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WIiLHELM RONTGEN
zI/n. %aogm&m % 173 WW Seasicen Ko
"X-RAY " PROBABLY MAKES vou WELL, WE ALL HAVE THiS GRUMPY

THINK OF THIS - LooKiNG 19/20% CENTURY GERMAN
GUY To THANK FoR THOSE RAJS:

NOow TRY To PICTURE YoUuRSELF BAcK v 1395S...

THE FIRST CARS WERE THE FIRST MOVIES WERE
AEING COMMERCIALIZED. BEING SCREENED in) PuBLiC.

OSCAR WILDE WAS ConVICTED TELEPHONES WERE STARTING
BECAUSE OF HIS HomoSEXUALTY. To SPREAD.
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AND HERE IS OUR Mg RONTGEN SLAVING AWAY

N HIS  LABORATORY

HE WASN'T LookinG FoR. X-RAYS AT ALL, BOT /OF CoVRSE THE METAL S W’«%
HE WAS PLAYING wWiTH A DEVicE THAT could OF ATomMS. REMEMBER WHAT THoSE
SHOOT ELECTRONS LKE A CANNON. AND HE Look LiE ?

HAPPENED To PoinT iT AT A Pikce OF METAL. oy T~ \\
%

T 4 NN

[ f ,

| I

I
- —= \ ) s / ﬁ'
S t-(THE ACTUAL DEVICE  MiGHT HA\JE) N S~ 5

e
LooKED A LiTTLE MoRE BORING \ = ~ MoRE

ELECT Rowy

SO wWE HAVE A LARGE BunCH OF SEDENTARY WELL, AND NOW wE HAVE ...
ELECTRONS BEING BomBARDED BY A STREAM oF | A HOLE.

HiGH—- SPEED ELECTRONS. MANY ColliSioNS HAPPEW
AND ELECTRONS GET KnNOCKED OFF.

—

e

1F YoU'VE BEVER
PLAYED TETRIS, You
know THAT

SucH A HoLe
wiLL NOT  LAST
VERY LONG...

NOTHING



ING AN ATOM | THE FORTHER
AwAY ELECTRONS ARE FRom
THE NUCLEUS, THE HIGHER
THEIR  ENERGY.

30 (F AN ELECTRON FRowm
A LowEBER ENERGY RUNG
1S KiICKED  oUuT AJD 1TSS
SPoT IS TAKEN BY A

HIGHER ELECTRON), THAT
ELECTRoN) LOSES ENERGY.

@i

IT'S A BT LKE WFTING A Rock FRom
THE GRoOND. TF You WET (T HIGHER,
T HAS MoRE PoTENTIAL ENERGY (T
CAN RELEASE  WHEN) You DRoOP T AGA':\J

I\ \(

l\ r&
] 1“// 0‘k Ji
T D?Q-:’E/

muﬁw DOES THAT ENERGY

BECOME ? PLEASE MEET Mg
PHoTON).

A PHOTon) s JUST
wWHOLE RANGE oF

A Tiny
FLAVOKRS.

CHONK OF LiGHT. AND THEY coMiE N A

9e0°

YouR. EYES CAN SEE £

THESE ‘?' [

EACH FLAVOR 18
T HAS.

Low ENERGY

CHARACTERIZED (AmMoNG OTHER THINGS) BY How mucH EwERGY
IN oUR  METAPHOR. HERE, LONGER LEGS REPRESENT MORE ENERGY.

S

HIiGH BEOERGY



REMEMBER. OOR ELECTRoN WHO
JUMPED iNTO THE NEwWLY VACANT

SPoT BELow HiM 7 WHEN THAT
ATom HAS A LoT OF ELECTRONS, THE JL /
GAP CAN BE QUITE LARGE... \_)\J C
) BiG L
CHUNK
of Lost C
7)) EBNERGY < IR
/7 <\ ve. A PHoToN
Qﬂ(_\ GETS EMITTED, AND (T
NEEDS To BE THE LGND THAT
CARRIES A LoT OF ENERGY.

AS Yoo MAY HWJ THE/'RE  SPECIAL BECAUSE THEY CAN Go THROUGH
THINGS OTHER (LowER ENERGY) PHOToNS CANIT, sucy
AS SOET HUMAN TiSSUES.

B

G«)ESSED} X -RAYS
ARE MERELY A
SPECiAL KiND OF
LiGHT, MADE OF
THESE HIiGH
ENERGY PHoTonsS.

THE ONE-BONE

& puppy™

. BUT NOT THRoueH BOWNE \\\

'SHADOW "

PHOTo GRAPHIC

pLATE  \




IT iS WORTH NOTING THAT ouR DEAR Mg BUT HE VERY Quickly SAwW
RONTGEN) (AND OTHER DPHYSICISTS AT THAT THE PoTENTIAL MED{cAL
TiME) DIDN'T KNOwW  MucH ABOUT THE APPLICATIONS OF HiS
AToMic STRUCTURE, ELECTRONS TRANSITIONING DiScoVERY.

BETWEEN ENERGY LEVELS, ETC. HE MERELY
STUMBLED OPorn THIS UNKNOwWAN) TYPE OF
RAYS wWiTH NTERESTING PROPERTIES.

AND HE wWAS WIiSE THE VERY FiRST HUMAN X-RAY wAS OF
ENOUGH To PRoTECT RONTGEN 'S WIFE'S  HAND.

HiMSELF FRoM THIS
LTTLE —UNOowN)
PHENOMENON .

NONO, NoT
DAN GEROUS.

WiLHELM RONTGEN  WANTED  HUMANKIND
To iMMEDATELY BENEFRT FRoM HIS
DiScoVERY  AND TS APPLJCATEOMS) AND
HE REFUSED To TAKE ouT PATENTS.
.

PIiERRE AND MARIE CURE woOuLdD Do THE
SAME SEVERAL YEARS LATER. BLT
THAT'S ANOTHER STORY.

SHE SAID: “T HAVE SEEN
MY DEATH."
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HENDRIK LORENTZ & PIETER ZEEMAN
Ir\ %oog,mlf;m of e wﬁMcWa Seatsice fﬁ?
9 e floce

PH/SiciSTS SOMETIMES Like TO WELL, WHAT DO You THINK 7
ASK WEIRD QUESTIONS.

How 15
LiGHT
CREATED 7

LiKE THiS ’
_.//, _

LY

WELL YES, BUT THAT'S Too EASY...

OR_ THAT 7 WHAT ABoUT on) A MicRoScoPic SCALE?

‘f\ 5 %'\?\




BACIK i~y THE LATE XIX“
CENTURY, THE GooD MR LoRENTZ.

.. HAD A THEORY ABOUT THAT.

LATER SCENTISTS HAVE

DETERMINED THAT THOSE PARTICLES

ARE VUSUALLY ELECTRONS MoviNG
AROUND A NUCLEUS.

////’/

HE BELIEVED THAT WGHT
THE RAPID VBRATiON OF MicRoSCopic

PARTICLES.

1S PRODLCED BY

IF wWE ZooMm iN, WE CAN BETTER SEE
THE DIFFERENT ENERGY LEVELS. THE
FARTHER AWAY FRoM THE NUCLEUS, THE
HIGHER THE ENERGY.

AND NOTHING IN BETWEEN.
STAIRCASE.

BUT THE ELECTRONS CAN) ONLY EXIST AT CERTAIN PREDEFINED LEVELS
A BT LKE A TiNY CAT on A LARGE

r

HAPPY

HAPPY
CAT




LET'S REPRESENT THIS v A
SIMPLISTiC  WAY :

LEVEL >

= ib LEVEL 2

[_i'_‘!" £ 4 ’&‘ LEYEL 1
amﬂm523~—/}

GROUND ZERO
(v uf;us)

IF You Find A WAY To Give THESE
ELECTRoNS A Bi§G BUNCH OF
ENERGY (wHiCH iS EASY To Do),
YoU'LL SEE THEM JUMP To HiGHER
LEVELS.

(‘* (PPEEEE)
[,(/* ! ,:*”L

. <

BoT AFTER A SHORT WHILE, THEY'LL

GET BORED UP THERE AND wilL WANT
To Go BACK HoME. THAT MEANS THEY

will RELEASE
BACK DowN).

ENERGY AS THEY JOUMP

THE PREVioUS CHAPTER,
HAT ENERGY (S RELEASED N
THE SHAPE of A PHoTon, A
TiNY  PAcCk oOF LiGHT.

AND AS You MiGHT Mum&
FRom

How LoNG_ ARE TS LEGS (THAT'S ALWAYS THE RELEVANT QUESTion wi TH
PHOTonS) 7 TN OTHER wWoRDS, How MUCH ENERGY DoES T PACK ? THAT
DEPENDS ON THE HEIGHT OF THE CORRESPonDING ELECTRON'S JUMP,




TC SEE THIS PHENOMENOR) N PRACTICE, We NEED To GATHER
A BUNCH OF IDENTIcAL ATOMS (So THAT THE PREDEFINED
LEVELS FoR ELECTRoNS ARE ALL THE SAME) AND PUMP  SoME
ENERGY iNTO THAT WATER/AL To MAKE ELECTRONS JUMP P AND Down).

~ - EMiTTED PHoTonNS OF
S50URcE OF EWNERGY EXACTLY 3 K/NDS
(in THE FoRM oF
EL.ECTRJC.'TJ)
i N NoTHiNG
AToms: / LR ‘)
FRANTIC __y|d8
TUMPiNG
A PRiSM s A Devict
THAT SEPARATES PHOTONS . ]
ActoRDING To THE LENGTH OF THEIR LEGS

NoTe THAT wWE SEE - (THAT iS CALLED A SPECTRUM) AND
NoT .: AS would BE THE CASE iF ALL SoRTS Of

PHoTONS WERE EMITTED.
... AND H.i3
BiGg MAGNET.

AND Now,
ALONG CoMES

Me ZEEMAN...

PRONOUNCE
"2ZAY" NOT
“ZEE"

DocToR ZEEMAN WAS A REBELLIOUS  LiTTLE FELLA wWHO

N} '1%'.‘)6)J STARTED STickiNG HiS MAGNET INTO THE CoNTRAP-

TioN) DESCRIBED ABOVE DESPITE HiS RESEARCH SUPERYISOR'S

DIRECT ORDERS goT To To So.
0k
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WHAT HE FouND 00T wWAS THAT WHEN THE MAGRNET WAS
CLOSE ENOUGH To THE SoURcE OF THE LiGHT, THE BRIGHT
LINES ON THE ScREEN woulDd S3START To SPLIT.

_-_-_
VA v <

... AND BY THE FolLowivg
MonNDAY HE HAD DRAFTED
A THEORETiICAL EXPLA -
NATioN THAT HE PRE -

@w MUCH TiME LoO-
RENTZ SPENT WiTH
His FAMILY DuRiNG
THAT WEEKEND 1S

LORENTZ (wHo USED
To BE ZEEMAN'S PRo-
FESSOR) HEARD ABouT
THESE FiNDINGS ©oN)

FRiDAY 21 ocT 1336...

SENTED To ZEEMAN.

AN YONE'S  GUESS.

DADDY} DiNNER
Tine !

GiVEN THAT CORNCEPTS SucH AS
QUANTIZED ENERGY LEVELS OR
EVEN ELECTRoNS WERE STilL
UNUKNOWN | LORENTZ'S THEORY iS
NOw QUITE OUTDATED, BUT HERE
i35 WHAT MoRE MoDERN PHYSICS
HAVE To SAY ABOOT THIS.

IT TURNS ouT THAT A MAGNETIC
FiELD (SucH AS THE ONE CREATED
BY THE BiG MAGNET) CAN) SPLIT
SoMg OF THESE LEVELS iNTO
SEVERAL Suk -LEVELS.

% LIoP?j

/% LEVEL .
[ Lever @

_—
T

@
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WHEN THAT HAPPENS, JUMPY ELECTRoNS HAVE THAT MANY MORE PLACES
To HoP VP To, AND Down FRom.

L
Wi aimimenmmmmii

AND WHERE THERE USED To BE A SiNGLE LiNE ON THE ScReen,
THERE ARE NOw SEVERAL .

THE BAD NEWS S THAT ZEEMAN ... To GET THE NoOBEL PRiZE FoR
wWAS FRED FoR DisoE)E_y’inJc, A PHYsics A Few YEARS LATER

DiRECT ORDER.. (AloNGg WiTH YouR FoRMER PRoFESSOR)?

i,

IMAGINE THAT HAPPENING To Yo U How Will THERE BE THREE (v 19037
"”O“LD e E RGNt (Er G THAT'S ANOTHER STORY.
:L-c

ONE  LAUREATE N 1301, Two iN {902

]




1903

HENR: BECQUEREL , PiERRE CuRiE ¥
MARJE SKLODowSKA cuR.i

WW@% mwwmm,ﬁwwo&m_
ek oy Profeas Hensi Becquud,

FAMILY GATHERINGS MUST HAVE BEEN Fun AT THE E’)EQ@UF.R.F_LS
Henri (hﬁna 26) EDOU&% g\qa ) MTQ‘NE (&q& i) - AND THEN
: Y HE SAD :
JusT ADD A
PiNcH oF, Po-
TAssiom [ H&

HAHAHAH

—
@T'S focus oN TI-{E\ [P\SNTG,EJ\JI‘S 1895 X-Ra/| | HE STARTED ExPoSiNG OTHER
QUY ON THE LEFT, AND[ [DiScoVERY GoT HiM ALL MATERIALS To SUNLIGHT, To SEE
FAST - FORWARD A CoV-| |EXCITED. IF THEY, Too, woulD EMIT ANY -
PLE  DECADES ((396). THING LIKE X-RAYS.

HENPq URAN UM =T = ’/

CoM PauUND =
EJLCQU?_RLL MALTESE closs = //%n(
(AGE 4) o

_ .
" PHoToGRAPHIC
PLATE

31




UN FORTUNATELY, As M.
BECQUEREL wAS TRYiNG To
REPRoDUCE His EXPER( -
MENT, THE WEATHER N
PARIS wWAS TeRRIBLE ...

. So HE KEPT HiS
URANIUM iN A
DRAWER .

BuT
AGAIN, Lo AND BEHOLD,
THE SAMPLE HAD iMPRESSED
THE PHOTOGRAPH(C PLATE,
WiTHoUT ANY SONLGHT.

WHEN HE Took T ouT

PALSAMB LE V.

THAT BE PoSSiBLE?

BECQUEREL HAD ORSERVED WHAT S CALLED
IT waAS RATHER UNEXPECTED AT THE TiMe THAT SOMETHING WOULD EMIT SoME
SORT oF LiGHT, oR RAYS WITHOUT HAVING BEEN “EXCITED" OR OTHERWISE TAM-
PERED WiTH, THUS RELEASING ENERGY SEEMiNGLY oUT OF NOWHERE. How CoulD

"SPONTANEOUS RADOACTI VITY "

TT TURNS ouUT NATURE
S A BT oF A LAZY
BoM.

BUT wWHAT HAPPENS iF
THE PATH To THE MoST
STABLE STATE iS BloCke)?

1T'S ALWAYS TRYING To
LET THiNGS DROP To
THEIR STATE OF LowEeST

ENERGY.

THINGS REALLY WANT To
DRop Down To THAT

STATE, AND THEY will,
EVENTUALLY . BUT iT MiGHT
TAKE A WHILE . (

oR N OTHER woFLDS))
THEIR. MoST STABLE
STATE.

oR, A LiTTLE ®T oF
ENERGY MAY NEED To BE
SPENT FiRST, BEFoRE A
WHOLE LOoT OF ENERGQY
CAn BE  FREED UP.

At
-




WOTHER EXAMPLE - q ... 1T TAKES A BT of
onN YouR SofA. IT'S ENERGY FOR You To
LATE, YoU'RE FALLiNG
ASLEEP ; You'D BE MucH
MoRE CoMFORTABLE N

YouR. BED...

oo AND  EVENTUALLY
REACH THIS MORE STABLE
STATE FoR THE wNiGHT.

GRMBL  GRMBL

MRARRF

Yoo CAN CONSIDER A PiEcE To UNDERSTAND WHY, WE Now NEED To Fowus
OF RADICACTIVE MAKTERIAL O THE ATOM'S NUCLELS (WSTEAD OF TS
AS A BuncH OF AToMS THAT| ELECTRONS.

~ §

THE SOFA. i

- —/'
~ ~ > S
C ~ y T
’ [

/

HAVE FALLEN ASLEEP onN

1
]




NUCLET ARE MEANT To
HAVE (VERY RougHLY)

BT T CANn HAPPEW
THAT THEY HAVE ...

Too BiG ALTOGETHER.

OR. THAT THEY'RE JuST

THE SAME ~NuMBER OF

PRoToNS AND NEUTRON'S,
A L T E.
ND NoT To BE Too HUGE .
M AN
PRoTons
fo1°8
Too
THAT'S WHEN THEY ARE AN
MoST STABLE. NEUTRONS
IF A NUCLEVUS (S UNSTABLE, iT WiLL
SPONTANEouUSLY TTRY To “EiX" (iTSELF.

N O)

T

ALL D ARE CALLED “RADIOACTIVITY “

HERE ARE 3 common WAYS FoR iT To Do So.

LP (BETA)

HAS Too MANY NEU-
T CAN TRANSFORM

/ e

To QET SMALLER, (T CAN 1F 7
SPIT oUT <2 PROTONS AND TRoWS,

2 NEVUTRONS. THIS 1S CAL- OnNE OF THEM iNTO 2NE
LED

PRoToN + ONE ELECTRON , AND
SPIT ouT THE ELECTRJDK)

e ¢ 9 ®
/}/ &-‘-‘-}\"’:\g_“b

“ALPHA DECAY

+ A

/s
7
oel. '
—\)P?O /1
- v
/ S
LGgHTLY
E;.c.-r'rc.?» bMANCc TBETA
anm , DECAY
Less
Huuouqous

“- " PPTookd
Pl N Lt

cALM
/
Pea . gep.m.w

\MTMM &)

OFTEn), AFTER EiTHER
‘ol OR VB DECAY, THE

NUCLEVS wWill STl BE
IN A BT of AN EXGTED

STATE. . _

l/“ “ {.:\N’i'l'(‘.lf
Twite © A
( N
L s TwnTes
TWITH
T A = 'y

IT will THEN CALM BAcK
DowN &Y LETTING OoUT
SoME. ENERGY = A PHOTOM.

VERYS vERT
vm% Lo~ G
£ .

ot

CE



1T 1S woRTH nNoTiNG THAT THESE “DECAY" EVENTS CAN
QUENCE, UNTIL A MORE STABLE STATE

1S REACHED.
&

HAPPEN) N SE -

VI ITVOIV

TE RADIOACTVE ATOMS ARE
S0 UNSTABLE, You MIGHT
WonDER, SURELY THERE

SHouLDN'T BE ANY LEFT BY
Now? BUT REMEMBER : THEY,
Too, ARE ASLEEP on THE
SOFA... B

. AND THEY ARE VERY,
VERY LAZY.

ALL RiGHT,
TLL Go To ®ED.

BUT SivcEk THERE ARE
S0 MANY AToMS N A
SMALL CHUNK OF RADoO-
ACTIVE MATERIAL, A CoNS-
TANT FLow oOF PARTICLES
1S EMITTED.

= Wf///f,.//‘
— =2

)
AND THAT wAS MoORE
THAN ENOVGH TO M-

PRESS M, BECPUEREL'S
PHOTOGRAPHIC PLATE.

ALS0 INTERESTED v THS
ToPiC WERE MARLE CURIE AND
HER HUSBAND PIERRE WHO, N
SEARCH oF OTHER RADIDACTIVE
MATERGALS, DiSCoVERED Two NEW
CHEM(CAL ELEMENTS.

':‘-\-r
WUATIS VP WiTH WMBLE o g SN’
PUYSICiSTS AND BEARDS |

U FORTUNATELY, THEY WERE
NOT AS DILIGENT AS RoNT-
GEN N PROTECTING
THEMSELVES. ..

N -LAW, BoTH

PHYSiCiSTS. WAS Run

AS FoR PIERRE, HE

A MERE 10 METERS AwAY

OVER. BY A CAR

THE CURJES ALSO REFUSED To TAKE
ouUT PATENTS.

Bools

FRoM WHERE THE AUTHOR ©F THs
Bool( SPENT HiS FRST QUARTER CENTURY,

- -
To THiS DAY, ALL oF THER LARORATORY
ARE Too DANGERoUS To ToucH. EVEN MARESS
Cook BoolS . BUT THAT'S ANoTHER SToRY.B—;ﬂ




NUCLEUS




