9. (1) Mg pie aktiva vrEpudpmv goToview fyen md-
VIO LUJOTEPT) EVEPTEUL URO LI UKTIVI DTTEPIOMV (p0)-
woviow: F2nmot: my andvinei oug. () Mizo v
POTOVIO DTEPVIPON POTOC £ya1 mavTo Aydtep) s':w':p-
YENL OO BV (OMTOVIO DILEPIMOONG (DMT(');;

a) OXI. H evépyela pLac Seounc pwtoviwv e€aptdtal OXL LOVO Ao TNV EVEPYELO KAOE LEUOVWUEVOU
dwWTOVIOU aAAQ KAl ATtO TO GUVOALKO aplOpo Twv dwtoviwv. EAv umdpyouv apKeTA UTIEPUBpQ
dwTtovLa, N UTEPUBPN aktiva UImopEel va EXEL TIEPLOCOTEPN EVEPYELA ATIO TNV UTTEPLWON OKTLVAL.

B) Na. H evépyela evog povo pwtoviou eEaptatal amo tn ouxvotnta tou: E = hf. Aebopévou otL 10
UTEPUOPO dWC EXEL XAUNAOTEPN cuXVOTNTA ATIO TO UTIEPLWOEC Pwc, Eva eviaio pwtovidnua IR Ba
EXELTTAVTO ALYOTEPN EVEPYELA ATTO Eva eviaiio UV dwTtovio.

10, bz pikong khputog 450 nm wpocmine ar T LK)
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ALlyOTEPA NAEKTPOVLA EKTIEUTIOVTOL ATIO TNV ETILPAVELX OTIOV TIPOCKPOVOLV Ta pwTovia 400 nm. KaBe
@wTOVIo 400 nm £xeL VPYNAOTEPN EVEPYELX OTTO KABE WTOVIO 450 Nm, £T0L B XPELATTOUV ALYyOTEPO PUTOVL
400 nm ylx va TIapAyouV Tnv dLa EVvTaon (EVEPYELX AVA LOVASA ETILPAVELNG VA LOVADSA XPOVOL) UE TNV
deopn wToviwv 450 nm. H peyLoTn KvNTIKA EVEPYELX TWV NAEKTPOVIWVY TIOU EKTIEUTIOVTAL OTIO TNV
ETUPAVELX OTAV TIPOCTITITOVV PWTOVIX TwV 400 Nm Ba gival peyoAOTEPN OTIO TN PEYLOTN KLVNTLKI EVEPYELX
TWV NAEKTPOVIWVY TIOU EKTIEUTIOVTOAL ATIO TNV ETILPAVELN OTIOVU TIPOCTITITOVV QWTOVIA Twv 450 nm, Kat TIdAL
emeldn kaBe ewtovio 400 nm exeL VPYNAOTEPN EVEPYELQL.



In both the photoelectric effect and in the Compton elfect, a

photon collides with an electron causing the electron to fly

off. What then, i1s the difference between the two processes?
2TO PWTONAEKTPLKO (PALVOMEVO N EVEPYELD PWTOVIWV ATIOPPOPATAL EVTEAWG ATIO TO
NAEKTPOVLO. 2TO pawvopevo Compton, To QWTOVIO «OKESALEW ATIO TO NAEKTPOVLO HE

XOUNAOTEPN EVEPYELQ.

If an electron and a proton travel at the same speed, which

has the shorter de Broglie wavelength? Explain.
To TPWTOVLIO B £XEL TO UIKPOTEPO PNKOG KUUATOG, OEOOUEVOL OTL EXEL ML
HeYOAUTEPN MAda aTtd TO NAEKTPAVIO KOL ETIOMEVWE LA peYoAUTEPN opuny. (4 =h/p).

Why do we say that electrons have wave properties? Why

do we say that electrons have particle properties?
Ta NAEKTPOVIA TIAPOUGCLALOVV XOPOAKTNPLOTIKA TOOO TWV KUUATWY 000 KOl TWV cwaTdiwy. Ta
NAEKTPOVIX OpOLV TV KUPATA oTnV TiEpiBAaon Kat ocav cwuatiola ato Qawvopsvo Compton Kot

QAAEG OUYKPOVTEL.
Is 1t possible for the de Broglhe wavelength of a “particle™ to

be greater than the dimensions of the particle? To be
smaller? Is there any direct connection?

Agv UTIAPXEL Aueon ouvOean ETAED TOV peEYEBOUC EVOC CWHATIOOU KOl TOU UNKOUG KUPOTOG
de Broglie. AVvatal To JAKOG KUUATOG VO E(VAL UKPOTEPO I HEYOAUTEPO ATIO TO CWHATIOLO.



(1) [l6o0 KawTd EIVaL TO HETAALO TOV cuyKohheiTal edv

s

axtivoforel neprocotepo ota 460 nm;

We use Wien’s law to find the temperature for a peak wavelength of 460 nm.

(2.9:} x]::rEm-K] (2.9::: xl:::‘Em-K)

T: f—y

P!
(1) Eva poplo HCI doveital pe pa guoky ouyvomta
8.1 «10" Hz. Mo eivat dlapopd oy evépyeia (o
joules kat BoAt nAexTpovimv-eV) petatd 1oy dwadoyt-
KOV TIHOV TG EVEPYEING TAAAVIWOT |

Because the energy is quantized
levels is simply E = nhf.

AE = hf =(6.63x107J-5)(8.1x10"Hz ) =

7. (I) Moo eivan to edpog evepyermv (o€ joules kateV) Twv

PWTOViIOV 010 Opatd Pacua, Tov piKoug Kopatog 410
nm £wg 750 nm;

lowest energy.

(45:::::{1:::‘9111] B @

the difference in energy between adjacent

5.4x107°T =0.34eV

The longest wavelength will have the

he 6.63x107*J+s)(3.00x10°m/s 1ev
E, =If, = — _ ) : ]=4.85><]ﬂ'19J[E—_19]=3.I333V
ly (410107 m) 1.60x107°1
he [6.63x107%T+s)(3.00x10°m /s " leV )
El=hj;=_=( )( i ]=2.ﬁ5x1::rlgj[e—_lg ~1.66eV
2, (750x10"m) 1.60x107°7 )

Thus the range of energies is

2.7x10° 8T < E<4.9x107°]

or

1.7eV< E<3.0eV|




5. (1) O vopog aktivoPoriag tov Planck diverar and v | (@) Wien’s displacement law says that 4,7 = constant. We must find the wavelength at which
' Irhe A3 I(A.T) is a maximum for a given temperature. This can be found by setting &I /64 =0.
- 8o el 2
onov (A, ) eivan 0 puBuog evépyelag mov axtivoPolei- VAT AR § ol "™ —1
T ava pov'dﬁa sp[}u&oﬁ t:m(pt'{vmug 'uv(x povada da- ( o 1)( . _.5) - e
GTHHUTOS UTKOVG KDMATOG GE PIKOG KOPaTog A Kot Ogp- | \e AN A %L
woxpacia Kelvin . a) Agi&te 6Tt 0 vOpog petatdmong =2zhc (67 1) ' '
100 Wien npokivnterl and avtiv v oyéon. B) Kabopi- ]
OTE TV Tiun tov h and mv nepapatiki Tun tov ApT . _ _ _ _
0V divetat 6T0 Keipevo. [Mmopeite va ypnoponon)- = 27he _ {5+e’”-’fiﬁ"[ he _ 5]} -0 — 5= e’“-"iﬁ"( 5 he ] —
OETE TEYVIKEG Ypapnuatwy.] ¥) E&ayete mv e&apmon 28 (€™ P —1) kT A kTA.
0y puOROY pe tov omoio axtivoPoreitan n evépyela he
(O"f”-ﬁ oTov vopo tamv Stefan- Boltzmann, EE. 19.17), e’ (5-x)=5:x= 1k
o mv ohokApweon tov THmov Tov Planck oe oA ta
HNKN Kopartog, oei&te dnhadn ot This transcendental equation will have some solution x = constant, and so = constant, and
/ (A T)d\ T, so |A;T = constant|. The constant could be evaluated from solving the transcendental equation,

(b) To find the value of the constant, we solve e” (5 - 1] =5, or 5S—x=35e ". This can be done
graphically, by graphing both v =5—x and v =5¢ " on the same set of axes and finding the

intersection point. Or, the quantity 5—x— 5¢ " could be calculated. and find for what value of x
that expression is 0. The answer is x = 4.966.

e 4066
kT

2.90x107”°m=K )(1.38x107J
h=4.966 22k =4.966( ](3 X) =6.62x107 Jas
c 3.00x10°m/s




y) E&ayete mv e&apmon
100 pubpod pe tov omoio axtivoPorsitan N evépyeia
(Off(r); oToV vopo twv Stefan- Boltzmann, EE. 19.17),
o mv okoxApmen tov THmov tov Planck o€ 6ha ta
KN Kbpatog, deiéte dnhadn ot

/ (A\.T)d\ x T*.

(c) We integrate Planck’s radiation formula over all wavelengths.

J.I(Z,,T]a’ﬂu=.|. —EffiCH;” dr et 2 a2 N 4
i ole —1_ AkT xkT kT
=37
'\ hf
| . N wrhet| | | o |
F o 2xhe* A7 : ( : ] h 27k TG 8
[1(21)dr=[| = |da=| A [— i m—]: T[] = |ax
d olen ™ =1 - e’ -1 kT he” e -1
L A
4=y 3
:2";‘?‘1 J’ Y &k Tt T
he” 2 _ex—l_

Thus the total radiated power per unit area is proportional to T*. Everything else in the
expression is constant with respect to temperature.



1.

9.

13.

(1) Mow ehdyiom cvpvomra Tov GuTdg anmreitar yia
Ve EXTIVAEE NAEKTPOVIA antd Eva pETaAo TOV onoion 1
epyocuvapmon eivan 4.8 x 10" J;

(1) Mepimov 0,1 eV anmteital yia va ondoel £vag «de-
OHOG VOPOYOVOLY péoa Eva popLo TPwTEIviKG. Y moroyi-
OTE TNV EAQYLOTN CUYVOTTA KUl HEYIOTO KOG KOHUTOG
EVOS PUTOVIOL TTOV UROPEL VU OLOKANPHOGEL (UTO.

(1) Ot epyocvvapmoeig Y to vatplo, kuico, 1OIKO,
Kat oidnpo eivan 2,3, 2,1, 4.7, km 4.5 eV, avtiotouy,
Mow and avtd 1o pérala dev Oa exnépyony NAEKTPH-
via 6tayv 0patd Qo MIpmer o8 avto:;

At the minimum frequency, the Kinetic energy of the ejected electrons is 0.

W, 48x1077]
K=Mf,, ~Wy=0 — fo=—0=—"0" = [72x10"Hz

h o 6.63x10FTes

E_. (01eV)(1.60x107J/eV)

E_=hf, — [, =—2o= =2.41x10"Hz ~ |2 x10” Hz
h (6.63x1077es)
3.00x10° m/s _ .
i = c =( }(]=1.24><1!]'3’mx]><1t]'3m

S [2.41><1:::13Hz]

The photon of visible light with the maximum energy has the least wavelength. We use 410 nm as
the lowest wavelength of visible light.

r he  (663x1071:s)(3.00x10°m/s)
= = =3.03eV

T e (160x107°T/6V) (410 %107 m )

Electrons will not be emitted if this energy is less than the work function.

The metals with work functions greater than 3.03 eV are

copper and iron.




24.

(I) Ze éva potoniextpikod neipapa mov XPNOILOTOLE
Ha emeaveta kabapob vatpiov, n péyio evépyeia tov
EKTEUTOUEVOV NAEKTPOVIDV peTPONKe Yia éva apBuo
OLAPOPETIKAV TPOCTUATOVIOV GUYVOTHT®Y, HE Ta KO-
rovba amoteréopata.

Zvpvérnra (10 Hz)  Evépysia (eV)

11,8 2,60
10,6 2,11
9,9 1,81
9,1 1,47
8,2 1,10
6,9 0,57

Iyed140TE T YPUPIKY TUPAOTUCT CVTHY Tayv UmoTeEAE-
opdtov Kat Bpeite: o) Tn otabepd Planck. B) Tn ovyvé-
TNTO ATOKOMG TOV VaTpiov y) TV Epyocuvépmon,

We plot the maximum (kinetic) energy 0
of the emitted electrons vs. the ' | |
frequency of the incident radiation. 23 E =0.4157f - 2.3042 =
K__=hf —W, The 2.0 R”=10.9999 P o
best-fit straight line is determined by % 1.5 ;/'
linear regression in Excel. The slope %10
of the best-fit straight line to the data E 05 -
should give Planck’s constant, the x- '
intercept is the cutoff frequency, and 0.0
the y-intercept is the opposite of the 6.0 70 8.0 w0 100 110 120
work function. Frequency (10" Hz)
(@) h=(0.4157eV/10*Hz)(1.60x107°J/eV)={6.7 x10™*J-s
B) Moo =W, — fug=no-_ 23082V G50y,
h (0.4157eV/10"Hz)

(c) W=

23eV




25. (II) Evag soMivag otomorhaniaciaory (évag moky
gvaiobntog asntiipas gwtéc), Basiterar oo
TONAEKTPIKG POUVOLEVO: MpooTinTovTy -
OKpPODOLY GE L0 HETOAMKY EMQaVELDL Koy 1g TPoKY
TTOVTO EKTOSEVOUEVA IAEKTPOVI, CUAALYOVTGL M e,

DITOAOYIOHO TOV GPWHOV NAEKTPOVigy o :

vovtat, 0 aptopog tu?v TPOSTUNTOVTRyY PTov,. g

1] £VTUON TOV TPOGTUATOVIOS PTdg) K0Py, .

otel. o) Eav évag coAvag (pmronolkan)»uom K,q%pl:

rokproei KatdAAnia yo ta TPOCTiNTOV T ' vy,
toc o€ OAN TV 0pat TGN (410 nm b 75(‘)1'(11 Kipg,
glvat 1) HEYIOTN TIHT Y1 TN EpYOcuve, prion an), Ry,

HETAAAMKNG enupaverag tov; B) Edy 1o W, Yluo e\l)n]g

MK ETLPAVELR TOV EIVAL TAV® amtd évg, ¢ i o),

TaTo OPLO TIUNG, O (pwtonokkanlamuon']

POTOVIRL Tpo-

’

yHOEL HOVO Y10 TQ TPOCTINTOVTO, VTEPIGHEN W Toyy,

tog kat dev Oa AVTOTOKPIVETOL GTO 0pPaTH o)
OTE QUTHV TNV TIHT] KATAOTATOL opioy (eV).

M.
C. K(leopi_

(a) Since f =c/A,the photon energy is E =hc/A and the largest wavelength has the smallest

energy. In order to eject electrons for all possible incident visible light, the metal’s work
function must be less than or equal to the energy of a 750-nm photon. Thus the maximum value
for the metal’s work function W, is found by setting the work function equal to the energy of

the 750-nm photon. |

WZEZ(6.63><]ﬂ‘34J-s](3.!]D><lﬂsm,fs)[' lev ]:@

° A (750%107m) 1.60x107°T

(b) If the photomultiplier is to function only for incident wavelengths less than 410-nm, then we set
the work function equal to the energy of the 410-nm photon.

WZEZ(6.63><]ﬂ‘34J-s](3.!]D><lﬂsm,fs)[' lev ]=@

° A (410%107m) 1.60x107°T

27. (II) YroB€ote 6T pog pMKovg KORaTog A mpooring Rk

HETOAMIKT EMOAVELR, 1) THG OTTOTag T EPYOGLVapTON 6.
vat yvoot) akpiBag (dnA., n afefardmra toy eivan ko-
)u")tspl] and 0,1 % kol pmopei va ayvonBeid). Aeitre 6
£GV 1 TGoM aMOKOTNG pmopei va kabopotei e axpifew
Tov AVj, n mocootiaia afefardtnra o KOG Kbpatoc
Ewva

AX e
N TR

Kabopiote avtiv mv mocootioia afefourdmra edv
AVy = 0,01 V kaw A = 550 nm.

We set the kinetic energy in Eq. 37-4b equal to the stopping voltage, eV, and write the frequencs
of the incident light in terms of the wavelength, f =c/4. We differentiate the resulting equation

and solve for the fractional change in wavelength, and we take the absolute value of the final
expression.

eTf]J=E_ﬂ:j] N EdFTJ:—h—fdﬂv . dﬂuz_edﬁjﬂu N ﬁﬂuzeﬂv
A A7 p) he 2 he

Az (1.60x107°C) (550107 m)

_ (0.01V) =1[0.004]

2 (6.63x1071+5)(3.00 x10° m/s)

AV,




40. (1) Yrohoyiote 10 iKog KDPETOG HIES opuipag 0,23 kg

41.

42,

51.

nou tafwoever me 0,1 m/s.

h h u(ﬁ 63><1!]';4.T s]
p omv (t] 23kg)(0.10m/s)

=[2.9x10*m

(1) Mot eivar To piKog KOATOG EVOG VETPOVIOL (171
1,67 x 10777 kg) mov Ta&IdevEL PE 8.5 X 104 m/s;

: —34 .
h_h_ (ﬁ.TxlD s) =14.7x10"%m
p (1.6?‘xlﬂ""kg](ﬂ.ﬁxlﬂ*nljs)

(1) Méow moowv Bokt ™G Slupopag duvapkod MPEMEL
éva nhektpovio va emrayuviel ya va gmrToyEl Eva pn-
koG kopatog 0,21 nm;

We assume the electron is non-relativistic, and check that with the final answer.

;L,:E:i o h_ (ﬁ.ﬁleD'EJ'J-S]

=3.466x10°m/s=0.01155¢
p v ma (9.1lx]ﬂ'ﬂkg)(ﬂ.zlx]!]'gnl] /

Our use of classical expressions is justified. The kinetic energy is equal to the potential energy
change.
1(9.11x10™ kg )(3.466 x10°m/s)’

eV=K=2im’= —
: (1.60x107°7/eV)

=34.2eV

Thus the required potential difference is |34 V.

(I) Metd mov Ba 8i1£A0e1 and dvo oyiopés mov yopilo-
vt and pa andotaon 3,0 pm o dEopn nhextpoviny
dnpovpyel pia popery cupPoliig pe o dedtepng takne
HEYLOTO o€ pua yovia 55°. Bpeite my taydmta tov nie-
KTpoVimV o€ auTiv TV déopn).

We will assume that the electrons are non-relativistic, and then examine the result in light of that

assumption.
. dsin & h h
dsinf=m_, A — A= o P A=E—=— =
m_,. p my
hm_, (6.63 x10™Jes)(2)

=(590m/s

B md sin & [9 11 107'kg)(3.0x10°m )(sin 55°)

This is far from being relativistic, so our original assumption was fine.



. ; : v yu LITO- .
S4. (D) Ta tie tpeg petafaailg tov opoyovoy - (13.6 e"v)

OLINVDOVTAL TAPARATM, jie T 1 Vi eival "l ul‘xlk"]‘.’;((: The encrgy ofalevells £, =_TI

TAGTAG Kat 0] 1 Ve giva 1) TEARY Kurum,(ﬂ'll;“‘(': ei- (@) The transition from n = 1 to n'= 3 is an | absorption, | because the n'=3,hasa
N petapacn pa aroppognan) i i ':’Km)} UF']- -1 higher energy. The photon energy is the difference between the energies of the two states.
var LYNAGTEPT, 1] EVEPYELR TS APXINTS .\-uraow_("]s l} ,] 1 1

EVEPYELR TI)C TEAINNG KATAOTAONS TOV UTOHOV; Tehkd, hf=E.-E = —(]3.6 e‘v’]“ > ] — {—&H =12.1eV

o1 and avtéc e petapaoelg repthappavovy T pe: 3) A

YAANTEPY EVEPYEI GOTOVIOL; @) 7 lLn = 3, P) (b) The transition from n = 6 to n’'= 2 is an | emission, | because the |initial state, |n'=2, has a

5 higher energy. The photon energy is the difference between the energies of the two states.

n=6n=2,ym=4n=2J
hf=—(E, - E,)=(13.6 e‘v’]“ 212 ] —{ ﬁll ﬂ= 3.0eV

(¢) The transition from n =4 to n'= 5 is an | absorption, | because the | final state, |n'= 5, hasa
higher energy. The photon energy is the difference between the energies of the two states.

hf =E, —E,=—-(13.6 EV)H; ] _ ['412 H =0.31eV

The photon for the transition from |# = | to n'= 3 |has the largest energy.

55. (1) Toon evépysln araITeTal Yia Vi 10VIoeL £vo TOPO To ionize the atom means removing the electron, orjraising it to zero energy.
S00VEY . = 3; —13.6eV) (13.6eV -
VOPOYOVOD OTNV KATAOTAGT N E_.. =0-E =0- ( - ) _ ( ~ ] —[1.51eV
cniza n 22

Doubly ionized lithium is similar to|hydrogen, except that there are three positive charges (Z=3) in
the nucleus. The square of the product of the positive and negative charges appears in the energy

ey . " ) TOL OuTAG 10VI- . 2
57..(D) FYRUEGS}GTELT;]E 1*‘&?& ;:Dzllmf 2 0 term for the energy levels. We can use the results for hydrogen, if we replace e by Ze:
ouévov abiov LT, X ' 72 (13 6 gv] 34 (13.6 eV) (]22 eV)
" }’32 _yjl ﬂz

E_.. =0-E=0- —(ILE‘:V) =[122ev




71. (1) Apyn s Avtiotoryiag : Aei&te OTL Y TIG peyhes
TIHES TOV 7, 1) Slapop@ otV aktiva Ar petadd dvo ne-
POKEIpEVOV TpoYIOV (He ToVg KPavTikovg aptBpois
ko — 1) diveton and

dote Ar/r, — 0kabdgn — 0o cOpQoVe pe Y 4L
™G avristolyiog. [ Inueidote OTL PTOPOVHE Vi eMEY-
ovue ™y apyr g avriotorying AapPavovies éw} "
ahhdg peyddeg Tpég Tov n(n — co)nh = 0. Eivat
OVTEG 100dVVapEC; ]

We know that the radii of the orbits are given by r, = n’r;.
orbits.

Ar=1,-1_ = —(n-1)"1 = n -(m* -2n+1)5= (2n-1)7

Find the difference in radius for adjacent

o2

"

If n=1,wehave Ar=2m; =2n-% =

e

n n
In the classical limit, the separation of radii (and energies) should be very small. We see that letting
n — « accomplishes this. If we substitute the expression for 7; from Eq. 37-11, we have this.
Ar = 2m = 2nh f”
Tme

We see that Ar oc i*. and so letting 7 — 0 is equivalent to considering 1 — .

Fvas QOUPVOS WIKPORKVHATOV Tapayst

WeRTpopayw

' -~ ' b : ~ fr
[IN1] ORTO opodia oe N = 122 em yqy Tapayey lll]u
0 S60W. Y TOAQYIGTE TOV apiOn6 pukpoxopdeay P

COVIOV TOL TAPAYOVTAL QIO TO 9Ovpve
nae SELTEPOAETTO.

HINPOKL PG TV

The power rating is the amount of energy produced per second. If this is divided by the energy per
photon, then the result is the number of photons produced per second.

860W)(12.2 x 10°m
Eﬁmm=hf=E P PL_ ( ) ) =|5.3 x 10* photons/s

L Eggen hc (6.63x1077e5)(3.00 x 10°m/s)

- \hu 6{",0'!.[]] K(‘KK\\'OU (P(l)tog )\élc_ep (\ = 633 n[“) oL-

N VET( S\ \' ) ) 1 q R . . ' - .
/KPOVETAL HE EVAY HADPO TOYO Kot anoppogdrar mh)-  The impulse on the wall is due to the change in momentum of the photons. Each photon is absorbed,
pog. Eav auTO TO QO AOKEL ua guvodix) Ovvaun and so its entire momentum is transferred to the wall.

F = 6.5 nN oTOV 1010, 100U OTOVIA avi devtepo-

LETTO TPOCTHTTOVY GTOV TOiYO;

nh
meﬂlm =ﬁ5lpwall =_Avp]:u:tu:5 =_(D_npp]:u}tm] =ﬂp;hutun =7 —

(%3

n _FA_ (6.5 x]ﬂ_gN](ﬁii %107 m ) 62710 photonsfs
At h (6.63 107 Jes)




82. Aeitte 6Tt 1o péyebog ™G nksnctpoman'mg 50V(1|,ll'-
KT|C evEpYELaS EVOG NAEKTPOVIOL OF onona&nnfne oy
Bohr evoc atopov v3poyovov Eival 81’)0' (POPEG TO HEYE-
Bog e KivnTIKTG EVEPYELAG TOV OF EKEVT] ™mv TpOoY1Q.

The electrostatic potential energy is given by Eq. 23-5. The kinetic energy is given by the total
energy, Eq. 37-14a. minus the potential energy. The Bohr radius is given by Eq. 37-11.

i 1 Zze’ 1 ZelzmZe’ Ze*m
LI = _EV =—- = ] = - A
4z, T, drs, nh'g 4n“h'g;
Z%%'m
2_4 i 2 4 ’ 2 4 o 272 2 2 4 2.2 2
KeE_-U Ze'm [ Ze'm Zem dnh's, Zem 8nh'g,

2.2 2 421222 | Qulilel O - 2 4 - 27,2 .2 2.4 =
8e,h'n 4n“he; | 8nh'g, K Zem 4n'h's; Ze'm

8nhg;

88. dotovia evépyawas 9,0 eV mpoomimtovy Ge Eva pé-
tadho. Bpiokeran 6T pedpa péet and 1o PETAAAO pHEXPL
éva duvapkd aroxomic 4.0 V va epappootei. Eav 10
KOG KUPATOS TV TPOSTITTOVIOV QOTOVIWV durha-
cwetal, oW £ival 1) PEYIOTY] KIVI|TIKY) EVEPYEIR TWV
extivacoopevov niextpoviov; Tt Ba cuvéfave eav o
UAKOS KONATOS TV TPOSTIMTOVIWY YUTOVIRV TpITAQ-
calotav;

We first find the work function from the given data. A photon energy of 9.0 eV corresponds with a
stopping potential of 4.0 V.

eVy,=hf - W, — W,=hf —eV,=9.0eV—-4.0eV=5.0eV

If the photons” wavelength is doubled, the energy is halved, from 9.0 eV to 4.5 eV. This is smaller
than the work funetion, and so no current flows. Thus the maximum Kkinetic energy is @ Likewise,

if the photon’s wavelength is tripled, the energy is only 3.0 eV, which is still less than the work
function, and so jno current flows|

90. Opatd PwS MoV MPOCTINTEL GE EVQ (.ppdypa ne;')iekac'mg
IE OYIOHT] ANOCTAOTS 0,012 mm £xet 10 TPOTO PEYI-
o670 G€ pa yovia 3,5° and 1o KEVIPIKO pc'y\cro.' Ed\" a
nhextpdvia Ba propovoay v nepidhactovy om6 70 ido
Qpaypa, o TavTTa n)\f:mpoviwv fa mapiyaye v

{510 pop@1) PPAYHATOS nepifhaomg e auTi T0V 0patov
POTOS,

90.

The velocity of electrons with the same wavelength (and

thus the same ditfraction pattern) 1s tound from their momentum, assuming they are not relativistic.
We use Eq. 37-7 to relate the wavelength and momentum.

dsing—ni — p-dsme_h_n |
H P my
o (6.63x107J-5)(1)

" T ndsing (9.11x10kg)(0.012 %107 m)(sin35°)

=1990m/s




9]. ) Yrobéote 6Tt Eva Gyvwoto oTOIEL0 éx'c\ éva W?’;ﬂ
amoppOPNoNG He YPAHHES OV uvn'otmxou\.z ot 25 o
xat 5,1 eV mavo and ™ Oepeli@dn KATACTACT| tso?.

KO o EVEPYEWX oviopov 11,5 eV. Zyedidote 1o od-

ax®v smurédwv ya avtd o orovyeto. B)

oL EVEPYEL : cone
Eﬁpgva potovio 5.1 eV anoppo@aral and £va atopo

(b) Absorption of a 5.1 eV photon represents a transition
from the | ground state | to the state 5.1 eV abowve that,
the third excited state. Possible photon emission
energies are found by considering all the possible
downward transitions that might occur as the electron
makes its way back to the ground state.

() o7 | 6.4V —(-6.8eV)=|0.4eV
—6.4eV —(-9.0eV)=|2.6eV

- e —6.4 eV—(—ll.ﬁeV); 5.1eV

& —64¢Y —6.8eV—(-9.0eV)=|2.2eV
S 906V —6.8eV —(—11.5eV) =[4.7eV

. llsev —9.0eV—(-11.5¢V)=2.5eV

96. Lmv atopikn kAipaxa, 1o NAEKTPOVIOBOAT Kat TO V-
VOUETPO ivar POAIKES LOVADES Y1a TNV EVEPYELX KO TNV
anootaom, avriotoya. a) Asite 6t1 n evépyewa ot eV
EVOC QOTOVIOV, TOV OTOIOV TO UIKOS KUMATOG Eivat A
o€ nm, divetal anod t . . . .

L 96. (a) Since f =c/A,the energy of each emitted photon is E = iic/A. We insert the values for h and

p_ 1240eV- nm ¢ and convert the resulting units to eVenm.

A(nm) ne  (6.626x10™1+s)(2.998 x10° m/s) (1eV/1.602x10™°T)  [1240 evenm
B) IMoon evépyewn (eV) éxer éva pwTovio 650 nm: E= I - A ( 10°m /] nm) - yl (in nm]




100. ‘Eva dropo povpidiov (atopkn pala 85) EIVOL o
o Beppokpacio dwpatiov kat éxet pg mxﬁmz’x?m
290 m/s hoyw g Oeppikig kiviorg Tov, Eéﬂtdmsl :
amoppPOPN o TV patoviaV anod avtd to TOO g :};
déoun Aélep ’tO’I) pm?oug KUHATOG A = 780 nm Yrog.
ote 0Tl n apPYIKN rax‘umta U 00 QTOHOV TOY POLBiioy
katevBvveTar ot déoun Aélep (Ta putdvig Ktvodvrg
€€ KL TO GTOHO KIVEITE apioTepd) kat ot 1o itoyo
amoppoPa Eva VEO pTOVIO KGBe 25ns. Moso Kaupo By
TapEL yia aLTHV TNV dadikacia va OTAPATHOE! evighi;
(«yvypo») to atopo povPidiov; [ Zyueiwon: wa mo ;.
mropeprig avaivom mpoPrémet 6Tt 1o Gtopo pmopei v
emPpaduvei oe mepimov 1 cm/s and avr ™ Stadixe-
cia anoppognong ewtds, alrd Sev pmopei va oraps-
TNOEL EVIEADG,. ]

Each time the rubidium atom absorbs a photon its momentum decreases by the momentum of the
photon. Dividing the initial momentum of the rubidium atom by the momentum of the photon, Eq.
37-7, gives the number of collisions necessary to stop the atom. Multiplying the number of
collisions by the absorption time, 25 ns per absorption, provides the time to completely stop the

atom.

nm A (BU] (155 XID_E?ng‘fU) (29‘]111]‘5] [?ED Xlﬂ_grﬂ]

1= =
hil  h 6.63x107Teg

T =48.140(25ns) =

1.2ms

voepéva HE aUTO TO COUATIdIO 6y
émum)pyﬁoouv Eva FStaOapo "d’uu HE tge u‘,’
kG 0g £va oo TOVG TOIYOUG, Acitre by Ao
TQoTAoN (TPMOTN APHOVIKT)) Ko n Tpim
chotaon (Se0TEPN apHOVIKT) éxel (un
.~ evéoyelec h? /8 me? xou h2
VITIKEG EVEPYELEG [t 02 xou hy

av

ehig
iy
Tlg-tl LR
/ 2 me? qui::g) Kl
Oy,

For standing matter waves, there are nodes at the two walls. For the ground state (first harmonic),
the wavelength is twice the distance between the walls, or | =1/ (see Figure 15-26b). We use Eq.

39-7 to find the velocity and then the kinetic energy.

h h ?
A —> A=2 p=—

_n p-_ 1
A o207

2m  2m

5

For the second harmonic, the distance between the walls is a full wavelength, and so | = 4.

-
e

P

2m  2m

1

h h
- p=—=—
=27

hl

2ml -

=4

i)

hl
gaml~

= 48,140




