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g=98ms?2.¢c=3.00x%x108ms™?
h=6.63x103Js- me=9.11 x 1073 kg
1eV=160%x10%J-1nm=10"°m

ao = 0.053 nm - Ey(H) = -13.6 eV

Use constants provided in the question when different. Answers use the rounded constants above.

Scope: supplied 12A_Haykal.pdf, Term 1 2026—2027. Textbook printed pages 14-32 and 46—79. Each exam question has its
own outcomes and ten practice questions.
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EXAM QUESTION 01 - QUICK REVISION
Gravitational Potential Energy

dnildl pog 8l

Learning Outcomes qls:l xilgs
1. Define potential energy and gravitational potential
energy.

2. Relate gravitational potential energy to mass and
height.

3. Show that gravitational work is opposite to the GPE
change.

4. Discuss energy transformations during upward and
downward motion.

Quick Notes .l 405

GPE belongs to the object—Earth system; its value
depends on the chosen zero level.

At fixed g, GPE is proportional to mass and height;
changes use the vertical height difference.

Gravity does negative work upward and positive work
downward, independent of path.

Without drag: ascent converts K to GPE; descent reverses
it. At the top v = 0, but a is downward.

Ug-—'mgh

v
U = mgh; AU = mgAh; h = )
l«)g =mgChi = hf) = =AU
Ki+ Ui =Kf +Uf

10 Practice Questions

diladl oy @lbg pogll d8lo Layyel
¢ aiydlg AlsIL doill gog @ls bayy
2ooll Bl ya2) uSlas dusladl Jan of o]

dgenl Y1 @Syl 8 ABUall dgons

saznig (o3l puadl plas s duilll pog @l
Szl jaall ggiwa e lgia s

seiillg g i ydlg ALl g po gl Al eslisi § L wic
ol g a8 38 pasiis

ole aainy g (b ga worgag 13920 Gl dadladl Jaa
ol

oSl Bomg pog J &Syl Jooi 13g00 1daglia ¢os

Y ¢ yludlly sao deyudl dadll sze

1.1 Why does a book on a shelf above the floor have gravitational potential energy relative to a lower reference?
§ ol gyl deaill dils pog @8l o3l o Llel By Lle OLS elluay 13l

1.2 Find the GPE of a 1 kg mass at height 2 m.

1.3 A 4 kg object has GPE 196 J. Find its height.

1.4 At height 7 m an object has GPE 68.6 J. Find its mass.

0506428618
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1.5 Mass doubles and height triples. Find the new-to-original GPE ratio.
SaLoYl I 5aganl pogll @8l ded Lo .allial &M ¢ )3l eoly ALSI caaelin

1.6 The zero level is raised by 4 m. Does the GPE difference between two points change? Justify algebraically.
Lolu 3§ a0 o)l Bl 338 gy Jo M4 jladiay Slel gozwa ] saall gotuwn s34
1.7 A 1 kg mass moves vertically from 2 m to 4 m. Find AU and gravitational work.
il Jaag pogll @l 48t cewsl M4 JIM 2 o Gy Ay kg 1 aLS
1.8 A 2 kg mass moves vertically from 3 m to 0 m. Find AU and gravitational work.
il Jaag pogll @8l 48T cews! .M O JI M 3 o Gy Ay kg 2 aLS
1.9 At the top of a vertical throw, speed is zero. Are gravitational acceleration and GPE zero?
300 29l Blbg duiladl ¢ Hlud Jo I3do deyudl o5 wly BIB jlus 48 s

1.10 A ball loses 20 J of GPE but gains only 14 J of kinetic energy. Account for the remaining energy.
S 3L1 Bl coald ol s ] 14 LSy a8l ayii by ool &8l 1 ] 20 saaig 8,5 bagi

EXAM QUESTION 01 - ANSWERS
Gravitational Potential Energy

1.1 Its position in the object—Earth system permits gravity to do work as it descends.
12U =mgh =1x98x2=19617

Y 196

1.3 h = mg - Gx43 =Sm
638.6

B I 2 A

15 U, = (2m)g(3h) = 60,
1.6 AU = mglCh, — 4) — (hy — )] = mg(h, — hy)
Individual values shift, but the energy difference remains unchanged.
Ak’ By 338l S B0 yaall @bl y el
1.700 = mghh = 1 x 4.8 x (2) = 19.6 J
b\)g =-AU =-196 7

1.8AU = mghh = 2 x 4.8 x (-3) = -58.8 7
l/\)g =-AU = 5887

1.9 Acceleration remains 9.8 downward; GPE depends on the reference and is maximum relative to
the launch point.

\Baall i) Ly Labie o5 Wiy garyall Lle sazss gogll @8Us 9.8 oylada Jawd ¢ Ll

110 20 - 14 = 6 J
6 J is transferred to internal energy of the ball, air and surroundings.

Laysallg 55S1g elogl dulsll 8L 1) 6 edis]
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EXAM QUESTION 02 - QUICK REVISION

Elastic & Rest Energy

o5l 8Bl a9l gogll Bl

Learning Outcomes qls:l xilgs

1. Define elastic potential energy and give examples. ol 20 ddgyall gogll d8lb 4y el
2. Interpret mass as rest energy and identify other Bl oo juaaig yoSw BUaS dusIl sl
energy forms.

Quick Notes .l doMs

Elastic energy is stored by stretching, compression or sl 8y ¢ ol aaall gl wadly dgyall @8I O3S
bending; an ideal spring has U « x2. S U o x? ]
Rest energy exists at zero speed. Energy also occurs in Bl yoo (pog 380 deyw 1o o oSudl Bl ax gl
kinetic, chemical, thermal and electrical forms. -@Q)@'Q &,g_)lpJIg il ,.§”9 4Sy=Jl 36)5;&'
Ue = kaz

2
Eo = mc* AE = Amc?

10 Practice Questions

2.1 Why does a compressed spring store energy?
T8l bgvons b clliay 13ld

2.2 Compare energy stored in a drawn bow and a raised book.
29930 SS9 sgadia yugd B @Bl 35 18
2.3 What energy transformation occurs when a bow launches an arrow?
§ 5098 50 g SUB] wie BB Jooi Lo

2.4 If an ideal spring displacement doubles, how does its energy change?
SaBlb 8 S ( Jlie el 0gad aclas 13]

2.5 Does an undeformed ideal spring have elastic energy relative to equilibrium?

To139] 22 y0 s Ao ye Bl vgiia yue Jlia 2l cllay o
2.6 Find the rest energy of a mass 1 x 10 kg.
55 B> KGO0 x 1 o alsS 3>
2.7 An energy release of 3.6 x 10 J comes from a mass decrease. Find the mass decrease.
LS o ol LS o e ] 1110 X 3.6 @8l ey

2.8 Does Eo = mc2 imply that a stationary body has no energy?
sa8lb elliny ¥ o Sludl euel ol Eo = Mc? isi Jo

2.9 Classify the energy of a compressed spring, a battery, a hot body and an atom with rest mass.

95w AS wild B3y o3l s g dyylayg booaa 2yl 8l i

0506428618 5 393kl aaxl 3Lzl



2.10 Find the rest energy of an electron of mass 9.11 x 1073t kg in J and eV.
$€Vg ] umgs K 31710 x 9,11 ailS 193] oyoSn 48l L

EXAM QUESTION 02 - ANSWERS

Elastic & Rest Energy

2.1 Work done deforming it stores elastic potential energy.
Adgye gog Bl 35 agigad 8 Jolwll Jaudl

2.2 The bow stores elastic energy; the raised book—Earth system stores GPE.
o gsa) ey dnils go B elliay LSy Jose yuodl

2.3 Elastic energy becomes arrow kinetic energy with some internal energy and sound.
woally &3 1l Bl jasy 2o pgudl &3> Jl ddgsall usdll Blo Joous

2.4 Energy quadruples because it depends on displacement squared.
25l grya go sl @Bl Y Uzl dayyl a8Ul sls3

2.5 Its elastic energy is zero at x = 0 with that reference.

2zl 1ig X = 0 e [ao dggyall adlb 65

26 Eo =me? =1 x 107 x (3.00 x 108)? = 9 x 10/? 7

N
2.7Am=£2= 3.6 X 10" = ¢ x 107 kg
¢ 9.00 x 10’

2.8 No. A stationary body has rest energy even when its kinetic energy is zero.
Do aSy> 8Bl 555 lavie i (yoSw Bl clluay o

2.9 Elastic potential, chemical, thermal internal, and rest energy, respectively.
eyl e oS @Bl dyyly> ddsls (dilasS ddg e

210 Eo = 82 x 107197 = 512 x 10° eV

0506428618 6 393kl aaxl 3Lzl



EXAM QUESTION 03 - QUICK REVISION
Elastic & Inelastic Collisions

30l i g @ sall Oloslal]

Learning Outcomes qls:l xilgs
1. Compare elastic and inelastic collisions.
2. Explain kinetic-energy loss in inelastic collisions.

3. Use conservation principles to distinguish and analyze
collisions.

Quick Notes .l doMs

With negligible external impulse, momentum is
conserved. Elastic collisions also conserve K; sticking is
perfectly inelastic.

Lost kinetic energy becomes internal energy, deformation
and sound; total energy is conserved.

Use signed velocities for momentum and speed squared

ol st g oysall psladl &ylda
oxall e paladl 8 &S ol dBlo ol y sl
Wlaslad! daiy Jdowd Baasdl (ile8 plusciw!

Bl Loy oyall @33l a2yl @dull Jlaa] aie
Lalad o0 yué polad Glaziilg Loyl dSysl

2oy ddsls @Bl )| dadll &8ssl @Bl Jemus
IS @Bl Bdsdg (g0

(48 o)1 @B Lgas g a3l LTy Laly orle sl aascil

for K; classify by comparing Ki and Kf. polasll Ggiad easlall o8

pi = pf; elastic: Ki = Kf

o o - Ki-Kf
Econverted = Ki = KF; % = K x 100
!
mis + Moty = Mva + movoy K = 7mv2

10 Practice Questions
3.1 What two conservation conditions characterize an elastic collision in an isolated system?
TJoima pllas L,e asall ssladl ljay 1AL o Us il Lo
3.2 Is momentum conserved in an inelastic collision?
T3l oysall 3& poladl badsy o
3.3 What is a perfectly inelastic collision?
Slalad oy yall yu2 posladl e lila
3.4 Two balls rebound and remain separate. Does that prove an elastic collision?
Spaladl &gya wldd Ui L,czi_» Jo . iladia Lidsg o6yS syl
3.5 Compare total energy and kinetic energy in an inelastic collision.

030 & palal B &yl @8l g d S dBlall 18

3.6 Why may bodies warm during an inelastic collision?
S0 ya yué doslazall ﬁLu.?-‘ﬂl REPAERIPY

0506428618 7 393kl aaxl 3Lzl



3.7 A2 kg mass moves at +5 m st and a 3 kg mass at -2 m s™. Find total momentum and explain why speed
magnitudes cannot simply be added.

s28l8a gani Y 13lal O—Z.fgt%rls-”pj.”k_’“u}‘ mst2— 3.;ng36):3~3ng_1 5+ ey A ysii Kg 2 4l
le ydl

3.8 A 3 kg cart moving at +7 m s™ hits a stationary 3 kg cart and sticks. Find the common velocity, kinetic energies
and energy loss; classify the collision.

S yrtall deyudl cows| oy laalio Kg 3 LgalsS &Sl dyymy andaaig M ST 7+ deyuny A y>i KE 3 (galiS dyye
poladl io g paladl aeyg L8 &Syl Q.Ang

3.9 Two equal masses collide elastically in one dimension. Initially one moves at +10 m s™ and the other is at rest.
Find their final velocities.

e yaud| sool asdl L;.)b-ig o0 paladl dSle &g M ST 10+ de g dyoes  Jo¥l ¢y Lyglucta oy luilsS
el
3.10 A 2 kg mass at +4 m st collides with a 1 kg mass at -2 m s™. The first leaves at +1 m s™. Find the second
final velocity and classify the collision.

s+ Jo¥l ey oad puladl any . ST 2 lgrepuw K T Al M ST 4+ deyun K 2 dS pudnss
.PJLa.‘ZJl Wlog il de yus cows|

EXAM QUESTION 03 - ANSWERS
Elastic & Inelastic Collisions

3.1 Both total momentum and total kinetic energy are conserved.
SISyl @Bl g IS 03301 aony
3.2 Yes, when external impulse is negligible, although kinetic energy is not conserved.
Syl Bl bas pue @iy dlaga %,?-)BJ' 28l dlasa 65T lanie @i
3.3 The bodies stick together and move with one common final velocity.
aolad] say 88 ytiia de yury oS yiyg ool Ealy
3.4 No; kinetic energy must also be checked.
w530 Sl Lol 8ol Bl B 0 3l con
3.5 Total energy is conserved; some kinetic energy becomes internal energy, sound and deformation.
09ad9 Wowg Iy I & ol Bl o ei ooty (dlbgana dJISI B
3.6 Organized kinetic energy is partly converted into microscopic internal energy.

37p=2(5) +3(-2) =G kgms’
Momentum is a vector; the leftward velocity enters with a negative sign.
s 3yl gyl ] eyl 505 tannza s3]

0506428618 8 393kl aaxl 3Lzl



38pi=3x7=2kgms
3x7
6

Ki = 735 J; Kf=36.7SJ

Ki— Kp= 367517

v = =38Sms’!

Take the initial direction as positive. Conserve momentum first, then calculate both kinetic
energies. Sticking makes the collision perfectly inelastic.

Lalas oy 30 3t il iy Lol 1S yodl Bl sl @ Aol @33l Bds Lo oYl oladdl yel
39vi =0, vo = +l0 ms™!

310 pi = 2(4) +1(-2) = 6
20) +vo=6=>v, = +4 m s
Ki =18 7, Ko = 97 = inelastic

Conserve signed momentum, then compare total kinetic energies.
Syadl Ll oy o olylayl slasiwly as 3l bas ]

0506428618 9 393kl aaxl 3Lzl



EXAM QUESTION 04 - QUICK REVISION
Thermal Radiation

Learning Outcomes qls:l xilgs

1. Describe thermal radiation and an object’s emission
spectrum.

2. Relate peak emission frequency to temperature.

3. Describe classical theory’s agreement and failure for
thermal-radiation data.

Quick Notes .l doMs

Bodies above absolute zero radiate over a continuous
range. A blackbody absorbs all incident radiation.

Higher temperature gives a higher frequency-spectrum
peak and a shorter wavelength-spectrum peak.

Classical theory agrees at low frequency, but wrongly
predicts unbounded high-frequency emission.

T(K) = T(C°C) + 2731
Hotter T = higher fp : shorter )\p

eal’
E, = nhf

eak

10 Practice Questions

4.1 Why can a warm body radiate without glowing visibly?

4.2 What does a thermal emission spectrum represent?

4.3 What is an ideal blackbody?

Sleddl by é)b—"‘” f«_l.mb‘ﬂl Log

831l doryay adall dad ss )5 by
&l glaadl 8 lglid g LSS dypdadl 2 log ayasd

)l yazuss b s Elaall saall §d aluadl pad
3Ll gyl JS jatay sgudl

Jobs saydl e 3 el 0B sy et LLed1 8150
(ool Jshll oo 3 sl dad

Lot @iS) «adsuiall oyl wie &SLuMS] dyybaill o
Sl s sga yut @ilagh las

Tomsl) g o oo Elad] (81 pu Cngy 13l

§ alsodl ©lagdl i dliay o3l Lo

§ Jall 33l gl Lo

4.4 Compare a glowing solid’s spectrum with an excited dilute gas spectrum.

Jlie Wasa e adny zagie Clo pus b )18

4.5 How does a frequency-spectrum peak move as the object heats up?

S sl wie auydll i 48 e A S

4.6 Compare peak thermal wavelengths for a blue star and a red star.

4.7 Does an object with a visible peak emit only visible light?

0506428618

sax] @adg @35 ead gsladl g el dad Job o8
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4.8 Where does classical theory agree with thermal data?
§ iyl ysdl UL o d SIS dyybaill Oyla §lai of 3

4.9 What is the ultraviolet catastrophe?
Fir] 33 35 Lo

4.10 How does the measured curve behave at high frequency?
TS asydl sie sgoyall oiall Calusyy oS

EXAM QUESTION 04 - ANSWERS

Thermal Radiation

4.1 Most of its radiation may be in the invisible infrared.
el yt elyasdl o b aclad] @line sSy 18
4.2 The distribution of radiation over frequency or wavelength.
orsall Jsbll of syl e ol latia gy3s5
4.3 A model that absorbs all incident radiation; it need not look black at every temperature.
831> IS wie ssenl 9y o 3l Yo aule A8l wilelasdl gax ey z3gad
4.4 The first is approximately continuous; the second has discrete atomic lines.
LAl lgiuay dagye dladin bohs Sl Ly satus JoYl
4.5 Toward higher frequencies as temperature rises.
Byl ¢ iyl ga el eilasys 9o
4.6 The blue star is hotter and has a shorter peak wavelength.
28] 290 Job e 48 dlg il §3331 @l
4.7 No; its continuous spectrum includes other wavelength ranges.
4.8 At low freguency or long wavelength.
Jeokll Lz aall okl of jaascall syl aie
4.9 The classical prediction of unbounded radiation at high frequencies.

Al aslasydl e 3agasen yuf duclom] d8lay SLwMS 85

4.10 It declines after a maximum instead of rising without bound.

LSS sgamall g sl 3l (uSey dalll ¢ oly any bagy

0506428618 11 393kl aaxl 3Lzl



EXAM QUESTION 05 - QUICK REVISION
Planck Quantization

Learning Outcomes qls:l xilgs

1. Explain Planck’s concept of energy quantization. Bl @.aST pogho 7y
2. Describe radiation as a change in vibrational energy. dilyzedl Blall yon wleddly olatadl by,
3. Calculate quantized energy using E = nhf. E = nhf slascial $lasall d8Uall luwe

Quick Notes .l doMs

Textbook Planck model: n is a nonnegative integer; 8389 (s 348 oo sae NSl My Z3ga 8
adjacent energy levels differ by hf. hf ol cpargs ) I
A downward transition emits energy; an upward transition B30 jeay e Jlandly a8l oy Jawd eyl
absorbs the energy gap. LY
Use n for level energy and |An| for exchanged energy. Aslaall Bl |An| o Sokuall BUal N pasciwl
En = nhf, AEaa’jacent = hf
E adiation = Inf — nilhf

En = nhf: |AE] = [Anlhf

10 Practice Questions
5.1 What does quantized energy mean?
T8lase Bl ixi 13lo
5.2 Which n values are allowed in the textbook model?
ol Z3gad B N sael) &> gauall @il L
5.3 What is the energy spacing between adjacent levels of one oscillator?
¢ 3ugall Judd fyolaie agtus (a B3all @S
5.4 Why does energy appear continuous in daily life?
S 094! goiuwall e dlate BBl gus 13
5.5 Are 3hf and 3.2hf both allowed oscillator energies?
5.6 An oscillator changes from 4hf to 3hf. Describe the event.
&asdl s 3hf ol 4th,O Jiga &l
5.7 An oscillator moves from hf to 4hf. What energy is exchanged?
Sdslaall Bl o . 4hf Sl hfo.o e &l

013

5.8 For an oscillator with f=5 x 1 Hz and n = 3, calculate its energy using the textbook Planck model.

DS 5 pascrall livhy z3gal 38g dUall el 1 = 3 LaS @89 HZ 1310 X 5 03335 jgal

0506428618 12 393kl aaxl 3Lzl



5.9 An oscillator has f = 6 x 1013 Hz. Find the energy emitted in a transition fromn=5ton =2,
N=2 JN=5 o dlisl ue el Bl cawsl Hz 1310 X 6 3140 3035
5.10 An oscillator at n = 3 absorbs energy 2hf. Which level does it reach?

§ Jau g 6' Sln=3 50 2hf 8 yiyge oy

EXAM QUESTION 05 - ANSWERS

Planck Quantization

5.1 Allowed values are discrete rather than arbitrary continuous values.

5.2 Nonnegative integers: 0, |, 2, and so on.
1382929 19 0:ddludl yi& doemall slacHl

5.3 It equals hf and is constant for that frequency.

5.4 The guantum steps are tiny compared with everyday energies.
ol plun Yl ©lBlay @ylia 13n 80 34501 Lolgdll
5.5 3hf is allowed; 3.2hf is not allowed in the stated model.
Saseall Z3gadll & d>gawa b &5y d> gan Jggl

5.6 It emits hf because its energy decreases by that amount.
lsdall 13gs coais a5 101 el Y hf @Bl cag

5.7 It absorbs 3hf, the level difference.
il 338 929 30f oz

58 E,=nhf=3x663x1039x5x103=995x1020 7
_ _ _ _ -19
59 E_,=(S—2)hf = 3hf =119 x 1077 7

5.10nf=3+2=5

0506428618 13 393kl aaxl 3Lzl



EXAM QUESTION 06 - QUICK REVISION
Photoelectric Foundations

52 93 551 ul

Learning Outcomes qls:l xilgs

1. Define the photoelectric effect, photons,
photoelectrons and threshold frequency.

3. Define and use the electron volt.

Quick Notes .l doMs

Photons are radiation quanta; photoelectrons are emitted
electrons. The threshold is the minimum emission
frequency.

One photon transfers energy to one electron: escape
energy first, then kinetic energy. Below threshold: no
ordinary emission.

An electron volt is an energy unit: 1 eV = 1.60 x 10719 J.

| eV =160 x107" J; E = e|AV|

10 Practice Questions

6.1 What is the photoelectric effect?

6.2 Distinguish a photon from a photoelectron.

6.3 What is threshold frequency?

6.4 Why may intense light fail to release electrons?

6.5 Where does photon energy go during emission?

2. Explain how light incident on a metal causes the effect.

33539 eadll yoySllo oioally 90055l sl iy
sl

S9293¢8) 58l Gos> Al 2y

dalasizoly cdgd oo yiSIYl ayyes

ligyis)] ddgall olig sl o loa] @laS eligigall
olesM sy 81 dcsll dange

Syl @ Tl yayondl Bl 105958 ] 4Bl gigh Jai

Sligall Gleddl asg ¥ dusll 9

&V =1.60% 1071 188l 5umg cdgd gyl

§ 900365yl L

$ 590 39Sy 9998 (et Bl Lo
Sdcsll sayi 2o o

Flioysl] g8 290 yyomy ¥ 18 13kl

solesdl Ggas wie gigall @l i

6.6 Why does emission start promptly rather than waiting for energy to accumulate?

6.7 What happens exactly at threshold?

0506428618

Fa8all geand Uil (93 deyuny Sladdl g 3l

Slalay deall goluw suyi aie Sasw 13le
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6.8 Define the electron volt. Is it a voltage unit or an energy unit?
T8> pl ag> 8a>g 90 Jag dgd ;yoyshil B)e
6.9 Convert 2.0 eV to joules.
Jox eV 20 Ji>
6.10 Convert 4 x 101° Jto eV.

V10 x 4w Y5

EXAM QUESTION 06 - ANSWERS

Photoelectric Foundations

6.1 Emission of electrons from a metal after absorption of sufficiently energetic photons.
2B Bl s olgied olatal coun Jall xbauw oo @y zoys
6.2 A photon is a radiation quantum; a photoelectron is an electron emitted from the surface.
Zhudl go zs3 xSl Jedll oysIile g las] @S gisall
6.3 The minimum frequency permitting electron emission from a given surface.
.wawdgﬂlaiplwddﬂ&di
6.4 Below threshold, each photon has insufficient energy.
B 5l (y9isd IS dBlab duiall g 0383 S 1]
6.5 It supplies the escape energy and the remaining maximum kinetic energy.
ekl @B b3 @lg Syl ylael g aSy> @BUa BLIlg 5osSIYl syymd ey
6.6 A photon transfers its energy in a single interaction.
0955 Ml aslg Jolis b el ogisdll e
6.7 Energy just permits escape and the ideal maximum kinetic energy is zero.
Dao &Syl a8l gyladl o83l aodl (95T g syl oS5 d8Uall

6.8 1 eV =160x10"7
It is the energy gained by an electron through a potential difference of | V; it is an energy unit.

Bl Bax9 VT agxr 318 03540 vie (98] Lgeucsy B 50

69 E=20x160x10 =32x10"7

-19
6.10 ECev) = 94 %10 =25eV
1.60 x 1079
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EXAM QUESTION 07 - QUICK REVISION

Photon Energy & Intensity

coal Badng yoigall Bl

Learning Outcomes qls:l xilgs

1. Calculate photon energy from wavelength or syl o 20l Skl o oy gigall d8ls sl
frequency.
2. Explain intensity-independent Kmax and intensity- oo xSl Bl e suydl yilg Ll e dadl il o Saad]

dependent photoelectric current.

Quick Notes .l doMs

Photon energy increases with frequency and decreases Jo> . >sall Yokl ga J&ig 35yl 9o yoigall &8s 33
with wavelength. Convert nm to m. ; 1 i nm
At fixed frequency above threshold, more intensity raises  ¥g ¢ Ll yL3 2835 saadl 33l (Al 398 soydl wld e
saturation current, while Kmax stays fixed. Vi)l 4S yoJl 48l 4 i3
hc ¢
E=hf= 2= f= =
A A

fixed £ > for l_, « intensity; K= hf — @

10 Practice Questions

7.1 Find the frequency and energy in J and eV of a photon with wavelength 200 nm.
.eVy ] as-gs NIM 200 s>oall dgb 9398 dBlbg 30 yi s
7.2 A photon has frequency 7.5 x 10 Hz. Find its energy and wavelength.

roall dsbg aBlb counl Hz 1410 % 7.5 03335 593

7.3 A photon has energy 2.486 eV. Find its wavelength.
>0all dgb axol .V 2486 - gig8 dBls

7.4 Compare the energies of a 450 nm blue photon and a 650 nm red photon.
M 650 ok sa>| ;o398 @8lbg M 450 Yok 3131 (588 Bl )8

7.5 A monochromatic source has power 2.0 mW and wavelength 500 nm. How many photons are emitted per
second?

$a56 IS yauay Ugigh oS .M 500 aixga Joboo MW 2.0 aiyas y5lll é_sb-i FRVEY:

7.6 Monochromatic intensity doubles above threshold. What happens to Kmax?
SKMax) eas 13lo dcall 368 oyolll golol egub Ba caaclad

7.7 How does saturation current change if intensity doubles at fixed frequency?
Saaydl wildg Badl daclan sie ¢ Ll sLS y8ny BS

7.8 Does increasing below-threshold intensity create ordinary photoelectric current?
Salimall wledidl yLd dnll o aadl 3uls) 855 o

0506428618 16 393kl aaxl 3Lzl



7.9 What happens to Kmax when frequency increases above threshold?
TKmMax) wasy 13l dasll 398 soydl 5L e

7.10 Evaluate and correct this claim: “A more intense beam always has higher frequency”.

aeslel a3 Wl o aadl g leadb Uasdl xusuad 2o 8Lall @0

EXAM QUESTION 07 - ANSWERS

Photon Energy & Intensity

71 f = % = 1.5 x 105 Hz

e 94q x 1077 7 = 6.216 eV

E= —
)

c

7.2E=hf=9‘97xm"q];)\=? =4x107 m

73 E=398x 10717

= h—Ec =Sx107 m

Eblue 650
"4 Eed T aso C M99
75 E = % = 3978 x 1079 ]
Pxls

N = = 5.03 x 105 photons

E
7.6 It stays constant because energy per photon is unchanged.
S0 @ o gigh JS Bl (3 dnl Lad
7.7 It approximately doubles in the linear model because photon and emission rates double.
caelan olagily olgisdll Juee oY Jasdl zigadl b Ly caelo
7.8 No; each photon still lacks the required escape energy.
ABIS yyyo0 @Bl s lgll ygisall cllay ¥
7.9 It rises linearly with slope h for a fixed surface.
S0 xdacs L5 aze bty call Leay s sls35

7.10 They give equal Kmax; the more intense beam gives higher saturation current if other
conditions match.

Syl &y LS po 38T glal H asy 59831 lgwdi KMaX Lag

0506428618 17 393kl aaxl 3Lzl



EXAM QUESTION 08 - QUICK REVISION

Photoelectric Equation & Graphs

p3))lg i3 slaall

Learning Outcomes qls:l xilgs
1. Calculate photon energy, maximum electron kinetic
energy and work function.

2. Interpret Kmax—frequency graphs and determine fo
and h.

Quick Notes .l doMs

Test Ey = ¢ first. The excess is Kmax; use joules when
finding electron speed.

Kmax—f graph: slope h on J-Hz axes, x-intercept fo,
extrapolated y-intercept —@.

!
hf=@+K, 0K o= 7mev2
_ . _ DKmax )
Kmax—hf—(p’h—T’fo—T
Kmax (J)

Jeadl dlag ooySIYl & y> Blog gigall BBl ilws

B culiy dcmll auasdg fJJLO.A Kmax @y Yl

(abinll &Syl @8l ga ailall By = @ oi gl gass
09yl de yon o] Joadl paseial

Hzo] gs9mal R Judll iasyillg alanll &Syl @8l @y
O~ szaall ol fo a3l gl

Slope =h

-9

10 Practice Questions

f (Hz)
Dashed: mathematical extrapolation

8.1 A 2.5 eV photon strikes a surface with work function 2 eV. Find maximum kinetic energy.
ekl &Syl Bl w1,V 2 dsa dly xaw e eV 25 aBlb 49598 by

8.2 Light of wavelength 322.9 nm hits a surface with ¢ = 2.6 eV. Find Kmax and the fastest electron speed.

0035 ¢ yeul deyusg KMNAX el .6V 2.6 alss @ls pdaes Ll gy NM 3229 dghs 290

8.3 A photon has energy 3.75 eV and the maximum electron kinetic energy is 1.75 eV. Find ¢ and fo.
Al sayig Jeadl @l angl .6V 1.75 cngie ooyl @ls Lasdly €V 375 ygigs @8ls

8.4 A surface with work function 2.5 eV receives 2.0 eV photons. Is there emission? Find the longest threshold

wavelength.

el Gy >0 Job Jobl sl $lagl &aoy Jo .6V 2.0 19398 dyle by €V 2.5 dlas dls

8.5 For fo =5 x 104 Hz and incident f = 8 x 1014 Hz, find Kmax in J and eV.
ded 5osShlly Joal Kmax asol HZ 10 x 8 ossyi cgbg HZ 101 X 5 dpic suyi b

8.6 A Kmax-versus-frequency line crosses the frequency axis at 4.83 x 10 Hz. Find the work function.

Jeadl dls s>l Hz 1410 x 4.83 sie 35yl yoma ghady syl ¥y aliell S ysdl @8 Sl s

0506428618
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8.7 If the vertical axis uses eV instead of J, is the numerical slope 6.63 x 10734?
34710 % 6.63 cousll Juall colun Jo J Jo €V 8usgy ol Il ygomall oIS 13]

8.8 Compare Kmax—f lines for two metals: what changes and what stays fixed?
Seu lag yuony 13le 1 opealisin pila) Kmax—f s )8

8.9 The extrapolated Kmax—f line has an energy intercept of =3 eV. Infer @. Are negative kinetic energies physically
emitted?

8.10 For axes Kmax in 1072° J and f in 104 Hz, the plotted slope is 0.663. Find h in Sl units.
Slss>gh J.>;9i 0.663 cg,dall L)l HZ 1 o4 LXCUNE i ] 19710 3a>gs Kmax ey O

EXAM QUESTION 08 - ANSWERS

Photoelectric Equation & Graphs

G 9=26-2= _ -20
81K, =E-0=25-2=0S5SeV=8x10"7

p” — -19
Ko ® 125 eV =2x107"7

_, 2Kmax

o~ S -
Vmax e % 663 %100 ms!

839 =E-K _=2eV

fo = % =433 x 109 K2

8.4 No emission: 2.0 eV < 2.5 eV.

Ao = E = 4972 nm
()

There is no emission because photon energy is below the work function. Do not interpret a negative
difference as kinetic energy.

384> @S Il )l s ¥ Sl Al g0 oygioall @Bl oY Slagl Y
85K, =h(f - fo) =1.989 x 107° 7 = 1.243 eV

ma
86@ =hfo=32x10117=2ev

8.7 slope,,, = —
No. The slope is about 4.14 x 1075 eV s. Multiply it by 1.60 x 107 to obtain h in J s.

A6 Joadbh Lle Joosl 710 X 1,60 8 43255710 X 4.14 955 golus €V S 5umgy Jeall 03
88 kK,  =hf—-0

They share slope h; the frequency intercept and extrapolated energy intercept depend on work
function.

22l D5 ey GBI yoonn @bolig 3337 yoomn gl yny lazgy N s Jeall lag
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89¢ =3eV; K 20 for emitted electrons

The work function is 3 eV. The negative part is an extrapolation; below threshold there is no
emission.
el s ¥ dasll cody (ool slazal LIl ejadl @V 3 Jaadl @l

Y
810 h = % = 663x107% 7 s

0506428618 20 393kl aaxl 3Lzl



EXAM QUESTION 09 - QUICK REVISION

Photon Momentum & Compton Effect

osiasS ys o eiotll 3

Learning Outcomes qls:l xilgs
1. Calculate the momentum of a photon.

2. Explain the Compton effect as evidence for particle-
like light.

3. Describe energy and momentum conservation in
photon—patrticle collisions.

Quick Notes .l doMs

A photon has zero rest mass but nonzero momentum;
shorter wavelength means greater momentum.

For a free electron initially at rest, nonforward Compton
scattering lowers photon energy and increases
wavelength.

Total energy and vector momentum are conserved.
Photon energy loss becomes electron kinetic energy.

09598l @33 Olue
coll duagunll dagbll e aldsg ainsS 5856 7y

pruxdly (ygigall pslas L,.9 @>3lg Bl baé> aog

3831 Johall sy Jasw aS) ya0 oyg30all oS dluS
ST ks )y sy

oSt > poysll e dpdo sl daglis (oieagS ol wie
oxsall dob slsig eveall @Bl Jas gl

o530l &8l a8d asall @3 3)lg LIS @8Uall Laass
0oyl &y &l JI Yooty

Ei>Ep Ap > N (nonzero scattering angle)

Eyi + mec? = Eyf * Eelectron,total

10 Practice Questions
9.1 Find the momentum of a photon with wavelength 100 nm.
M 100 > sall dgb (45398 @33 o
9.2 A photon has energy 3.98 x 10"1° 3. Find its momentum.
sy el J 19710 x 3.98 adlls oy gig0

9.3 If photon wavelength doubles, what happens to its energy and momentum?
Taasjg aBlb o 4S5 (yoi0a) > gall Jolall Caclas 13

9.4 Red and blue photons have wavelengths 650 nm and 450 nm. Which has greater momentum and by what
ratio?

Sl Log o35 ST lagsl .nmM 4505 NM 650 Jokay 35l s> Ugisé

9.5 A photon has momentum 3 x 10727 kg m s™%. Find its energy and wavelength.
oxsall dgbg aBlb ool KgM s 27710 X 3 das 9308

9.6 What changes for a photon in Compton scattering?

TgiagS axaad wie oiodll [ bz 1ilo
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9.7 Why does the effect support the particle model?
§ sl 300l 33U @eay 13k
9.8 Does Compton scattering eliminate wave behavior of light?
Seadll > oall Jolull ysziasS iz o
9.9 Which two quantities are conserved in a photon—electron collision?

SooxSIdlg yyessall e.)LaJQBuL‘bgnamJ I LS Lo

9.10 A photon drops from 20 keV to 17 keV on a free electron initially at rest. Find recoil kinetic energy.
Jol oSl 59y 3ladyl @8ls ws| KEV 17 JIKEV 20 iy 19558 d8ls cuirasil

EXAM QUESTION 09 - ANSWERS

Photon Momentum & Compton Effect

o SEXNR sk !
91p=—=""""5 =663 ms
7T ) x 1077 ?

E 27 _
9.2p=7=l.33><10 kg m s
he h
3E=—;p=—
9.3 ) X

Both energy and momentum halve.
Lol Jl @3 illg dUAl pass

pblue _ 650
N pred 450 .44

\

95 E =pc =900 x 107 J
h

A= — =221 x107"m
p

9.6 Its frequency and energy decrease and its wavelength increases for nonforward scattering.
olel e s aie o gall dgb slajyg aBlbg 0335 jatiny
9.7 It behaves as a collision transferring definite energy and momentum.
(05 3lg GBI ya 13aa 13ladia oy gisall ad iy pslasS dhog o Sas
9.8 No. Light displays wave and particle behavior in different experiments.
Ayl o> Gagucr g U g0 Bl sghay cpall o)
9.9 Total energy and total vector momentum of the isolated system.
Jamal sl dsaall LIS 3llg 2501 28

9.10 The electron gains 3 keV, or 4.8 x 107’6 J.
J"1%10 x 4.8 o keV 3 dusall ;oysIdl &8l
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EXAM QUESTION 10 - QUICK REVISION
Matter Waves

33l &> g0
Learning Outcomes qls:l xilgs
1. Describe de Broglie’s hypothesis and electron- DUyl sguou lgin dddly Joy g3 dudyd
diffraction verification.
2. Define and calculate the de Broglie wavelength. Jyta prucd Joy 8 Job Dlusg by yei
Quick Notes .l doMs
Moving matter has wave properties; electron diffraction by BligySIill sgumg (i ga ailas &S youiall 3slall
crystals verifies de Broglie’s hypothesis. Soss eo ded s oy wilysllly
Use p = mv at low speeds, or p = V(2mK). Equal momenta .p = V(2mK) 9i daodscall wleydd P = MV paseial
imply equal wavelengths. omiolucin e go ol Llaey ligluciall oylas 3l
h
A= —
Z h h
NS = = — A= ————
P mv v(2mk)

10 Practice Questions

10.1 What is the key idea of de Broglie’'s hypothesis?
§ Jon o deo ) drnludll 53581 Lo
10.2 Why is electron diffraction wave evidence?
15290 Jds @l ysIill s gu 131l
10.3 What role does a crystal play in electron diffraction?
Feslio Il sg> &ynd B 85kl o Lo
10.4 Why is car diffraction not readily observed?
Sdogun wlyledl 5o 33 ¥ 1531l

10.5 An electron moves at 1 x 10° m s. Find its de Broglie wavelength in the nonrelativistic approximation.
il s il plasiaaly omsall Jost g Job a8 710 X 1 i s 05
10.6 An electron has wavelength 1.46 x 10" m. Find its momentum and nonrelativistic speed.
il g i ng dasy azol M 710 X 1,46 ¢y5,5)] dx g0 Jobo

10.7 A 0.10 kg ball moves at 20 m s™*. Find its de Broglie wavelength and explain why daily-life diffraction is
unnoticeable.

Lags lasse> @anda pac yidg Josr g3 Job a0l . 87 20 lgze g kg 0.10 lgals 55
10.8 Two electrons have speeds v and 3v. Compare their wavelengths.

e 0all lagdob (38 .3V V ylie yu lag) oy Uig 5]
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10.9 An electron and proton have equal momenta. Compare wavelengths, then compare them at equal
nonrelativistic speeds.

osas 31 e Ay lie yudl gl 13] laghy @ (asm sl lagdabs (y8 s 03301 lag) (858319 (0]
10.10 Find the nonrelativistic de Broglie wavelength of a 100 eV electron.

seadd] st roall Joss g3 Job saol .8V 100 asSy> @8l 9,5

EXAM QUESTION 10 - ANSWERS
Matter Waves

10.1 Moving particles have wavelength-related wave properties.
Lgas 3y drdye 4> g0 olos &S yoeiall Olaguws)
10.2 A diffraction pattern demonstrates wave-related interference of probability amplitudes.
ool Joludly dagye dlaisl Olaw (5105 e Jay sgu> baad 4555
10.3 It provides regular small spacings comparable with electron wavelengths.
g S rsall Jolally )5 65k dabiia lblua 35

10.4 Their large momenta make their wavelengths extremely small compared with ordinary
dimensions.

alinall sladl Gl 13 3o Loy 60 Jsb Jam 1l lgas s
105 p = mev = 901 x 10726 kg m s
A= =728 x10 m

MeV

L
)

v = P zSXIOSms"
Me

106p=— =655 x10%° kg m s

663 x1074 .
10.7 A = W = 33§ x 10734 m

Its wavelength is far smaller than everyday openings and object dimensions.
agall Wl slasly @l o 3435 s20l > sall Jobl

10.8 \s = %
109\ = i = L
p mv

Egqual momentum gives equal wavelength. At equal speed the electron wavelength is greater because
its mass is smaller.

ol ailiS (3 48T oSl dxgo Job o050 lgwds de sl wic oy bglucia Y glall audi @531 e

10.10 K = .60 x 1077 J
p = V(2meK) = 5.40 x 1074 kg m s

)\=%zl.23xm"°m
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EXAM QUESTION 11 - QUICK REVISION
Heisenberg Uncertainty

eidl sac RV

Learning Outcomes qls:l xilgs
1. State Heisenberg’s uncertainty principle. ¢ ydialg) il pae oo deleo

2. Describe the limit on simultaneous position— dwd’ cB9ll 8 @33lg eogall uld sgu> hog
momentum measurement.

Quick Notes .l doMs

Position and same-direction momentum cannot both have awdd ool @3- 3llg o gall 8 (il sue Jo Sayd

arbitrarily small uncertainty; the bound is intrinsic. s Al dae Gl Lisel iy
Shorter probe wavelengths improve localization but carry B33 Jasg o gall suusd fpuswy d 50 1aBYl ylauall
greater momentum. Tighter confinement increases a1 yLacsl i & SN 1 ),Si
momentum spread. e ’
h h

Ax Apx 2 — = ——

P> 2 7Gx
p = n smaller Ax = larger minimum Ap

photon N

10 Practice Questions

11.1 State the uncertainty principle in words.
olalSIb il pae Tage o
11.2 If position uncertainty decreases, what is the momentum constraint?
Sl e 4l lad (g0 gall & il sace 1813
11.3 Why does a better microscope not remove the principle?
§ sammall ety loall ausey ¥ 130l
11.4 Which components enter the usual uncertainty relation?
§alinall 3l CuSS ool of 8
11.5 Why is the constraint especially apparent microscopically?
§dsgonall Slagunl) 18Tz 901 sl sglas 13lal
11.6 Why can shorter wavelength improve localization?
Teogall suaxi d>ga 3283 el oy 131l
11.7 What trade-off comes with a shorter-wavelength probing photon?
T8 ol 4 g0 yaBl 5300 Jlaniul (el Lo
11.8 What happens to momentum spread when an electron is confined more tightly?
$yiol dihia 8 ooyl yas e @3l Hlacd Sasg ik

0506428618 25 393kl aaxl 3Lzl



11.9 Why does strongly compressing an electron cloud require energy?
a8l ] udy ddgyiS)] il oo Zlioy 13l

11.10 An electron is prepared with a very narrow spread in x-momentum. Can its x-position also be confined to an
arbitrarily narrow region? Explain.

Ublue! 48,0 ddhio 8 X olnil andgo yas Sy Jo X olowil @)l &S50 8 13 3o slacly oo yl] yom
d §LA

EXAM QUESTION 11 - ANSWERS
Heisenberg Uncertainty

11.1 Position and same-direction momentum uncertainties cannot both be made arbitrarily small.
Lo b lel pysbo audi olaidl 5 e illg pbsall L6 il pae Jax oSa
11.2 The minimum allowed momentum uncertainty increases.
33 8 ] pas) 7 gawall NEXY{ RN FY- 3%
11.3 It is a fundamental guantum constraint, not only a technical error.
UADLbJ)M e ‘L,..uLui 58S b Y
11.4 Position and momentum along the same direction, such as x and px.
Pxo X Jio cdwss ol 0_9 (Q>-)J|9 20 gall
11.5 h is tiny, making relative effects negligible at everyday scales.
a9l unlBally 13 Ao a8l )BT (1558 8y b0 N 03
11.6 The diffraction scale is smaller, improving spatial resolution.
Aylaie polge e Sle 8308l usind sguadl ulide
11.7 Its greater momentum can cause a larger electron-momentum disturbance.
0038 055 B 5 ST I35 gy 489 55T eas
11.8 Its minimum momentum spread increases.
33 Loy a1 ssdl sl
11.9 Greater momentum spread is associated with increased kinetic-energy scales of confinement.
sl dgllaall &S 5ol A8l yuailde 8alyyy ndyd @33 jLacsl 3aly)
11.10 No. A smaller Apx requires a larger minimum Ax so that the uncertainty bound is satisfied.
ol sae 0B sy i AT  Ss¥1 asdl @8y APy Julas o
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EXAM QUESTION 12 - QUICK REVISION
Atomic Models

8331 Z3las

Learning Outcomes qls:l xilgs

1. Describe Thomson'’s electron distribution and 99l Zigadll 51_9,09 339833y Ay ygwagh Zigal
Rutherford’s nuclear evidence.

2. Explain the failure of Rutherford’s planetary model for sl e dallg ylsaiadl 8 359853y Zgad sga
stability and line spectra.

Quick Notes .l doMs

Thomson: diffuse positive charge. Rutherford: mostly el @laea 133983y .8 sictin dorga Lo 1y gun gl
empty volume with a tiny dense positive nucleus. 48,55 By dego Blgig Eb—é

A classical orbiting charge radiates and loses energy; Y 59833y Z3gad td8lb sdaTg gid LSS 8 3lal disead!
Rutherford’s model explains neither stability nor discrete dladall BLLYI Yo 4l yaiwd] s
spectra. i )

Mostly empty atom + small dense positive nucleus
Classical orbit = radiation = energy loss = instability

10 Practice Questions
12.1 How was charge distributed in Thomson’s model?
Sysunsh gisal b disall Ceioi &S
12.2 What does passage of most alpha particles with little deflection suggest?
IR IR i Olagus plieo 930 Jau lila
12.3 What does rare alpha backscattering imply?
el @lagand yoldl sluiydl Jag 1o
12.4 Why was the gold foil thin?
Fdd8y call dodo i8S 15l
12.5 Where is most atomic mass concentrated in Rutherford’s model?
339933y ey 831 ALS @lana S 35 O)l
12.6 Why is an orbiting electron accelerating?
Sleylucta SIAI 50Tl any 13la)
12.7 What does classical theory predict for an accelerating charge?

S Lutall Eimal) &SadS)] 2yl 3.5 Lo

12.8 What problem follows from orbital energy loss?
sasUal éﬂ_m” Gg)li]gﬂl 288 Ao bo

12.9 Why does Rutherford’s model fail to explain line spectra?
sl e dall 539853y Zigad suxdy 3 13lal
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12.10 Which success remains despite these failures?
SeMSLiall 0ia ‘o.é_) Al CJQA.:.U tl::u 6i

EXAM QUESTION 12 - ANSWERS

Atomic Models

12.1 Negative electrons embedded in diffuse positive charge.
B3] @ L,‘)o_)ﬁu.m dorgo dowds 31 Al wlig S]]
12.2 Most atomic volume is relatively empty compared with the small nucleus.
832l 8lglly & ylda Lwd ¢158 83301 aox> alina
12.3 A small dense positive region can produce strong repulsion.
699 2L Glas] e 33918 dixga 48,05 B ysd0 ddlain 399
12.4 To reduce multiple scattering and simplify interpretation.
LS &ly5 ga Jeladl] yewdS Jaguds sssezall oluzadl | e
12.5 In the small nucleus, not the extended electron region.
sl gll lig Syl dylowe L5 Y B ydall Bl 3
12.6 Its velocity direction changes even at constant speed.
Loylade w3 13] iyt die yo ol oY
12.7 It radiates electromagnetic energy.
12.8 It would spiral toward the nucleus, failing to explain stability.
B33l 1yl yeuiy M8 5l ad] ao bgeal) Juay
12.9 It provides no discrete allowed energies or fixed photon-energy differences.
3lgioall dBla) Bsases Boyd of dladis d>gawa (Bl sasy Y

12.10 Its explanation of scattering and the small dense nucleus remains successtul.
e S B ysall Lggdl dudly cenacdl ywds
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EXAM QUESTION 13 - QUICK REVISION
Spectra & ldentification

o bl auassg BLLYI

Learning Outcomes qls:l xilgs

1. Describe gas-discharge emission and spectroscope
use.

2. Distinguish continuous and discrete line emission
spectra.

3. Explain emission and absorption spectra as unique
fingerprints.

Quick Notes .l doMs

A discharge excites gas atoms; downward transitions
emit photons. A spectroscope separates wavelengths.

Hot dense matter gives a continuous spectrum; excited
dilute gas gives discrete lines.

A cooler gas absorbs matching wavelengths. A set of
characteristic lines identifies an element.

AE <0=E

atom photon

= |AE

atom

/

continuous band # isolated lines

Eabsorbea’ = Eemitte

10 Practice Questions

13.1 What does the electrical discharge do in a gas tube?

13.2 When does the gas emit a photon in this model?

13.3 What is a spectroscope used for?

g for the same pair of levels

Slaall alaseialy el cobil iledl

Sl ally satall il asadl

yolall yasd daaS olaiadly Oleddl BLbi alusual

olgigd cad Jawd eillanidly Glall wlyd yoy ¢ yadl
g gall Jlgb¥l Lady Blhall

Saall 3lallg 3atua Uigb  Jasi a0 dxsLudl 53lall
~..] ., LBs.b_’;' ‘] 3 PR ‘

bohsdl degama disllaall J1gb¥1 53l L8l atay
el 30535 8 aall

Taadl Dadl 3 el yeo Lo
Szigadl lia Q.Q Ugigd 3l cunny i

s dlladll dabsg Lo

13.4 Why is the apparent tube color insufficient to specify its spectrum?

Tdads o) oasg gy yadll wgol REVNE - APV

13.5 Describe a continuous spectrum through a spectroscope.

13.6 Compare an incandescent filament with excited dilute hydrogen.

13.7 What does a discrete line pattern imply?

0506428618
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13.8 How is a line absorption spectrum formed?
13.9 Compare absorption and emission wavelengths for the same level pair.

St ©lygall zo3) Slagdly olazedl Jlabl oyl as

13.10 How can a spectrum reveal two elements in a mixture?

EXAM QUESTION 13 - ANSWERS

Spectra & Identification

13.1 It supplies energy that excites atoms through collisions.
olastad! ye 8,63 @Bl eyl pas
13.2 When an electron falls from a higher energy level to a lower one.
w3l el sotn i (95580 el ase
13.3 It separates light by wavelength or color to reveal spectral structure.
wall dg @as) 6lgl of dengall dighl JI gl Lady
13.4 The apparent color combines multiple lines that a spectroscope can resolve.
Sldaall lglady 48 Bau0is bghas o gy xuia ool
13.5 An uninterrupted band over the displayed wavelength range.
Bosall il pad desall JIgb o baio byt
13.6 The filament is approximately continuous; dilute hydrogen gives lines.
WBgas ey g yaglly Lol et g as sl
13.7 There are specific allowed atomic energy differences.
bl s o 8saa &8l Fg38 59>

13.8 Continuous light passes through cooler gas that absorbs selected wavelengths, leaving dark
lines.

A1y bglad yglaid Bsame Ygbl Lazay sl 5l JMS satws c95 s

13.9 They are equal because the energy-gap magnitude is the same.

s Ul @)9 )I_\.&i.a Q‘ﬂ 69L““ﬁ

13.10 ldentify both characteristic line sets in the spectrum, allowing measurement uncertainty.

el &85 8lelyn po dwadl Bl yao iy bolhs  ciegasa e ol
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EXAM QUESTION 14 - QUICK REVISION
Bohr Model & Transitions

ellasidlg yo Z3gal

Learning Outcomes qls:l xilgs

1. Describe stationary states, quantized levels, ground
and excited states.

2. Explain photon transitions and key limitations of Bohr’s
model.

Quick Notes .l doMs

Bohr states have allowed energies and do not radiate
continuously. Ground state: n = 1; excited states: n > 1.

Absorption matches an upward energy gap; emission
releases a downward gap. Bohr works for hydrogen, not
general multielectron spectra.

e IB.szeV
E, = [Ep— &l = hf

10 Practice Questions

14.1 What is hydrogen’s ground state?

14.2 When is an atom excited?

i/,fo):ﬁl Al Bl Bligruag 8 yaiuwall you ¥l
3yLullg

391 Z3gad 3ga>g Wleddlg olatedl ywas

=N &bl ezl 2ad Vg d>gaws DBl yo il
2> 1 5lallg 1

B8y Oladdlg LY sl 5,8 il (olazadl
dolall SLLW A (e saetl) o iy Jaud ez
gyl Baasia

T e 90sal) & A Al Lo

$8,l20 @l 5,31 Caogi 2o

14.3 What did Bohr assume about radiation in an allowed orbit?

$ 7z 9awall 5luall L,Q ¢ leadll jogasy you o8l 1ila

14.4 How does a Bohr allowed state differ from a classical unrestricted orbit?

14.5 Must an excited state last forever?

§d>gawall you dl>g %,S#AMS.HJL\A.H o Suall e

$8y552 dails 8Lzl Al Jo

14.6 When does absorption occur between two specified levels?

14.7 What happens during a downward energy transition?

14.8 What is a major success of Bohr’'s model?

0506428618 31

T (pgius o o laiadl Gasy e
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14.9 Why is the model inadequate for multielectron atoms?
SbgyusIdl Bausia 8y Zigadl oSy ¥ 13l

14.10 How does the modern quantum model differ from Bohr orbits?
S8 whlas e caandl LSl Z3gadl calisg &S

EXAM QUESTION 14 - ANSWERS

Bohr Model & Transitions

14.1 The lowest-energy state, n = | with energy —13.6 eV.
eV 136-aslbgn=1 gslgig dslb &> s

14.2 When an electron occupies a state above the ground state.
o 3 Al o 8Bl el Al 3 gig )] ;oS oae
14.3 It does not radiate continuously while in that state.
Al ells 8 osgmg el ylsazaly (o ySIyl e
14.4 Bohr energies are discrete and restricted rather than arbitrary continuous values.
Aaie Bl ISy Zladd! Juy 3adag dadia yor B
14.5 No. It may transition to a lower level and emit a photon.
Lgigs dalha sl gorua JI 85301 g ol oSy o
14.6 When photon energy matches the allowed energy gap.
lagio 7 gawall BBl 538 gigall Bl dilat lase
14.7 A photon is emitted with energy equal to the energy gap.
staall 53 slaso Bl 1 5igh Ceaci
14.8 Predicting hydrogen levels and spectral wavelengths.
i bolas Jlsbls e 0yasdll ©lstua 22

14.9 Interactions and quantum structure exceed its simple orbit model; general spectra are not
predicted accurately.

By dalall gLl ey Yo dawl @l5lan (e adel @Sl dpdly edlelad]

14.10 It describes electron probability rather than a precisely defined circular path.
R ERCIRNCW é‘)jb slwa o3 o xSl sgxg Jlais] oy
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EXAM QUESTION 15 - QUICK REVISION

Hydrogen Radii, Energies & Series

Jeodadlg @BUAllg 4Ua8YI Blas]

Learning Outcomes qls:l xilgs

1. Describe quantized hydrogen radii and energies
Versus n.

2. Explain the zero-energy reference and negative
bound-state energies.

3. Distinguish Lyman, Balmer and Paschen series.

Quick Notes .l doMs

Hydrogen radii increase as n?; bound energies rise
toward zero as n increases.

Zero: separated electron and proton at rest relative to one
another. Negative energy means bound; ionization
requires |En|.

Final level: Lyman 1 (UV), Balmer 2 (visible and near-
UV), Paschen 3 (IR).

I'n = aoh? ao = 0.053 nm; E, = —B‘i—zev

E. =0-E,=|E]

on

10 Practice Questions

N le 8Lasall oBlally shsdl Blasl slazel
dagyall ¥l 4Ll @8 lg el g ya ywd

sl 3allys plad Judls 3sa

B paiyig M2 ga s gyl yUasl Blail slss
N5k saall g byl

Il s uiSlag piladia (o9 119 95803 saall
JEN| Cllazy pldls cbolsydl s

w089 (I3 2 38l owdy 398 1 ylad 1 Jled! goiuall

Lyman: nf = |; Balmer: nf = 2; Paschen: nf = 3

15.1 For hydrogen at n = 2, calculate orbital radius in nm and total energy in eV.
dgd o ySIYL Al d8lallg yia GG yadll Chad cawsl = 2 e s g yas 833

15.2 A hydrogen orbit has radius 0.848 nm. Find n and total energy.
AN Blllgn .&q-gi .nm 0.848 9340 Jlaa yad bl

15.3 Hydrogen has energy approximately —1.511 eV. Find n and radius.

15.4 Compare radius and total energy atn =2 and n = 4.

15.5 What does E = 0 mean for hydrogen energies?

15.6 Why is a bound-state total energy negative?

.).hﬁ”dbajgn.u;gi Loyas eV 1511 — o gyaum &8l

.n=4..\,LC9n=2.u.ca§l.hHg)hﬁjld.ojO)l§

S osiad)l 0Bl B E =0 Lusl s le

Sddlu dadye dlod LIS @Bl 65T 1531

15.7 What minimum energy ionizes ground-state hydrogen?

0506428618
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15.8 Classify the 3 to 1 transition and its region.
15.9 Classify the 4 to 2 transition and this line’s region.

15.10 Classify the 5 to 3 transition and its region.

EXAM QUESTION 15 - ANSWERS

Hydrogen Radii, Energies & Series

bl sisg 1 NI 3 Yyl o

das 3lai s> 2 JI 4 Jasdl bio

a8l sisg 3 JI 5 Yl aio

15.1 rn = aogh? = 0.083 x 22 = 0.2]12 nm

13.6
En = - 22 = ’3‘4 eV
_ 0348
152 n = 1/&0—53 =4
13.6
E, = T —0.850 eV
153 n ® 1/l3'6 =3

1.511
rs = 0.053 x 9 = 0.977 nm

15.4 rq = Gry; E; = —=3.40 eV; E, = —0.8350 eV

15.5 An infinitely separated electron and proton with zero relative kinetic energy.
A3 8y Blb (o0 LlgWl e (uladio (5ig g Hoysll Al
15.6 It lies below the separated reference and needs input energy to unbind.
.ngfﬁﬁijg}zil&§U92:E>gg du2xyall Yol dl> 0 B JéipUﬁﬂlQE

15.7 13.6 eV takes it from —13.6 eV to zero.

15.8 Lyman, ultraviolet, because the final level is .

15.9 Balmer; this line is visible near 86 nm.

15.10 Paschen, infrared, because the final level is 3.

0506428618
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EXAM QUESTION 16 - QUICK REVISION
Quantum Model & Lasers

_)).J.”_g UAS.H CJQA.J'

Learning Outcomes qls:l xilgs
1. Describe electron clouds, matter-wave duality and
uncertainty in the quantum model.

2. Describe spontaneous/stimulated emission,
coherence, laser operation and uses.

Quick Notes .l doMs

An orbital is a probability distribution, not a fixed path;
matter waves and uncertainty govern the electron state.

Stimulated emission matches the incident photon;
spontaneous emission has no trigger. Lasers use
pumping, population inversion and cavity feedback.

Coherence, narrow bandwidth and directionality support
communication, precise cutting and ranging.

_ b, . h
)\'7,AXAPX/7

Elaser photon ~ AE = hf

10 Practice Questions

16.1 What does dot density in an electron cloud represent?

16.2 How does a quantum orbital differ from a Bohr orbit?

16.3 What role does wave—particle duality play in the atom?

16.4 Why do we not assign an exact electron trajectory?

el pacg Balall dxloailg gy Sl Ll o g

23Ul Jasg baylyiall egally jamally laldl eilagdl
&ladaig

Balall @il go @Sos B jlas Luds Jlaz] g2ss ellal]
OoxSIl dl> i dl pacs

Shma 598 ALl g thBLul oy 5isdll Billay damall @ilagl
gl S5

Loyl s dalaiills 3l $ads bulyll seluy
lbluall ulBs &30 ghaillg

SdS gy SIYl lowdl blas 48LS alad §.’sJ| Lo
?)sg)luc.cgiﬁldlm&llﬁgdﬁs

§8,31 5 puundlg dgall &gl 5o Lo

o0 SIM EBS 13lue sass ¥ 13k

16.5 Does a cloud mean one classical particle occupies every dot at once?
Faxlg ol B (SewdlS S dhats JS 8 ooyt sg2rg isd Dbl Jo

16.6 Compare spontaneous and stimulated emission.

16.7 What does coherent light mean?

0506428618
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16.8 Why does a laser need pumping?
sadlall Beo 3l zlioey 13l

16.9 What are the cavity mirrors and partial output mirror for?
TaS3adl Z 3l 809 QJJT)AJ' 3250 Lo
16.10 Give two laser applications and relate each to a useful property.

23N Olise (o 83 laghasly (raidad 553

EXAM QUESTION 16 - ANSWERS

Quantum Model & Lasers

16.1 Greater probability of detecting the electron in denser regions.
48LS SV dalaall B oo Sl i) 3 STl |
16.2 An orbital is a probability distribution; a Bohr orbit is a specified circular path.
.28 Z3gadll & KXW é_)jl_\ sla yluall f%,]l.nbi 293 ellall
16.3 The electron has a wave description and localized detections.
oeldll e sapue 84S yogh Re >ge hog ddg s Al
16.4 Probability and the position—momentum bound do not support a precise classical track.
885 LSS s ylacsy ¥ @3 3llg pogall 3,89 Il oS bl
16.5 No. It describes probabilities of measurement outcomes, not particles at every dot.
Aadi IS sie Olaws degasa Cuudg uldll 25l ellaisy oy o o)

16.6 Spontaneous needs no triggering photon; stimulated emission uses a matching photon and
produces a matching second photon.

A Bylhao Bgigd Janyg dBlall canlio Ugigs clazy jasall (iasa y5is8 S Slalil
16.7 Light with a stable phase relationship among its waves over the relevant range.
16.8 To maintain enough excited atoms and supply amplification energy.
(o) Bl yuan 3 8gig byliall Wiyl o BIS suc 2yl g oS
16.9 They provide feedback for further stimulated emission; one transmits part of the beam.
2laall o i zoyi laalas] zaudy L3Lo] Glagl jdnd sgdll lagms

16.10 Communications use directed modulated light; ranging uses a narrow beam and precise
timing.
BB gy Gedl ¢ loidl o sty Luldll il 45Kals dem ol o gbzud i lasyl
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EXAM QUESTION 17 - QUICK REVISION
Translational & Rotational Energy

@bg.\”g d.J‘.n.uﬂ' sl QJ‘.QA EERN)

Learning Outcomes qls:l xilgs

2. Calculate gravitational work and relate it to GPE
change.

3. Apply mechanical-energy conservation to physical
situations.

Quick Notes 7yl doMs

Rolling includes translation and rotation. No slip: v = wR;
inertia depends on mass distribution.

Use vertical height change for gravity’s work; Wg = -AU.

Account for every energy form. Wnc is the change in total

mechanical energy.

/ /
Kivans = 7mv2; Kor = 7/002; v =wk
W = -AU = mgChi — hf)

9
Ki+Ui+l/\)”C=Kf+Uf

10 Practice Questions

1. Calculate translational and rotational kinetic energies.

ailygullg @JLa.uﬂl as =l W&Lb Ol
ool Blb sy dayyg doill Jaa Olue

4Li30 BBlgn e SISl d8UAll BBds §uidas

V = WR 331 93 .4ly91lg SO Jade Zs>-adl
Al gy seadll pie Bl

Wg = —AU tagiladl Jaad ol )l i3l 38 pasizal

17.1 Abody of mass 2 kg has center-of-mass speed 3 m s™. Find translational kinetic energy.
.a-‘g-]‘ﬁ.:jﬂ' 4.'25)} aéLb _\_—>‘_9i 'm S_l 3 o ..S 35).6 aLHg kg 2 "]"S .

17.2 Awheel has moment of inertia 0.08 kg m? and angular speed 8 rad s™. Find rotational kinetic energy.

olygull aBls Cawsl . rad s71 8 dugly de s yoaug kg m?0.08 o508 pie gy

17.3 A wheel has rotational energy 20 J and inertia 0.40 kg m2. Find angular speed.
gl ey ..\:>;9i kg m?0.40 yg.08 pieo ] 20 &8l dloe yous

17.4 A solid 2 kg disk of radius 0.20 m rolls without slipping at 4 m s™. Find translational, rotational and total kinetic

energies. Use | = ¥2mR2.

.¢ 9axxallg &S5l L,‘_Ql.b .\:>;9i M S 4 ey 3331 o3 > M 0.20 oyhad haig KE 2 aliS cuaan o048

I =1mR2 PRCS]

17.5 A 3 kg mass moves vertically from 2 m to 4 m. Find AU and gravitational work.
il Jaag pogll Bl 1485wl M4 1M 2 o Gy oyt kg 3 dls

17.6 A 3 kg mass descends through a vertical height of 2 m, first along a slope and then along a vertical path.

Compare gravity’s work.

QAAJL}.”‘J_QMJLD!“J&JJQ)LQLZAEJOJAQ)AM ulc'éys‘ngui) E’L(ﬁ)l @)Bkg_?)dlﬁh‘@

0506428618
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17.7 A ball initially moves at 7 m s™ and rises 2 m without drag. Find its new speed and verify the point is
reachable.

.gogall i lgil ddsig Bagaadl lgie s a9l Ldaglée QngZ 240y @i Roge e M s17 lgie s 335
17.8 A solid disk rolls without slipping from rest through a vertical drop of 3 m. Find its center speed using | =
>mR2.

I =1mR? plascinls 035 30 de yur e .M 3 Uasles oSl po Y31 o0 Zamaty Caca o35
17.9 A 2 kg body starts at rest at height 5 m. At the bottom its kinetic energy is 80 J. Find nonconservative work.
Jia8lowll yue codll Joi sl ] 80 Sy @8l ¢l wie .M 5 ¢ laiyl Lle oSl ol KE 2 s

17.10 A1 kg mass moving at 4 m st attempts a 1 m vertical rise on a smooth track. Does it reach it? Find its
maximum rise.

Aol iyl Llel sl § e Ja . pulal jlus e M T dgly 8lus sgall Jolxi M 57 4 lgze yu kg 1 dlis

EXAM QUESTION 17 - ANSWERS
Translational & Rotational Energy

! !

17.1Ktmns=7mv2=7x2x32=9J
17.2 K =Llw2=ixoogxz?‘2=256]
’ rot 2 2 ' '
17.3w=1/2Kmt =4/ 40 =10 rad s

/ 0.90

17.4 1 = 0.090 kg m* w = % = 20 rad s
Kpope =16 K, =87 K, ) =247

trans total

17500 = mghh = 3 x 9.8 x (2) = §8.8 7
h)g =-AU =-58817

17.6 Wg = mg(hi — hy) = 3 x 9.8 x 2 = §3.8 J on either path.

17.7 v? = u* = 29Ah = 72 — 392 = 9.8

v=3I3ms’

17.8 mgh = Lo L(LW)RZ)(L)Z
' 2 2 "2 R

mgh = %mv2 =>v = igh =626 ms'

7o W, =E—E=380-98=-I187
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EXAM QUESTION 18 - QUICK REVISION
One-Dimensional Collisions

A>lg s S puladl: Jlde oyl

Learning Outcomes qls:l xilgs

1. Analyze one-dimensional collisions for momenta, aBlally wleyuly @33 Glusg 33 aslad] Y o
velocities and energies.
2. Use conservation principles to distinguish and analyze WlEa gldig wlaslad] o jail) hasdl gt

collisions in FRQs.

Quick Notes .l doMs

Choose a positive direction; write total momentum, solve @5 &le yudl Cewslg JISI @331 (ST i gall il sas

velocities, then calculate initial and final kinetic energies. Llglg Sl S0l 6‘9&
Use a shared final velocity for sticking; impose K bas o38lg  glacddl sie & yidne A5l de yun paseial
conservation only for elastic collisions. oysall sslazl) ks iyl @8ls

p=mv; Ipi = Ipf; K = émv2

v _ M + Mmool
common i+ m,

10 Practice Questions

18.1 A 2 kg mass moves at +20 m st and a 3 kg mass at -2 m s™*. Find total momentum and explain why speed
magnitudes cannot simply be added.

23le gan ¥ 13la) g (S @3 3] el M ST! 2= deyuy KE 3 gy3lo M S7! 20+ deyuy Ao KG 2 AiS
sle gl

18.2 A1 kg cart moving at +8 m s™ hits a stationary 2 kg cart and sticks. Find the common velocity, kinetic energies
and energy loss; classify the collision.

a8 yriall 4.c._>.hLJ|wu:>‘uLoJa.‘.l;9kg2|.@.‘.L5<u5Lu '&.g_)&.ge.\.b.o.’igms_lg"‘ @Mi‘_)su.skg'l lgdeS &y
paladl biog e.\Lo.’i.”.\.v.ggJ,f_'éiiS_):J'Hr'z_'éng

18.3 Carts of 2 kg and 3 kg at +6 and —2 m s™ stick. Find common velocity, both total kinetic energies and energy
converted.

Blllg &Syl By S yunall deyudl ol . liazli M §71 2— 9 6+ ey KE 39 KE 2 laaliliS luyye
gall

18.4 A 2 kg cart at +6 m s™ hits a stationary cart of unknown mass. They stick and move at +2 m s™. Find the
unknown mass.

Wggomall S s gl M 87T 2+ ey lialiy ALSI] Aagan &Sl dyyny aakaad T S8 6+ (gie yw KE 2 5e

18.5 A 1 kg mass at +5 m s™ hits a stationary 2 kg mass. The first rebounds at =1 m s™. Find the second velocity
and classify the collision.

Gog sl de g .&q—gi ms 11— de o Sl yalas sl kg 2 dlsy palaas m S71 5+ de kg 1 aLs
paladl
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18.6 A 1 kg cart moving at +11 m s™ hits a stationary 3 kg cart and sticks. Find the common velocity, kinetic
energies and energy loss; classify the collision.

Syl deyudl cons | laalio Kg 3 LgaliS diSlus dyymy andaaig M ST 11+ deyun dyoei K 1 LgalsS dye
paladl io g paladl amyg 8 45_).>J|L,‘9Uo9

18.7 A1 kg mass at +6 m s™* collides elastically with a stationary 2 kg mass. Use momentum and energy to find the
nontrivial final velocities.

perlgd] e sl s o @8lallg @i 3l s alaseisly &SLs K 2 4lSs Uyo palaai M 871 6+ deyun kg 1 ds
ol st

18.8 Equal masses move at +4 and -4 m s™ and stick. Find final velocity and converted kinetic-energy percentage.
Why does zero momentum not imply zero initial kinetic energy?

3lalg () goall @S yol @8l deadg duilgd] deyudl amgl . oyliocli M ST 4— g 4+ e yun o Syoei o liglucis oylilus
a0 Al B i as @33l ey Y

18.9 Two equal masses collide elastically in one dimension. Initially one moves at +15 m s™ and the other is at rest.
Find their final velocities.

crwieyadl az gl a2dl galolg oye paladl @Sl &5llg M ST 15+ deyun Ay Jo¥l ¢y liyglucia oy luls
el
18.10 A 2 kg cart moving at +12 m s™ hits a stationary 2 kg cart and sticks. Find the common velocity, kinetic
energies and energy loss; classify the collision.

&S yrall deyudl Coss| o laalio Kg 2 LgalsS &Sl dyyy aadaaig M ST 12+ deyuy Ay KE 2 LgalsS dye
paladl log paladl anyg 8 @Syl Blbg

EXAM QUESTION 18 - ANSWERS
One-Dimensional Collisions

181 p = 2(20) + 3(-2) = 34 kg m s™
Momentum is a vector; the leftward velocity enters with a negative sign.
Al B3Laly &Lyl de yud] 1505 canin @3]
182pi=1x8=8kygms
| x &

3
Ki=327; K, =1067 7

Ki—K,= 21337

v = = 2667 ms’!

Take the initial direction as positive. Conserve momentum first, then calculate both kinetic
energies. Sticking makes the collision perfectly inelastic.

Ll 30 gt 0l z2y laddl a@Syodl Bl cansl @ dol @33 banl U sa Lo¥l ool yzel
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183 v = 206) + 3¢=2) _ 12 m s
2+ 3

Ki=36+6=46217

Kf=%x5xl.22=3.6]

Econverted = 42 — 3.6 = 3834 7

18.4 2(6) = 2 + m)(2)
12=6+2m=m =4 kg

18585 =l +2v,=> v, = +3ms™!
Ki=125 7 K, =05 + 9 =957 = inelastic

186pi=1x1=1kyms’
v = I);” =275 ms™!

Ki= 6057 K,=1512 7
Ki— Kp= 45387

Take the initial direction as positive. Conserve momentum first, then calculate both kinetic
energies. Sticking makes the collision perfectly inelastic.

Lol ¢y gt il iny Blaatdl S soll LBl ol @3 ol 033l Basl lixga LWl aladl el

18.7 6 = vi + 2vy 36 = vi? + 2v,?

vV, = 6 — 2V2
36 = (6 - 2V2)2 + 2V22 = 6V2(V2 - Q) =0
Vo = +dmshvi=-2ms!

188pi=am—-—am=0=v =20
Ki = %m(‘iz) + %m(‘f’) = 16m
Ke= 0= 100% converted
Opposite momenta cancel, but both kinetic energies are positive and add.
olaeads e ge Byl JBlb oS lusSlate gl o ludln olas- 3l
189 vy = 0; v, = +IS m 57!

1810 pi = 2 x 12 = 24 kg m s
2 x )2

v = 5 =6wms’!
Ki =149 J; I(f=72J
Ki—Kf=72J

Take the initial direction as positive. Conserve momentum first, then calculate both kinetic
energies. Sticking makes the collision perfectly inelastic.

Lol ¢y gt @l iny Blatil S soll Bl ol @3 ol 033l Basl i ga LWl olasdl el
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EXAM QUESTION 19 - QUICK REVISION
Photoelectric Analysis

F9295¢51 ol : e oy

Learning Outcomes qls:l xilgs

1. Calculate photon energy, Kmax and work function in Pila 8 Joadl dlsg oyoySIill &Blog ygigall Bl lus
written problems. iJlas
2. Determine fo and h from Kmax—frequency graphs in 33 ydlg BBUAN @y oo My culig dasll s y3 7zl ysciw!
FRQs.

Quick Notes .l doMs

Convert units — photon energy — emission test - Kmax @ wleddl yusly ygigall Bl wsl @ Wlasgll Jo
- speed or threshold as required. Uallaall il 97 de yudlg 38yl 2Bl
Read axis units and multipliers before calculating slope. O paseiwl | Ll Glus L3 giMaloag yolall wlasg [
Use @ = hfo or @ = hf - Kmax. Q= hf — Kmax 9i hf, =
he (0]
E = T, Kmax-—E"(p, 700-' 7
Kz - Kl
h= 22" g=ht
- T

10 Practice Questions

19.1 A 3.1 eV photon strikes a surface with work function 2.6 eV. Find maximum kinetic energy.
ekl &yl Bl Cewsl .8V 2.6 dlss dls xdaw Je €V 3.1 Bl ygigd bnday

19.2 Light of wavelength 360.3 nm hits a surface with ¢ = 2.2 eV. Find Kmax and the fastest electron speed.
0035 ¢ yeul deyong KMAX el .6V 2.2 alsy @ls pdaas Ll gy NM 360.3 dghs 2o

19.3 A photon has energy 4.8 eV and the maximum electron kinetic energy is 2 eV. Find ¢ and fo.
el sayig Jaadl dls ax ol .6V 2 cnuin o yiS)] @8l Lably €V 4.8 gigs dBlb

19.4 Photons of 5 eV release electrons with maximum speed 8 x 105 m s™. Find the work function.
Jaadl A1y sl M ST 105 % 8 lgie yus a8l @ligyS)] yyod €V 5 LguBllbs iligigs
19.5 A Kmax-versus-frequency line crosses the frequency axis at 6.76 x 101 Hz. Find the work function.
Jaadl Dls an ol (HZ 1410 % 6.76 sie 55yl ygoa abaiiy 33521 @3y abiall &Syl @8l Ly s
19.6 A Kmax—f line contains (6.0 x 1014 Hz, 0.663 x 107 J) and (10.0 x 104 Hz, 3.315 x 1072 J). Find h, ¢ and fo.
x Hz, 3.315 10 x 10.0)5 (Hz, 0.663 x 10712 J 10'* x 6.0) yctasddly s3ydlg Laliell &Syl éBUs s yay
.f09 (02 h .&q-gi (] 1071°

19.7 For a metal with @ = 2.4 eV, find the minimum photon frequency and longest wavelength that can cause
emission.

el oy o Sy poioal) 290 Job Jebls ssys J81 sxol @V 2.4 alass @l 3Ll
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19.8 The incident frequency increases by 2.0 x 1014 Hz on one metal. Find the increase in Kmax in J and eV.
Vo] asgy sabell 8yl @8ls 6 8alyill as gl JHZ 101 x 2.0 yladiay 318 Lle bdludl cgill sy slsiy

19.9 Metals A and B have work functions 2.0 eV and 3.0 eV. For incident photons of 4.0 eV, calculate both Kmax
values and compare the slopes and threshold positions of their Kmax—f lines.

IS ki)l &Syl @8l caws| €V 4.0 [g8ls ddadlu esligiga) .6V 3.09 €V 2.0 Lol Bg A (ild Joa Ldls
Ldsll SO 909 33ydlg @8l ub} QLLA B lagia

19.10 A student uses a Kmax—f graph with a y-intercept of =4.0 x 1079 J and slope 6.63 x 10734 J s. Find o, fo, and
Kmax at 9.0 x 104 Hz. Explain the negative intercept.

fos (0] ..\:>;9i Js 3410 x 6.63 @9]19_10 x 40— v..ub“ aglad s5ydlg abell &S yodl Bl lawy I pAS Ly
Al gladll 128 \Hz 10 x 9.0 ae sabaell &Syl Blbg

EXAM QUESTION 19 - ANSWERS
Photoelectric Analysis

= E - (@ = — - — -20
19.1Kmax—E @=3/-26=05eV=8xI10 J

102 E = % % 3.4S eV

2 - -19
Ko ® 125 eV =2x10""17

m

2Kmax

= % 6.63x10°m s

Yimax Me

1939p=€E-K = 2.8 eV

fo = = 6.76 x 10! H2

S

194 K = %mevz =291§ x 1070 J = 1.822 eV

©=5-1822=3]78 eV

1950 = hfo = .48 x 1077 7= 2.8 ev

(3.31S - 0.663) x 107
(10.0 — 6.0) x 10"
Q= hfl - K, = 331§ x 1079 J

196 h = =663x103%47s

fo = % = 5.00 x 10 Hz

1970 = 2.6 x .60 x 107 = 3.84 x 107 7
fo = % = 5.79 x 104 Hz
Ao = % = SI8 X107 m = SIS nm
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19.8 AKmax = hAf = 6.63 x 10734 x 2.0 x 10'4

1.326 x 107"
= -l9 = — =
1.326 x 1070 J 180 X 1079 0.829 eV

19.9 Kmax,A = §.0 — 2.0 = 2.0 eV
Kmax,B = 4.0 — 3.0 = 1.0 eV
Both slopes equal h on J-Hz axes. B has the larger threshold frequency.
51 e 33x3 B 3lalg HZg ) cyomal h liglung glislucie pdall
19109 = 4.0 x 10797 = 2.50 eV
fo= - =603 x 104 Ha
Kmax = hf — @ = 1,967 x 107 J
The negative intercept is an extrapolation, not an emitted electron’s kinetic energy.
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EXAM QUESTION 20 - QUICK REVISION
Hydrogen Transitions

o 9039l sl e s

Learning Outcomes qls:l xilgs

1. Calculate atomic energy changes between Bohr
levels.

2. Calculate emitted or absorbed photon energy,
frequency and wavelength.

a givenn.

Quick Notes .l doMs

Atomic change: Ef - Ei; positive for absorption and
negative for emission.

Photon energy is |AE|. Convert eV to J before finding
frequency and wavelength.

For inverse problems, solve for n and check that it is a
positive integer.

13.6 eV
En = —T,‘ AEatOW) = Ef - EI
_ o_ Ey L _ he
Ey = /AEatom/’ f = T, A= E_y
ra = (0.053 nm)n? E, = _’3.5—26\/

10 Practice Questions

3. Calculate hydrogen orbital radius and total energy for

oo edlas] Ms- 331 By olus
aleddly uoholaﬂl u.@ dobg oasyig yygigall d8lo slus

LY UASJ.&S!J aBlbg gyl slaa yhad b Ulus

g olazaW cogo Ef — Ei 5,01 &8sy

le s

sl Glus 3B ] JI€V o> | AE] y550all 28U
s>sall Jakllg

oo sue &l §lindo N e | 2l Bluall 3

20.1 In hydrogen an electron moves from n = 2 to n = 1. Find both level energies and the atomic energy change;

identify absorption or emission.

pl Lolaal suog 8531 8Bl iy pasgnall B8 ol =T JIN =2 o 050 Sy ez osisn 835 3

20.2 In hydrogen an electron moves from n = 1 to n = 2. Find both level energies and the atomic energy change;

identify absorption or emission.

pl Lolazal su>g 8531 8Bl 5y pusguall B el =2 JIN =1 o oy Jazy ez osism 835 3

20.3 For hydrogen n = 4 to n = 2, find photon energy in eV and J, frequency and wavelength; identify the process.
Jeladl ¢ 93 sisg (> 0all dgbgossyig Jo €V Jius gy fygisdll B8l cawsl N =2 JIN =4 (o g yae o]

20.4 For hydrogen n = 4 to n = 3, find photon energy in eV and J, frequency and wavelength; identify the process.
Jeladl ¢ 93 sisg (> oall dgbgossyig Jo €V Jius g fygisdll B8l cawslN =3 JIN =4 (o e gyae sl
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20.5 For hydrogen n = 3 to n = 5, find photon energy in eV and J, frequency and wavelength; identify the process.
Jeladl ¢ 9 sa>g (> gall dglbog 03333 Jo €V Jumgy yeisall Blo cawnl M =5 JIN =3 po (e gy Jlasl
20.6 For hydrogen at n = 4, calculate orbital radius in nm and total energy in eV.
dgd o xSIYL Al d8lallg yia gL yladll Chad cewsl =4 e s g y0s 853
20.7 For hydrogen at n = 6, calculate orbital radius in nm and total energy in eV.
dgd o ySIdL Al d8lallg yia $LIL yadll Chad cawsl = 6 sie s g yas 353
20.8 A hydrogen atom has orbital radius 1.325 nm. Determine n, its energy, and the energy required to ionize it.
Laald doyl @Bl g 8,401 @8lsg N sus .M 1.325 ylas yhad and fyum g ysd 533
20.9 What is the minimum energy to ionize hydrogen from n = 2?
?HZZQA\}:&.}QJA(:QSJ.BMLZJ @LbJQiLa

20.10 As n tends to infinity, what happens to radius and energy? Is n = 2.5 an allowed orbit?
$l5gawa 13laa N = 2.5 oSy ol oSay Jag a8y shill dad s 13lo s ;g0 N 8sli5 sie

EXAM QUESTION 20 - ANSWERS
Hydrogen Transitions

20.1 Ei = —% = -34¢eV

136
Ep = - = -13.6 eV
AEatom = Ef —E =-10.2 eV
Ewmission, Ephoton =102 eV
202 Ei = —% = -13.6 eV

13.6
Ep=——7— =-34eV
A'Eatom = Ef —E =102 eV
Absorption, Ephoton =102 eV

_ 136 | 136, _ ~ -9
20.3 Ey—/ 7 g | =255eV =408 x10""7
= % = 6.5 x 10" H2
A= P - 4975 wm

Ey

Ewmission
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_136 , 136
q 16
==Y -6 x10% H2

204 E. = | | = 06611 eV = 1.06 x 1077 7

>
\
\

1880 nm

136, 136
25 7
F==Y =233x0'9 H2

205 E. = |- | = 09671 eV = 1.55 x 10717 7

= = 128S nm

|
|

Absorption

20.6 rn = agn? = 0.053 x 42 = 0.898 nm
13.6

En = "’7 = -0.85 eV

20.7 rn = aon® = 0.053 x 6% = 1.908 nm

13.6

o = -0.3778 ¢V
1.325
0.053

13.6
'T - O.S‘i‘f eV

Eion = 0.544 eV

En = -

208 n? = =2S5=>n=39§

E5=

209, =0- (-3.90) = 3.90 eV

2010 ry < 0% En — 0°
Radlius increases and energy approaches zero from below; n must be a positive integer.

L g0 Buses 1dae 4550 Oi et N el e saall e @BUall Oyudiy ladll caas sla iy
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