, LIKE
B TREATMENT, S CINDERELLA'S
WA T g L PUMPKIN/
= |1
- ' /

YOL'LL FIND YOUR

OWN WAY TO THE AIRPORT
WITHOUT BUZCENING YOU
FURTHER WITH MY PRESENCE?

ey = 1 TRUST
[T

Sl

[BUT THAT WAS OKAY TOO. IT MADE IT
| A LITTLE BIT MORE OF AN ADVENTURE.

& - ‘#;33

WE DIDN'T GO STRAIGHT HOME, I STOPPED CFF
FIRST AT CERN, THE EURCPEAN CENTER FOR

FUNNY THING - \ |_
IN SWEDCEMWE |
WERE SITTING |
AROQUND, TALKING |
ABOUT WHETHER

THERE ARE ANY

CHANGES BECAUSE
k. OF THE MOBEL

-

AMD AS A
MATTER OF FACT, .
I THINK I ALREADY

SEE OHNE. ]
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AMD 1T WAS VERY QUICK: AT CERN THEY UNDID
EVERYTHING THEY HAD DOMNE To ME IN SWEDEN.

WE'RE NOT GONMA
WEAR SUITS AT
LECTURES!

BEGJHHING :FG
LIKE THIS Sl

I'M BACK IN
THE REAL WORLD,
EVERYTHING S ALL

RIGHT AGAIN.

NOW THAT
YO HAYE THE
PRIZE, IN TEN
YEARS YOU'LL BE
S AN ADMINISTRATOR,
: SUPERVISING

PECFLE WHOSE
WORK YOoU DON'T
UNDERSTAMD.



e ——

SEE, T LEARNED SOCIAL UNRESFONSIBILITY FROM
JOHNNY VON NEUMANN BACK ﬁ. HﬂS.

1TS NICE IF YOU CAN DO IT, |

o

you

=5 TO BE RESPONSIBLE
FOR THE WORLD
YOU'RE IN

REASON TO MAEE THE
BOMB WAS THAT THE
GERMANS WERE A DANGER,
AND THEY MIGHT MAKE ONE.

THE SEQUENCE OF ACTICN—-FIRST
AT PRINCETON AND THEN AT LOS
ALAMOS—WAS TO DEVELOP A

SYSTEM TO MAKE A
b “WORSE" BOMB,

TRIED TO SUCCEED.

HARD, AND COOPERATED, AND

-

50 WHEN GERMANY WAS
DEFEATED, NOT THE SINGLEST

THOUGHT CAME TTV

THAT MoW I HAD
TO RECONSIDER WHY I
WAS CONTINUNG TC DO THIS,

" FAILING, T'D SAY, WAS TO NOT
| REMEMBER THE REASCN I WAS
L, DOING IT IN THE FIRST PLACE. -
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I LEARNED SOMETHING—
CONE SHOULD RECONSIDER

FOR DOING SOMETHING,

,  BECAUSE IT MAY BE THAT
N CIRCUMSTANCES HAVE
B CHANGED. -

ANE WHEN
THE *GADGET"
WORKED 2

PERPETUALLY ONE‘S REASONS




BOB WILSCM WAS THE OMLY QME THINKING ABQUT

S0 THE RIGHT QUESTION 1S WHAT ONE SHOULD
00, NOT HOW CHE SHOULD FEEL ABOUT
> SCMETHING LIKE THAT.

THE FEELING
MaY BE-PROBABLY IS—
IMPORTANT TO DEVELOF IN X
DECIDING WHAT ACTION TO TAKE.

“I FEEL THIS WAY, SO I CUSHT TO O
SO0 AND SO0." THAT' S CKAY.

1 DI DECIDE
7 THAT THESE BOMBS
WERE NO =000, AND
NEVER TO WoRK ON
CLASSIFIED STUFF ASAIN.

MYSELF WITH REMORSE,




ANYWAY, JUST LIKE BEFORE THE PRIZE, SOME- WAS IN C M WAT
TIMES T HAD LONG PERIODS WHERE T CouLon'T | | 'ﬂsmﬁglﬁggﬁﬁfﬁs ITHEm )

DO ANY KIND OF WORK. JACKET OF THE BOOK HE WROTE.

DISREGARD

THE WORKING
TITLE IS "DOUBLE
HELIK." IT'5 A
PERSONAL ACCOUNT fH===

OF THE STRUCTURE
OF DMA.

4 1 .:.E-".'l':-': -

I SAID I'D READ IT, EVEN THOUGH |

| I DON'T LIKE MOST BOOKks ABOUT
HOW SCIENCE GETS DONE.

[ STILL GAVE TALKS, BUT ORIGINAL RESEARCH?
COULDN'T DO IT.

S50 5000 1 MSSED A
PARTY IN MY HONOR.

IT TURNS QUT [T WAEJ

| JUST LIKE WITH FREEMAN
IN THAT OTHER HOTEL

WY BACK WHEN, I KEPT

HiM LUP ALL NIGHT.




HUH. WATSON AND
CRICK WERE EITHER
VERY LUCKY, OR
VERY SMART.

KNOW,

" BIDNT kMOW

WHAT ANYBO ‘*

ELSE WAS DOING,

BUT STILL MADE oy
THE CRUCIAL - -
L DIsCcovERY. e o

YEAH,
THAT'S WHAT
IUsED TS
BUTI
FoRECT.

I GOTTA
DISREGARD
EVERYBCODY ELSE
AND THEN 1 CAM

1 STAYED UP ALL MIGHT, AMD WHEHN TT WAS A
DECENT TIME IN CALIFCRMIA T CTALLED HOME,

EICHARD,
iT&...5:30 IN
THE MOKEHING,

WHAT'S WRONG?Y

" THOSE DAYS T &0T A LOT OF
PHYSICS DOME AT SIANONE'S,

BACK TO WORK
(1969}

iy ]

1 THINE 1'M SOING
TO BE ABLE T
WORK AGAIN.

WHEN [ GOT TIRED, SOME-
TIMES 1'D DRAW ONE OF
THE DANCING GIRLS OR ONE
OF THE CUSTOMERS,
JUST TO PRACTICE,



THERE WERE PICTURES HANGING ARDUND
THE PLACE, BUT I DIDN'T LIKE "EM MUCH.

OF MY FAVORITE MODEL, KATHY, SC I GAVE
ITTO THE OWNER AND HE WAS DELIGHTED.

FROM THEN ON, HE MADE SURE I WASN'T
BOTHERED BY DRUNKS. BUT IF A GIRL
CAME OVER, HE DID NOTHING.

| GIANONE AND T HAD A VERY GOOD RELATIONSHIP,
(.

ONE DAY THERE WAS A POLICE RAID, AND

Jilli

SOME OF THE DANCERS WERE ARRESTED.

5 ) TR

- et T =

e -

= @ P
.‘_ ol = - -
& p

~ Loy

THERE Waas a BIG COURT CASE ABOUT IT—

iT lf#.hﬁ IN N.L_'l'F-lE Ll':ﬂmL FAFPERS,

I'MIN
THE REAL
ESTATE BUSINESS,
AND [F IT'S PUBLICIZED
THAT T COME DOWN
HERE, WE'LL LOSE
CUSTOMERS.

GIANONE WENT TO ALL THE CUSTOMERS AND
ASKED IF THEY'D TESTIFY IN SUPPORT OF
HIM. EVERYBODY HAD AN EXCUSE.

|

A DAY CAMF, AND
IF THE FPARENTS SEE
THAT I'M GOING TO

THIS PLACE. ..

1T SEEMS
1M THE OHNLY
FREE MaN YCOU

EXCUSE! I LIKE
THIS PLACE AMD
1I'D LIKE TQ SEE IT
CONTINUE ANE I DON'T
SEE ANYTHING WRONZ
WITH TOPLESS
DANCING.

WHAT DO I CARE WHAT CTHER PECPLE THINK?
S50 I TESTIFIED



I SEE GUYS THERE [N THE

REAL ESTATE BUSINESS, CITY
GOVERNING BOARD, GAS

GTATION ATTENDANTS... ALL
KINDS, ALL THE TIME.

GIANONE'S LAWYER TRIED TQ MAKE ME INTO
AN EXPERT ON COMMUNITY STANDARDS.

. i [ How oFTEN WouLD | '|

You sAY TOPLESS
| ENTERTAINMENT |1=
ACCEPTABLE TO THE
COMMLUNITY?

THAT GOT INTO THE PAPERS=THE CALTECH
FPROFESSOR OF PHYSICS GOES TO SEE
TOPLESS DANCERS SIX TIMES 4 WEEK,

NOTHING S ACCEPTED THE LAWYER SUSGESTE A FIGURE. THE OTHER

BY EVERYBODY, G LAWYER OBJECTED. THE JUDGE < ALLED A
WHAT PERCENTAGE RECESS, AND THEY WENT INTO CHAMBERS FOR
MUETACCE-F"T EQME- 15 .I'I'I|HU-|E'§. WHEN THE}|I CAME- EACH. e

THING FoR IT TO BE ST
“ACCEPTABLE TO : ,

IM SPITE OF THE FACT THAT 7 MADE THEM BE PRECISE, SIANOME LOST, BUT A VERY SIMILAR
L HAD NO PRECISE NUMBERS. S0 I GOT WISHY-WASHY, CASE ULTIMATELY WENT TO THE
SUPREME COURT. IM THE THE
i 5 : MEANTIME, HE STAYED OPEM.

TOPLESS DANCING
IS ACCEPTED BY WORE

THAN 50% OF THE +
COMMUNITY, AND 1S l g
THEREFORE ACCEPTABLE A dﬂ

TO THE COMMUNITY, AND I 50T A LOT MORE FREE SODAS
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| ACTUALLY, I DID CARE WHAT ONE OTHER PERSON THOUGHT, BUT GWENETH
HAD A GOOD ATTITUDE ABOUT THIS. SHE SAID, "THE ENGLISHMEN HAVE
CLUBS THEY 50 To.”

o s
WE UNDERSTAND EACH OTHER,
SHE KHOWS ME VERY WELL.

i ~'_£F.4_klj'._l‘

HEY, THIS IS WHERE
GWENETH AND

THERE A FEW YEARES AGO.
1I'LL SHOW YOU AROUND, " :
& o A
[T A o X
RORIRR]
""{- h‘"“;”"‘
S S

L WHEN YOU WERE

HERE FOR THE ATOMS
FOR PEACE CONFERENCE
TO SEE THE PLACE,
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"SHOWING  }
ME AROUND,"
ALL RIGHT... |

T3
S0 WE WENT INTO SOME
BUILDINGS TO SEE WHAT WAS UP.

1BR



...S0 A COUPLE OF
DAYS LATER T WAS
|S TAKING A CAB, AND THE
' DRMER RECOGNIZED
ME FROM THE

'HE SAID, “BOY! YOUZ HAD A HAHD
TIME. WHEM DEY AKSED ¥A TA EXFLAIN
] TREE MINUTES WHAT ¥4 WoN

D.ﬁ FRIZE FGAH""’

“p‘

WA kNOW WHUT T WoLULDA SEZF

| IwoulDa SEZ IF I cOULD EXNPLAIN |

b IT IN TREE MINUTES, [T WOULEN'T  /
. BE WORT MO HOBEL PRIZENMY :




HEY, WHAT

EXPERIMENT e o ———l
IS THIS? WHY, THIS : 2
15 AN EXPERIMENT . el 15
{ TO TEST THE CHARGE N
RENCRMALIZATION Vi
PROBLEM, WHICH i o,
= SOLVES THE PROBLEM [ R
o G OF VACUUM, .,
- L+
- =] o =] e i
] = FORGOT!
k / . e THIS IS YoUR
: S v ; = Y THEORY OF CHARGE ®
J) ] ; {il_._] REMORMALIZATIOMN,
= | e = . DR FEYNMAM, THIS
! \ / EXPERIMENT WILL
DEMONSTRATE ITS
/e [ = . ﬁ mumw G .
=
i, (i
b
B
1
B
&

L
a
A
8 i
(B
AND. .,
HOW MUCH i
i ! DID THIS THING i
ali COsT?
, $37,000,000.
-n'..l = o
(. Nie
Vi v
£ 3
i L E
\\ a A %
i & b 7 . . ]




PERMISSION
DENIED

AROUND THAT TIME GWEMETH AND L GOT TO &GO Tﬂ] : I WAS GIVING A TALK OR SOMETHING, AHD IM
ALASK A, AND TOURED THE ALUROCRAL OBSERVATCRY.) | RETURM AKASOFU—HE LED THE GROUP—
T 3 SHOWED ME WHAT THEY WERE DOING,

WE HAVE SO MANY INTRIGUING
PROBLEMS HERE. I KNOW YOUR
SISTER WORKS IN THIS FIELD=
PERHAPS YOU WOULD BE  /
INTERESTED IN DOING
50 AS WELL...

 THAT WauLDk
BE GREAT,
BUT...
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HEY, CAN I BORROW
YOUR PHOME?

I‘M HERE

N ALASKA, AND

{ AKASOFU IS INTERESTED

IMN HAVING ME LOCK AT

} SOME ASPECTS OF
e

AHH. . .WO, I DON'T
THIMK S0. I'M NOT
FINISHED WITH

1 QRAY? WELL,
THANKS, TALK
. TOYou

HAVE THE
REST OF THE
UNIVER SE,
THOUGH/

whoong b

/[ LOVE
TO, BUT MY
SISTER AND T
MADE A DEAL

A WHILE
AGT.

S

I GOTTA
[ LEAVE THE
NORTHERN
LIGHTS TO
i HER.
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MY FRIEND RALPH—THE SON OF BOB LEIGHTON, WHO
GOT ME INTO THAT FRESHMAN LECTURE THING—
IS A TEACHER TGO,

|
MATH 1S OKAY, MY BROTHER AND I USED TC 60
e THROUGH EVERY COUNTRY IN THE

OR NIGERIA, NIGER, OR
NICARAGUA.

W
EEEPTmy :-_I;EEIE WORLD-YOU KNOW, THE LAST YEAH,
LETTER OF LICHTENSTEIN YOU'D BE

GEOGRAPHY,

DETERMINES THE FIRST LETTER GOOD AT

OF THE NEXT. NEPAL FOR

- AND AFTER THAT ¢
WE'D DO PROVINCES, N

/| DID YOU KNOW THERE’S AN
“AMAZONAS® IN THREE |

DIFFERENT COUNTRIEST

| -..YOU THINK You
kNOw EVERY

COUNTREY IM THE

WORLDY

UMM, . HOW ABOUT BRAZIL, |
b COLOMBMA, AND PERU? ./

OKAY THEN, WHAT EVER HAFPFENED
s TO TANMNLU TUuWA?

: J RALPH’S BROTHER
i, USED TC FooL
HIM WITH THIS

KIND OF THING ALL

THE TIME...

WAS A KID 1T COLLECTED

STAMPS, AND HAD THESE WONDERFUL

TRIANGL AND DIAMOND SHAPED ONES
FROM A PLACE CALLED TANMNU TUWA.
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SURE THERE 15. )1 - THE LAST VOLUME OF MY FAVORITE BOOK —THE |
— e \| |  ENCYLOPEDIA BRITANNICA—HAD AN ATLAS.

THE OMLY
/' COUNTRIES NEAR
=1 THERE ARE CHINA
AND THE SOVIET
THE MAF NEAR UMICN, T9L
CUTER MONGOLIA,

NOTHING BUT S =
THE USSR, MONGOLIA, ’ b
AND CHINA. THIS HEY LOOK/
“TANNU TUVA® PLACE /  “TUVINSKAYA ASSR™

MUST— IT*S BORDEZED ON THE 4
SOUTH BY THE TANNU-OLA | ey |
MOUNTAING. J 3

CAPITAL IS i
i SPELLED K=Y-Z-%-L.

THERE’S NOT
A LEGITIMATE
VIOWEL |N THERE
ANYWHERE,

ABSOLUTELY. |
WE STARTED

i



2/ 2800-
GRAM TUMOR !
CAN You

WELL,
YES, I CAN.
I'VE REMOVED A
LOT CF MYX0ID
LIPOSARCOMAS, AND
== THEY CAN GROW QUITE
LARGE IN FATTY
TISSUES,

HAVE TO WATCH

YOUR DIET, SINCE

YOUR LEFT KIDNEY
WAS CRUSHED. /

ABCUT THE
KIDHEY. I1T'S THE
PAMNDEST THING.,

N

WAS READING

PR
; BUT THE =4

IMPORTANT
THING HOW IS |,
TO GET Youp

WEIGHT UFP.

A
=T

A\l

AN v/

N r

BUT My .-&F’F-éTITE DIEW'T RETURN GILNCKLY,
AND EVERYBCDY SOT WORRIED.

|

WE SHOULD

TRY SOME OF YOUR

START THE AFPETITE.
WHAT WOoULD YOU LIKE?

OUR FRIENDS ALIX AND LEONARD MALUTHER
LWED IN BRENTWOOL,

i

ALK WAS A FANTASTIC COOQK. l
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S0 SHE CAME RUNNING DAILY FROM BRENT-
WOOD TO FASADENA WITH HER VICHYSSOISE, ... CHDEE;P'ETE
Mo '

1

IT WORKED VERY WELL.

ad |
T\ v & , e

I LOVED TO TALE TO ALIK TOO, SHE WAS SHE'D GO TO SITES, AND COULD STRETCH HER
IMASINATION SO FULLY TO VISUALIZE HOW
THINGES HAD BEEMN,

SO INTERESTED IN ART AND ARCHEOLOEY.

17e



SHE CFTEN CRIED FOR THE LOST PAST.

EXFLAM ITTO
ME, 50 T CAN
ABOUT THIS UNDERSTAND? 1

STUFF? =\ KNOW YoU TRIED WITH |

JERRY, BUT. .,

IF YOU CAN'T PREPARE
AN INTRODUCTORY
LECTURE ON SOME-
THING, IF YOU CAN'T

.. REDUCE IT...

il IT MEAHS
YOU REALLY DON'T
UNDERSTANE IT.

HER PERPETUALLY |
SEARCHING CURIOSITY =

THIS
STUFF IS
GREAT, WHAT
DID Yau PUT
INIT?

[ roionT | .
I samsey Her. [

I STILL DIDN'T KNOW HOW TO EXPLAIN QED VEE!F'
WELL, EVENM IF SOMECNE GAVE ME MORE THAN
THREE MIMUTES.

I NEEDED TO WoORK
HARDER ON THE PROBLEM.

%7



: NEW ZEALAND IS FAR ENO
IN THE END, I WENT TO NEW ZEALAND... : AWAY FROM HOME FOR ME Lil‘ﬁr'r
TO TEST A THEORY. COULD I EXPLAIN GED To \

IF MY THECRY WAS WRONG,
ALIX~0OR AT LEAST TO PEOPLE LIKE HER? 45 WOULD BE c:k:A?.D il

QED IN NZ
(1979)

THE FROBLEM .
2> IS TO FIT THEM TOSETHER
WITH THEQRY. WHEN WE [0, SOME—
. TIMES WE SEE THEY'RE DIFFERENT
ASPECTS OF THE SAME THING.

b SCIENCE 1S ABCUT
SYNTHESIS, EXFERIMENT ALWASYS
) FINDS HEW PHENOMENA,

AN EXAMPLE 15 HOW
THE LAWE OF MOTION
BECAME A THEORY
EXPLAIMIMG THE
PROFPERTIES OF
HEAT. SiMILARLY, |F
YOU UNDERSTAND
HOW ATOMS MOVE IN
AR THAT EXPLAINS
THE PROFERTIES

ELECTRICITY AND MAGNETISM ALSO
TURNED OUT TO BE TWO ASPECTS
OF THE SAME THING, AND IN 1873
JAMES CLERK MAXWELL SYNTHE-
SIZED THEM WITH HIS WAVE
THECRY OF LIGHT.

MNEWTON WORKED THIS QUT, A4S
WELL AS THE THEORY OF
GRAVITY, IN THE
LATE 1600'S,

ABCUT LIGHT: THERE'S THE STUFF WE CAN SEE, BUT
ARt Rk SRloca Pt ty | | oo masrss v s oo,
CAN'T (BUT PIT VIPERS CAN) AND IF |T GETS SHORTER, M THE FAR fNFﬁh’RED‘ WE GET
—ULTRAVIOLET— BEES CAN SEE IT. BUT AGAI B IO AR
WE CAN'T. ) R
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| NOW, SINCE I'VE BEEN HERE,
I HEAR PEOPLE TALKING
THEMSELVES DOWN.

- MEW ZEALAMD U

IS BEALTIFUL, AND YOU

HAVE FPLENTY OF ROOM, AND

NOT SO MANY PECQPLE, SO L

DOMN'T KHNOW WHY YOU'RE
S0 MODEST.

MAYBE IT'S ABOUT SCIENCE.
BUT DON'T FORGET, YOU GAVE
THE WORLD RUTHERFORD!

HE CREATED A WONDERFUL
THECRY OF THE NUCLEAR
ATOM, WITH ELECTRONS
GOING AROUND, AND HE S
THAT NEWTON'S LAWS OF

LMC'TIGH DIDN'T WORK FOR IT.

THIS LED TO A CRISIS, AND
IN 192& THE QUANTUM LAWS OF
MOTION FINALLY GOT WORKED OUT.

SINCE IT HAD NOTHING TO DO
WITH COMMON SENSE. BUT IT'S A
FANTASTIC SUCCESS FOR
EXPLAINING ELECTRONS AND ATOMS.

.

—
Th THE MEANTIME, THE THEDORY OF LIGHT

ALSC HAD TO BE MODIFIED FEOM THE
WAVE THEORY BECALSE WHEN LIGHT

IMTERALTS WITH ELECTRONS MAXWELL'S
THEORY DOESH'T COME OUT RIGHT,

IN 1229 DIRAC USED THE THEQRY OF RELATIVITY TO BRING
THE TWD THEORIES TOGETHER AS "GQUANTUM ELECTRO=
DYMAMICS, " WHICH WE CALL QED.

E=hy

DiRAC’S THEDRY PREDICTED
THAT YOU'D CALCULATE A
CEETAIN PRCPERTY OF THE
ELECTRON~THE STRENGTH OF
|ITS MASNETIC MOMENT-AS
HEVING B VALUE OF 1IN

CERTAIN UNITS.

- Ehz f %‘p‘ﬂﬂ?ﬁ %w'f:t’gmﬂ'} i 'ﬁf a* :

v

IT DIDN'T COVER ALL THE SITUATIONS IM WHICH
LISHT AND ELECTRONS INTERACT, BUT IT WAS CLOGE.

==

S0 THE TROUBLE WAS,; THE

THECORY SEEMED FINE BUT

HOBODY COULD CALCIULATE
THIS NUMBER. NOT

EVEN CLOSE.

BUT...
EXNPERIMENTS SHOWED
' THAT THE TRUE NUMSER
WAS DIFFERENT. IT COULD BE

1.00115 OR 1.00121 OR
l_ SOMEWHERE N BETWEEN,
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IT WAS ABSURD, AND IT LASTED FOR A LONG TIME.
TO GET THE THEORY STRAIGHTENED OUT.

IN THE 19405 THERE BEGAN A LOT OF EFFORT r

—

=

— ONE OF WHICH YOU SEE HERE —WORKED IT OUT
INDEPENDENTLY, AND THEY GOT NOBEL PRIZES...

IT TUENS OUT SURFRISINGLY THAT THREE GUYS .

SCHWINGER—ONE OF THE OTHER GUYS WHO'S
WOT ME—FIGURED OUT THAT THE ORIGINAL
THEORY WAS VERY NEARLY RIGHT,
MAYBE 97% CORRECT.

AND HE FIGURED OUT THAT THE NUMBER
Was CLOSER TO 1.001ME, THEORETICALLY.

MOW, 30 YEARS LATER, THE
EXPERIMENTERS HAVE GOTTEN
BETTER AT MEASURING THIS AND

NOW HAVE IT PEGGED AT
100686828 + 2.

IN THE MEANTIME, THE FOOR
SUYS USING CALCULATORS AND
WRITING MARKS ON PIECES OF
PAPER HAVE PREDICTED THAT

THE SAME WALLIE SHOULD BE

1L.OONBIESE2 L 5

WHY DOES THE THECEY HAVE
AL 7 WELL, EVERYBODY GETS
EXHAUSTED COMPUTING THIS,
50 WE STOP BEFORE IT'S

FINIGHED ! .

THIS UNCERTAINTY IS PRETTY
SMALL, THOUGH. 1IT'S LIKE IF
YOU MEASURED THE DISTANCE
FROM LOS ANGELES TC NEW
YORK AND YOU COULD DO T
To AN ACCURACY OF THE
THICKNES S OF ONE OF
THE HAIRS Ol MY HEAD.

1 SAY ALLTHIS TS INTIMIDATE You
INTC BELIEVING THE THECRY
AMD EXPERIMENT AGREE TO A
_HIGH DEGREE OF ACCURACY,

AND THIS

" THEGRY— OF HOW

ELECTRONS AND LIGHT

INTERACT — BASICALLY

DESCRIBES ALMOST EVERY-

THING WE ORDINARILY
EXFERIEMCE.

IN FACT, IT"S EASIER TO
TALK ABOUT WHAT IT DOESN'T

EXFLAIN. GRAVITYT HOT
EXPLAINED BY QED,
RADIOACTIVITY? NOFE.

BUT IF [T INVDLVES ELECTRONS,
YEAH, THAT MEANS ALL OF
CHEMISTRY AND OBSERVABLE

PHENOMENA.

THE €OLORS OF THINGS, THE
|  SOFTMESS OF MATERIALS,
HOW QUICKLY THINGS GET 4|
b HOTWHEN THEY'RE IN A

B THE SUN, SOUND. ..

f =

|y

ALL THESE
PHEMOMENA, EVERYTHING
| TO DO WITH THE OQUTSIDE
/| OF THE ATOMZT WE GOT IT.




S0, I'Mm
GOING TO TELL
¥OU WHAT IT LOOKS LIKE,
WHAT WE DO TC MAKE THE
CALCULATIONS WHICH EXPLAIM
THIS WoRLE FICTURE.

BUT WILL Yo

WELL, WE USUALLY
START EXPLAINING
IT TO QUR STUDENTS IN
THEIR 3RD YEAR OF GRADUATE
SCHOOL [N PHYSICS. S0 YOU'RE
THINKING, NO, T WON'T,

BUT THIS BUBINESE OF
UNDERSTANTING S

IT'S sERIOUS, [

ANE I WANT 70
TELL You

SOMETHING,

IT'S EVEN POSSIBLE
IT MIGHT. .. EXPLAIN
THE LAUGHTER
OF &N AUDIEMCE.

r 1T DESCRIBES

EVERYTHING EXCEPT
FOR RADIOACTIVITY AND

GRAVITY. THAT'S A LOT!

AND THAT'S
CORRECT. .

Yo WON'T
LNDERSTAND
IT

[ THE STUDENTS DoN'T
UNDERSTAND IT
EITHER.

AND THAT'S
BECALSE THE "
PROFESSOR DOESN'T

UNDERSTAND 1T.

=T

I DON'T UNDERSTAND IT.
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/" 1T'S NOT A JOKE,
BUT IT'5 VERY
IN-TER-ES-TING.

— SO MY TASK

IS To COMVINGE YOU
NOT TO TURK BMAY, EVEN |
THOUGH IT TAEES MANY YEARS
WITH GRADUATE STUDENTS TO
lEIIE,T THEM S0 THEY DON'T RLUN.

" THE THING
7 THAT'S EXCITING

ABOUT THIS 1S THAT
NATURE IS STRANGE/

THE RULES ARE SO SCREWY YOU &0 THIS
CAN'T BELIEVE ‘EM. BUT IF You BUSINESS
FOLLOW THEM, YoU GET THE OF You NOT
ANEWERS AND THE FUN OF T 1S UNDER-
IT'S S0 MYSTERIOUS.

 STANDING.

MAYBE IT'S BECALUSE
PHYSICISTS USE WORDS IN
FUNNY WAYS, I HAVE TO BE
CAREFUL AND USE LANGUAGE
IN THE WAY YOU'RE USED To.

MAYBE |T'S =
BECAUSE OF My
NEW YORK ACCENT, AND
I TALK TOO FAST. I'LL TRY
A\ TO WATCH FOR THAT,

I'M NOT GOING TO 1 You DON'T
SIMPLIFY IT. I'M GOING TO LIKE T?
TELL ¥OU WHAT IT REALLY 15
LIKE, aND I HOPE You
h ACCEPT MATURE AS SHE
k IS—ABSURD:.

BUT IF YO
DONT &0 ALONG, AND
CON'T ACCEPT IT BECAUSE
IT'S TOD CRAZY? WELL, I HOFE
YOWLL COME ALONG WITH ME,
BECAUSE IT'S THE WAY
NATURE WORKS.

WOBODY UNDERSTANDS

WHY, BUT WE'VE LOOKED
CAREFULLY.._AND THAT'S
THE WaAY 1T 15,




OKAY, WE'LL START WITH LIGHT.

) 4

NEWTON FOUNG OUT THAT IT WAS
MADE UP OF COMPOMENTS, AND
YOoU cOULD SEPARATE THEM.

==t

NOW, THE COMPONENTS—
REDR, ORANGE,
BLUE, INDISO, VIOLET—THEY
CAN'T BE SEFARATED FURTHER.
WE CALL EACH COMPONENT
MONOCHROMATIC LIGHT,
LIGHT OF ONE COLOR.

NEWTON ALSO SAID LIGHT WAS
CORPUSCULAR...MADE OF
PARTICLES. MANY PROPERTIES
OF LIGHT LOCK LIKE IT MUST
BE A WAVE, BUT THAT"S WRONG.

YELLOW, GREEN,

NEWTOH WAS RIGHT—IT IS A
PARTICLE. HIS REASCONING
WAS WRONG, BUT THE
CONCLUSION WAS RIGHT,

WE HAVE INSTRUMENTS CALLED
PHOTOMULTIPLIERS THAT CAN
DETECT THESE PARTICLES AND
AMPLIFY THEIR EFFECT. WHEN
THE LIGHT IS WEAK, YOU GET
SOMETHING LIKE RAIN
SOFTLY FALLING.

S

WHEN THE LIGHT IS BRIGHT,
AFTER AMPLIFICATION YOU GET
BANG BANG BANG.

EO LIGHT 1S
PARTICLES, NOT WAVES,
AND WE CAM COUNT
THEM—BRIGHT LIGHT,
MORE FPARTICLES PER
SECOND, DM LIGHT, LESS
PER SECOND OKAY?F

NOW, LET'S TALK ABOUT REFLECTION.
THE MOON REFLECTED ON THE
SURFACE OF THE WATER, FOR

EXAMPLE, VERY BEAUTIFUL. ..

J . THOUSH THERE'S SOMETIMES
TROUELE FROM MOONLIGHT
REFLECTING FROM A LAKE/S

T p— -

e

|I BUT THAT'S NOT OuUR FROBLEM, THE PHYSIC
PROBLEM |S THAT IN WATER, OR IN A WINDOW, YOU
CAM SEE THROUGH [T AS WELL AS SOME
REFLECTION. BOTH/

e

SO SOME OF THE LIGHT COMES BACK,
BUT ONLY SOME. MOT ALL!

FOR EXAMPLE, FOR LIGHT GOING STRAIGHT AT A
SHEET OF GLASS WITH TWO SURFACES—A FRONT
AND A BACK—ABOUT 2% REFLECTS. THAT'S ABOUT

Y% FOR BACH SURFACE.
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S0 WE LOOK AT THE
LISHT AND WE HAVE TO
ASK “HOW DCES A
PARTICULAR PHOTON
MAKE UP ITS MIND
WHETHER TO REFLECT
OR 50 THRCUGH?"

HOW, HOW CAN i
LIGHT BE PARTIALLY
REFLECTEDR? FOR A SINGLE
COLOR OF LIGHT, EACH FARTICLE

HAS THE EXACT SAME STRENGTH, Mﬁ;ﬁfw‘é”ﬁg ED
THE EXACT SAME ENERGY. THERE A THECRY
ARE MO HALF-PARTICLES. '

FEOPLE CAME UP WITH A LOT OF THEM,
BUT [N THE END IT'S THIS: WE CAN'T

PREDICT WHAT 4 PARTICULAR PHOTON
WILL P02, NATURE GNLY ALLOWS US

TO CALCULATE PROBABILITIES

I CAN SEE YOUL SAYING
I DON'T UNDER STAND.”
I CAN SEE YOu
THINKING T DON'T
LIE IT."

TWog
COWATE BIaKy

I CaN SEE You
TURNING OFF,

BACK TO WATER, IF YOU HAVE \ SOME AREAS REFLECT THE RED

I DON'T UNCERSTAND
IT EITHER, I DoN'T

A SOAF BUBBLE INSTEAD OF A LIGHT, OTHERS DON'T REFLECT IT
LIKE IT EITHER.

MOOKNLIT LAKE, YOu HAVE TwWD AT ALL, IT HAS T DO WITH THE
SURFACES— INSIDE ANC THICKNESS — NEWTON FIGUREDR

( QUTSIDE OF THE THIS QLT AND DID EXPERIMENTS
' BUBBLE. AND WHEN WITH GLASS.

REGULAR SUNLIGHT HITS IT,
You SEE COLORS!

1F IT"S MOMOCHROMATIC
RED LIGHT THAT HITS,
YOU SEE BANDS =
BLACK. AND RED.

IF YOU CHANGED THE THICKNESS
YOU GOT DIFFERENT PERCENTAGES
OF PROBABILITY OF REFLECTION.

BUT THAT'S




| WHEN THE THICKNESS 15 ZERC, NO REFLECTION.
MAKES SENSE., BUT AFTER THAT, .

%
hection

6%

\

=2

THICKNESS OF GLASS ————»

MEWTDIN WENT A LITTLE BIT HUTTY—HE TALKED
ABOUT “FITSY OF REFLECTION AND TRANSMISSIOM,

IF YOU ADD A SECOND SURFACE, REFLECTION
GOES TO ZERO AT CERTAIN FOINTS, AND THEN
RETURNS TO MAXIMUM/

THAT'S NOT |T, BUT I'LL TELL
YO THE ANSWER, WE HAVE TO
| CALCULATE A FROBABILITY, SO
GRAE YOUR BEATS, HOLD ON,
MEVER MIND THAT ¥ou
DON'T LIKE IT!

JUsST GO

ON A PIECE OF PAPER, YOU
MAKE AN ARRZOW FOR EACH
REFLECTION, ONE FOR THE
REFLECTION FROM THE
FRONT SURFACE, ONE FOR
THE REFLECTION FROM
THE BACK SURFACE.

|

THEN ¥YOU ADDTHE ARROWS
TOGETHER, HEAD TO TAIL.
YGU CONNECT THEM, AMND
THEN You LOOK AT THE
RESULTIMNG ARROW AMD SEE
HOW Bl A SQUARE IT FORMS.

e

IF THE AREA OF THE SGUARE
IS BIG, YOU HAVE A HIGH
PROBABILITY OF REFLECTION,
IF IT'S SMALL, IT'S LOW,

e A ——

i
P S
e 04 02
¥ . e el e 9—.',!

S a

FOR A 4% CHANCE CF
FEFLECTICHM FROM EACH
SURFACE, THE SIZE OF THE
ARROW 1S 0.2 ¥ 0.2 = QO

HOW DO YOU KNOW WHICH WaY
THE ARROW POINTS?

ey
BEGIN WITH IT POINTING N
SOME DIRECTION-DOESN'T
MATTER WHICH—AND WHEN
T LEAVES THE LIGHT
SOURCE START IT SPINNING
LIKE THE HAND OF A
STOPWATCH.

THE ARROW WILL SPIN WERY
FAST= LIGHT MOVES VERY
FAST. WHEN ITHITS A LIGHT
DETECTOR (LIKE YOUR EYE)
AFTER REFLECTING, STOP
THE WATCH AND LOOK AT
WHERE THE ARROW POINTS.
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THAT’S THE FIRST SURFACE. FOR
THE BACK SIDE OF THE GLAGS,
START WITH THE ARROW POINTING
THE OPPOSITE WAY. SAME RATE OF
SPINNING, JUST 180° DIFFERENT.

S0 WHEN YoU ADD THE ARROWS
TOGETHER, ¥YOU GET A DIFFERENT
FINAL LENGTH. SC THE SRUARES

ARE A DIFFERENT SIZE, THEIR AREAS
ARE DIFFERENT, AND THE
PROBABILITY OF REFLECTION
1S DIFFERENT.

/

PRz ===rT]

50 |F THE GLASS CHANGES THICKNESS, THE SECOND
ARROW, FROM THE BOTTOM SURFACE, WILL END UP IN A
DIFFERENT PLACE BY THE TIME THE PHOTOM HITS YOUR EYE.
BECAUSE IT TRAVELS FURTHER AND TAKES
LONSER TO GET THERE.

ExAcTLY me_
S0 NOW I'M GOING TO

EXPLAIN WHY THIS UFPFING

—r ]

AND DOWNIMNG IS PREDICTED
BY THIS LITTLE SAME.,

" o

Lk S e 1
1F THE FIRST SURFACE |8
EXACTLY AT THE SECCND

SURFACE —NO THICKNESS AT/

ALL=—WE SET ARROWS
FOINTED EXACTLY OFFOSITE,

RESHT? THEY ADD UP To

ZERO. NO REFLECTION AT ALL,

THAT*S EXACTLY WHAT L' NOT
ZOING TO EXPLAIN. BECAUSE
I Dow'T UNDERSTAND IT,

FIRST. WE CALL THE ARROWS |
AMPLITUDES, AND THE SIZE OF
THE SQUARE THE ADDED UP

T3 FIND AN EVENT'S
FROBAEILITY, WE LINE UF ALL
THE ARROWS, HEAD TO TAIL,
FORE ALL THE WAYS |T cAN
HAFPEN AND ADD THEM LUP.

P

ARROWS MBKE 1S THE
FREOEBABILITY OF AN EVENT.

SECOND:
EVENTS CAM HAFFEN LOTS
OF DIFFERENT WAYS,

THAT RESULT GIVES US
THE TOTAL PROBABILITY. _J
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THIRD: 1T WORKS FOR MORE
THAN LIGHT! IT WORKS FOR |
ELECTRONS TOO, AND | jg}
ELECTRONS INTERACTING | |
WITH PHOTONS OR OTHER
ELECTRONS.

IT EXPLAINS LIGHT TRAVELING INA

STRAIGHT LINE, LIGHT FOCUSED BY LENSES,
LIGHT REFLECTING OFF MIRRORS AT THE

EVERYTHING. ‘il
IT's ALL IM
. THERE.

REALLY,
THE CHALLEMGE IS TO
CONTROL MYSELF AND NOT
SHOW ALL THE EXAMPLES!

BUT, [ GOTTA SHOW AT LEAST ONE,
50 LET'S STARTWITH A MIRROR.

SLREEN

)

<&

¢ &
BNGLE OF ”"*:}f ..‘,gf' ANGLE OF
REFLECTION

INCIDENCE
MIRE DR ]

=

YOU KNOW. .. OR YoU THINK You
KNOW, THAT WHEN LIGHT STARTS
AT ONE POINT, REFLECTS
OFF A MIRROR, AND 1S
DETECTED AT ANOTHER FOINT,
THE PATH IS LIKE THIS.

BUT SUPPOSE THE SURFACE IS CIVIDED INTO

LITTLE SECTICNS. NOW THERE ARE SEVERAL

WaAYS A PHOTON CAN GO FROM THE SOURCE
To YOUR EYE

G e c F B FoC o T
IT CAN GO TOWARD THIS SECTION, AND |
THEN BOUNCE CVER TO HERE. _j

AND 1T CAN GO GVER
HERE AND GO, AND
ON AND ON AND ON TO
ALL POSSIBILITIES.

.[ AHNOTHER POSSIBILITY IS T COULD
COME HERE COR HERE ORE HEEE
AND 50— OR [T COULD COME
WHEREVER YOU'D LIKE
IT TO COME, AND G0 WHEREVER.

I CAM HEAR YOU SAYING IT AGAIN,
BUT 1'M NOT CRAZY.

THAT S
WHAT REALLY

SiaWA JHT
JAUDI THAIA 12

THE IDEA IS

THERE’'S ARROWS—AMPLITUDES

-FOR EACH OF THESE PATHS, AND
WE USE THEM ALLTO FIGURE
OUT THE TOTAL PROBABILITY

IT GETS THERE.
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AND NATURALLY, THE LENGTH OF THE ARROW~
THE AMPLITUDE-IS BIGGER FOR THIS ONE
THAN IT IS FOR THAT OHNE.

[~ 175 THE TIME THAT'S DIFFERENT. SUPPOSE
| YouU HAD TO START AT THE LIGHT SOURCE
' AND GET TC THE EYE. FAST.

_—

NO!

THEY'RE ALMOST EXACTLY THE smr.e?
|

{ You. ..
l TOUCH THE MIRROR ALONG THE WAY.

RUNNING. AND YOU HAD TO

BICKING A TO TOUCH ISN'T | [ THE TIME IT TAKES, IF WE PLOT =
& GOOD [DEA, NEITHER |16 IT RIGHT UNDERNEATH, LOOKS
| TOUCHING FPOINT M. LIKE THIS. THE TIME FOR POINT
| A IS MUCH LONGER THAN FOR e
| POINT B, i /*
l o \“a-.,_ _,-i"
g
S R T T o U |
A D W =5 e s g B .
TIKE
|
BS A :
e o THE STOP-WATCH ARROWS
L TURN WITH TIME, REMEMBER?
i 50 TOWARD THE CENTER THE
T 5 DIFFERENCE IN DIRECTION OF

THE ARROWS GETS SMALL,
AND THEN INCREASES AGAIN
| AS YOU G0 FARTHER AWAY.

BUT WHEN WE ADD THEM TOGETHER,
INSTEAD OF TWO LIKE I DID BEFORE,
TS MALLIONS OF '"EM. AND WE GET
A NET RESULT—-A TOTAL AMFLITUDE=
FOR THE FHOTOMN TO AREIVE, ITYS

} THIS TREMENDOUS LINE. AND TS

' S0, RED PREDICTS
THAT LIGHT REFLECTS
OFF THE MIRRCR.

LENETH 15 MOSTLY MADE UFP OF
ARROWE D THROUGH T,

3 .' =
TOr AT |
= T o]
= s i ot o -'|":.5*k'-".-}.‘.-'

THE CONTRIBUT]OM OF THESE
CRAZY BITS NEAR THE EDGES 15
ALMOST HOTHING—ALL THAT STAS-
GERING ARCUND CANCELS OUT.
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~ OFF THE EDGES OF THE
MIREOR, IT DOESN'T MAKE ANY &
DIFFERENCE— THOSE ARROWS §

WHERE 1S THE PART
OF THE MIRROR THAT
MAKES A BIG DIFFERENCE? ||

RIGHT. 1T*S WHERE THE
ARROWS ALL POIMT NEARLY
IN THE SAME DIRECTION. THE
CENTER OF THE MIRROR, WHERE
THE TRAVEL TIME IS LEAST.

[THis corrECT RESULT COMES |

AT THE EXPENSE OF BELIEVING
THAT THE WHOLE MIRROR
CONTRIBUTES.

- S50 LET'S TEST
ITBY CUTTING OFF MmOST OF
IT, LEAVING ONLY A PIECE

THAT'S IN THE WRONG PLACE.

( NOW WE HAVE LOTS OF ARROWS | .- .

CHANGING DIRECTION RARIDLY
AND CARNCELING EACH OTHER OUT.

Y merm Pl Ry e R ey

i

|

LE-O LET'S HAVE SOME FLII'II

WE DON'T WANT THOSE FARTS, SO WE
MAKE SURE THEY DON'T REFLECT.

IF WE PAINT THE STRIPS VERY FINE—
THOUSANDTHS OF AN INCH WIDE — AND
OMNLY SHINE ONE COLOR OF LIGHT—
MONOCHROMATIC LIGHT—IT REFLECTS! |

ALL THE PLACES WHERET
THE ARROWS POINTED
THE WRON S WAY AND
CAMCELLED QUT ARE
GONE AND YOU SEE THE
LIGHT waY OVER THERE.

CALS

ARE POINTING THE WRONGS WAY. L L

LET'S PLAY A DIRTY TRICK ON THE LIGHT,
AND PAINT THE MIRROR BLACK |N JUST e
THOSE PLACES 1N WHICH THE ARROWS [.. &

IT'S CALLED A GRATING, ANDY

| I TWORKS LIKE A CHARM.
k T8 BEAUTIEUL.




L

YoU CAN SEE THE EFFECT
WHEN YOLU TILT AVIDECDISE 1N
ORDINARY LIGHT, IT'S NGT A
PRISM, BUT [T HAS VERY FINE

SGROOVES THAT MAKE A

GRATING SEPARATING CUT

COLORS OF LIGHT,

S50 ALL PARTS OF THE
MIRROR GET USED, WE HAVE
TO ADD ARRCOWS FOR EVERY

PATH LIGHT CAN TAKE—

HOT JUST THE FATHS WE

THINK A RE IMPCRTANT,

AND WHY DOES LIGHT GO IN
A STRAIGHT LINE?T

WELL, IT DOESN'T/
IT CAN TAKE ALL SORTS OF PATHS,
BUT IF YOU WORK IT OUT, THE
CONTRIBUTIONS OF PATHS NEAR A
SO0FY ONE WILL CANCEL THAT
GOOFY ONE OUT. ]

P

DR UF THE ARROWS AND
THATS WHAT HAPFENS.

s

e

S0 IF WE FOOL THE|
LIGHT 50 THAT ALL |
THE FATHS TAKE THE
SAME TIME, WE SET
SOMETHING
INTERESTING,

e
HERE’S A WAY:
WE [KNOW LIGHT GOES
SLOWER THROUGH
GLASS THAN AlR.

THE LIGHT SMELLS (TS WaY
TOWARD THE PATH THAT TAKES
THE LEAST TIME—A STRAIGHT LINE,

|/ How can
|} WE FoOL IT?

50 WE PUT 4 THICK PIECE OF SLASS IN

THE SHORTEST PATH TO SLOW IT UP.

s

TIME

Bt i R

WE PUT THINNER GLASS IN A LONGER PATH,
AND S0 ON, AND KEEP GOING LIKE THAT, l

ALL THE AMPLITUDE AREOWS ARE GOING TO
LINE UP, BECAUSE WE'VE DONE A GOOD JOB
MAKING SURE THAT NO MATTER WHAT PATH THE
LIGHT CHOOSES, IT WILL TAKE THE SAME
TIME TC ARRIVE ON THE OTHER SIDE.
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" AND OF COURSE YOU ‘WHF DOES THIS HAPPEN?
KNOW WHAT 1M WELL, WAY BACK, [
DESCRIBING—WE'VE | | CHEATED A LITTLE.
FORCED THIS PHOTONS DON'T JUST
SENSATIONALLY LARGE BOUNCE OFF
GROUP OF ARROWS TO SURFACES.
LINE UP BECAUSE
WE'VE MADE A LENS!

" THEY INTERACT i
WITH ELECTRONS
INSIDE THE SLASS.

(T \GNORED THAT WHEN I
SHOWED ¥OU THIS.

50 T HAVEN'T GIVEN YOU :
EVERYTHING —THE DIRECTION OF THE
OF THE AREOWS ANDWHY THE BOTTOM

OF THE GLASS IS oFPOSITE FROM
%\ THE TOP, FOR INSTANCE.

AND WHY THE ARROWS ARE A

FARTICULAR LENGTH, AND THAT

WE HAVE RULES FOR CHAMSING
LENGTHS AE THINGS MOVE,

P

—

—— i e

EEFLECTION IS LIGHT
INTERACTING WITH AN ELECTROM,
SHAKING IT UF, AND THE

==

7 BUT T HAVEN'T QUITE Qﬁ :
[ HGURED OUT HOW To EXPLAIN |
THIE S0 THEY WON'T BE 1M
E‘h\ THIS LECTURE. A

BUT WE ARE DAMN
CLOSE TO HAVING TALKED
ABOUT ALL OF IT

ELECTRON EAMTTING A NEW
FHOTON GOING IN A
NEW DIRECTION.

SO LIGHT 15 EVEN
SIMPLER THAM WE
TALKED ABOUT! IT
MEVER BOUNCES BT
ALL. THE cOMPLICATION
IS THE INTERACTION
WITH MATTER.

&1

AND THAT'S
WHAT I/LL TALK
ABOUT NEXT
TIME, .

OMCE I
FIGUEE OUT
HoOW T




¥OU CAN SEE THAT THE CANCER YOU HAD
REMCVED A FEW YEARS AGO HAS RETURNED,
AND IT'S SPREAD ARCUND YOUR
INTESTINE.

50, THESE RESULTS ARE...
INTERESTING,
DR. MORTON.

T USUALLY DON'T STOP UNTIL I CAN
E SEE THE OPERATING TABLE
i e UNDERMEATH.

—

| COMPLICATED. WHAT DO
| - YOU GUGGEST?
. :

.f"" WHAT ARE
THE cDDS
| IN AN GPERATION | -

" WELL, I BELIEVE

- TSN IN CUTTING AWAY ABOUT | §
ozt _B % ) ANINCH OF GOOD TISSUE
- \l ARQUND EVERY PLACE 1
pe T . FIND CANCER.

I'VE HAD A
DOZEM PATIENTS,

AND T HAVENT
LOST ONE

i STILL DON'T
| KNOW MY LIMITATIONS. }__——*
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OKAY WHEN DO

THERE WAS RADIATION
THERAPY TO SOETEN UP
THE. CANCER,

e
1% HOUR OPERATIO

o
le]

0

THEM THERE WAS A BUEST ARTERY AND
7B FiNTS OF BLOOD TF?-ﬁNEFUEFIﬂN

‘/,;”7’
e

_z

| w “! J

ESALEN

R h'_kw TR -
r..o-c 'l"""-"'F" R j =
e ri%

C
,.-H\
(198111 9?3}4)— ;
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MWORTOMNS ISCLATION TANKS A FEW AND I KNEW SOMETHING ABOUT
A [ TIMES, GETTING THAT PFPHENOMENON.

THANK YOU, DE) PREVIOUSLY I'D TRIED | I'D STUDIEC DREAMS BEFORE, |
, DR.
- - MANY HOURS OF ;1=m e y S —
1

HALLUCINATIONS,

HUH. My
EGO SEEMS TO BE
OFF TO ONE SIDE A

LITTLE BIT, BY ABOLIT,, -
1D SMJA COUPLE THEN I WENT TO ESALEN, WHICH

IS A HOTBED OF THIS STUFF—

CENTIMETERS. IT'S GOT HOT SPRINGS Too.
THERE I LEARNED THAT PECPLE BELIEVE | BUT THAT MADE ESALEN A PERFECT
S0 MANY WONDERFUL THINGS. . PLACE TO TRY OUT DIFFERENT VERSIONS
A [

I | OF My LECTURES FOR AL, |

l

L UFOs
= ﬂE‘l‘rcioB}-
=) M':,‘S"'-I c Trow
4 Expanded

i / Er Tt
Lo I A B O E R

|I | ! J THEY WEREN'T J
4 i (| £ L ENTIRELY i
! b J : | [ svccessFuL.., |
Ly gty i [ e

T Ea R

i et e i
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>

YEAH, OVER THERE.

UM...I FORGET
YOUR NAME.

RIGHT.
SURE, OK.
50..7

S0, LIKE. .. CoULD

You BUILD AN No, |l
ANTI-GRAVITY DEVICE j ‘\-.\
USING YOUR j LIKE I Sall,
THECEIEST 7 QED DOESK'T
= | EXPLAIN GRAVITY,
e AND NOBODY

KHOWS HOW TO
E PO THAT.

ENGINEERING
PROBLEM, NOT
A BELIEF

PROBLEM.

WHAT ABCUT ASTROLOGY?
ALL THING S ARE
CONNECTED BY THE
STARS AND...

/' A PARALLEL
WITH THE TAO

CRBEALLY THiIME
REFLEXOLOHSY

... 20 THOSE GEF LECTURES NEEDED MORE WORK.

iy : d
|DFZ SOMETHING DID. [‘

i
R o

‘i,“ wouLR po You
W SOME Goob.

BUTIT'S REALLY A WONDERFUL
YO SHOULD SO VISIT.

PLACE.
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OKAY ABOUT GETTING TO TUVA. 1T75
VERY SIMPLE: 1 PROFPOSE SOME
LECTURES IN RUSSIA,

o —_ e e

Y . sl

[I ARENE THERE XD 1 & *i‘fﬂ 5 3 AND THEN —HAVING LEARNED A BIT, YOU SEE. .,
- BUT I'LL GIVE THE R i
. - LECTURES IN MDSCOW

\AT'ER WE WISIT
% | | I

ONE OF
THE CONDITIONS
IS THAT I TIRAVEL

PAND THEY'LL HAVE TO SAY YES TO THAT,
AHD WE &0,

| THE WAY TO HAVE AN ADVENTURE
15 TO DO THINGS AT A
LOWER LEVEL...

WELL, I DON'T WANNA
DQ [T THAT WAY.

IDEA |15 TO
HAVE AN

7. NOT TO RIDE %2
ON THE FREEWAY '
AND TO STOP AT
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/. SHE CANE |
EVERY DAY FROM

BRENTWOOD TO
PASADENA WITH ALL |
MY FAVORITE )

AND MAYBEE
I CHEATED A
LITTLE BY CLAIMING
IT WAS NECESSARY
LONGER THAN IT, IN FACT, WAS,

IT WORKED
VERY WELL.

ALIX BEGGSED ME TO
EXFLAIN CILANTUM
THEORY TO HER, BUT
I DD NOT SATISFY

. HER.

A — e T

. BUT SHE
INGPIRED ME
WITH THE CHALLENGE Wil
OF MaING AN HONEST
EXFLANATION.

I ENEMTUALLY
TRIED T DO THIS
IN A SERIES OF

LECTURES IH NEW ZEALAND,

[ HAR TRIES Tor
SET TAPES OF THESE P
TC SHOW HER, BUT THERE

WERE PELAYS AND T
AM TOOD LATE,
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B | ITRIED THEM OUTAS R o
QED IN CA: FAR AWAY AS POSSIBLE fi
; FROM HERE—IF THEY £

o
WEREN'T SUCECESSFUL
I WOULDN'T HAVE TO
SUFFER 50
DIRECTLY.

LECTURES

S0 1
DIDN'T KNOW |F
I COULD EXPLAIN
QRUANTUM ELECTRO-

DYNAMICS IN... A~

PECPLE OF MEW ZEALAMD
THOUGHT THEY WERE CikAY, -
S0 I SUESS THEY'RE OkAY—
AT LEAST FOR MEW ZEALAND.

Aot BUT I GUESS THIS
WASN'T USED TO
THE POLITENESS ISN'T 80 PAINFUL, SO

HEEE [ AMWITH ONE
MORE LECTURE T
PREPARED FOR ALIX,
WHICH UNFORTUNATELY

I CAN'T TELL HER
DIRECTLY, MOW.,

THERE,

THE AUDIENCES
/ IMCREASED EACH
TIME! T'M USED TC THEM
DECREASING, 50 THAT
BY THE THIRD LECTURE
L't TALKING TO
4 OR 5 PEOPLE.

YOU ADD AMPLITUDE ARROWS
AND THEN SQUARE THEM
TS GET PROBABILITIES,
QUITE PECULIAR,

WHAT ABCUT
MATTER?
WHAT A20UT
ELECTRONST?

| A o 'EC|E-HT|E-F5 "?".?4
S0... WENE MOSTLY TALKED DISCOVERED THAT %
ABOUT PHOTONS, AND 1 THINK ELECTRONS, WHICH \
YOU'LL AGREE THAT THEY'RE LOOK LIKE HONEST /s
VERY WEIRD. PROPER, PARTICLES... KE—
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INTERFERENCE PATTERN.
JUST LIKE IF THESE
PARTICLES...

WERE WAVES.

...WELL, THEY BEHAVE LIKE WAVES. INSTEAD YOU SEE AN

EVEM IF YOU DIM THE LIGHT SO
MUCH THAT ONLY ONE
ELECTRCON &T A TIME REACHES
THE BARRIER. .. IT STILL
SPREADS QUTS

IF A HOT FILAMENT FROM A LIGHT BULE
SPRAYS ELECTRONS AT &4 BARRIER WITH
TWQ TINY HOLES [N IT, YOU'D EXPECT
TS SEE TWS SPOTS BEHING IT.

AS WE TALEED ABOUT BEFORE, FOR
A LONG TIME PEOPLE THOUGHT
LIGHT was A WAVE TOS. BUTIT
JUST BEHAWES LIKE THAT
SOMETIMES,

THIS BUSINESS LED TO SCIEEMTISTS TALKING
ABOUT THE WAVELENGTH OF AN ELECTRON,

" AND ELECTRONS ARE
THE SAME, ONLY IN REVERSE.

ANYWAY, HE CAME UP‘]

THIS GUY, DE
BROGLIE—
OR “DE BROOL"
OR "DE BROGLEE”

YEAH, YOU GET THE IDEA—
IT WASH'T A SATISFACTORY
THEORY. IT'S HOCUS
FOCUS.

WITH & THEORY CALLED
"WAVE-PARTICLE

g BUT THE HOCUS

POCUS TRANSLATES TO THIS:
FOR ELECTRONS AND PHOTONS,
IT'S ALL THE. SAME THING,

OVER AND OVER AGAIN.

SCMETHING LIKE ol
THURSDAYS LISHT AND
ELECTRONS ARE PARTICLES,
ON TUESDAYS THEYRE WAVES.

I CAN'T PRONOUNCE
IT. IT'S A FRENCH NAME
S0 I'M HOPELESS.
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THERE'S & PROBABILITY FOR AN E‘H'EN'T.] IF A PATH |5 A SUCCESSION | THIS MULTIPLICATION
AND THAT PROBABILITY |5 THE SQUARE | | OF INTERACTIONS, TO GET | | BUSINESS—WE DIDN'T

OF AN AMPLITUDE. THE AMPLITUDE OF THE | | TALK ABOUT IT BEFORE, A&
WHOLE PATH YOU MULTIPLY | f~_BUT IT'S OKAY. '
THE AMPLITUDES INSTEAD |

OF ACDING.

" IF AN EVENT CAN HAPPEN ALONG MANY | | el
PATHS, EACH WITH ONE INTERACTION, YOU ' IT'S LIKE YOU
APD AMPLITUDES OF ALL THOSE PATHS. | |THEN YOU ADD ALL THOSE UP...| | MULTIPLY PROBABILITIES.

| IF you CALCULATE JusT |
THESE THINGS, AND YOU’RE

CRAFS, ONE DIE ALWAYS E= SAIC
FROM PLACE TC PLACE—WE. CAREFUL WITH YOUR BOOK-

STOPS TUMBLING BEFORE WAS 0.2 BEFORE, BUT WE HAVE TO

IF YOU'RE SHOOTING J’ 3. AMPLITUDE FOR A PHOTON BOING

THE OTHER, SC THE CALCULATE 117 EEEPING AND FOLLOW THE

PROBABILITY OF ROLLING | | 2 AMPLITURE FOR AN ELECTRON .. RULES WE'VE TALKED
bl GOING EROM PLACE T0 PLACE ~ ABOUT? =31
Y& X Ve =136 3. AMPLITUDE FOR AN ELE .

AESORBING OR EM';TTIMIE‘:- A %T{)N

CKAY, 5O WE ONLY NEEDTO | |7 YOU CAN PREDICT ANY
i KNOW THREE THINGS. FHENOMENOMN IN NATURE.

WAIT, ONE LAST
THING BEFORE
A WE GET

EACEPT FOR GRAVITY AND
RADIDACTIVITY.

©H WELL. i'

CALCULATE THESE
AMPLITUDES?
I'LL SHOW Yo,

o
= ALL THESE THINGS |
HAPPEN |N SFACE AND TIME,
RIGHT? IT TAKES TIME FOR
ELECTRONMS TO o0 FROM,
PLACE TC PLACE. LIGHT TOOQ.




THINGS MOVE ARDUND
IN SPACE, AND THEY
TAKE TIME TO DO IT.

50 WE MAKE THIS
HANDY GRAPH IN
PHYS5IC5—YOU'LL GET|
FRIGHTENED IF I CALL

T BY ITS NAME, S0
I WON'T.

TIME

NOW IF WE HAVE AN OBJECT—A |
BALL MAYBE—AT A PARTICULAR
FLACE NOW, IT'S RIGHT HERE.

TRY TO CRAW THAT FOR YOUR

AT RIBHT ANGLES, YOU CAN
SELF. 1'M NOT GONNA,

THERE'S TWOD
MORE DIMENSIONS OF i
SPACE, OF COURSE, ALSO

SPRCE

IF IT'S MOVING ACROSS THE
ROOM, \T GOES LIKE S0, AND
IFIT HITS A BRICK WALL, IT
COMES BACK. SO FIT
WAS SOING STRAIGHT
T2 THE WALL AND BACK, T
STRETCH IT QUT AND IT
LOOKS LIKE THIS:

77 AND LATER CON

IT'S STILL IM THE
SAME PLACE—"LATER
ON* MEANS T GOES
ALOME THIS WAY.

S0 AS TIME &0ES
ALTNG, THE BALL |S REFRE- l

SENTED BY THIS LINE.

TIME

OF PHOTONS HERE AND A
DETECTOR UP HEREY THERE’'S
SOING TO BE AN AMPLITUDE
THAT THE PHOTON COMES
FROM X1 AND
ARRIWES AT =,

TIME

"50, WHAT IF T HAVE A SOURCE |

B

i
X SFACE

| AND THE AMPLITUDE DEPENDS
ON THE T/ME AND POSITION

OF BOTH PLACES. I

THINK OF [T
THIS WAY: _

THE DISTAMCE

LENGTH AND THE TRAVEL

CORRESFONDS TO THE :

THAT'S NQT EXACTLY IT, AND I WON'T BOTHER
YOU WITH THE MATHEMATICS OF THIS FORMULA.

TIME

&

3

i I

*1

Az SPRCE

TIME CORRESPONDS TO THE

DIEECTION OF THE ARROW — THE STOR- S
WATCH GOING ARCUND FROM T1 7O T2, &

BUT IT'S SIMPLE—IT DEPEMDS ON HOW FAR
YOU HAD TC MOVE AND HOW LONG | T TOOK.
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TS YOU CAN DEDUCE THIS
> FORMULA FROM RELATIVITY.
L/([%=%y) A LAW WE UNDERSTAND VERY

WELL, AND BY KNOWING
THAT IF WE ADD UP THE
PROBABILITIES OF EVERY
POSSIBLE EVENT IT
COMES OUT TO 100%.

QOFsS, 1 FROMISED
MO MATH. BUT SEE, THE
FORMULA IS REALLY SIMFLE!
WE'LL CALL THAT AMPLITUDE
P{A=B) FOR A PHOTON GOING
FEOM THE FIRST LOCATION

TO THE SECOND.

FOR NO GOOD REASCON
WE REFRESENT A
PHOTON GOING FROM
HERE TO HERE WITH A
WIGGELY LINE,

AND THATS THE ENTIRE
THEORY OF LIGHT!/

MNERT L&W: ELECTRONS. WE
HAVE A SIMILAR SITUATION. IF AN
ELECTRON STARTS HERE, IT HAS AN
AMPLITUDE TO ARRIVE AT

ANOTHER FOSITION.

| SOMETHING’S GOT TO |
\ " HAPPEN, IN OTHER /
N\ WORDS/

7 IFYOUUSE ~_
/" THE WRONG FORMULA, \
THE PROBABILITY COMES |
OUT SCREWY, LIKE
150% OR -200%.

IT ACTUALLY CAN GET BETWEEN
THE TWO FPOINTS IN MANY WAYS,
BUT JUST LIKE IN OUR DIAGRAMS
OF MIRRORS REFLECTING
LIGHT, IT'S ALL INCLURED
IN THAT OME, FINAL AMPLITUDE.

TIME £

SPACE

WE'LL CALL THAT E(A=EB).

MATURE'S TIDY, AND IF THE MASS OF ELECTRONS
WERE ZERQ, THIS EQUATIONWOULD BE THE SAME
AS THE PHOTON ONE, BUT IT'S NOT ZERD, SO
- THE EQUATION'S MESSIER.

IT'S A BESSEL FUNCTION,
BUT WHO CARES WHAT
IT'S CALLED, REALLY? WE
CAN CALCULATE (T!

‘. .f'

ZEE

FINALLY, THERE'S THE AMPLITUDE 4 FORE AN
ELECTRON BEING AT THE SAME POINT IN

SPACE-TIME AS A PHOTON

BEING ABSORSED BY THE £

THE AMPLITUDE OF THATZ

SCURRENTLY, 13=|/137. 035992870109

AND THE PHOTOM
LECTRON. WHAT'S

| JUST A NUMBERF :



IT'S AN EXPERIMENTAL RESULT, AND
T'S A MAGICAL, WYSTERIQUS
NUMBER.

GO00D THEORETICAL ™
L—7" PHYSICISTS PUT IT UNDER
THEIR FILLOW AT MIGHT,

WHERE THAT NUMBER COMES FROM

IT WOoULD BE
HICE IF OUR THECRY

AND DREAM ABOUT FIGURING OUT PREDICTED THAT HUMBER
. BUT IT DOESH'T,

S0 THE THEORY ISN'T
COMPLETE.

BUT IT WORKS, AND NOW
WE HAVE ALL THE RULES FOR
INTERACTIONS, AND ALL THE WAYS
WE CALCULATE AMPLITUDES.

T 50 WE CAN USE THEM THIS WAY: SAY WE HAVE
TWE ELECTRONS. TO FIGURE OUT THE
PROBABILITY OF THEM ENDING UP AT TWO
DESTINATIONS, WE JUST DRAW LOTS OF
PICTURES AND ADD AMFLITUDES.

IF WE ADD THESE TWO AMPLITUDES
TOGETHER, WE GET A FIRGT APPROXIMATION
OF THE AMPLITUDE OF THE WHOLE THIMS,

E( I—?"E?J*Eliz—ﬂ-r%E{H—ﬂJr‘J* E(2=2)

-
.EL

SRACE

TIME

BUT THERE ARE OTHER WAYS THE TWO CAN
(GET THERE. &4 COUFLE MORE EXAMPLES:

HOW DO WE GET THE

WELL, 1T‘5 THE. ﬁMETHME ALL

. BUT NOW THERE'S THE PHOTON

AMFLJTUDE FOR THEEE'= EXCHANGE P(5-6) IN THERE,
—————— 5 : E(HS}‘E{E—*BF{E#E»}‘E(&#% WITH & ] AT 5 AND ONE AT & TOOY
4
1
3

S50 THE WHOLE AMPLITUDE 1S




E (125 E (5=2)E(2=(
sE(L=xP(5=LM%)

! l ; Fa !
I

AND YOU CAN WRITE
DOWH THE OTHER ONE YOUR-
SELF, IT'S INTIMIDATING, AND
YOU HAVE TO BE CAREFUL, BUT

ITS NOT HARD. LN FACT, IT'S
S0 EASY IT'S BORIME!

NOW IEWE ADD THEM ALL |
TOGETHER, WE GET A BETTER
APPROXIMATION OF THE
AMPLITUDE.

E (13 E(@=> YW E(1=4)
¥E(223)+E(125)%E(5~3)
KE(2=0)4E (6-4)
#P(5>L)K)¥) +..

AND LOOK —WE HAVE J
IN THERE TWICE, AND 2 S
ABOUT 14137 —LESS THAN 15

M

IT'S SMALL, BUT IT GIVES US A |
MORE ACCURATE AMPLITUDE.
50 NOW ARE WE DONE?

G “u A
MO, WE CAM ADD IN MORE
PHOTONS, AND SGET EVEN MORE
ACCURATE. TIRING, BUT IF YOuUu
WERE A STUDENT TRYING TO
GETYOUR DEGREE, YOU'D
HAE TO KEEF ON GOING.

Kook ot

),

| BUTIT'S EVEN BETTER. OR WORSE,
IF YOU WANT TO GRADUATE.

EVEN WITH JUST ONE PHOTON, POSITIONS 5 AND
© COULD BE ANYWHERE, AND WE HAVE TO ADD
ALL THOSE TOO,

J

EVEN BETTER! REMEMEER. WE’RE LOOKING AT
TIME ON THIS DIRECTION, AND DISTANCE
__ ONTHIS DIRECTION.

SPACE

SOMETHING FUNNY. YOU'RE USED
TO THINKMNG THAT THE SPEED OF LIGHT
IS THE S_F"EED OF LIGHT. BUT IT ISN'T.

S ANC & CAN BE ANYWHERE, SO
THE TIME BETWEEN TWO
NEARBY PLACES CAN BE. ..

VERY LONG. ..

AND IT CAN G0 BACKWARDS
IN TIME.

BECAUSE BEFORE THESE
LECTURES YOU USED TO THINK

THAT LIGHT COULD ONLY TRAVEL
\-\ IN A STRAIGHT LINE TOO/ ‘




|ow 50 LET'S FINISH BY GOING
EACK TO MIRRORS. BECALSE
NOW YOU) KNOW THAT IT'S NOT
JUST THE SURFACE THAT'S
DOING THE REFLECTICN.

A" BECAUSE TMERE'S
REALLY NO REFLECTION—
NO BOUNCING—AT ALL.

17’5 JUST PHOTONS AND ‘1
ELECTRONS EVERYWHERE
INGIDE THE MIRROR,

OF COURSE IF YOU LIKE THIS |

GAME, YOU CAN IMAGINE THE
ELECTRON EMTS A PHOTON
BEFORE ABSORBING ONE.

e

OVER AND CVER AGAIN.

50 INSIDE, A PHOTON HITS AN

ELECTRON, SETS ABGORBED,
AND THE ELECTRON EMITS A
PHOTON. (TS CONDITION
CHANGED TEMPORARILY, BUT
IT GETS RESTORED,

PHE
SRy e S e

M

S
AND
o IT DOESN'T
MATTER |F
YOU LIKE
THIS GAME.

BECAUSE
THAT"S THE
Wy IT IS,

AND, I CAN'T RESIST SHOWING
YOU ONE MORE POSSIBILITY.

(AN ELECTRON EMITS A PHOTON. .

TIME
s

SPACE

... TRAVELS BACKWARDS IN TIME... |

TIME

&)

SPACE

...AND THEN ABSORBS A PHOTON |
AND HEADS FORWARD AGAIN.

TIME

@ “f

EEACE

S0 |T'S NOT
JUST LIGHT THAT

CaMN GO THE [

WRONG waY,

[ EVERY PARTICLE IN NATURE HAS
AN AMPLITUDE TO MONE BACK-

WARDS [N TIME—WE CALL THOSE
BACKWARD THINGS
CANTHRPARTICLES, ™




REMEMBER DIRAC? HE PREPICTED THESE ANTI-
ELECTRONS —POSITRONS — AND NOW WE CAN
DETERMINE THEIR INFLUENCE ON HOW LIGHT
SCATTERS INSIDE A MIRROR.

SO IFYOoU CAN SET PAST YOUR MORAL
CBRJECTIONS TO PARTICLES INTERACTING
WITH THEMSELVES AND BaC KWARDS
IN TIME ANMD ALL THAT STUFF...

AND IF YOU CAN IMAGINE —AND THEN ACCEFT NATURE AS SHE S, AND ALL YOU
CALCULATE— ALL THE POSSIBILITIES. .. NEED ARE THREE RULES AND...
TIME
"LORRECTIONG

J"'.J i

"1 -“52 3*1 5'-2 x‘l xz Il Jﬁa SPACE
1.00115%523+ 3

s e e | B o
HE EL fal THAT INTIMIDATING A ! i
NUMBER I TOLD ¥OU ABCUT. il THE DIAGRAMS. |0

THESE DIAGRAMS ARE NAMED
AFTER ONE OF THOSE GLUYs
THAT SOT THE NOBEL PRIZE
BY THE waY,

THE IMFORTANT THING
|5 WE DEDUCE ALL OF IT—LIGHT
GOING IN A STRAIGHT LINE, THE
CONSERVATION OF EMERGY,
EVERYTHING —JUST BY DRAWING
THESE FUNNY PICTURES AND
WRITING THE EQUATICNS
THEY REPEESENT.

BUT I NEVER
CALL THEM THAT BECALUSE,
WELL...IT'S JUST A NAME.
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WE TURNED ALL THESE BUT THERE WAS A PROBLEM; THE BOOK —

1T DID VERY CALLED "GED"— AND THAT BBC TELEVISION
LECTURES INTO A WELL—THE
PROGRAM MADE ME LOOK WISE.
BOOK IN 1985, PUBLISHER WS | | | = .

SURPRISED.

YOU‘RE JOKING,
ME. FEYNMAN
(198%)

60 I WROTE ANOTHER BOOK, WITH
RALFPH, TO BALANCE THINGS CUT.

F IS THAT

LATIN OR

HEH-HEH-
HEH-HEH.

SURELY
YOU'RE

JOKING.

BOTH, THAMK
You.

IT WAS A BUNCH OF
DISCONNECTED STORIES.

RS
FOR THE GENE
YOU KEHOW, TO FIND AMUSING.
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: .
MEEEEEEEEEE! 'w

MARILYN TELLS ME THAT
YOLVRE A PROFESSIONAL

YES, OF COURSE,
M. FEYNMAN, T WAS

WONDERING IF ANYONE

El ELSE WOULD VOLUNTEER
4 TO BE HYPNOTIZED.

THAT'S RIGHT
—THEY CALL ME

SURE. BUT WHAT I WANT TO ENOW
15 HOW DO YoU DO THAT? I'VE
FIGURED THE ODPDS FOR CRAPS, SEE...

—

e

1T'5 A COMMISSION | r. W
FOR A MASSASE T f

[ rsoTALOTOF .N;I#IL._. AND IT WAS TRANSLATED
INTO & BUNCH OF LANGUAGES.

WANT THIS
TOREADOR. ..

T
¥

PARLOR. SEE, THEY z e

l

BETTE,

I'LL HAND SIGN | - |
FOR THIS
KiD.

—_
B

-

————  THIS E VERY WELL.

o S — A S—"— ) T

THAT GAVE ME A KICK, BUT NOT EVERYBODY
UNDERSTOOCE MY THE BOOK.

Lo '

PARTS ARE MOT 60 Rt Ll

IMPORTANT FOR I
THE GERMAN
EEADER. 77

4

mmi;
[

S

|

i

ALL 15 MPORTANT—
TO ANY READER!

28

T

TELL ‘EMTC GIVE IT TO A
TRANSLATOR WiITH A SENSE
OF HUMOR AND A HEALTHY

DISRESFECT FOR
POMPOUSHNESS.

Q

SCIENCE
IT1S MOoT!




MY SON CARL WORKED WITH THIS
EUY DANNY HILLIS AT MIT.

COMPUTER
SCIENCE

== e i1 v, I

—
|

s I

DOREST IDEA T'VE

=
[ MY KIND OF GUY.

POSITIVELY THE N IS

EVER HEARD.

HILLIS WAS FORMING A COMPANY TO
MAKE A COMPUTER WITH 64,000 FRUOCESSORS.

RICHARD
, FEYNMAN
REPORTING FOR
DUTY.

WHAT S MY
ASSISHNMENT?

{ewaection Ma |
T hrink wy Mo
\1“.15 ftel {:‘}

I DONT
KNOW, YOU s
HIRED Him/! ]

-
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OKAY, WE'D LIKE
You TQ ADVISE US

GET OFFICE SUPPLIES.

CN THE APPLICATION
OF PARALLEL
PROCESSING TO

THAT SOUNDS
LIKE A BUNCH

rd =
Il |SUPFLIES
.

=Y

2 i

N\ PROBLEMS.

WHEN 1 GOT BACK, THEY'D DECIDED L
SHOULD ANAYZE THE ROUTER THAT
PASSED MESSACES BETWEEN PROCESSORS.

=

— o

R ..

1’,’.& Aas e
by ———  ——

ERCEPT FOR DOING FUN STUFF,
AND WHEN IT WAS TIME TO
REMIND THEM OF IMFORTANT

YOU ALL
ARE CRAZY,
YOU KNOW.

FIGLURED IF THEY CouLD
USE ME FOR MaNUaL LABOR THE OTHER I

MAYRE INVESTO

& LOT OF PECPLE WORK NG HARD, DOING

WHATEVER NEEDED DOING...

GUYS MUST BE PRETTY GOOD ENGINEERS/




LI i R e T - S '._
| AND JUST LIKE LOS ALAMOS, IT WAS PARALLEL COMPUTING —BUTWITH |
TINY MACHINES INSTEAD OF PECPLE THIS TIME, i

e
Al [N
et e LT

fedtel el led e 7081
[t

E-EDII. PR P T L ] I.EI
O]

S ) et o Dot 1163
st e aee L ianal sl
| lﬂlt::l.mmmmmmmla:g
G oA e gtime] Imuﬂ-ﬂ:l f
R e e e e T L
W {mimlg 1pig TelE oL Ll =
It T @ s |00 1 2

s el L] D06l
Imi-:':l-::u e

THE OMLY BAD THING 1S THEY ALWAYS WANTED ME
TO GIVE ADVICE. I DIDN'T WANT TO DO THAT,
E&FECIALLY OUTSIDE MY AREA.

DON'T
BUS ME, I'M )
|  BUSY AND
1 THAT'S NOT
DEFARTMENT. A

iNG HERE WAS CUTSIDE

. e e

MY AREM/

AND EVERYTH

Pyl ] L
B I0S [HOT ] O i eI
ADtne Oe eexo ool
AR b L i
cobeietiseialot el ouzic:
Loe e | ool Lol o (1Y

IGRIEIE oo [ Sl

?Iﬂl IERE N R | O

AL
B
et II{) | Dg

[Cresr laoita D] 1O

Srrsizsieiel

DEFPARTMENT,
h RICHARDT

IN THE END, THOUGH, SOME-
TIMES I COULDN'T HELF IT.

IVE BEEN THIHKING ABOUT
WHAT YOU ASKED THE
OTHER DAY, AND IT SEEMS
TO ME...

I Hat A LOT OF FUN,—L
o _—




— = T
- ARESPONSIBLE | | [THEMELLIS Jij
M POSITION h— @ b "
(1986)

| HE USED TO

GO TO YOUR

S PHYSICS X
| SEMINARS. 4

i
HE'S ALSO
b ACTING HEAL

THE CHALLENGER HAD
EXPLODED A COUPLE WEEKS
BEFORE HE CALLED.

MUCH GOOD SCIENCE,
SO APART FROM THE

PEOPLE= [NCLUDING A
THINK. MUCH ABOUT IT.

232

| seace eHUTTLE missions |
| DIDN'T SEEM To PRODUCE |

| TRAGEDY OF LOSING SEVEN |
| SCHOOLTEACHER—TI DIDN'T |




NOW BILL GRAHAM WANTED ME TO JOIN A

COMMISSION |NVESTIGATING WHAT WENT WRONG.

“'Ii‘ L T._ _.
e

P

| -~ Az
| " 7 i
s :
|
_.'. L ."‘—---.J
e
.. AND
GRAHAM SAID
HE'D WANT ME TO
GO TO WASHINGTOM.

50 1 TOLD HiM 1 I|[ '
DON'T WANT ANY- /|

il

—— Y

THINK YOU CcouLD
FIND OUT ANYTHING
ABOUT WHAT HAFPFENED?

Do You
THINK TS 3
IMPCRTANT THAT THE %
PRCEBLEM GETS SOLVED?

" YEAH, YEAH.
ITwouULD BE
IMPORTANT.

- >
Eoll- %
T —

ASEKEING ME?
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| T A e o, PR s, il

\ I DIDN'T GET ANY USEFUL [/
|| ADVICE FROM MY FRIENDS.

THANKS A LOT,

| 7 IF You DON'T, THERE WILL BE
TWELVE PEOPLE IN A LITTLE KNOT,;
ALL LOOKEINS AT THE PROBLEM

You JOIN THIS

2 - [T THAY E
UH-HUH. DON'T FOOL = w._ﬂgasﬁmgi'gsgﬁn

YOURSELF. “ANYBODY™ PEOPLE DOING
COULDN'T DO THIS. THAT...

1T MAY NOT HELP,
BUT F THERE'S T D S
SOMETHING TO i
FING, YOU'LL
FIMDT.

YOLULL RUN
AROUND ALL OVER
THE PLACE LIKE A

MOSQUITD, CHECKING
UNUSUAL THINGS. &

7 e =T
| { canpoTHar JE a1 L1

LIKE You i | Y

';';_g!l"i | d'

I'M IMMODEST— T BELIEVED HER,

2o



S0 ON MONDAY 1 GUT APPCINTED TO THE
YROGERS CCMMISSICN" AND ON TUESDAY
AL HIBBS ASSEMBLED SOME GUYS AT

NASA‘S JET PROPULSICN LAB TO BRIEF ME.

1l
mIl'i

_\!

bttt AMD THEY REALLY KKNEW WHAT TH
m_a — | SECOND LIME OF NOTES SaID “O-RINGS SHOW
ITWas REALLY QUITE EXCITING.

EY WERE DOING: My
SOME SCORCHING.Y

2,

l

MY WAY OF LEARNING THINGS |s YoUu
DON'T JUST SIT THERE,

175 LIKE
THIS...

TOU ASK LOTS OF DUMB-SOUNCING G!LjEETIOHE,
GET QUICK ANSWERS, AND LEARM WHAT TO ASK TO
GET THE MEXT FIECE OF INFORMATION YOU MEED.

Al

I TOCK THE RED-EY

MEXT DAY, AND SOT LOST ON MY WaAY To
FINALLY T MADE IT TS BILL GRAHAM'S
CFFICE, AND THEY HELPED ME FIND

THE FIRST FORMAL MEETIMG.
WHERE THE COMMISSION WAS.

WHEN I 50T THERE THE ONLY ONE ['D EVER HEARD
OF BEFORE WAS MNEIL ARMSTRONG, THE MOON MAN.

> o
I DIDN'T RECOSNIZE WHE SALLY

Il  RIDE WaAS UNTIL LATER.
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it

[ BUT IT TURNS OUT THAT BESIDES MR. ROGERS, | |  EVEN THE GENERAL, KUTYNA, HAD AN AERO-
THE GUY HEADING THE COMMISSION, MOST NAUTICS DEGREE FROM MIT. 5O IT WAS GOOD.
| EVERYBODY HAD TECHNICAL BACKGROUNDS. ;

CAN SOME- |

ONETELLNE | S—=2

WHERE THE
NEAREST METRO
, GTATION IS?

ANY
GENERAL
THAT RIDES
THE suUuBWAY
CAN'T BE
ALL BAD S

Lr e e LA % A

ARMSTRONG WAS AN AERONAUTICAL ENGINEER, L DONT LIKE UNIFORMS MUCH, BUT I LIKED
FOR NSTANCE. RIDE WAS A PHYSICIST, HIM FoR THAT, AND FOR OTHER STUFF HE DID. |

THE HEXT MORNING, THEY SENT A LIMC FORE ME—THE FIRST
“OFFICIALY MEETING WAS GOING TO BE ON TV, AFTER ALL.

¥ FR) 1 UNDERSTAMD ._ _ [U,—L

ALOT OF IMPORTANT
. PEOPLE ARE ON YOUR [
- CONMMISSION.

-
WELL, COULD YOu
DO ME A FAVORT

ICoLLECT SR

AUTOSRAPHS.
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THE TV CAMERAS WERE POINTING AT US
EVERY TIME WE SCRATCHED QUR NOSES, J

'
)

RICHARD FEYNMAN | - - .

KUTYNA THOUGHT I'D BE ANGRY,
BUT WHAT THE HELL.

I DON'T, 50 HE BRIEFED ME ON THE BIS PICTURE.

HE HaD A PRETTY GOCOD IDEA OF HOW 1,

WASHING TON WORKS,

CAND SINCE YOU'VE WORKED
ON SECRET PEOJECTS, 1
CAN GET You CLEARED.

I DON'T DO

THAT ANYMORE, AND N

=] IDON'T WANT MY BRAIN

7 | CLOGGED WITH STUFF
\ ﬁ__l.\

HE TAUGSHT ME A LOT ABCUT THE SPACE
PROGEAM, AND MILITARY APPLICATIONS. ..

1

" I DON'TWANT .
B TO KNOW THAT
. STU

237

I CAN'T TALK ABOUT.
YauU SHOULD. POLITICS
MATTERS IF YOou
WoRK HERE.

LOOK, I’M
VULNERABLE
W BECAUSE OF My
& CONNECTIONS TO
THE SHUTTLE
PROGRAM.

SALLY RIDE STILL
HAS & JOB AT MASA,
CHUCK YEAGER HAS
COMNECTIONS IN THE AIR
FORCE, AND SO ON. ..




I'M WITH CALTECH. THAT'S
NOT A WEAKNESS .

i AIR FORCEWE
i SAY *CHECK SIK.”

|I BUT IF vOU THIN= OF THE DIRECTION
HE’S HEADING AS 12 O°CLOCK, .,

WELL, MOST PLANES GET SHOT
DOWN BY AN ENEMY AT & O'CLOCK.

1 THIS POLITICS STUFF
3 T8 CRATZY.

'-'-'--'---' P =
HE TOLD ME THAT WHEN A GUY IS |
FLYING ALONG, HE CAN SEE IN ALL

SHOWMANSHIP
(FEBRUARY, 1286&)

LATER I FOUND OUT THAT SOME OF KUTYNA'S
ASTRONALT FRIENDS HAR DATA ABOUT THE
EFFECT OF COLD ON THE O-RINGS.

BY THE WaY, 3,
I 'WAS WORKING QN
AN OLD CAR THIS o
MORNING, AMD YOU ENOW
ITS CARBURETOR
LEAKS WHEN IT
SETS CoLD.

DO YOU THINK

7 LOW TEMPERATURE
[ HAS SOME EFFECT ON

| THE O-RINGS THAT SEAL |T?

236

¥4 SEE, PROFESSORS OF THEORETICAL PHYSICS

THE CHALLENGER LAUNCH WAS THE FIRST
ONE EVER ON A REALLY COLD DAY.

HAE TO BE TOLD WHAT TO LOCK FORE,




S0 THAT WAS IT. T CALLED BILL GRAHAM

THE NEXT MCORNING, BEFORE ANCTHER

TELEMISED MEETING, 1 PUT ON MY CCSTUME
—THE COHE THAT MADE ME LESS

CONSPICUCUS BMONG THE NATIVES...

HEY, I NEED TO GET
TO A HARDW,

RIGHT BETWEEN THE
WHITE HOUSE AND THE
CAPITOL. DO YOUu

[

BUT HE FOUND ONE, AND I BOUGHT STUFF
NASA ADMINISTRATORS DON'T USUALLY
KEEP IN THEIR OFFICES.

—— '-

WHAT I KHNEW BILL DD HAVE WAS AN EXAMPLE
OF THE JOINT USED CN THE CHALLENGER
TAMK THAT EXPLODED.

{ 0.’ M ASHAMED

il COULDN'T RESIST: | |

TO ADMIT THAT T
CHEATED, BUT I

.,'I;I!H ||‘ L)y I| ,'I pik l[

| BEFORE GETTING

||| I| || Y

14 'i tida |
f! | T H '||.
_IL|||”||!|”||,|r_, il .
I TRIED THE
EXFERIMENT

IN FRONT QF
THE CAMERAS.
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[ NEED A GLASS
OF WATER.

| HE KNEW ME WELL ENOUGH TO KNOW
SOMETHING WAS UP.

WHY =
= YOoU HEVEN'T S W
SAID ANYTHING YET.

THEY STARTED TO PASS THAT SEAL SAMPLE
FROM GRAHAM'S OFFICE ARCUND,

MUGZSA MUGGA
WUSGEA.. .

; MUGEA -
WUSEA WUEEA

WUSEA

MUGEA MUG GA
. WUGGA...

2 MUGGA
WUBEA WUGGA. ..

WHAT ARE ¥YOU DOING?
YOU'RE SUFPPOSED
TOPASSIT...

WS GA
MUGEA MUGEA

40




YOU HAD TO PRESS A BUTTCN ON THE MICRO-
PHONE TO GET EVERYBODY'S ATTENTION, AND
| THEN THEY'D TURN THE CAMERAS TOWARD YOU.

COPILOT
Ta AMLOT:
NOT NOW!

BUT... OKAY,
WHENZ!

FINALLY THE TIME CAME, AND 1
SHOWED THEM WHAT 1L'D DONE.

WUGEA
MUGEGEA MIGEEA
WUGGA. ..

F THIS STUFF THAT

I 50T oUT OF YOUR
SEAL AND I PUTIT
IN ICE WATER.

WHEN WE GET |
TO THIS SPOT i
IN THE BRIEFING. | |.«

WHEN You PUT
SOME PRESSURE OM IT FOR A
WHILE AND THEM UNDCQ IT, |T
DOESN'T STRETCH BACK.

FOR A FEW
SECONDS AT LEAST,
AND MORE, THERE IS
NO RESILIENCE.

21



—

DURING THE LUNCH BREAK, THE QUESTIONS 1
GOT WERE DOPEY, BECAUSE OF WHEN I DID THE
DEMONSTRATION, T DIDN'T THINK ANYBODY

UNDERSTOCD THE SIGNIFICANCE.

A.’
I BELIEVE ;
THAT HAS SOME
EIGHIFICANCE FOR
CUR PROBLEM,

i

)

r
THAT MADE ME MAD. ]

BT THAT MIGHT IT WAS ON ALL THE IiEW'S
SHOWS, AND THE NEWSFAFER ARTICLES THE
MEAT DAY EXPLAINED IT EXACTLY RIGHT,

YoL SHouLD
HME LET ME
TALK WHEN T
WANTED TO.

—II1] = e = e

1 SOME OF THE OTHER PECOPLE ON THE
WHAT ARE THE ODDS? COMMISSION DIDN'T LIKE IT AS MUDCH, THOUGH.

(MARCH-APRIL 1986&)

=

BECOMING A
REAL PAIN IN
THE A55.




——

Accorome Tokrvi 1 | 1.wz|.['.4.cI cﬁlmTT IEEATﬁg :re KNEW WHAT FAILED.
THAT WAS MY WEAKNE S5 NOW WHY.

WAITAMINNIT. ACCIDENT |
\  PROBABILITY IS1 /
SN 00,0007

THAT MEANS
ON AVERAGE YOU COULD
W FLY THE SHUTTLE EVERY DAY

" | FOR 300 YEARS BETWEEN FAILURES,

V « W

I REQUESTED A MEETING
WITH THE ENGINEERS.

rI ASKED MY USUAL DUMB QUESTIONS, AND AFTER A WHILE. ..

FEE S : WE'E BEEN GOING FOR
sl . .| HOURS, AND WE'VE ONLY
.\ COVERED 20 PAGES.

Co ]



I THOUGHT ABOUT MENTIONING THAT I I WANNA KNOW IF THESE CRAZY PROBABILITIES

PRETTY SLOW AT THE BEGIMNNING, UNTIL I ARE BECAUSE OF A LACK OF COMMUNICATION
CATCH ON AND THEN IT GOES FASTER, BETWEEN ENGINEER S AND
e MANAGEMENT.

BUT INSTEAD,
I CUT RIGHT

; -

THERE'S NO
A FROBLEM. BPEFORE
3| GETTING PROMOTED

THERE'S
NO DIFFERENCE
OF OPINION

BETWEEHN US. \

)

DAY, THAT’ﬁVPLEﬁaE WRITE DOwWN THE
SREAT. PROBSBILITF OF FLIGHT
FAILURE BECAUSE

OF Sy, ENGINE
F‘EDEL.EMEE—’/
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YEAH, WELL, YOU |
DIDN'T KNOW

WHICH PAPER I'M

LOOKING AT.

I DON'T THINK
\ I WEASELED.

THIS ONE
WEASELED.

BUT SINCE

YOU'RE TALKING NOW,
THAT'S NOT A NUMBER.
THAT‘S HOW YOU ARRIVE
AT A NUMBER. Vi

S0 WHAT'S THE I THINEKE. THERE /S A
MUMBER YOU i ; PIFFERENCE BETWEEM
ARRIVE AT? : THE EMGINEERS AMD

o g ————— MANASERS HERE.

=TS A RISK
FACTOR OF 300.

SO MASA MANAGEMENT WASN'T REAL HAPPY
WITH ME, AND T HAD TROUBLE WHEN IT WAS
TIME TO WRITE THE FINAL. REPCRT.

APPENDIX TROUBLE
(MAY 1986)

THAT'S THE KIND OF THING I SAW EVERYWHERE
I'WENT. KENNEDY SPACE CENTER;, HOUSTON,
MARSHALL SPACE FLIGHT...




ROGERS HAD ADDED A RECCMMENDATICH,
IT WAS, WHADDAYA CALL, "MOTHERHOCD
AND APFLE PIE* STUFF,

o
'.II".lII K

“NUMBER 10: WE
STRONGLY RECOMMEND
THAT NABA CONTIMUE To
RECEWWE THE SUPPORT CF THE

ADMIMISTRATION AND THE NA‘I‘I:OEI l .

|| WE CAN'T PUT THAT IN.
| WE NEVER DISCUSSED

IF SCMEONE’S NOT 1N
FAVOR OF T, WE
SHOULDN'T PUT

LOOKk. IF WEWERE REPORTING TO
THE MaTIONAL ACADEMY OF

SCIENCES, YOUR OBJECTIONS

WOoULD BE FROFER. —

BUT THIS IS A
PRESIDENTIAL

: g WHY camn'T I BE
i CAREFUL AND SCIENTIFIC IN
| AREPORT TO THE PRESIDENT?

S0 I WROTE MY OWN
REFORT, AND AFTER
SOME FIGHTING 5OT
ITINCLUDED AS
AN APPENDIX.

i
T

1-‘; - | e 3
| EXCEPT THEY KEPT [
CHANGING STUFF,
1“ TAKING THINGS CUT.
i 1]

Hé

IF THEY DO THIS AND
YOU DON'T SAY ANY=
THING, WHAT WILL You
HAVE ACCOMPLISHED

BY BEING OM THE
COMMIGSION?

JOAN SET
ME STRAIGHT.




1 COMPROMISED CN THE RECOMMENDATION
—IT GOT IN THERE, BUT WITH A LITTLE LESS
| HAPPY TALK, AT LEAST.

I DIDN'T NEED TO CHECK SIX. I COULD |
PUBLISH MY REPORT MYSELF, AFTER ALL.

e i AND T TURNEDR CUT FINE. AND LOTS OF

- FPEOPLE OMNLY READ MY APPENDIX:
AND I WAS DYING OF CANCER —MNOT & “PERSONAL CESERVATIONS ON THE
:f WEAKNESS N THIS SITUATION! RELIABILITY OF THE SHUTTLE. "

ll'li"-'l

[ POINTED QUT
THE DIFFEREMCE
OF SPIMION BETWEEMN
WCOREING ENGINEERS
AND MANAGEMENT
ABCUT THE PROB-
ABILITY OF FAILURE.

LOTS OF
REASOMNS

HOW CAN |
THAT BE? 4

¢ o

4 MAYBE THEY WORRY
THAT IF WE DON'T THIMIK. NASA IS
PERFECT, WE WON'T FUND THEM,

1nwee | F
vE 1IN
100,000/

OR MAYBE THEY BELIEVE IT, | IN FACT, 1 THINK THEY DO KNOW, AND 1
WHICH WOULD BE iNC

RED|BLE. THEIR COURAGE IS PRETTY AMATZ ING.

THE SCHOOLTEACHER, MCAULIFFE, MUST
HAVE BEEM EQUALLY COURAGEOQUS.

L_ SHOULD KNOW THE RISKS.
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SHE. HAD TO KNOW THE TRUE /27 TR
P, SITUATION BETTER THAN @ | | {1
D, NASAOFFICIALS. _£——18

UNDERSTAND TECHMOLOEICN. WEAKNESSES WELL
ENCUEH TO ACTIVELY TRY TO ELIMINATE THEM,

THEY SHOULD PROPOSE ONLY REALISTIC
FLIGHT SCHEDULES THEY HAVE A
, REASONABLE CHANCE OF MEETING.

IF THAT MEANS WE WOULDN'T SUFPFPORET
THEM, WELL... 50 BE IT.

FOR A SUCCESSFUL TECHNOLOSY, REALITY
MUST TAKE PRECEDENCE OVER PUBLIC
RELATIONS, FOR NATURE CANNOT BE FOOLED.

[LOS ANGEFE>T=—

Lt

I E2
i

8

THAT WAS IT. T WAS DONE. T ONLY GAVE TWO
INTERVIEWE— ONE TO A LOCAL PAPER, ONE
TO THE NATIONAL ENGUIRER.

.. HEY, IF I SAID SOMETHING
DOPEY AND THEY QUOTEIT,
NOBODY WILL BLAME ME!

o
ap

ITS GOOD TO BE HOME,
BUT I'M GOING TO
LEAVE THIS BAG

WE'RE SOING
TC KyZYL!
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RICHARD FEYNMAN DIDN'T MAKE IT TC TUVA,
THE QFFICIAL, FORMAL INVITATION FEOM MOSCOW PERMITTING THE VISIT
WAS DATED FEBRUARY S, 1988-FOUR DAYS AFTER HE DIED.

HIS LAST WORD S, UPON FORCING HIMSELF AWAKE FEOM A4 COMA;
"I'‘D HATE Ta DIE TWICE. IT'S 5O BORING.Y
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(ALMOST COMPLETE*) BIBLIOGRAPHY € EARLY SKETCHES

OUR STACK OF FEYNMAN MATERIAL |S OVER A METER HIGH AND RISING.
YOURS MAY NOT GROW THAT TALL, BUT IF YOU LIKED THIS STORY, YOU'LL
ENJOY THE FOLLOWING.. AND BE SURPRISED AT HOW MUCH WE HAD TO
LEAVE OUT. SO PLEASE READ MORE, STARTING WITH THE BOOKS BY
FEYNMAN HIMSELF:

THE CHARACTER OF PHYSICAL LAW (CAMBRIDGE, MA: MIT PRESS, 1965).
THE PERFECT BOOK TC READ TO GET A FEEL FOR QUANTUM
PHYSICS. DUR OPENING SCENE CAME FROM AN ANECDOTE
RECOUNTED IN JAMES GLEICK'S INTRCDUCTICN TO THE 1994
MODERN LIBRARY EDITION, 50 SEEK THAT ONE OUT AS WELL.

CLASSIC FEYNMAN: ALL THE ADVENTURES OF A CURIOUS CHARACTER
(NY: W.W. NORTON, 2006&).
I STILL LIKE THE ORIGINAL VOLUMES—SURELY YOU'RE JOKING,
MR, FEYNMAN/ (1985) AND WHAT DO YOU CARE WHAT OTHER
PEOPLE THINK? (1988)—SINCE READING FEYNMAN STORIES OUT
OF ORDER IS A GREAT WAY TO EXPERIENCE A LIFE THE WAY
IT IS: MESSY, AND WITHOUT A DISCERNABLE PLOT/ BUT THIS
MAY JUST BE BIAS RESULTING FROM THOSE BEING MY FIRST
EXPOSURE TO THEM, SC IF YOU ONLY GET ONE BODK, THE
SPLENDID CLASSIC FEYNMAN IS YOUR BEST BET. IT NOT ONLY
HAS ALL THE STORIES FROM ITS PREDECESSORS, BUT ALSO
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INCLUDES A CD OF FEYNMAN TALKING ABOUT "LOS ALAMOS
FROM BELOW." CARL AND MICHELLE FEYNMAN CONTRIBUTE
TO THIS OMNIBUS EDITION AS WELL, AS DO FREEMAN DYSON
AND ALAN ALDA. IT'S GREAT.

THE FEYNMAN LECTURES ON PHYSICS, VOLUMES I-III, BY RICHARD

FEYNMAN, ROBERT LEIGHTON, AND MATTHEW SANDS (READING, MA:
ADDISOM-WESLEY, 1964).
ALCNG WITH QED (PAGE 255), WITH THIS YOU HAVE ALL
OF PHYSICS, RIGHT THERE WAITING FOR YOU. OKAY, NOT
REALLY ALL, BUT CLOSE ENOUGH/ THE LECTURES ARE
TOUGHER SLEDDING, AND T'VE ONLY DIPPED INTO THEM
HERE AND THERE MYSELF. BUT THEY'RE WELL WORTH THE
EFFORT. (I RECOMMEND VOLUME II'G CHAPTER 19, "THE
PRINCIPLE OF LEAST ACTICN", AS YOUR FIRST SAMPLE.)

FEYNMAN'S TIPS ON PHYSICS, BY RICHARD FEYNMAN, MICHAEL
A. GOTTLIEB, AND RALPH LEIGHTON (SAN FRANCISCO: PEARSON
ADDISON-WESLEY, 2006).
NOT ONLY DOES FEYNMAN PROVIDE TIPS ON SOLVING
PHYSICS PROBLEMS, HE ALSO PROVIDES TIPS ON HOW
TO DEAL WITH BEING BELOW AVERAGE. THE LATTER
ARE SURPRISINGLY GOOD, GIVEN HE HAD NO PRACTICAL
EXPERIENCE WITH THAT POSITION. MATT SANDS'
INTRODUCTION, DESCRIBING THE ORIGING OF THE FEYNMAN
LECTURES, IS ALSD ENTERTAINING.




THE MEANING OF IT ALL: THOUGHTS OF A CITIZEN SCIENTIST

(READING, MA: PERSEUS BOOKS, 1998), |
THESE LECTURES ARE SOME OF THE RESULTS OF THE
MIDDLE-AGED DISEASE FEYNMAN TALKED ABOUT ON
PAGE 156, THEY'RE REALLY NOT BAD! THESE CLEANED
UP VERSIONS MAKE AN INTERESTING COUNTERPOINT TO
THE RAW TRANSCRIPTIONS AVAILABLE IN THE CALTECH
ARCHIVES—WHICH T ENJOYED READING AND CONSULTING

EVEN MORE, AND SOME OF WHICH MADE THEIR WAY INTO
THIS BOOK.

NOBEL ACCEPTANCE AND “THE DEVELOPMENT OF THE SPACE-TIME
VIEW OF GUANTUM ELECTRODYNAMICS," FROM LES PRIX NOBEL EN
1965 (STOCKHOLM: IMPRIMERIE ROYALE P.A. NORSTEDT € SONER,
19GE).
EVEN CONSTRAINED BY A TUXEDO AND ROYALTY, FEYNMAN
REMAINED QUOTABLE.

THE PLEASURE OF FINDING THINGS OUT, EDITED BY JEFFREY

ROBBINS (CAMBRIDGE, MA: HELIX BOOKS, 199%).
THESE ESSAYS ARE ALL TERRIFIC, AS IS FREEMAN DYSON’'S
FOREWORD. READ THEM ALL, BUT IF YOU'RE SHORT ON TIME
THE BEST ONES ARE “THE PLEASURE OF FINDING THINGS
OUT,"” “THERE'S PLENTY OF ROOM AT THE BOTTOM,” “THE
SMARTEST MAN IN THE WORLD,” "CARGO CULT SCIENCE,”
AND...AW, WHO AM I KIDDING? YOU SHOULD READ THEM ALL/

PERFECTLY REASONABLE DEVIATIONS FROM THE BEATEN TRACK (NY:
BASIC BOOKS, 2005).
BEFCRE E-MAIL, PEOPLE WROTE LETTERS. AND IN 19&2
RICHARD FEYNMAN STARTED DOMATING HIS PERSOMAL
FAPERS TO THE CALTECH ARCHIVES. THANK GOODNESS.
MICHELLE FEYNMAN EDITED THE COLLECTION AND ADDED
COMMENTARY AS WELL AS MANY LOVELY PHOTOGRAFPHS.

QRED. THE STRANGE THEORY OF LIGHT AND MATTER (PRINCETON,

NJ: PRINCETON UNIVERSITY PRESS, 1985).
FEYNMAN WROTE THIS SPECIFICALLY FOR PEOPLE—LIKE ALIX
MAUTNER—WITH NO BACKGROUND |IN MATH OR FPHYSICS.
YOU CAN SEE FEYNMAN DELIVER EARLY VERSIONS OF THE
LECTURES IN NEW ZEALAND THANKS TO THE VEGA SCIENCE
TRUST: HTTF.//WWW VEGA. ORG. UKAVIDEC/SUBSERIES/ B/,
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THE REASON FOR ANTIFARTICLES, FROM "ELEMENTARY PARTICLES
AND THE LAWS OF PHYSICS: THE 1986 DIRAC MEMORIAL LECTURES”
(ALEXANDRIA, VA: SCIENTIFIC CONSULTING SERVICES, 1997) AND
ELEMENTARY FARTICLES AND THE LAWS OF FHYSICS: THE 198 DIRAC
MEMORIAL LECTURES, BY RICHARD FEYNMAN AND STEVEN WEINBERG
(CAMBRIDGE: CAMBRIDGE UNIVERSITY PRESS, 1987).
IN THIS VIDEC/BOOK PAIRING FEYNMAN'S VISUAL, AND
PHYSICAL, LECTURE STYLE IS IN FULL FORCE DURING
HIS DEMONSTRATION OF THE IMFORTANCE OF SPIN AND
ROTATION IN PHYSICAL THEORIES.

SiX EASY PIECES: ESSENTIALS OF PHYSICS EXPLAINED BY ITS MOST
BRILLIANT TEACHER (READING, MA: HELIX BOOKS, 1994) AND SiX’ NOT-
SO-EASY PIECES: EINSTEIN'S RELATIVITY, SYMMETRY, AND SPACE-TIME
(READING, MA: HELIX BOOKS, 1997).
THOUGH THE SECOND BOOK MAY CHALLENGE YOU WITH ITS
COMPLEX IDEAS, BOTH ARE STILL A WHOLE LOT OF FUN/ I
RECOMMEND THE AUDIO VERSIONS TO GET THE FULL FLAVOR
OF FEYNMAN'S STYLE.



I ALSO RECOMMEND THE FOLLOWING SECONDARY SOURCES, MANY BY
PEOPLE WHO KNEW FEYNMAN WELL:

THE BEAT OF A DIFFERENT DRUM: THE LIFE AND SCIENCE OF
RICHARD FEYNMAN, BY JAGDISH MEHRA (OXFORD: OXFORD
UNIVERSITY PRESS, 1994).

PLENTY OF PHYSICS, AND MATHEMATICAL PHYSICS AT THAT,

BUT THIS IS STILL MY FAVORITE BIOGRAPHY OF FEYNMAN

BOTH BECAUSE OF ITS COMPLETENESS AND THE OBVIOUS
CARE MEHRA TOOK IN INTERVIEWING FEYNMAN AND WEAVING
TOGETHER THE WHOLE OF HIS LIFE.

THE BEST MIND SINCE EINSTEIN, PRODUCED BY CHRISTOPHER
SYKES AND MELANIE WALLACE (BOSTON: WGBH/PBS/NOVA SERIES,
ORIGINALLY BROADCAST DECEMBER 21, 1992).

A TERRIFIC OVERVIEW OF FEYNMAN’S LIFE AND CAREER

IN SCIENCE. WATCH THIS IF YOU CANT GET HOLD OF

NC ORDINARY GENIUS (SEE PAGE 259), SINCE THIS IS A

CONDENSED VERSION OF THAT PROGRAM.

CLIMBING THE MOUNTAIN: THE SCIENTIFIC BIOGRAPHY OF JULIAN
SCHWINGER, BY JAGDISH MEHRA AND KIMBALL A. MILTON (OXFORD:
OXFORD UNIVERSITY PRESS, 2000).
AN EXCELLENT COMPANION TO MEHRA'S THE BEAT OF A
DIFFERENT DRUM

DISTURBING THE UNIVERSE, BY FREEMAN DYSON (NY: HARPER AND
ROW, 1979).
DYSON'S COMPARISON OF FEYNMAN TO JOF THE JUGGLER
WILL STRIKE A CHORD WITH YOU. READ
THE WHCOLE BOOK, THOUGH.,
IT'S TERRIFIC.

FEYNMAN'S RAINBOW: A SEARCH FOR BEAUTY
IN PHYSICS AND IN LIFE, BY LEONARD
MLODINOW (NY: WARNER BODKS, 2003).
SLIM AND SLIGHT, BUT I ENJOYED
READING ABOUT MLODINOW'S
BRIEF, PERSONAL, AND ALMOST
INCIDENTAL ENCOUNTERS WITH
FEYNMAN. I MARKED A NUMBER
OF QUOTES AS I READ IT, BUT
DIDN'T END UP USING THEM FOR
THIS STORY. IT'S THAT KIND
OF BOOK.

T\\u S E ]
MURRAY GELL-MANN
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FROM EROS TO GAIA, BY FREEMAN DYSON (NY: PENGUIN BOOKS, 1992).
GREAT THROUGHOUT, BUT DYSON'S FIRST-PERSON
RECOLLECTIONS OF FEYNMAN'S DISCOVERY OF QED
AND THE ROAD TRIP THAT RESULTED IN DYSON HIMSELF
BECOMING THE TRANSLATOR OF FEYNMAN'S IDIOSYNCRATIC

THEORY TO THE REST OF THE PHYSICS COMMUNITY MAKE IT
INDISPENSABLE.

FUN TO IMAGINE, PRODUCED BY CHRISTOPHER SYKES (BBCZ,
ORIGINALLY BROADCAST IN 19832).
SNIPPETS OF PHYSICS AS VIEWED THROUGH THE FEYMNMAN
LENS. THEY'RE QUICK AND A LOT OF FUN.

GENIUS: THE LIFE AND SCIENCE OF RICHARD FEYNMAN, BY JAMES
GLEICK (NY: PANTHEON, 1992).
THIS RIVALS MEHRA'S BOOK, BUT WITH LESS DEPTH IN THE
PHYSICS. IT'S STILL WORTH READING, BUT I DIDN'T FIND
MYSELF CONSULTING IT DURING THE PRODUCTION OF THIS
BOOK.

JULIAN SCHWINGER: THE PHYSICIST, THE TEACHER, AND THE MAN,
EDITED BY ¥. JACK NG (NJ: WORLD SCIENTIFIC, 1996&).
SCHWINGER, THOUGH FAR LESS FAMOUS THAN HIS
COUNTERPART, |S REMEMBERED JUST AS FONDLY BY THOSE
WHO KNEW HIM.

THE LAST JOURNEY OF A GENIUS/THE QUEST FOR TANNU TuvA,
PRODUCED BY CHRISTOPHER SYKES (BBCZ HORIZON SPECIAL/WGBH/
FPBS/NOVA, ORIGINALLY BROADCAST JANUARY 24, 1989).
THE STORY OF FEYNMAN AND RALPH LEIGHTON'S EFFORTS
TO GET TO TUVA, WITH MANY ADVENTURES—INCLUDING THE
CHALLENGER INVESTIGATION—ALONG THE WAY, MOVING, SAD,
AND INSPIRING.

"MOST OF THE GOOD STUFF" MEMORIES OF RICHARD FEYNMAN,
EDITED BY LAURIE M. BROWN AND JOHN S. RIGDEN (NY: AMERICAN
INSTITUTE OF PHYSICS, 1992).
MISTITLED: THIS IS GREAT STUFF, INCLUDING DANNY HILLIS'
STORIES OF KNOWING, WORKING WITH, AND BEFRIENDING
FEYNMAN. HILLIS CONTINUES TO DO INTERESTING WORK, WITH
THE CLOCK OF THE LONG NOW ( WWW.LONGNOW. ORE) BEING
MY FAVORITE OF HIS MOST RECENT PROJECTS.
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NANC: THE EMERGING SCIENCE OF NANOTECHNOLOGY, BY ED REGIS
(BOSTON: LITTLE BROWN, 19795).
REGIS IS AN ENGAGING WRITER, AND HIS ACCOUNT OF
THE LEAD-UP AND IMMEDIATE AFTERMATH OF FEYNMAN'S
“"PLENTY OF ROOM AT THE BOTTOM" SPEECH GIVES YOU THE
FLAVOR OF THE TIMES.

NO ORDINARY GENIUS, PRODUCED BY CHRISTOPHER SYKES (BBC,
ORIGINALLY BROADCAST JANUARY 24, 1993),
THE BEST FEYNMAN OVERVIEW CON VIDEO THAT I CAN THINK
OF, BAR NONE. IT AIRED IN THE U.S. AS THE BEST MIND
SINCE EINSTEIN, BUT THE NOVA/PBS VERSION IS ONLY HALF
AS LONG, MEANING IT'S ONLY HALF AS GOOD.

NC ORDINARY GENIUS: THE TLLUSTRATED RICHARD FEYNMAN, BY
CHRISTOPHER SYKES (NY: W.W. NORTON, 1994).
THIS BOOK HAS MEMCORIES FROM FEYNMAN'S COLLEAGUES,
FAMILY, AND FRIENDS ALONG WITH GREAT ILLUSTRATIONS
AND PHOTOGRAPHS. BASED ON THE VIDEC OF THE SAME
NAME, IT'S ALSO WONDERFUL,
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THE PLEASURE OF FINDING THINGS OUT, PRODUCED BY
CHRISTOPHER SYKES (BBC2 HORIZON/NOVA, ORIGINALLY
BROADCAST 1981).
MORE FEYNMAN, LIVE, AND ALMOST AS GOOD AS NO
ORDINARY GENIUS.

FPHYSICS TOPAY, FEBRUARY 1787,
A SPECIAL ISSUE DEVOTED TO FEYNMAN, WITH ARTICLES BY
FREEMAN DYSON, MURRAY GELL-MANN, DAVID GOODSTEIN,
JULIAN SCHWINGER,; JOHN WHEELER, AND OTHERS. IT
CONTAINS MANY PERSONAL AND PROFESSIONAL MEMORIES.

GED AND THE MEN WHO MADE IT: DYSON, FEYNMAN, SCHWINGER,
AND TOMONAGA, BY SILVAN 6. SCHWEBER (PRINCETON, NJ:
PRINCETON UNIVERSITY PRESS, 1994).
THIS DETAILED ACCOUNT OF HOW THE PROBLEMS IN
QED GOT SWEPT UNDER THE RUG SUCCESSFULLY, AS
FEYNMAN PUT IT, IS WRITTEN FOR A TECHNICAL AUDIENCE.
IT HAS MANY GREAT ANECDOTES AS WELL, THOUGH, AND
EXAMPLES OF HOW FEYNMAN'S SPEAKING AND WRITING
STYLE LED TO A GREATER UNDERSTANDING OF THE
FUNDAMENTAL PHYSICS BEHIND THE PROBLEM.
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RICHARD FEYNMAN: A LIFE IN SCIENCE, BY JOHN GRIBBIN AND MARY
GRIBBIN (NY: DUTTON, 1997).
BESIDE MEHRA'S BOOK, MY FAVORITE BIOGRAPHY OF
FEYNMAN, SINCE IT GIVES GENERAL READERS JUST ENOUGH
OF A TASTE OF HIS PHYSICS TO MAKE THEM WANT TO LEARN
MORE.

SIN-ITIRO TOMONAGA: LIFE OF A JAPANESE PHYSICIST, EDITED BY
MAKINOSUKE MATSUI AND HIROSHI EZAWA, TRANSLATED FROM THE
JAPANESE BY CHERYL FUJIMOTC AND TAKAKO SANC (TOKYC: MYU,
1995).
THE ONLY ENGLISH-LANGUAGE BOOK ABOUT TOMONAGA
THAT 1 FOUND READILY ACCESSIBLE. FORTUNATELY, IT'S
VERY GOOD/

TAKE THE WORLD FROM ANOTHER POINT OF VIEW (YORKSHIRE
TELEVISION, INTERVIEW SEGMENTS BY SIMON WELFARE 1973).
FEYNMAN, INTERVIEWED IN MILIBACK, HIGH IN THE
YORKSHIRE PENNINES, WHILE ON HOLIDAY NEAR GWENETH'S
HOME. MANY OF THE STORIES HERE SHOW UP IN OTHER
PLACES, BUT THE TAP-TAF-TAFP ANECDOTE—AS TOLD
TO THE FAMED ASTRONOMER SIR FRED HOYLE—MADE
TRACKING THIS ONE DOWN WORTHWHILE. YOUL CAN READ
A TRANSCRIPT AT HTTP.//CALTECHES.LIBRARY.CALTECH.
EDU/SE/E/ POINTOFVIEW. HTM

TUNA OR BUST, BY RALPH LEIGHTON (NY: W.W. NORTON, 1991).
HOW FEYNMAM ALMOST GOT TO TUVA. THIS IS AN
ADVENTURE STORY WITH A SAD ENDING—GWENETH FEYNMAN
ALSO DIED BEFORE SHE COULD MAKE IT TO KYZYL—BUT
READING IT WILL STILL MAKE YOU HAPPY,

* AND... THERE'S EVEN MORE. WE CALLED THIS BIBLIOGRAPHY
"ALMOST COMPLETE" BECAUSE DOZENS OF OTHER BOOKS AND
ARTICLES AND EVEN A FEW WEBSITES ALSO HELPED US BUILD A
PICTURE OF THE CENTURY FEYNMAN RACED ACROSS ON HIS WAY TO
BECOMING A LEGEND. IF YOU'D LIKE TO START DOWN THAT PATH,

I RECOMMEND THE EXCELLENT 4 TALE OF TWO CONTINENTS BY
ABRAHAM PAIS AND THE MAKING OF THE ATOMIC BOME BY RICHARD
RHODES, BOTH OF WHICH CAN PROVIDE YOU WITH BACKEGROUND ON
FEYNMAN'S ERA IN PHYSICS AND THE WORLD. AND IF YOU WANT AN
EVEN MORE TECHNICAL OVERVIEW THAN YOU GOT FROM MEHRA'S
BOOK, YOU CAN CONSULT THE MASSIVE SELECTED FAFPERS OF
RICHARD FEYNMAN (RIVER EDGE, NJ: WORLD SCIENTIFIC, 2000).
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AND IN ADDITION TO THINGS YOU CAN EASILY GET AT LIBRARIES OR
BOOKSTORES OR ON THE WEB, WE ALSD INCORPORATED INFORMATION,
STORIES, AND MANY FACTS FROM UNPUBLISHED MATERIALS HELD

IN THE CALIFORNIA INSTITUTE OF TECHNOLOGY'S ARCHIVES. WE

OWE JUDITH GOCDSTEIN AND HER STAFF OUR THANKS FOR THE
ASSISTANCE AND HOSPITALITY THEY PROVIDED DURING MY VISIT

THERE. THEY EVEN RECOMMENDED A FINE MOTEL, RIGHT ON ROUTE

&@. (I DIDNT BARBEGUE, THOUGH.) DUR FAVORITE FIND WAS THE
TRANSCRIFT FOR HIS 1965 "ADDRESS TO FAR ROCKAWAY HIGH SCHOOL
AUDIENCE.” MUCH OF THE SEQUENCE SHOWING FEYNMAN [N HIGH
SCHOOL COMES FROM THIS SPEECH. EVEN IF CALTECH WASNT SUCH

A LONELY PLACE, AND EVEN |F THEIR STUDENT UNION DIDNT OFFER
TERRIFIC VEGETARIAN PIZZA BY THE SLICE, I'D RECOMMEND A TRIP
JUST TO READ IT.

FINALLY, ON PAGE 178 WE PROMISED YOU THE STORY OF WHY TOMONAGA
MISSED THE NOBEL CEREMONY. SO, IN HIS OWN WORDS AS QUCTED

ON PAGE 271 OF SIN-ITIRO TOMONAGA: LIFE OF A JAPANESE PHYSICIST
(MATSUI, ED.):

ALTHOUGH I SENT A LETTER SAYING THAT I WOULD
BE "PLEASED TO ATTEND," I LOATHED THE THOUGHT
OF GOING; THINKING THAT THE COLD WOULD BE
SEVERE, AS THE CEREMONY WAS TO BE HELD IM
DECEMBER, AND THAT THE INEVITABELE FORMALITIES
WOULD BE TIRESOME.
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AFTER AFTER I WAS NAMED A NOBEL PRIZE AWARDEE,
MANY PEOPLE CAME TO VISIT, BRINGING LIGUOR. T

HAD BARRELS OF IT. ONE DAY, MY FATHER'S YOUNGER
BROTHER, WHO LOVED WHISKEY, HAPPENED TO STOP BY
AND WE BOTH BEGAN DRINKING GLEEFULLY. WE DRANK A
LITTLE TOO MUCH, AND THEN, SEIZING THE OPPORTUNITY
THAT MY WIFE HAD GONE OUT SHOPPING, I ENTERED THE
BATHROOM TO TAKE A BATH. THERE I SLIPPED AND FELL

DOWN, BREAKING SIX OF MY RIBS...IT WAS A PIECE OF
GO0D LUCK [N THAT UNHAPPY INCIDENT.



THE GOOD STUFF
(1987)

THE DOCTORS LODKED BT ME

| .. .READING ABOUT IT. 80 1
LIKE T WAS CRAZY!

TOLD "EM I FIGURE I OHLY

HEVE AM 1138 CHANCE CF
W

EUEVIEIﬁEh;r;?THEE WHO THE HELL

WaAS T TS TELL

THEM WHAT WaAS

LIEELY T HAPPEN

\wTo ME?!
t

WHAT'S THE
MATTER?

ISal “IF T CAN'T FIGURE

OUT THE PROBABILITY OF THE

FPATH I'M ON, 1L DUNNO
WHO Cam,

HEH HEH
HEH HEH




I'M 5D
BECAUSE
YOU'RE GOMNG
TG DIE.

SEE, WHEN YOU GET AS OLD AS
I AM, YOU START TO REALIZE
THAT YOU'VE TOLD MOST OF

THE GDOD STUFF YOU KNOW TO

OTHER FEOPLE ANYWAY.

YEAH, THAT

BUES ME SOMETIMES TOO.

BUT NOT AS MUCH AS
YO THIME.

S Mugegy 0
) )




HEY! I BET I CAN SHOW YOU
A BETTER WAY HOME,
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“SPLENDID.” “ENTERTAINING AND “LOVELY.”
— The Miami Herald INFORMATIVE.” —Science — Newsday

“THESE IMAGES CAPTURE WITH “CAPTURES THE

—Freeman Dyson, The New York Review of Books —USA Today




