D Link Maps

D.1 The Fundamentals course
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m il 10°
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M (meaa) -10°

Prefixes DX»LA EfaNT
=3

b
s T Plgmb
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=k /S‘
(o il

amis T kg
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ARCHIMEDES’ BUOYANCY

PR'.MCIPLE‘

"When a0 o biect is X
"mraed ina Q\u\d

'H'Ef'e_ 5

b\»\nlda:hagm egusl i DXLA#H‘T R V iy % =it ’ i

f;aw;ht oF e volums. P /-j' ] '
objed_-' Med by / 4

o __/
SINK
6 B YANK
4 CE
erw TERSILE

P IGHT —
R=R w
=WV
g - Pt
obi ™ D Voo = Oy
DISPLACEMENT
DENSITY
= K inciple:
i SR i s T;nﬂ: :\i.; E;SC;‘PM a closed wrtainer
poirit &t & given 5 pressure change in one port s
retupaiie! Tl 4 +ransmitted without loss 4o every
Single body of fluid portion of the fluid and fo the walls
ot rest must be e some. | of the cortainer
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DISPLACEMENT KINEMATICS

slope of v=const. y clasvrémns

5 ~ve a<0

= VELOCITY
slope ofvjr ;:m{ﬁc v=const s+ve

= AV decreasin
A @rconsh s -

B 7
= =diSH CELT veconsl *-ve
) between *

+ 44
tyand 1,

At ACCELERATIoN

an a=const.v+ve

v mr‘!ﬁn&
T -
S - § free ol

' H ca%es o et we
:a-cmw | substitute a=-q in all of
| the sbove equations if the
posttive direction is

| defined to be upwards -

IV dacreasing t

NEWTON'S

sustern (obieck 4 + ohject %)

-Tﬁare. e, NO ‘?or‘ces

ad'\'ns on tha bb\ged ﬁs&ﬁ\‘ﬁfﬂ)

Y =const,
——

LE=O

3
™
— —

2E

Z“E;. = -Z“E;.

Consider #he second obde.d'
that is excerting e force n
Newtons 22 kow. Obiect 4 1
excartinga forca ec_q}.n.(ﬂ n
magnitude and opposite in
direction on o'ojed’ 2,89
ot\;jed- 2 s exc,eﬂin\cj an giaeld i
The. surn oF Tordes on)

the whols. sustern (dbeck 4 +
ok Je‘t‘r 23 ?‘? &
;5, = ZEL ¥ EEL
Conid \= T El_ ZE
Seco Ob\) L O
h-—u'.:a So the s«d'a.*em
) S Mmovin
HASS at cm%'a{'a;*
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DISPAAZEHENT

LD\S NCE E@G\r

~ direction

magnitude.

4+

DN
S ir—ec\"\oo
VEV‘Y Mo
T B ¥
A T
ACCEY_ERAT oy M Vy=lylsin® &
&
—>
Ve=1Ylces® X
FRICTION
TERMINAL COETFICIENT
VELOCITY ICTION
v, When Fy=F, there * A measure of the s}-r-cnsi-h
3 is no net force on of friction
T the objec’f 50 9=0 FRICTIONAL + Dimensionless
Y. resulting in & FORCE » Independent of cortact erea
g cocshant Germinal) W 0 T
s velocity. ﬁﬁgﬂk&fm e Briction
STATIC FRICTION KINETIC FRICTION DRAG
No relative mation The two surfaces A solid object
between the two move relative 4o moves Hhrouah
surfaces each other g fluid
R Spe R R bR Dreg forcr*

198



ROTATIONAL MOTION

A@ULAR
DISPLEGHCENT

e '-eng*‘n

E-q_uflq'brfum

ZF =0, y=const.
2T=0,w= const.
Static equilibrium
dlso has y=0end
@ =0 (ie. no mation)

S 0°¢ «Aver i
o peshon
=Fr. o cFm:&:s'mabedy.
=Frsin Cb CENTRE §- ®oirt moving in

agreement with 3
Newtons fhree
laws as 'H':ough
all of the mass
W3S Concen-
trated there,

i TIC’T W>O: work ie done on the
K :‘EK E NERG Y i%d‘em Ncreasing
s it ene

Erermu stored dussto W<O * work ;
5| a0 objects’ velocity %ﬁmﬁ : dgr;e\?g:z
é EK = Ji m V" i Qﬂef'&tj

o)
]
o]
TUE: 9. Py
E ! P — N e T'l"l.ﬂ. al‘f'ﬂ.u‘ﬁ'o; =J3/s
=S E\Uﬁss*creédxuh ENERGY M—e%\ﬂanﬁ- —
,"‘-j an objeds’ position ' e ferred o P =4E W
¥ / \ ,' Converted oy At At
) Forces do a3 forca

GRAVITATIONAL  SPRING work +o chanae,h We Fecos®

Epe=mgh  Eps=zkx* enerpy of 3 system
S s e i s Mmoo meg e e ———— SCALARS

EORCE VECTORS

CONSERVATIVE

y transferred to an dject
doing work aosinst & conser-
vative force can b refrieved ba
reversing Hha process.

Ly All forces which have an

associated pefentisl

ens (aravitstional force,

spring force )

MoK - COWSE RYATIVE
(EDIEPATIVE)
work done oy & non- conservahive
Sorca causes enargy o e
irretrievably <=0ve into
+hermal energy.

L friction force

Lsd rag Forea
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CoLLISIONS
MOMENTUM +CoLr. ISIONG ELASTIC INELASTIC
No heat genersted or | |Energy is converted
permanent deformation|  |into hest and/om
of objects involved daformation of object®)

irwolved

DISPLACEHENT

ED aUANTIRES COMNBERYVE]L

VELOCITY [ MOMENTUM |

Conservation of Homentum:
Tf 4here are mo external
forces on & closed system,
momentum IS conserved for
both elastic andinelastic
collisions within that %Bshm

ACCELERATIon S

OSCILLATIONS = WAVES

DISPLACEMENT ST O
X cycles (=21
*E b =<! :':3::1500:“‘66)
£
X=Xmycoswi+e) | NERGY .
S

e tima & tokes
*o complate o cycla.

VELOCITY gl TIME

-
Ve- Xrnax GOSN (Cn.)ha)
E“"--.IL [s I] s Hgl

= [ln.’ﬁ,]

ACCELERATION
a""il

3"~ Xmay 'cos (ot +€)
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wavele nﬁ‘tl-.

4 WAVES

WAWAN
YAV

«For | itudinal waues ol SPLACEHENT
4 el to % s
» Faor fronsverse waves unit ! rod m
Y is pemandiculardox k,"%z
Yt Asin (X s cot)

= twave bravels in s-direction
+ :waoue travels in -x-direction

VELOCITY

\

Thase udoc'i’rd
v=FX

Ve'mc'-'\’:j of frans-
Verse waves an

3 s’n—if\S

S‘l'andirg waves in air columng
Baeth ends own orclosed  One end upcn,ihwﬂ'-er closed

M

.....

J=node

L=N(-§_L N=i,2.3..

L-N(q) CN=L,R S,

RESONANCE
Oscillations increase
in ammpliude when the
drivi Uy
mrrfg}?o“ o a‘\!-
natucal freguancy.

INTENSITY

A is surface of
constant phase
A=Y for 5
sphere (3ID)
A=2Tr for a
circle QD)

WAVES

SUPERPOSITION OF

Destruchive interferencs

WAVES

Constructive irterference.

“L/\

5

Superposition of fwo pulses

Fan 0 2 dimenBions
ve  «destructive

W\

BEATS
Interference of 4wo sound waves
of ruarlﬂ equal Frtq_u:n':l?‘.’j fsd )

DOPPLER EFFECT

vesacz+5o& swnd .

=v w
et
observer

Relative rmotion
of source and
olbserver:

N aPPmaCH“E] RS
-receding: <%
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D.2 The Regular course

KINEMATICS

DISPLACEHENT

¥ v =decreasi
slope of decreasing
line is
veloc':’ry
l x‘
y=9%
i VELOCITY
& O-FV fa'-'iﬂéi‘fi‘a: v=const: »+ve
line is v d&“m“\a
accelerstion| V=0 a =const, s -
.L L.
t, v 5 >
srea=displace 3
d)th“
tyend t,

a=conshs+ve

9-3%-8%  ACCELERATION
a

T csses of free fall we
substitute a= -qin all of
+he sbove eq‘ua']"mrs it the
positive direction is
ClC'Fin{d to be UPWBl"dS
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NEWTON'S sugsrern (okieck 4 + et 2)

O LAWS @ '
There are mo S{or‘ceg ’ L"
scking on 1 skiect-Gystern) T . '
whole Consider +he second obde.d'
@ N =const. \(3 jeck L+ fhet is excerting the forde in
: Biect 2 Newtons 22 Lo, Obiect 4 is
: excu-t.* +3 force egqual in
B b tude and gpposite n
d\r-ed-.ran on oby ect 2,89
object 2 is exc_er*hn an oiﬂec‘ri_
The. surn o forces on)

2 the whole sustern (Ooeck 4 +

\ L Obj‘;?k'z\)?? \F
ider 8

o

,S Xaa - ZEL‘ ZE:.
on ob&&x N Cﬂ\ﬁ\d . Z; - 2L

ZF Mg \: So e ‘oﬁ
ACCELERATL@/

S moviny
st conStant

ma3 c.r\"lr ude.

7,
L st | > magytude
D\S NCE E@G\r D?‘ " I\.-ffl NI s

DISPAAZEHENT

~ direction

w
VEV‘Y Ho UM
L‘QL%D FAE;KE T
A .\5,_/_7
Accé\g/{ﬂm '% V4= lylsin® /"”
e

g
V=1V lcos® X
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ROY

=

KT

Energy stored dueto
an c\'ﬂeds \ve.'nl.‘.d‘é

Ex-

i

ENERGY

HECHANICAL EN

o

Energy shored due e
an cl'ﬁcd':s' position

¥

GRANTATIONAL SPRING

Ep.a i "‘Gh Ep.s' Tkx?

CONBERVATIVE

AE=w

E NE R 6\( chacoe in ererou

E:M‘te.‘E: do

work ‘o dwanae.%u
enerpy of & sﬂskrn

MON - COVEE RUKTIVE

*ranvs?crred +o an dndrd (EDISTIPATIVE)

Ve

LAl forces whi

cigte

inst a conser-
redrieved \33

t-e.uqrama '&u. Pmce&%

dOle “-D!J( a9

.H-e"mevab convel

e an H\crma'i :nerﬁﬂ

W’>O work is dnng on "l"\ﬂ.
sutern, increasing

m, decreas.ns
eneray

Wee]

e reurk ot ?P% /s

enerpy frans- ——

ferredor "P=_‘-'I.E.._&

Converted oy dt ot

a forca. . F‘V
=If'd§ For const: F

| “heenb |

work dene sy & non- mwvahu
forca causes me:-%

ne by tha

VECTORS

CoLLISIONS
MOHENTUM : COLL' IS]OMS ELASTIC INELASTIC
No heat Senar'tﬁe,d ar Energy is corverted
permanent ddormngtion|  |into hest and/or
DISPLACEMENT of objects involved d.n.fv:r'n&a*ion of objects)
imwglve
COMBERVED-STANTITY
ENERGY
-
VELOCITY | HOMENTUM |

ACCELERAT lov

HMASS

Conservation of Momentum:
If there sre ro external
forces on & closed system,
momenturn is conserved for
both elastic anrdinelsstic
collisions within +hat system
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67O courttes -
clockwise

wi<0:clockwise

R o

T=r
abn‘l_OK ~_ - o 00,
5 T E_l" I”Z cy r: is distance
Sar L ey =Frsind ZMiFE ¢ 4o mass from
i

ROTATIONAL MOTION
(of r'isid bodies)

R
Exat=2 I

W=AE, =T A6
P--—=Tw

TERSWE

ULAR
LAGEMENT

An ular momerntumn 1S
conserved when the net
external *u‘qu?. iszero

de

=38

+he axis of rotation

WPLpHE

QuoTe BT,

O™ LAW OF THERMODYNAMICS

O™ LAW: THERMAL EQUILIBRIUM
when two bodies at different ternparatures
come into contact, thermal energy flows
;r:m ‘:J:MHEI' s the colder bo Y until
ir ratures egualize, bringi
them mfc thermal eg‘_et?.:lubrnum "33

A rneasure of tha gverage
kinetic enerau of particls.

THERMAL EXPANSION
Al 2ol AT
AA=2a A AT

AV =3V, AT =RV, AT

s =coefficiert of Lincar expansion
= coefficient of volume expansion

@S

SR

Energy transfer dus to
a ternfuratuce differerca

WOR

SOLIUS, Lt&ULD‘Eb*GA%EE-. METHODS or HEA‘T TRANSFER

molar heat capactty ar
same  QenlAT @iy Conduction’ SF *-kASE
ENER.  QamngAT X . ’dm;ﬁa

specibic heat capactty [ | Convection: ‘i% ~hAAT  Roltzmam

onnst;-fk__'
Phase. i ol
5 Grm G| | Pt S, PERAL
AT=0 igtert m+ 1:3,.,,- o Pac Rad=AgoT
abtocption coefficient emission coeff
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1" LAW OF THERMODYNAM 1CS
——VOLUME —T—5earens

ISOTHERMAL., TSOCHOR = R.: Universal gas const,
AT=0 \,'Hfolc * Ex=0 (no irterparticde PV = ﬁRT Kt BnH:ma;ngam+
21385 2K

forces)
ﬂ. * Large nurber of particls PV‘= NkT RekNy
* Point-like particles (Vo=0)

TSORARIC Abmm-nc Y| Particles in constart =
random snotion TE MPERAT URE m“&ar:

MOLES

The number of stoms
in 429 of “*C (carbon):
;fr 6,022 * (0™ mol™
Avogadros number

P : % o « Particle callision with
1 each and
walls are
elasti o o DECREES OF FREEDOM
nurmber of Independent direchi E
Tox e of indepen - mg 'tl)-\it.:}mn& ENTROPY
o jaulPAPmew OF ENERGY MOLAR HEAT CAPACITY
inetic energy is spread equally acruss The energy required fo heat one mole of
all de l':gs freedom with ges b;ﬁe degree (F. @=nCAT)at
Ex =% KT per particle perdegree of constant yolume | constant pressure
*‘-rv.edum Cv Cp
HEAT AV=0 = W=0 AR Je]
AU=nC,AT Cp=Cy +R
More ene viredl o raige the
W -deV / hmperd'm oFr:%as bﬁ one dugree at
constant pressure #ha ot volume,
AU Q w |25 Some enerpy gpes nto d.ml\a work,

W >0 : expansion

W <O : compression /
___WORK / 1" LAW: CONSERVATION OF ENERGY INTERNAL
ENERGY

O™ | AW OF THERMODYNAMICS

P 2 AS =0 Reversidla
"'f_',?/ AS“’*"‘ O —‘ .»:;s>o-1;::ab\:.

7
o

e

e
Hest canmot be com- I Heat cannct be trans-

pletely converted irfo | | ferred from & cooler
wor’c,‘lj | 4o 8 hatter body TEMPERATURE
l I_WII'H'\OU'}' doing weo rk.
= [ i —

HEAT ENGINES | [REFRIDGERATORS |

convert some heat tronsfer heat ?ﬁ:m a
irto work, cod.dl.r o & hotter bad
ing vork.
WO ENTROPY

8=k|ﬂw

e HEAT S is the ertropy of &
- given macro with
< < w microstates,
ERiciency’ esf | | Cocficient of K‘\&l
]
| performanca w Hacrostate : descrigtion of

[T'_U\R oT C,L-,- LE saém on the. whole.

l -ﬁeart%ica\iﬂ;;' rrost Hicrostate : description of
efficiert engine,

* Only reversibla

«Efficiency’ e=1-

each individual U“ﬂ"'!"j
inthe © fern.
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DISPLACEMENT

X -Xw cos (w‘t "G)

OSCILLATIONS

Inon c&mllafr\a

Qibad s [

-7 withaut
dm-npma .enermy «wW ‘Qﬁ W= '\]
3-1 Cun
E=Ec+ EP *E Y_ 5 c\.jd“ (=2 ead)
=g! | pe sSecond

£t

ENERG&’ X

. i it dakes

A

" For longhudinal wowes DI SPLACEMENT

4'® el to % s

» Far fronsverse waves wnitt rod m
yis poendicular o x k.=3£5

a(xut) *Asin(kx t wt)

= twave bravels in s-direction
+ :waoue travels in -x-direction

VELOCITY

\

Ve\oc'&:j of trans-
verse waves an

3 s’n—if\S

V=

Ep=akx' T b it v
¥V 5 VELOCITY il TiME
- FrokX € tHookes
d_{ '“a" r Law
V3% &J‘Slﬁ(co{"a) ORC E
im.l- 57 110s)
Im/s]
ACCELERATION
r--?:'f_‘.\
e cTt“ a—a)-( == Xpnay WCOS (Wt +€) ¢
nath
ga A WAVES

S‘l'andirg waves in air columng
Baeth ends own orclosed  One end upcn,ihwﬂ'-er closed

M

.....

MNEnode

L=N(-§_L N=i,2.3..

L-N(q) CN=L,R S,

RESONANCE
Oscillgtions increase
in ammpliude when the

i:::'tu:;:‘is a:%.

natucal freguancy.

INTENSITY
=£\v
Ay
A is surface of
constant phase
A=Y for 5
sphere (3D)
A=2Tr for a
circle D)
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WAVES

SUPERPOSITION OF WAVES

Destructive intecferenc Conshruchive ‘herference.
Superposition of twe pulses (on i 2 dimenSiens

ive = destruckive

20

BEATS
Interference of 4wo sound waves
of ruarlﬂ equal Frtq_u:n':l?‘.’j fsd )

fof :
'Fav 3 T" 'Fw' H". {:.l

DOPPLER EFFECT
veiac-'hdc& wund.

£of 2

T=vv.

sour
observer

Relative motion
of sourwe and
observer:

- appmac\ring R
-receding: <%
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D.3 The Environmental course

ARCHIMEDES”
PRINCIPLE

“When an object is
fmmersed in a fluid
there is an upward
buoyart force equal
to the weight of the
volume of Fluid
susplaced by the
object.*

Mo "Psvs =My

FLUID STATICS

DISPLACEMENT

Oﬂl.td fhe

perpendicular to
+ha surfao con-
+ribbutes to the

prtﬁEM"?- .

The pressure at

every point ot agiven

horizontal level in a

--8ingle body of fluid

gt rest must be. +he
same.

PASCAL'S PRINCIPLE
In & Fluid &t restin & closed con-
teiner 3 pressure charge inane

part is transmitted without loss
o ever

portion of 4he fuuid
and to

e walls of the cartsiner,

force cmpcﬂeﬂ* >

. DENSITY
PRESSURE
/'/
. PV MASS
RS Fa=P¥e g
FORCE———VOoLUME
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FLUID

it 1
1 | Friction
b

FLUID DYNAMICS

FLOW

-r]*:- o ~
IDEAL FLUIDS +Is 7] independert of v 1 I REYNOLDS NUMBER CONTINUITY EQUATION
*Nonviscous - 1=0 ‘Does “‘\et\u.!d obey the 29"'3""’” L E(pd e Conservation of mass
« No turbulence du F— v"lf;i:d Np= n s i T =Av = const,
" rmmp;tssibh i e censt. e T]A Egt L] Fluid V- average Flow speed i * Flow "H‘; m: s
. - e s -CrossS -Sectio T
Steady Flow- na ime dependent shationary plate d-g:tr:*de&nshcmgﬁm, v-averae ““"w
|
BERNOULLIS EQUATION no yes Np £2000 Ng 22000
Conservation of mechanical o7
energy (only frue whan 1=0) NON-NEWTONIAN ~ NEWTONIAN LAMINAR TURBULENT
’P +3 P\;‘ + PS{j = copst. blood, honey warker, 8ic Fluid Flows, in paral- eddies*vortices
lel 'Iaytuwi*h o dis-
valid for given streamline \ ruption behween layers
in on ideal Flu
STREAMLINES POISEVILLE'S LAW DISSIPATIVE POWER
+ Illustrate laminac Flow Laminar Newtonian flow 'H'-muah Power dissipsted due 4o
- Represent partide paths in s-'rtad:j Flows a pipe e internal friction.
* Never (oSS J=§!=JT_AP£. ™ = APT
+ The denser 4he streamlines, the higher the flow speed dt B'r] =
A —— _—— MA L [RIEC R0
v, TNV, :v:;*imﬂ —) — 4P-R-R
P . equatio | | Velocity profile
0 T SRR sy Eﬂwm
i1 =0 at bourdary layer
STRESS vs. STRAIN
TR FLUID SOLID
E)d’Ernh“ﬁ applied B E ﬂaa )
U XOoUNGS LUS
force on 3 materisl EO) BU " a_ B Gﬁ Ta
& ul Ep.pav Eovak e
Frn |25 o Sy _ ST t
,_._l : Hodkes law (Faks,
18l Ak 4 - is abjeck
”aﬁmal i E bt :1::?;.: :?:fees
in reSponse to stress ‘z &= Y& 15 material
dirmensional (@] i specific and s
& «Snensional change seenn/ lineart \
original dimension, | 2 e v el
Reversible  Trreversibl
ELASTIC PLASTIC
d:
2 . -
L
E G P‘a'*.*- 3
N < }plastic
aad nen-
% A peeudo-plastic [ auwtenian
i dilstant
o o newtonian
w
v
G
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CURIOUS FLUIDS

Force between
liguid molacules

other
liguid rolecules the wall
COHESIVE FoRCE ADHESIVE FORCE
SURFACE TENSION RELATIVE STREN&TH OF FORCES CAPILLARITY F
Liguid surface molaculss dhesion >cohesion | adhesion <cohesiany The spoctanecus
are especially fightay bound mrovernent of liguids |-
at-“haﬂm puddad . 12 : up or down NArToOW
downwards bcdd“\u' h‘gl-'-“{ ZiS _/\ o +ubes, (capillaries),
moliculas, This causes a mambrens. . §<90° -9>go"
b form on liguid } tfd o R - "':_h?- PT;Pendicu'l.ar adhesion force
. - liqui il ,ho (N rid
ot R | |aiwe [Nl (RS
F.=F,
F- surface tension forca 2y cos®
B—SUI'FQCQ_ bension = hg <
¢ - ourec lengih of dject o
. Surface tension iries © daqurds on the particular Viquid-
T, o contract the bugble. solid combination, b &
LAPLACE'S LAW TR R, 8<50° @=g0° 6750
Relates difference. in pressure ) _;‘: s, "3“3;? Seure,
behween inside, P, and ouksida, ao Provicag ; m::‘.d b
P,, of a closed marmnbrane 1o the o Force. h
tension intha marmbrans il\t?dibl"ul\l & * In eguilibrium, fhe
Drop Bubble  Cylinder 2 i pressurt forca
ward fensi
PR, BB PR X Forex are equal.

CHARGES * E-FIELDS

Charge is quentised.
The smallest unit of charge
is that of an electron o
proton:

e=1.60:16"C

FIELD LINES
+Visualige electric fields
+ Electric field given b:j
Yengent to field line.
» Denser Tield lines -?si'runaer

. " field
GAUSS LAW :
Gives the nat charge inside Cannot infersect
closed surface from the
electric field lines 303\3
through the surfaca. FLUX
§£=§E-d&=qm + The number of field lines
& passing Mush an area.
IF E ‘s constart a:mssih:__ PR . Area is & vector with direchion
i T surface Gauss’ Law simplifies dicitir d ond: oud
g g ol
+he fotal E-feldis XA
e surm of thw indi- =FE. T
vidual felds $-E-A $
Ew EsEar... *E,A
FORCE =EAcos
( -For magnetic fields, simply
Colourmos law substitute E with B,

Permittivity of frea Spoce

vector direction

- ppposites atract

:likes repel
~

&._335_10-&. CEN-I“_;L
or Fra!
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ELECTROMAGNETISM

cq\@

E=NT

=1
=\Vm

M NEKC

FNERGY

HOREE

@Auﬁwcg
iﬁg@r—flww

ELECTRIC POTENTIAL = CAPACI|TANCE

ELECTRIC

U

s POTENTIAL— V=5

Oo°° ENERGY

W =-AU

IF tha charﬁe rOVes in
3na direction it would
sguor&ar\muﬁhj eve,
AU is nagative. Charge.
reoved e&a.‘l"fﬁ" 5?"”"3 -
nigus direction nas 95

WE&N&M

EQUIPOTENTIAL SURFACES

- surfaces of constant pdteritial
-E-field perpendicular o swtaces
- spacing reflects E-field strength

DIELECTRICS
» Insulators.
« Where there is 3 dielectric, rathec
fhan vacuum, subshitute & wih &

E=RE; K2

9

; Uis cqaa\ fo tha armourt :

of emergy reguired to 1
| ::hanae e capacitor, 1
| e o move charges |
| from ene conduchor 1
| 4o tha ather, !
: G.:' 1 S | :
y Usge =2 &V=2av|

ELECTRIC
POTENTIAL
)

Due to a

i
_poirt crarge. |/ ST —%-
=0 dg Weg e

| In any V"jE'd‘é

=JEcos¢ ds
Unifaren

PARALLEL PLATE CAPACITOR

| E-Field with \/ = EQ

Elld

CAPACITANCE

iR
C’\f
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KIRCHHOFF'S RULES

1) Junchion rul’ M‘ajund-im
Lin® Io\.ﬂ' .

2) Loop rule ! Tha surn of the
potential differerces across
sy closad loop is zeo.

CIRCUITD

Voltage supplied by power
Sourcs N

-open cirauit € (EMF)
- closed circuit: V

Current isdafined as tho

nat charge flowing through § Je o0

a crons-sectional area
o wndk tims.

OHM’'S LAW

VERI

oonc\-‘f" E-Ir —

POTENTIAL

. d
152 -enAv, — CURRENT

[
R-B= RESISTANCE

B

CHARGE

netic foree

ona t‘u\s\a. charae.

F=qv-B

:!andg.Sinu_EJ.! 1
! magatic farces do |
1

L}
| MO work,

MAGNETIC

FIELD

Gauss’' kaw for
i5m No
masmi"-: rroropolas.

§’l§-d5=o

Force an @ current

(¥rearn of char

RESISTORS
In series’ thq'R.\’R;* dikia A - crogs- sectional area
1 4 1 of wire
In parallel: 5~ =R_‘ ‘-—é:*_,. L.Ler\gtvg#d::; . i
N = naarn “Wo
qunﬂu.n.&siam(faﬁ; C\-@rae.s 'P=VI=I:‘ ‘-‘-% *—pOWER
resistor that could rtf:‘lem._::gLL Vg - drift \.ne'toci*ncr?
Fru reBistors in @ circut charges only trua i
withouk aﬂ'e,d»ins e current. = ?@‘Q'ﬁam Ohm's lows applies
MAGNETIS™

CROSS PrRoODUCT
A cross product produces a vector. The
magnituda is the product of +wo vector
magnitudss in which ona vector is peendicu-
tor to tha other The direction 15 90°on bath vedew|

[v*Bl=vBsing =v,B=vB,

¢ ¢ B lﬂ '
a2 ., t) N &
b TR Gl v

AMPERE'S LAW

Relstes the hnas\d“lc Sield 4o 4w
currert cr:a’tinsihai‘ field,

$B 9t = pTeng
de, B

3

'F‘enneab‘d:{-b& free space
Mo =gme18* TnA™

CURRENT
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ELECTR\C
FIELD

MAGNETIC

INDUCTION

POTENTIAL

FIELD

Fara d&j's: law

» fun aapd"c
! mn:?mm an E-field

LENZ'S LAW
The direction of any
ic induction

A core of h'.s'h poa
ability keeps tha Field
lines almost ud‘(rtkﬂ
within tha core. such
Hhot §, is the samain
both windings.
LN,
€. Ny

TRANDFORMERS

€ N N, &

effect is such as o
oppost fha r.'heﬂat,.
'[* B(er-

o

EDDY CURRENTS
Indwced circulat
currerts in metal H
4hat experienc
changing magnatic fields,

CURRENT
I

L= _@a
L
= Eg N’-A far a
¢ salurgid

1
SELF -
INDUCTANCE

. -

Whaen the cucredt in 3

cirauik changes, tha foax
Hru cireunt

This induices an emf, called

gelf-induced enff, which

oppost tha n
currerit *\;wﬁtw‘&l e,

ELECTROMAGNETIC RADIATION

in spack. and Hme.

C=3.00*10" mg™

WAVE REPRES
*Used to describe propegaﬂon

* Speed constont in vacuumn

PARTICLE RE

with matter

« Energy of phaton
E=hf
Plancks constant:
h=6.63%140 " Ts
* Momentum of phaton
prE
[ oA

* Photons * indivisibla 'packets’ of
wave-pachica S EM radiation.

*Used o describe interaction

ROMAGNETIC St

PECTRUM

R

- The spectrumn classifies all possible tymes of d.nc\-mmaar\x\".c radigtion.

N3 ! Trtervals nat drawn

Radio Hicrowaves| Infrared | Visibla Ultraviolet | X-rays y-rous
Wﬂh’ﬁa
3ccelarating | sccelurating | blackboday  |black blackioody | ahete aucliae
charges charaes cadigtion, |radistion, |racistion, [transdions |reachons,
maolecular | atomic Fhormic (e Tawest rtters
vieration  |+rarsttions [trarmsitiens tevall, | antimater
- ard rebgtion erernsshrahiung 2
~ L) L] T 1
» ~BBrn o~ drres FBOm  BgOmT ~1D e ~40 pen o|

o scale.

BLACKRODY RADIATION
« A blackb is an object ¥hat sbsorbs
all EM radlistion that falls onto .
These objesis emit cnhj Hrurma! radiation,
called blackbody radlation, which spechrum

dapands Eﬂll!-a on Hhu tempurature of ha
object.

- Stefan- Boltamann law

Fower raclistid by 3 blackbocly (%4 is
reflacted hﬁ arey below thae ijl‘v& )
P=cAT"

Stefan -Bokemann constant :
G =5 6‘} 1Y Wtk

* Wiens displacarmunt law

'\m,\=3::.9_'_-'~_63_“_115
T
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QUANTUM PHYSICS

—

erargy of §,

1 An e absorks, ane photon with enargy E=hf,
2. The e eicapes the mokenal, which FEQUUIRES. & min

3, Whateyer remaing becormas ha kingtic
of dhe & \-hrga allews the e to travel Hhrough o

Mgative petertiol difference. of Vy for lane),
Kmax "E-& = Ve , deV=16avg"”T

THE PH ECTRIC EFFECT WAVE - PARTICLE DUALITY
*Ermnission of & whan I‘sﬁ strikes & muta) suface ~Botih light and eleckrons can shave both as wevues end o3 particles,
« To escape tha gurface, tha e must abeors erough = =

erurmyy from the incidunt radiation bo overcon Jlight 0 _ |Bludrons
the work funckion, §, of he Mﬂ:?d b Teterferes s diffracts Trcberferes v diffracks
: ) (CYoungs doulbla 81 experimant’) | (Daviseon * Germwr
_ Abtorbed /emitted in discrdle |Localised , nas mats,
€ gives o dowmuord ' '
ﬁs :«'L ot 47, Howent [bundlen-plotors,  feanleescatted |
L - Wegd), ¢ .
has sufficient .,...,5; e *The da Broglie relabion relates, wave and particle propurtien : A= %
reach dha pldte. exchanqes enurgy hke a particly

+ Evenflhing prepagates, like 3 wave, and

& wave, buk never simultana
H & Unartai
bath tha pesition and rromurtum of 8

enargy axap el | hai

j M—""——*‘% t A phaton/elactron can behave as a porticls and as
as both,

Principle | I# is Impossibl to umuﬂanaoushd enow [measure)

particls withy a.—bﬂrar\d precision.
Em‘i'ﬁl‘\ﬁ%" 9 and 2,

THE BOoHR ATOM

27 postulete : Phatons can
erargyies Wachy corvenpond

Vingtc &*hg- 5 wrwerked,

Konae IF fha incidant photens have insufficient
v enarqu e ¢ do not escape the mateial,
Fmin
BREMSSTRAHLUMS
* Genaration of x-raus.

- High enarqy ¢ hits 2 derse targel and s daclirahid.
Sc?m_w—u.l.l of Hb%i&:nnvu‘hﬂ Mnmx-nﬁm
The maximumn phaton enirgy scours whan gl tha

hf =16 -E: |
A i

‘i‘ﬁ.ﬁuhm‘,ns Laries ore formid lus_] e
Luman series ' nzl
Bl soien s nel
Pazchun tnes ' 0T 3

admwm.,..

ANDG ATOHIC SPECTRA

Ths Bone aorny
1% postulate : Only ctrtain elechron orbits are allowed . Thase have erargies given by
En=-d30eV 453
Lal

ba emitted o gomoriad Whan Hhar € it phton |
Hna differencs abuman twe orbits ca T ez
€ abgachg

B el
ney
i

||

Phatan
}'-_L\ asi
maselaug

dropping down o a spaeific orbitin)

. rromantuen snush i irh waalhy of i
ihh-F‘ ‘:,\." et w, ot o - pun oy
ol the e
508 axcelarated Lenh, n=123,... | men’r | r:0.08529 nm
NUCLEAR PHYSICS
THE NUCLEUS BINDING ENERGY
; *The nuclion reludsad F ona
Enwrayy % relaasad o e s
“ i * by i amsereloling Auclaus Hhe from inclividlus!
A:u;:ms — R=R.A? R,=L24m protens and asudmns,
A ’._—_‘l e -]
KA
1
z N and nuudrens ”_.-
# protons #oudrons  (auchon) ll!:\r:? te bR e i
(dubemines gethur by tha Streng nuclans reactions
elerriert ) Mllarb*ﬂ"d. elaose enargy + The mass, differency bthuean prodiuds
“Tsotopes ‘nuuclidus with tame Z (same element) Mdruchds-‘smnwi-ed-hw.ras
buk differert N. Q=amc?
NUCLEAR, 'REA-Q.TLONS
Hathematical description Radioschive dacaw Fisaion and fusjon
Decay reéts “ stors. Unstabla. parent miuclui. eenit caduigtion Yo chang® ‘Enwgy $roen splitting Tusuy nucled
Re= dN k‘h‘l ¥o rrore. stabla. daugiter nuslal. (Hissian) or Susing ];%h{.“uclu' usion),
E] dt ~ St-dacay: “He, nuclaus. :
oty 'h-ua conghort (5°) 2 % Chain reaction
(Becquere): B‘-s“] x - Self-sustaining (nucltar power plart) *
- ~: elackmo Each nuclar reackion Causes exactl
<> N N, ™ A ong mane reackion., ¥
Hatoms = inthiol % ghorrs b= » - Run-gwayy aalanchu. (nucliac bemb):
remaining ot £ elachron capture ; elackon from inner ghomic orott T O
= R@) *R.E.-M: e Sy Th Al l Hhan one reachion, G
Half-life: Hirma For half of the ¥ od8Cay : if Hhe audaus has foo much ey
auclad to dacay after an uurmd.;nj‘ﬂsunhuhﬁfdﬂ
O T o i M L 0
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DIOLOGICAL EFFECTS OF RADIATION

BIOLOGICAL EFFECTS OF RADIATION
Tonising radigtion can damaqe biological tissues
ineli preteins and DMNA brcause it delives
mcmsln gy to loreak chamical oonds |

e boint o
Mebislogiogl effect daurds gn:

1L A@za@ SE ey
D- Eﬁgoﬁ

2, EGid'*/ALév DOSE
H=QD

Gm‘*ﬂfndbr indicates how

domaﬂ-n . radigtion is
Sowrass of backgrownd radistion *
- * CaSmic rags frormn culer e

= :'r‘:t"um'- Eadm?bﬁ froen wm\xﬁ::du ay
- Food : Potassiumn-g4o
-Air : Carban- 1y

3. Radiosunsitivit
Differert ofsa.n;e.ms‘ﬂeme diferert sansitivitien,

Lethal dose: lesc,(gg - Sov.of s
wﬂhﬁ 20 i:;&

Many biological procanaes For rermoving waste
&:lg\lm:!s, frren tha bedy follow an 'meerd-‘al
dacreass v concantration similar to redicactive

' i WO SO
A=At sy, Yt - Ly, | e

NUCLEAR HEDICINE
BT (Cisdingd
Wy undargoes p'-dacanj which preferentisily
dartroys canar eslle.

T (mehastable technetium)

The chamistng oF T allows it to ke easily tachad

4o variows oc-aani:,hwll.c.t.n.ln'“'\a‘\‘mh up by

curbain orgsnt.

it [ d-“-a*ds via relatively low ¥ Faus.

A y-ray cames talus an'.'.'.:'h;a,, of REP‘,:E"{,

PET (Positren Emission 'ﬁ)mosrq 5
[B* (e*) dacay in body k‘d

= g* aonihilates with e”

> fwo y-rays procusced which moue in opposite
dureckionn

- measurement (by ciraular diwics) by hwo
ddteckers simultansously indicate annihilation
along lins, behoean tha two dakechora

- campacher guarated mage
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D.4 The Technological course

ARCHIMEDES”
PRINCIPLE

“When en ub&ed s
fmmersed in a fluid
there is an upward
buoyart force equal
to the weight of the
volume of Fluid
susplaced by the
object.”

SINK

Re=fe

My =PrVe g
Moy =+ Vi =my;

FLUID STATICS

DISPLACEMENT

--8ingle body of fluid

The pressure at
every point ot a given
horizontal level in a

gt rest must be. +he

PASCALS PRINCIPLE

In & fluid ot restin & closed con-

tainer a pressure charﬁe. inane

Part is transmitted without loss
to every portion of ine fuuid

On\\d he
force comm"\*
perpendicular o
+hu. sucfec con-
+ribbutes to the
Pmr?..

same. and to the walls of the cortsiner
\ DENSITY
 Pepepgn
PRESSURE
’/_./
3e Py MASS
A
£ Fa=f¥e g
FORCE—VOLUWME

TDEAL GAS EGUATION
pV=nRT
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FLUID FLUID DYNAMICS FLOW
R
1 | friction \
. e
IDEAL FLUIDS ‘Is 7 enderit of v 32 REYNOLDS NUMBER CONTINUITY EQUATION
*Nonviscous - 1+0 “Does fhe fluid obey tha eguation R i"gVL. AR Conservation of mass
» = emMerGaon-
« No 1‘ur‘bul¢n.ce _nAv F— v P,‘;‘::é e 'Y'| less @ =Av = const,
+ Tncompressibl. - p =congt. R L : £l *flow rate. M35
. Flow - no ¥ime dependenc| L P2 e MX e A= ctional
M ﬁahcnaru plate L.-cha rishc 16)5&\ 5 ;:E:ié?ml:'w aml
| /\
BERNOULLIS EQUATION o es <
Conservation of mchanica;. > 4 T ;cno e
g - MEM e 'q:,r NON-NEWTONIAN ~ NEWTONIAN LAMINAR, TURBULENT
’P +5 PV + Pﬁej = Const. Blood, honey warker, 9ic Fluid Flows, in paral- eddies*vortices
valid for iven streamline - w‘w“w&h e
e g ruption between lagers
STREAMLINES POISEVILLES LAW SOLID OBIECTS IN FLLIDS
* Dlustrate laminar flow Laminar Newtonian flow through F _
- Represent partide paths in steady Flows a pipe & U
« Never cfoss Qhé!:.EL'R_ Fo
- The denser the streamlines, the hisher' e flow speed dt S'I"l L m;;‘ -
S R 2 o S 2
. oy P ADEP,- «frichiona NiecoBi
v, = TV Ve combinuit —L —— 4P .meredraﬁ(addws-iancr
P = ) equatio Velocity profile E i pressure)
T [ TR e, Ay el EPW“‘- F.. =
Pa =0 at boundary layer S
CHARGES * E-FIELDS
. Charge is quantised. FIELD LINES
5 ;
00 ® The smallest unit of e «\isualige electric fields

is that of an electron o

protont

+ Electric field given b:j

e=1.60x10"C hr\serﬂ‘ to Field line.
» Denser field lines »stronger
. " field
W
IVt - Cannot infersect
From sve fo -ve ives the nat d’\arae_ inside 3
BH—>—0) closed surface from the [
; electric field lines goi
! through the surfaca. ElAg%
ELECTR] [ =§E‘dA=Ql"d + The number of field lines
FIELD ESdR v Tes ;
passing Mu.ah an area.

IF E ‘s congtart 3cross the
surfacs Gauss' Law simplifies to

. Area is & vector with direchion

popandicular to and ouk

AT any given point of the suface.
he rofal E-fieldis A
e surm of thw indi- . =
vidual fields ! §E E-A %
EuitEa*Ear... F ! =E A
L
ORCE .
( | - For magnetic fields, simpla
Colousrics low [ substitute E with B.
l ?erm'-ﬂ"l\rﬁ-:l of frea Space.
1 ' i .=
el s L LR T
o or Frow

. o
*es00®
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c@p@

E=NT

-1
=\Vm

Mﬁhﬁf Ic

ELECTROMAGNETISM

ENEZGY cprR&T

@Auﬁwcg
Toodnce

HOREE

CHARGE

Test charge ¢ 9e

A small pesitive ¢
that does not :.‘Bn?{‘!cam:ij
dis rupt tha vu'sh'nafit .

ELECTRIC
FIELD —

ELECTRIC POTENTIAL
i}
L ‘\:‘:’uféh

ELECTRIC o ELECTRIC

POTENTIAL V=g —— POTENTIAL

at & point dus o

ENEFGY

Jaul=|w]|

If-lhe. char&c moves jn, thuo
direction # would :.poniamowy

Tove sgont Sprtoran
4 i TEows
direction hag Positive N:;
w=[E-gt
E-fleld is -

=

E-_:_
- ¥ FORCE

DOT PRODUCT

ATEAMTIAL e

=

A dot product produces a scalar quarntity. - surfaces of consfant potecitiol

This is the product of +uo veclor rmegqnihudas
in which one vecter /s parallel 4o tha other

¥

~

" = [
El- Fleos =F L=F¢,

- E-field perpendicular to susfaces
- spacing reflects E-freld strength
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CAPACITANCE: DIELECTRICS

CHARGE

ELECTRIC
FIELD

DIELECTRICS
+ Insulaters,
» Where there is a dielectric, rether
+han vacuurn, substitute g with £
E£=Ke,, K>4
* Dielectric breakdown : For st
E-fields a spark (short current
breaks through the dielectric.
* Dielectric S"l’ensﬁ\‘. Hakicnurn
E-field that does not cause
breakdown,

ELECTRIC
3 EE-POTENTIAL

capacitor:

+ U is Stored in+he volume
behween the :.‘narsed

condusckors.

char%z

+o the other

Fora chéf‘g'!d

U is equal to the amausit
of enargy re ired 4o
iar.eg'\c::\zac.ﬂc.u-—,
ie. to move chanaes
Froen ona conduachor

ELECTRIC
POTENTIAL

CAPACITANCE

PARALLEL PLATE CAPACITOR

CAPACITORS 1N QIRCUNTS
Coq is the capacitanca of a a(ng\‘_
ca‘pac&m— that could replace all tne
capacifers ina circuit,

T R S

Series* a C Gy
Parallel C‘q‘! el i oAE e

KIRCHHOFF 'S RULES
1) Junction rul‘e: The sum of -open circudt: & (EMF)
+he currents into any - closed eirowt:
Junction IS 2ero.
2)Loop rule: the sum of
Hu potertisl differences
nat charge flowing +hro
around any closed loop +he cms::i-szchbna area Uﬁ-
5 zero. per wnit Hew.
RC CIRCUITS
Charging OHH'S LAW
E'*";] v=RI
‘Disq‘narsing
e
g.i= charge and current A - cross -Sectional area
ot dia t of wire
Q1 = cherge and current i Jeihfaien
of Hiox. £20 f - number dansity of
harges
= charge approached < .
% asﬂrrr?’fﬁd'i nalia at t»RC Var- d};iﬂ- ";“"‘“3 of
c =2
RC = time constant r - interhal resistance
of battey

CURRENT

J‘:% = nqu C@ENW%W
R=B ——— RESISTANCE
P — Rﬁl@m

P=VI-T*R-% - POWER
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MAGNETIS™

CROSS PrRoDUCT
A cross product produces a vector. The
magnituda is the product of +wo vector
ma!anih-tdl.s in which one vector is penundicu-
1or to tha other Thy direction is 90°0n both vedos]

[V=Bl=vBsing =y, B=vR,
CHARGE Duetofecoss ~ 7] —
produsch F is al 1 B
| PoPendiculer o o i e, %’! E*—}
|¥andB. Sinee ELy | 2 Y v
! magatic farces do |
5 | MO work, |
mageebcforse >~ 000 LT _L.J -
on a singls. charae I AMPERE'S LAW
: Ralates 4ha ragpaetic Sield 1o e
F ‘B 1 currert crta’tins'iha'l‘ field,
= Wk 4 1
= ¥rE : $B-3t = PTera
MAGNETIC FORCE Lodty B
FIELD o
A il
Force an 3 cucrent - hfb?z‘];:“ -1
Gauss' kaw for (s¥rearn of charys Ma=gm=10* Tm A
rragnetism’ no
magnetic moropolas.
§B-oa-o CURRENT
INDUCTION
LEF:;’ LAW ELECTRIC 5 POTENTIAL
The direction of any d .
magashc induction FIELD = — B Faradaus law
=y N b
oppose thae Chanse,_ I e
T'B(hm‘..a\ =§> E 'dﬁ mﬁ:@m E-field
Qe
eeness| WAGKETIE MAGNETIC
A core of high pormre- 1 Ry o
Amrest Wakpore|  FIELD POTENTIAL U=%L
lines alrost ertirely — ENERGY ene
within fha core such LC CIRCUNTS TRy
+hat & is the samu in L cirguite have no LR
el
E;’E ;?m‘t‘tl\lm;m:l.m:
*t=20 ! capaciter
(== o ¢ inductor, L= N§§ SELF e
€ N N & 4L itor, ouk i
= v ey o oo L INDUCTANCE
“t= BTt induachor, but INDUCTORS
B-field cppositel An induchor is @ coil with & large number of Whan the cucrert in 3
EDDY CURRENTS direcked to t=7q. furns, N, Dua bo tha current, i, thoe is anaverage | [ o ol
SRS R magnakic flux Hhrough each fum in tha wil. b-agic g -
currents in metsl bodi L is tha self-in, ncs. of Hh indsuctor- This induces an emnd, called
St experiencs, iy C L Tha ol of Hha rno\udau*lish oppose. (smooth gelf-indasced e, which
changing ﬂ'\aqd'\d'ic velds, aukd 3 changes in A o tha dnmae n
= cm Hhat cauSed the et
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WAVE -PARTICLE DUALITY

Both light and electons can behave both as weves andl 95 paﬂihs_
The de Broglie relation relates wave atd particls properties: Asg

THE PHOTOELECTR|C EFFECT CoMPTON EFFECT « BREWSST LUNG
- Light a5 particlas, h‘l‘ru‘? al q],bj'ds 835 hard porticlus 30 consurvation of enurgy and reoman -
rr apply.
* Emimsion of € whan iiah‘i slrikes 5 suwface. Ppg‘d’ .
*To escape the surfsce, the e must sbsorb encugh enurgy from tha S . m@_\ﬂg
incidant radiation %o overcoma thu aftraction oF positive ions in 4he ‘Lignt 35 partican, m;r-md spectium ek § -Gﬂ\tﬂﬂ‘bnu?l-f‘uﬁ.
; . " : € inriall ’ B
material, which creatus o potertial erurgy barrier, ek E: /; £ stat wug- ¢
L‘»35\+: . : XE. e e = 4 1, S
= F Cathods : i etV Phaton, -
- iemity 1 ~shefoslucivic | //;* NS s LA
it . -workfunckion &, | ~Ve * T—Fg— AheXhe fg (trosed) scadbering oF Yy
h Sz ssdad 4 E\\ | indegardard of i bound infer € memy,
:,’_‘:‘"}f;‘:‘:‘_, s surfacn | e N't Seattering off loataly x-ray phoion
: ’ bound odur € (eserti- hf=ak
Ve - variskls : i " = oty fren), rm ame. (Bman® ¥y Y
valtage Source. VAL Ve
1
b i i it e T e ) o
Sarra. € have { «current dusbo ; .‘,.,./’{
enam) = reach emified ! T ELECTRONS AS WAVES
s droda 1 B ECT S AS WAVES
- ! ‘Radiatien can reflect off parallel planss in crystals whanih, "
o have |mn.:au$:‘ arepulled wavel of hr:rld.n'!'“m is sirnilar to tha imteratomic |
o - ' "
4o reachtva 1 R o ) Changirny varid _‘“P::f:g Bragg h.:::;:r d
anade, esnghant, ! Increasing L, increases i i b Lah ond € T l
] a — — — &
! ' —: Experiment | Cbuerved construchive imterferenc
-V, Ve | —-—-—)‘,“ :‘"“w‘”m; € incidant on patten (samuas for x-raus)
. Ew}:, lost 55 ¢ +ravels throwglh : e —D i“:n_.—.-_
we potential is eV, \ A 3 avi "
. e e by S [l | gy ]
-eV=i.60*15" T (11} P_ P T B
rysral hin : o
E=hf 4 ThomEon €48, or poudsr | DESEShrTY vings
=Km*§ﬂev.&§ : TREET _Hv“-

QUANTUM MECHANICS

THE BoHR MODEL
~Bohr proposed that eluchrons orbit arund the nucleus,
and enly cerbain orbits are allowed. This gives riza o
tha dincrebe erargy vels and angular memants,
-.E-\nm--s5 of elactron i evel

a0y 13.6
o T T

ar3y A, of photen emithed fobsorbed in elichvanic
AS“H«-‘E‘.:}E; 'E{l

‘The Bohr model wes

alrandonad for Hna
Schridi modal in
which e rutthar

orbit, have 8 velo r.n‘\.s,
art corfinad te discrete
radi nar are considared
fobs hard parkicls.

. Parkicls deserbed

HEISENRERES

THE SCHRODINGER, MODEL
* Matherratical descriphion of quarttue machanical cojects
CThe Schribdr qpl»ﬁmj_ )

“Particlas thought of as wevepackers : —~alji—
“Bound particls have hima-indapinclunt wave, funchions
 Prebability of fi an elackron in wolueng AV
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