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Student / JUall ool (....) cClass: 12 Adv / au=iinl Date: .... [ .... 12026 / gy, Ll

a.u.fla).\.n“ <y |33J| / Constants: g=9.8m/s* | h=6.63x10"*J.s | ¢=3.00x10°m/s | 1eV=1.60x10"") | hc=1240eV-nm | m,=
9.11x10°% kg | mp=1.67x 10" kg | a, =0.0529 nm

‘ Ea s
§ L H

—

(16 - 1) JSue)l wlo 50 895 ascgivgall aliwdl :JoY| puall | PARTI: MULTIPLE-CHOICE OUTCOMES (1 - 16)

OUTCOME 01 | (01) u\o.nl:u.” C)-"“Jl [Student Textbook pp. 14-20, 25 | Example 4 | Practice 31-34 | CYP 36]

Define potential energy and gravitational potential energy; relate GPE to mass, height (GPE = mgh), and show that work done by
gravity is opposite to AGPE.

s sl Jraidl ol wlsls (GPE = mgh) glai,Vls aliSIL lgka s anslall giosll adlboy giosll a5l sy
il giosll @8l 9 il lw 5ol anslzll

Textbook Reference Question(s) | s2> o)l uw a0l US| Jlguw:

Textbook Practice 32 (p. 20): A boy lifts a 2.2-kg book from his desk, which is 0.80 m high, to a bookshelf that is 2.10 m high. What is the
potential energy of the book-Earth system relative to the desk when the book is on the shelf?

2.10 gii wiS 3, Il m 0.80 gi sl aiSo & kg 2.2 ailiS LUS (o g8 00 (20 Lo) 32 SLSIl e
Tl Lle OGS 098y bosis Sl (] anuidl (o VI - CLSIN) pllai) aysll giogll bl Lo .m

:Solution & Answer Space | &Yy J=I d>lweo
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&slo T alag] | (2027-2026) padiall pine il canall - sl uall olxiol JSun | addsll o D a0

(&
Q111 1.1 s, Lis Y Jlgull Q121 1.2 s, LYl Jlgall
A 2.0-kg object is raised 3.0 m above a reference level. How much When an object moves vertically downward in Earth's gravitational
gravitational potential energy does it gain? field, the work done by gravity (Wg) is:

Soimto 399 M 3.0 asluwwo ky 2.0 ailiS punz 235 | awslxll Jlro o8 Jawdl o Luwl, panz Iy Losis
Sagslall aziog asllb 8 8031 lxio Lo .oluw)l 1095 (Wg) awsll aiw 3l Jridl ol vams Yl
A)19.6) A) Negative and equal to +AGPE | ).uu” AZ90 S9 LuLg_s Jlw
B) 58.8J a.u.)Lz” &’03“ il u\9
E)) 61'371.“ B) Zero because gravity is conservative | 699 awsd I Q:y Py

aladlx

C) Positive and equal to ~AGPE | ).uu.“ dlw ‘__.s_9lw._:3 g0
audlAl gogll aslb (9

D) Independent of vertical displacement | &.>|J':y| ulf— doiy y

]I

OUTCOME 02 | (02) u\;u.lx».“ C).?.o.” [Student Textbook pp. 20-22 | Check Your Progress 35]
Define elastic potential energy and give examples; interpret mass as rest energy (E, = mc?) and identify other forms of energy.

asllall JIul aamig «(Eo = me?) oSaw abllaS aliSIl jpuusis (lgals aliol slacly aygroll giosll asllo aymi
.§p:3’|

Textbook Reference Question(s) | (s2> ol o ool GUSII Jl5aw:

Textbook Check Your Progress 35 (p. 22): You compress the spring in a jumping toy, then release it. The toy then flies straight up. Describe
how energy manifests itself in different ways in this system from compression to the top of its flight.

ol S o Lo W ol aselll ulaid ailss pi 65905 ase) (58 Liasls akias :(22 o) 35 LSl aszl o
Elail asl ] asslll Jgog iz asiall alan) o elail 13n (8 aslisell aslall JiSwl

.Solution & Answer Space | au_L?}”_g J.>J| a> bwwo

Q21]2.1 s, LYl Jlsuwdl Q2.212.2 s, Lzl Jlsull
Which system stores elastic potential energy? According to Einstein, the rest energy E, of a particle with rest
. ~ & ¢ 5 . .
Sagigro giog adlb oY% aw¥l aolaVl o 5 mass m is expressed as: ) . o
A) A glowing incandescent lamp | S svao Adgio (_Lyau: ailis P“'MLRJ Eo usSWUJI a5l Of 'U"l“”‘“y Ln_93
B) A car moving on a level road | d-'\)Ja QJL éJ).zu bJLq.w QML M dvs !
. A) Eo =mc?
2 il sl B) E, = %mv?
C) Awarm cup of water | ¢s81> slo S ) C) Eo = hf
D) A bent fiberglass pole in pole-vaulting | JLJ)” o D90l D) E, = mgh

S aall asly 8 e a2l

OUTCOME 03 | (03) soudsill z 5o]l  [Student Textbook pp. 29-32 | Example 6 | Practice 44]

Compare elastic and inelastic collisions; explain the loss of kinetic energy in inelastic collisions and apply conservation principles.

Gubais @iall put wlosbail o S ol aslall Olais s i redl yuts @i roll wlosbadll o sl
Azasl ol
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Textbook Reference Question(s) | (s2> ol w0l GUSII Jl5aw:

Textbook Practice 44 (p. 32): An 8.00-g bullet is fired horizontally into a 9.00-kg block of wood on an air table and is embedded in it. After
the collision, the block and bullet slide together with a speed of 10.0 cm/s. Find the initial speed of’the bullet.

ke kg 9.00 LeiliS aiSlw apias azkad 9= Lasl g 8.00 leiliS ol caalbsl :(32 o) 44 CLSIl ayya
awolo,l) aglanYl as uull 325l .cmis 10.0 ac junr pobaill a2 leo LSz (lgsd < psianls aglsn algllo

.Solution & Answer Space | a'u_L_>}1|3 J.le a> bwwo

Q3.1 3.1 ksl Jlswll Q3.213.2 s,luisVl Jlsawll

Which physical quantity is always conserved in every collision In a perfectly inelastic collision between two objects, the colliding
within a closed, isolated system? bodies:

p3lai JS (8 Lasls abbgamall agly el aeSl Lo old momiz ou loloi dig rell ppas polaill o

S izos Glio plas J5ls &y : oo laial | raml|

A) Individual kinetic energy | UJS— O JSJ mS).z” aslall A) Rebound with no loss of kinetic energy | 9o ()Lo.«.u.z.” VY]
83> Sl asllall o 2ao

B) Total mechanical energy | q.\.lS“ q.&.ulg.u.;“ aslUall B) Stick together and move with a common velocity | d;aul.v

0) Total linear momentum | S| (daxdl o5 I aS e 4w OB =ing Olowuzll

D) Individual object velocity | 62> ,_;J.C« oM JS ac w C) Gain total kinetic energy from rest | euS)z” aslall .)|.)J'J

oSudl Al oo Sl
D) Experience zero change in momentum | u-9 prLy §| (WAL T) y

o>l

OUTCOME 04 | (04) u\cu.lm“ c_)kzx“ [Student Textbook pp. 46-48 | Figures 1, 2, 3]

Describe thermal radiation and emission spectra; relate peak frequency to temperature and explain where classical wave theory
fails.

aplail §las| golgo puosis oLl az s 59,3l 33,5 layyg wosles¥l Blbls s Ll glabdl cios
asSawdSJ] > gall

Textbook Reference Question(s) | (s2> o)l s a0l US| Jlgw:

Textbook Concept (pp. 47-48): Explain how the peak frequency and total radiated power of an incandescent filament change as its Kelvin
temperature is doubled, and why classical wave theory fails at high frequencies (Ultraviolet Catastrophe).

2is ggio tlhuae Juiad &Sl aclewdl 6,xilly 8o,30] 30,5 ks S g ((48-47 o) LSl pogio
855 8,15) adledl @looil 2is aSowdSI azgall &ladll caaas [3lalg caillasll ai)l,> &5 5 4asliao
(azawaill

:Solution & Answer Space | aJ_L?:yIB J.le a> bwwo
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Q4214.2 s, LY Jlgall

If the absolute Kelvin temperature of an object is doubled, its total
radiated power increases by a factor of:

o) (alSIL) asllaoll 6, =l a5 50 casclias 15]
Dlasay ol s g il adSIl 6 08)l L8 2 gio

Qa114.1 s, LisYl Jlgull

As the Kelvin temperature of a glowing blackbody increases, the
peak of its emission spectrum shifts toward:

Tgio deml ezl ddllaoll 8,2l d3 5 casai)l LalS
o v ailel calo @ad 09

A) Higher frequency and shorter wavelength | ,JSJoS uJ..Ci ARPY) A) 2
o8l 5250 o)
B) Lower frequency and longer wavelength | ,J3Jo3 ,J_9i BRPY) (I;)) jé
Jsbl 250

C) Lower intensity and longer wavelength | Jsjog J_‘Ji 620

Jsbl 250

D) Constant frequency with zero shift | Cl-.'JJI §| 09> wl.: BRPY)

OUTCOME 05 | (05) soulsil g 5ol [Student Textbook pp. 48, 52 | Practice Problems 1-4]
Explain Planck's concept of quantization of energy; describe radiation as a change in vibrational energy and calculate E = nhf.

bz wal Yl aslall (8 ,uaS paioall ol cansioll glaidl iuogy (aslall praSi) Ll pogio ruamis
E=nhf plasiwl, aslall

Textbook Reference Question(s) | (s2> ol o ool GUSII Jl5aw:

Textbook Practice 1 & 2 (p. 52): (1) What is a photon's energy in eV if its wavelength is 515 nm? (2) A photon's energy is 2.03 eV. What is
the photon's wavelength in nm?

aidllo Vgig9 (2) Tnm 515 Logoll alglo YlS I5] eV 6a>gs Ugig9 adll Lo (1) (52 o) 2 9 1 OLSII ey
nm 82>9) 29oll algb Lo eV 2.03

:Solution & Answer Space | a4l7y|3 .J.z“ a> bwwo

Q5.1]5.1 s Lzl Jlsudl
According to Planck's hypothesis, an atomic oscillator vibrating at
frequency f can have an energy equal to: .
Ol £33, jigr 5,5 wdal oSy iy dwio o) ladg
tsolws asll llioy
A) 0.5 hf
B) 1.5 hf
C) 3 hf
D) 2.5 hf

OUTCOME 06 | (06) oudsill 7 xall

Q5.215.2 s, Lzl Jlsadl

An atomic oscillator changes its vibrational energy state from 4hf
to 2hf. What energy is emitted?

Wl 4hf o 53 wadel ajlaYl albll Al o ik
Saizuioll adlall Hlaso Lo .20f

A) hf

B) 2hf

C) 6hf

D) 8hf

[Student Textbook pp. 49-51, 58 | Check Your Progress 16, 17, 20, 21]

Define the photoelectric effect, photoelectrons, photons, threshold frequency, and electron volt (eV); explain how emission

occurs.

T sy (eV) csd 0I5 casiall 22,55 lisisalls asigiall s iS¥ly rosisios reSIl sl oy
ol &ga>
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Textbook Reference Question(s) | (s2> ol w0l GUSII Jl5aw:

Textbook Check Your Progress 16 (p. 58): Why is high-intensity, low-frequency light unable to eject electrons from a metal, whereas low-
intensity, high-frequency light can?

o9 alaw o wlig iSIVl = e 20,3l Jasing sauidl e sgiall 1=y 13la) (58 o) 16 LSl dax>l )0
Tl o 9 2o il Wleg souidl jasxio soiall axi Loiw

.Solution & Answer Space | a'u_L_>}1|3 J.le a> bwwo

Q6.116.1 s,LizYI Jlswll Q6.216.2 s, LisY Jlsawll

When electromagnetic radiation with frequency f < f, strikes a One electron volt (1 eV) is defined as the kinetic energy gained by
clean metal cathode, what occurs? an electron accelerated through 1V, which equals:

33,5 o J8l 03355 o litog »gS & leii] sy losis | il aslall ail (v 1) s>lg)l cgd oo uSIYl 8 ds
Tz blo w38 lago e (f<fo) asll V1 agz G098 mE amg i ais 098] leniSy

A) Photoelectric current increases with intensity | JL_!_J.” )|.))'._:_ “S9 L“*-{.S

s 85Uy o098l A) 6.63x 107

_B) Electrons are emitted with zero kinetic energy | auid B) 1.60 x 10:: .

e oo 5 ol 1 S

C) No photoelectrons are emitted regardless of intensity | Cauds )

sl casls Lago agio < lig S|

D) Electrons are emitted after a long time delay | asaly

Jisbo nioj 5l ans o lig asIyl

OUTCOME 07 | (07) u\o...lm“ c_)kn“ [Student Textbook pp. 51-56 | Examples 1, 2 | Practice Problems]

Calculate photon energy from wavelength or frequency; distinguish effects of light intensity (current) and frequency (KE_max).

asllall) 55,31 ,ile GLal 8auin) sguall s il o jumailly 33,3 o sz all Jslall o Ogigall abll wlus
(solaz)l a8 =l

Textbook Reference Question(s) | (s2> o)l s o0l LSl Jlgw:

Textbook Practice 13 (p. 56): The work function for cesium is 1.95 eV. What is the maximum kinetic energy, in eV, of photoelectrons ejected
when 425-nm violet light falls on the cesium?

eV 63591 calasdl &Sl aslall Lo eV 1.95 sqlus pos il Jaid] alls 1(56 o) 13 CLSIl cayas
S ol Gle nm 425 Logall algb oiis s boiw is ainiall aggiall ol iSIN

:Solution & Answer Space | a.;l:_}”s ,J.z“ a> bwwo
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Q7.117.1 s, Lis Y Jlgull
What is the energy in electron volts of a photon with a wavelength
of 620 nm?

adglo OIS ] wdgd Yo iSIY] 8259 Vgigd adlb Lo
§fnm 620 >g0]l

A) 1.00 eV

B) 2.00 eV

C)3.10eV
D) 4.00 eV

OUTCOME 08 | (08) seulzill ¢ 3xall

Q7.217.2 s, LisYl Jlgull

For light of fixed frequency f > f,, doubling the intensity of the
incident beam will:

ols (> 1) axinll 33,5 o ST culi 35,5 55 sgial
._,Jl SO Lsludl almh.” b aacliao
A) Double the maximum kinetic energy of electrons |
b SIN ralasd] a8 =l aslall

Jaadl Al cac iaw

B) Double the metal's work function |
C) Double the photoelectric current | JLu.“ u:&La.u
g9 ¢8|

D) Halve the threshold frequency | QJ! 4.u.9.]| SRPVarg-T-L 17}

[Student Textbook pp. 50, 53-55 | Example 1 | Practice 5-11 | CYP 20]

Calculate KE_max, work function, and stopping potential; interpret KE_max vs. frequency graphs (threshold frequency and

Planck's constant).

culig anrll 55,5 o=l (KE_max - f) (ixio juaaig <9yl sgzg Joidl dlog alasll &S =)l asla)l o lws
RO

Textbook Reference Question(s) | (s2> ol ool GUSIl Jl5uw:

Textbook Practice 8 & 10 (p. 54): (8) The stopping potential for a photoelectric cell is 5.7 V. Calculate KE_max in eV. (10) The maximum
kinetic energy of emitted photoelectrons is 7.5 x 107" J. What is the stopping potential?

eV. (10) 62> g1 KE_max caumzl v 5.7 sgbwy diging 165 adz) wola)l ag> (8) :(54 o) 10 9 8 CLSII e s
Soslayl gz Llado Lo 319710 X 7.5 atsuiod] o lig iSIN calasl @S =l asllall

:Solution & Answer Space | au_L?}”_g J.z“ a> bwo

@8.118.1 s,LizVl Jlswll

Photons of energy 5.2 eV strike a metal with a work function of 2.1
eV. What is the maximum kinetic energy of the ejected electrons?
2.1 alaiv alls 15 e ev 5.2 lgidlo wlgigs lasus
6 miall @l iSIN Galasdl &S =l asllall b .ev
A) 2.1eV

B) 3.1eV

C)5.2eV

D) 7.3eV

OUTCOME 09 | (09) reulzill ¢ 3all

@8.218.2 s,LuzVl Jlsull

On a graph of maximum kinetic energy (KE_max) versus incident
photon frequency (f), the slope of the straight line equals:

walasl @S ol asllall oy adall bl puJI (0
Ll Jio sgbus (1) Lasbwdl og59all 33,5 (KE_max)
! i I

A) The threshold wavelength A, | .5).7.” @73.0.” Jg]a“ )\o

B) The work function W | .J.x.uu” abw

C) Planck's constant h | éla)la wla h

D) The elementary charge e | qu;)lI aicuid| e

[Student Textbook pp. 57-58 | Check Your Progress 18, 24]

Calculate photon momentum (p = h/A); explain the Compton effect and how photon-electron collisions obey conservation of

energy and momentum.

lai> igildd 09iSIYls Osisill wloslas gas xSy OsiresS il mmiss (p=hi) Ugisall @3 ol
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Textbook Reference Question(s) | (s2> ol w0l GUSII Jl5aw:

Textbook Check Your Progress 18 & 22 (p. 58): Distinguish the photoelectric effect from the Compton effect, and compare the wavelength
of a scattered X-ray photon to the incident X-ray photon.

0s354) zall Jslall 0,5 0sisesS sl wsos e8Il Ll ow o (58 (o) 22 5 18 LSl aszl
daslull ggisall zgall Jslall canitiall asisll axill

.Solution & Answer Space | a'u_L_>}1|3 J.le a> bwwo

Q9.119.1 s, Lzl Jlguwdl Q9.219.2 s, Lzl Jlsudl
Which equation correctly gives the linear momentum p of a photon | When an X-ray photon scatters off a stationary free electron at a
with wavelength A? nonzero angle (Compton effect), the scattered photon has:
~ s 5 . .
0sisa) p ozl o33l (las ag¥l e Yolaadl go 51 | oSl o> 0S| of asiw anil Ogisd catini; loxis

N zsall sl Osisall 15 (0sisesS ) amo s asls
A) p = mc? el 06 waiinial |
B) p=hA A) Longer wavelength and lower energy | J9J0| T 90 ,JSJo
Cp=h/x Jsl asll "
D)p=hf/A 3 .

B) Shorter wavelength and higher energy | ).;a_9| ST 90 JSJa

el aslbg

C) Same wavelength and lower momentum | uo}n.” J3J0J|
J.9| 0> )9 dnudi )
D) Higher frequency and zero momentum | 09 uJ.(—l PPV

OUTCOME 10 | (10) woudsil z o)l [Student Textbook pp. 59-61 | Example 3 | Practice 25-28 | CYP 29, 31]

Describe de Broglie's hypothesis of matter waves and experimental verification by electron diffraction; calculate de Broglie
wavelength A = h/p.

2 250 Jobo Clwzg il S 251> ue lgio ozl Gaxilly oladl wizgal (o 5 dro 9 Chuog
A=hip g

Textbook Reference Question(s) | (s2> ol ool GUSII Jl5aw:

Textbook Practice 26 & 31 (pp. 60-61): (26) A 7.0-kg bowling ball rolls at 8.5 m/s. Find its de Broglie wavelength and explain why it shows
no observable wave behavior. (31) Find A for an electron accelerated through 125 V.

790 Jobo sl imis 8.5 ac o kg 7.0 LeikiS midos 6,5 a5 (26) :(61-60 o) 31 9 26 GLSIl i
V125 2gz §9 e o 09 iSIY A cawl (31) L szsall lgSolw ysgls pae sy le (Ao 50

:Solution & Answer Space | aJ_L?:yIB J.le a> bwwo
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Q10.2|10.2 s, Lzl Jlgull

Which experimental phenomenon directly confirmed de Broglie's
hypothesis that material particles exhibit wave behavior?

Ol o 3 anio )8 6 ilio ST sz 5,0l
ez g0 Bolw aploll wlopmzl]

A) Alpha-particle scattering from gold foil | Ln.li uLn..uu.? CAW
il axso dlawlgs

B) Electron diffraction through crystals | prig ubs).&]yl dgu>
ol

C) Blackbody thermal emission | .a.uu.zll §J|)2J| &lx.w}”
sea Yl

D) Photoelectric threshold current | 95_94'0_9).35.” a.u.9J| _)Lu

Q101110.1 s, LisYl Jlgad]

If the momentum of a moving particle is doubled, its de Broglie
wavelength will:

S &z90 Jsbo 0L 1 ymie ez a3 caclas ]
1) cobaall g

A) Double | caslais

B) Remain unchanged | T.uLi iy

C) Decrease to one-half | aaill ._;J! By,

D) Quadruple | aJLmi cuz.ui UJ! .)|.))'J__

OUTCOME 11 | (11) (raulsil g0l

[Student Textbook p. 61 | Check Your Progress 32]

State Heisenberg's uncertainty principle and describe the fundamental limitation on simultaneously measuring position and

momentum.

s cadgll (20 a3y an jg pumnll adge Lwlid Gle uwlwIl sl Ciogy & i ple) ozl pas Tae LS5

Textbook Reference Question(s) | s2> ol w0l CUSII Jlgaw:

Textbook Check Your Progress 32 (p. 61): How does the Heisenberg uncertainty principle explain double-slit interference patterns even if
photons or atoms pass through the slits one at a time?

il a2 08 Sl bolail 0355 & i jule) xamill p26 Tase suiy asS :(61 (o) 32 LSl axzl o
SVl ol 83>l il ue wlall ol wligigall @ o o) iz oo j0ll
:Solution & Answer Space | &Yy = a5 lwwo

Q111]11.1 s,z VI Jlsudl

According to Heisenberg's uncertainty principle, as the
measurement of a particle's position becomes more precise (Ax
decreases), the uncertainty in its momentum (Ap):

oolid qwol LalS g uiule) 2ozl pas Tasal lasy
w9 ol pae 98 J(Ax Jay) 48> )_Ji ow| gdgo
:(8p) aa>

A) Decreases to zero | )_{;_,OJI uJ! 6=y

B) Increases | )I.))'._u_

C) Remains constant | Ll dw
D) Equals the particle's mass | p.w\a“ alis n§_9LW-.'.

OUTCOME 12 | (12) (roulsil g0l

Q11.2]111.2 s,LizYI Jlsuwdl

Heisenberg's uncertainty principle places a fundamental limit on
simultaneously measuring which pair of quantities?

ol oolia) Luobol Taz g0 ale) aazill pas Taso giny
azly of 8 a8 asluall o laSIl o g

A) Mass and electric charge | c\u‘b).g_(.” wlg alisJl

B) Position and momentum | p)JIS &93.4;.”

C) Speed and temperature | 6J|):d| iz o9 A.C).w.”

D) Frequency and wavelength | uos.a” ,Jg]a.”g .).))1“

[Student Textbook pp. 62-63, 74 | Check Your Progress 41]

Compare Thomson's plum-pudding model and Rutherford's nuclear model; explain why Rutherford's classical model fails to

explain atomic stability.

sedi o Sl 5,993, Tigei jRe sy «sesill 2)99)3) TIgais Vsmesh TIsai v & liall
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Textbook Reference Question(s) | (s2> ol w0l GUSII Jl5aw:

Textbook Check Your Progress 41 (p. 74): Summarize the structure of the atom according to Rutherford's nuclear model based on the
alpha-particle gold foil scattering experiment.

vaind ] cwdll aiio alawlgy Ll

.Solution & Answer Space | a'u_L_>}1|3 J.le a> bwwo

Q121]12.1 s, LuzVl Jlsudl Q122]12.2 s,z Jlgull
In Rutherford's gold-foil experiment, the rare large-angle What was a major failure of Rutherford's classical planetary model
deflections of alpha particles proved that: of the atom?

Lol il 2,88,9,) il dxiio &m0 sSoSI 3,98,5) Tisai o9 awmsi | saill azsl Lo
:0l Wl @ lopuz) 8,08 asls 8,0 To,3l) oSSl
A) Positive charge is spread uniformly throughout the atom | asisuad | A) It could not explain why atoms are mostly empty space | ,oJ
5,31 58 pllaiily 45 jgo aszsall ©ly9 6,301 plass 058 yunis glatu
B) Most of the atom's mass and positive charge are in a tiny central B) Accelerating electrons should radiate continuously and spiral into the
nucleus | UL)S).MD :u?g.o.” l.g.uz.w lg oJ.).” alis PJa.:u.a nucleus | J|)..a.uul; &N ui q..CJhAu.o“ ul;s).n.g}U R
SRPRIPTL slaill 92 Lig k> iy
C) Electrons are stationary inside the nucleus | aiSlw ul;g);SJ:W C) It predicted no alpha-particle deflection | dl)Ju| ©X Lu
slaill S5 i o lopm
D) Atoms are completely solid spheres | au.Lo ul)S ub.)..“ D) It ignored the existence of electrons | J9>g meu

lolos < lig Sy

OUTCOME 13 | (13) woulsill z=o)l  [Student Textbook pp. 64-66, 74 | Get It pp. 65-66 | CYP 40, 42-44]

Distinguish continuous, emission, and absorption spectra and the use of a spectroscope; explain how spectra act as elemental
fingerprints.

LY axf oS togig 1 Sldaall plaxiwly jolaiodl calbg wleuVl ooy jaimall cadall u el
o ligdl 3oz 8 juoo douay

Textbook Reference Question(s) | (s2> o)l s o0l US| Jlgw:

Textbook Check Your Progress 43 (p. 74): How do the emission spectra of incandescent solids and atomic gases differ? In what ways are
they similar?

ol el cads s ammginll dadall pluzW el cads caliz, caS (74 o) 43 OliSUl aszl 0
Toleliny sz sl (9 Tapsll
:Solution & Answer Space | &Yy = a5 lwwo
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Q131113.1 s, LisYl Jlsadl

When light from an excited low-pressure gas passes through a
spectroscope, what spectrum is observed?

basiall jassio Llis S oo camioll sgiall oy losic
Slax W sl caddall g9 Lo vslilaoll jus

A) A continuous rainbow band | o9 u|3Ji 0o J..-a.m Ja.u.uu
B) Bright discrete colored lines on a dark background | JaSJa7
aiSly asal> e alasio aipias aislo

C) Dark lines superimposed on a continuous spectrum | JagJa:
Juaio cab (oo @Sl

D) Only infrared wavelengths | s|).o_> AR du> g0 J|_9Joi

OUTCOME 14 | (14) (oulsil 250l

Q13.2|113.2 s, izl Jlgwll

Dark Fraunhofer lines in the solar spectrum are produced because:
wsosidll Caulll 8 sallnoll 19541, bslas 05Su
R

A) Cooler gases in the Sun's atmosphere absorb specific wavelengths |
a1z 50 Yol o] Nl (8 501 Wl Laios

6J)2Ro

B) The Sun's core emits only discrete frequencies | ) |3.v Jai

lbss alasio wlrs i Huouidl

C) Earth's magnetic field reflects visible light | ,Jl:x.o.“ uu_{x;

el ssiall (rio I (auuslo lizall

D) Diffraction gratings destroy red wavelengths | J'J'on J-’J-’

shhamll azgall JlglbVl 5ol

[Student Textbook pp. 67-69, 72, 74 | Practice 33, 35 | CYP 45]

Describe Bohr's model (stationary states, quantized energy levels, ground and excited states), photon transitions, and Bohr's

limitations.

wlgigall wYlauly (8,lally apo, Y1 sl LslaSa)l a8lall wlgimo b sbimall ©YI) o1 T3g0i Cinog
D9 TI90 &1092R09

Textbook Reference Question(s) | (s2> o)l s ool LSl Jlgw:
Textbook Check Your Progress 47 (p. 74 / p. 79): Although it was able to accurately predict the behavior of hydrogen, in what ways did

Bohr's atomic model have serious shortcomings?

Lo cuzngll 6,5 Jokuw a8 3l 08 5 3l s Tisai Tl po pidl ols (79 (o) 47 LSIl a2l s

Teisaill I cagzls il d ol jsuaill azsl

:Solution & Answer Space | a4L_>y|3 .Jz“ a> bwwo

Q14.1]14.1 s LYl Jlsaudl

According to Bohr's postulates, an electron in a stationary’state:
Al 8 29790ll VoSN OB 19 i ol Ladg
(g gomuo ,lao) & bimo

A) Continuously radiates electromagnetic energy | aslb &u.u
olreiwly dulolises 168

B) Has a definite quantized energy and does not radiate |
i Vg 8laSo 8r0z0 adlbo

C) Can occupy any radius around the nucleus | Qi J.v.uu cu&m
sloill Jg> ,lnb o

D) Spirals rapidly into the nucleus | 9 A4S T.us)b éJ)J.u

slgil

JLNS X ~

OUTCOME 15 | (15) croulsil] 7 el

Q14.2114.2 s,z Jlswll
When an electron in an atom makes a downward transition from
energy level E; to E,, the atom:

a5l piune ro Uogan 655 o 9iSI] Lt Losis

6,1 b LB gl | Es

A) Absorbs a photon of energy E; +E, | aidlo =L:9.;_9_9 uaios B3 +
Ez

B) Emits a photon of energy E; - E; | a.;_9l.|o:=b_9.a_9_9 Jxai E3 - Ea

C) Becomes ionized immediately | |_)_9_§ u.ll.u

D) Emits two photons of half energy | Lo.g.a.o JSJ u.u_g.:gs PRY-Y)
asUall Canai

[Student Textbook pp. 69-71, 74 | Get It pp. 70-71 | CYP 46]

Describe quantized orbital radii (r, = a,n?) and energies (En = -13.6/n” eV) in Hydrogen; explain negative bound energy and

Lyman, Balmer, Paschen series.

a8llall yuunaig «(En=-13.6/n2eV) (uzo,uell 8,5 wlilbg (= aon?) slaSall o)l Uasl Glail Caios
.oaisby sally Olad dwdawg adlull
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Textbook Reference Question(s) | (s2> ol w0l GUSII Jl5aw:

Textbook Get It (pp. 70-71): Describe how the orbital radius and total energy of a hydrogen atom depend on the principal quantum
number n, and identify the transitions producing the visible Balmer lines.

oS oamll Gl oz e el 5,3 adSIl aslally laall Jlab o asizy S cio ((71-70 o) GLSII Jlguw
i poll yalb dbadw bolas gid (il oYYl 3a>g in cwa ]

.Solution & Answer Space | a'u_L_>}1|3 J.le a> bwwo

Q15.1]15.1 s, LuzVl Jlsadl Q152]15.2 s,z Jlgauwll

What is the total energy of a hydrogen atom when its electron is in | Electron transitions in a hydrogen atom from higher levels (n 2 3)

the first excited state (n = 2)? down to n = 2 produce the:

leioiSI] 095 Loaie oz el 6,3 adsIl adlall b | wlgimoll o ozl 6135 28 aniguSIYl wYlanYl

S(n=2) oVl &, liall Al (s il =2 sgimall W] (n23) Ll

A)-13.6 eV A) Ultraviolet Lyman series | auzaaid] 399 Olo aldw

i; ::1%:(1) :z B) Visible Balmer series | mJ)a.“ ).nJL aluudw

D) +3'.4O v C) Infrared Paschen series | Sl).aJJI CAR u.wl.u 4.1.;».1.«.:1
D) X-ray Bremsstrahlung spectrum | O @l.: duw ai] cado
alo_all ¢laso)

OUTCOME 16 | (16) _woudsil z =)l [Student Textbook pp. 75-79 | Get It pp. 76-79 | CYP 47-50]

Describe the quantum model (electron clouds, de Broglie standing waves 2nrtr = nA), spontaneous vs. stimulated emission,
coherent light, and lasers.

sl S libnis Lol yiall sginlls

Textbook Reference Question(s) | (s2> ol ool GUSII Jl5aw:

Textbook Check Your Progress 48 & 49 (p. 79): (48) Explain whether green light could be used to pump a red laser, and why red light cannot
pump a green laser. (49) State four characteristics of laser light.

oSar Y Blads axl i wia) eVl sgiall plasiwl aslSo] ribg (48) (79 Lo) 49 ¢ 48 LUSII dszl 0
ol ssio jiai pailas gl 551 (49) uas| ) mio jo> Y sgiall
:Solution & Answer Space | aJ_L?:yIB J.le a> bwwo

Q16.1]116.1 (s, LizYI Jludl Q16.2]16.2 s, LixVl Jlsudl

In the modern quantum model of the atom, an electron cloud During stimulated emission in a laser, the emitted photon is:
represents: reasuindl Ogigall 0eSy Il (9 jamedl elauVI el
a ol Jies :6).').U T '*""’S‘” c'.)}‘"i'” 9 A) Random in direction and out of phase | Mg ol=uI u\§|3.w..9
g i sskall 9 53150

A) A fixed circular planetary orbit | <l &S)jl) 'J“SBS Jl-)“" B) Lower in frequency than the incident photon | o T.)))J' Jsl
B) The region of high probability of finding the electron | aélaioll | LaglLull (gigall

US)"S'UI -).9-?.9-] &"")‘JI JL“"-’yI ol C) Coherent (in phase), identical in frequency, and directional |

C) The exact path and velocity of the electron | &.(«)m“g JLux.o“ JARog .))).'i.” 9 'J-'l-“-"s ()310“ 9 L9_ﬂ_,,_,_.,) Ja_,bm
s ASIU olasall NERY

D) A solid shell of negative charge | izl o o OME D) Absorbed immediately by the ground state | aJl=J| auasios
al Ll 1,98 dpo,Yl
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(20 - 17) JSiedl oo o (§99 adlaall alsoVi il eausll | PART Il: FREE-RESPONSE QUESTIONS (FRQs 17
- 20)

FRQ OUTCOME 17 | (17) (Jlaall z=0Jl [Student Textbook pp. 19, 23-25, 27-28, 32 | Ex. 4, 5 | Practice 39-
43 | CYP 47, 50, 51]
Calculate translational and rotational kinetic energies, gravitational work, and apply conservation of mechanical energy.

adlgall 9 8SuSall a8lall baa> 09il5 by anslall Sy aslysally adlawdl &Sl aslall olw>
gl el

Comprehensive FRQ 17 | (17) Jolidl (Jlaodl Jlgudl:
A solid uniform sphere (I = 2/5 mR?) of mass m = 2.50 kg and radius R = 0.20 m starts from rest at the top of a frictionless-slipping ramp
of vertical height h = 3.00 m and rolls without slipping to the bottom.

3o dad o OsSul o LgiS ;> R=0.20m b lad Caaig m=2.50 kg lgiliS (1= 2/5 mR2) dolaiio o 8,5 Ia
ol Jawl | Juas iz 96l wgo g9 h=3.00m Guwl I acles)l

(a) Calculate the initial gravitational potential energy (GPE;) and (b) Using conservation of mechanical energy (GPE; = 2mv?* + %lw?
the work done by gravity (Wg) during the descent. with w = v/R), find the linear speed v at the bottom.

(GPE) aglanYl awsll o)l aslo cuns! (1) GPEi = omv2 + ) axSwilSaall adlall laa> plaziwl (w)
Logrgll slisl (Wg) awsladl alaw sl Jaaidlg Jawl aie v alazdl acpudl 320 (0= VR ca> valo?
:Solution (a) | (i) J=I el

:Solution (b) | (o) J=I

(c) Calculate the translational kinetic energy (KE_trans) and rotational kinetic energy (KE_rot) of the sphere at the bottom.
Sl sis 6, (KE_rot) awleall aS =l aslally (KE_trans) adlas¥l aS =l aslall oo IS cansl ()
axioll

.Solution (c) | (C) J.z.”

FRQ OUTCOME 18 | (18) (Jlioll z =oll [Student Textbook pp. 31-32 | Example 6 | Practice 45, 46 | CYP 49]
Analyze one-dimensional collisions to calculate momenta, velocities, and kinetic energies; distinguish elastic and inelastic
collisions.

ibs diall wlosbail gy juaills @Sl wlilally wle ully o331 Clusd szl @bl wlosbadl Judas
.5 ol

Comprehensive FRQ 18 | (18) Jolidl Jlaodl Jlgudl:
A 0.025-kg projectile moving horizontally at v, = 240 m/s strikes
and embeds in a stationary 0.975-kg wooden pendulum block
suspended by strings (as shown). Together they swing upward to a
maximum vertical height h.

Vo = 240 m/s &y Ladl & =i kg 0.025 leiliS 4,38

0.975 LgiliS bogus dilee aiSlw awiss aliS, palass @t
leo pladdl gz lud (Uil (8 LaS) lesd yiiamsg kg o

h ol glas,]l uasl W
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(a) Calculate the initial momentum of the projectile and the (b) Calculate the kinetic energy before and immediately after the
common speed (vf) of the block-projectile system immediately collision, and classify the type of collision.

after impact. | s s uivkies poladll Jud &S ol aslall cuus! ()
aSiuinall as ully aayiall SVl ez )l cansl (1) || el go polaill 1o g5 cato pi ipolaill

polaill 2z 60l (as3ally alisll) ellaill (v) :solution (8) | (<) JaJl

€

.Solution (a) | (|) J_>J|

(c) Using conservation of mechanical energy during the upward swing, find the maximum vertical height h reached by the system.

pladl ad] duay h ol lai)] cuadl azgl eVl g2 ao Wl sl aSuilSanll aslall aa> plasiwl (g)
.Solution (c) | (c) JJJ'

FRQ OUTCOME 19 | (19) (Jlioll z o)l [Student Textbook pp. 55-56, 58 | Example 2 | Practice 12-15 | CYP
20, 21]
Calculate photon energy, maximum kinetic energy, and work function in photoelectric problems; interpret KE_max vs. f graphs.

sinin oz 1453505 565N s Jiluso (99 Sl allog nabaall 25,2l a0lally osisall asllo ol
.(KE_max - f)

Comprehensive FRQ 19 | (19) Jolidl (Jlaodl Jlgudl:
A photocell cathode has a threshold wavelength of A, = 500 nm and is illuminated by monochromatic ultraviolet light of wavelength A =
250 nm.

A=250 >goll Jolall apbi dazadis (999 u.wl, swoi Ao =500 nm o) axirll 4390 Jolo dauiging 65 al> loigo

.nm

(a) Calculate the threshold frequency (f,) in Hz and the work (b) Calculate the incident photon energy (E) and the maximum
function (W) of the metal in eV. kinetic energy (KE_max) of the emitted photoelectrons in eV.

(W) s allog Hz a2y (o) anisdl 33,5 canml (1) | &S, =l asllally (E) Lasbull ogigall adlo cumsl (o)
eV b2z gy ).Ln.U eV 62>9y d.x.sz.u.o“ ubg}s.]}U (KE_maX) Q\AJD.&“
.Solution (a) | (N Jz.” :Solution (b) | (u) J.>J|

(c) Determine the stopping potential (AV,) required to stop the fastest photoelectrons, and state what happens to the graph's slope if
the metal is replaced with silver (W = 4.60 eV).

Jodwl 3] Giziadl Jiod woaxy Ble g asiguall wlig uSIYI &_)mi Il oMWl (ave) el ag> 2> (7)
Aw=4.60eV) aasall jlall

.Solution (c) | (C) JJJ|
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FRQ OUTCOME 20 | (20) Jloll z =o)l [Student Textbook pp. 72-74 | Examples 4, 5 | Practice 37-39 | CYP
42]
Calculate energy changes during Bohr transitions, emitted/absorbed photon energy, frequency, wavelength, and Hydrogen

orbital radii.
oz 9uxgll Ll ,las

Comprehensive FRQ 20 | (20) Jolidl Jlaodl Jlgudl: =
An excited electron in a hydrogen atom transitions from the n = 3
energy level to the n = 2 energy level, emitting a photon (as
illustrated). Use E, = -13.6/n* eV and ry = aon®.
Ssiame o gz xell 8,5 (9 Hle VeS| Jai
Ugsed [xuas n=2 asllall sgimo ] n=3 asllall
.Tn=aon? g En=-13.6/n2 eV paiwl .(JSidl 9 LaS)

\ K/ Photon
\ \V‘AA/MA,\\(:mitted)

n=2 o7 hv

Electron
jump
n=3>n=2
= ( )
(a) Calculate the orbital radius (r;) and total energy (E;) of the (b) Calculate the energy (in eV), wavelength (in nm), and frequency

hydrogen atom at n = 3, as well as the energy (E,) at n = 2. (in Hz) of the emitted photon.

€

(Es) adSUl aslallg (r:) Slandl Jlas Couai cunsl (1) adglog M(eV 83>g) camuindl Hgigall adllb sl (o)
n= ¢ (Ez) adlall liSe in=3 xic juzg ougdl 8,0 | .(Hz 82>91) 000,59 (M 82>91) s> g0ll
2 :Solution (b) | (<) J=JI

€

:Solution (a) | (1) J=JI

(c) Identify the spectral series and electromagnetic region to which this emitted photon belongs.

asuinll Ogigall 13 led| oy (il Guudbligo g 651 caddall (9 aslainlly avaddall awdudl awl 53> (g)
.Solution (c) | (C) J.z.”

(Wl gz poll o) wlalaxally pomw Il agl il aolio] aliwl :cllil ol | PART Ill: ADDITIONAL
GRAPHICAL & DIAGRAMMATIC QUESTIONS (SOURCE 3)

ADDITIONAL QUESTION 01 | (9 axaws - 3 g2 ,0) JoY| w9loY! Jlsuull

Analyzing Photoelectric Graphs: Determining Planck's Constant (h), Threshold Frequency (f,), Work Function (W), and Comparing
Metals.

ailiallg (W) Jasidl allsg ((fo) amizll 35,59 «(h) il cul w1 giog eS| Lslill asll poaw JI Jul

ol o
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The adjacent graph shows the relationship between the maximum “- Maximum Kinetic Energy vs. Incident Frequency (KEmax vs. f)
kinetic energy (KE_max) of emitted photoelectrons and the — Metal A (fy = 3.0 x 10 Hz)
frequency (f) of incident light for three different metals (A, B, and 11: | bl
Q). = |
. . 2 10 A
asSyoll asllall g asMall slnoll bl o)l ioss | L]
D )9 d.a&u.o.” d.xjs.aa“ ul.:g).ASJ}U (KE_max) u\.aja.‘!.” ;é &
(C 9B 9 A) adlixo wljls &y (f) laslul sgiall <
2_
0 . : - ; ; ; | ;
0 1 2 3 4 5 6 7 8 9
Incident Frequency f (x 104 Hz)
(a) Explain why the three graph lines are parallel, and calculate (b) Determine the threshold frequency (f,) and work function (W in
Planck's constant (h) from the slope of line A. Joules and eV) for each of the three metals A, B, and C.
cunzly @il asll bglasdl s jles o s ()| (ev o Joxdb W) Jsidl allsg (fo) aisll 33,5 33> ()
A el bl basdl Jso oo (h) Ll eob .C 9B g A& wlilsl o 38 JSI

€

:Solution (a) | (1) J=JI :Solution (b) | (<) J=I

(c) If monochromatic light of wavelength A = 600 nm (f = 5.0 x 10** Hz) illuminates all three metals, from which metal(s) will electrons be
ejected? Compare their kinetic energies.

ol) 518 sl as @Ml wlidall (L (f=5.0 x 101 Hz 035,5) A=600 nm sz 9all Jelall s3] seio lasw I3] ()
Syl LBl G o, Sl i) i (el jls
:Solution (c) | (z) J=JI

ADDITIONAL QUESTION 02 | (14 dxaw - 3 g7 y0) Wl (9loYl Jlgudl
Compton Effect Analysis: Comparing Incident vs. Scattered Photons and Calculating Compton Wavelength Shift.

dslall (53 OgisesS &> 1] ol cxiitall Osisally laslull gisall u ailanll (0sitasS il Jalxs
.2 goll

In a Compton scattering experiment, an incident X-ray photon of
wavelength A = 0.0500 nm collides elastically with a stationary free
electron in a graphite target and scatters at an angle 6 = 90°.

duisw d=ad | 09599 palouay (VgitosS caiini &y x5 (29

2o Lo Loolai A =0.0500 nm > gall gl lasluw

0= dgljy caiuig cudl> ow 9 HSlw > Yy us] J
.90° ©
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(a) Complete the comparison table below between the Incident Photon and the Scattered Photon (use: Higher / Lower / Longer /
Shorter):
(el [ Jslol / J81 1 (el :paziwl) caiisiall Ogigally Lasludl Ogisall (u olsl alaall Joaz JaST (1)
Photon State | &) > Energy (E) / aslall Wavelength (A) / J3JaJ| Frequency (f) / ))).I“ Momentum (p) / PD')'“

Vgigall w2 gall

Incident Photon /

Loslull ogigall

Scattered Photon /

casszall Ogisall

(c) Explain how Compton's experimental results support Einstein's

(b) Calculate the Compton wavelength shift (AA = (h / m.c)(1 - cos
particle model of light over classical wave theory.

0)) and the scattered wavelength A' at 6 = 90°.

(82) szsall Jslall (89 OsiresS a>lj] camzl () OsirosS il a2l Wil peai oS oy ()
0= 90° s gl xuis N caniioll wogall Joballs | alaill lie opuliiiY seall (rewwdl z3gadl
:Solution (b) | (<) J=JI AaSuwdSIl 4z g0l

.Solution (c) | (C) J:dl

ADDITIONAL QUESTION 03 | (19 daxaw - 3 gz ,0) cdll wloYl Jlgudl
Atomic Spectroscopy: Emission & Absorption Spectra, Fraunhofer Lines, and Industrial/Astronomical Applications.

allaal) aSlally asluall oliplailly 99gil,0 bolasg (polaioYly wluwdl lbl 1,3l il Julxill

The figure below displays the visible emission spectrum and absorption spectrum of hydrogen gas (410 nm, 434 nm, 486 nm, and 656

nm).

410) azsall JlsbIl sic (uzs, gl &) Lolaioll cisby (b pall wlauVl cardo o S olisl JSuidl o yz
.(hm 656 ¢ nm 486 g nm 434 ¢ nm

Hydrogen Line-Emission Spectrum (Bright Lines on Dark Background)

410 nm| |434 nm

Hydrogen Absorption Spectrum (Dark Lines at Identical Wavelengths)

400 450 500 550 600 650 700
Wavelength A (nm)
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(a) Explain why the dark lines in hydrogen's absorption spectrum (b) Explain how spectroscopy is used to determine the composition

occur at the exact same wavelengths as the bright lines in its of distant stars (Fraunhofer lines) and scrap metal in steel mills.

emission spectrum. 2w (9 ool L=l posiws casS wbg (W)
culs 9 dnizall bglasdl jglai 15k s (1) (95gil 9 bolaz) sl pozill (ilonSIl S il

Lolos lganis axzg0)l JlsbYl sis opuzg ngll polaiol | Clall gilas oo duasell 85,3l
cailesl caulo (9 dlvaoll bbglaxl) :Solution (b) | (o) J=I

€

:Solution (a) | (1) J=JI

ADDITIONAL QUESTION 04 | (21 daxaw - 3 g> o) &l Jl oLyl Jlsul
Bohr's Quantized Energy Levels: The Staircase Analogy, Ground State vs. Excited States, and Energy Spacing.

a3lall B9 yaslig 16,liall Yl Lilie ayio Y1 allaly abudll apiss )9r 2is 6l2Sall a5lall gt

In Bohr's atomic model, the allowed quantized energy levels of an electron in an atom are likened to a flight of stairs whose step heights
decrease as one climbs higher.

elai,)l Jaslin, plw ol 6,31 ¥ OgSIW d>gamoll 8laSal aslall wlgimo abisd + 5,3l Jgy TIgai 9
eV W bases LalS «ils )5

Quantized Staircase Analogy Allowed Atomic Energy Levels

n =5 (4th Excited)

n = 4 (3rd Excited)

n = 3 (2nd Excited)

Increasing

Energy n = 2 (1st Excited)

Steps decrease
in height

n = 1(Ground State)

(a) Distinguish between the 'ground state' and an 'excited state' of | (b) What does the decreasing height of the steps represent as the
an atom, and explain why an electron cannot stop between steps. principal quantum number n increases? Verify using AE,—, vs.

8,3 '8 liadl Iy age Y1 Al G e (1) AE;—>,.
s dlaii 9 adgill HeLSIW oSy Y Ila) Jtusg | 21l Wl pludl wlz ) glai)l padls Jiay blo ()
ool o DE, 1 &iliay W3 o $i T il raSIl asll

:Solution (a) | (1) =l AEs— go
:Solution (b) | (<) J=I

ADDITIONAL QUESTION 05 | (23 daxaw - 3 gz y0) gl (oloYl Jlgudl
Hydrogen Spectral Series: Classifying Lyman, Balmer, and Paschen Transitions and Calculating Emitted Wavelengths.

adnaioll azgall Jlgb¥l Clusg il salls olos) eYlasl Cauias jopzgngll 6,3 sl Jawdudl
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The energy level diagram illustrates electron transitions in a hydrogen atom that produce the Lyman, Balmer, and Paschen spectral
series.

owitls yalls Olay) Jawduw gisd (il aze el 5,3 8 SlioiSIYl wYlsl aslall wlgims lalaxo oy,

Hydrogen Energy Level Transitions & Spectral Series

n=5 -0.54 eV
n=4 Paschen -0.85eV
(IR)
n=3 -1.51eV
Balmer
(Visible)
v
n=2 -3.40 eV
Lyman
(UV)
v
n=1 -13.6 eV
(a) Identify the final energy level (nf) and electromagnetic (b) Calculate the energy (in eV) and wavelength (in nm) of the
spectrum region for each series: Lyman, Balmer, and Paschen. photon emitted when an electron transitions fromn=4ton=2.
9 adlaiolly (nf) iled! adlall sgimo 3> (1) ooy (eV 6375s) carsiall Ogigall aslls cuml (o)
all colay taluwlw JSI cuuablisog oSIl cardall |0 Il n=4 oo 0S| sl ais (nm s3>51) (xzgoll
.(').w"' qu =2
:Solution (a) | (N J.z“ :Solution (b) | (u) J.>J|

(c) Why are total energies in the Bohr model negative (e.g., E; = -13.6 eV), and what is the ionization energy of ground-state hydrogen?
2ol 8,5 (ub @l Hlass log (Er=-13.6 eV Jin) dadlw jo g3g0i w9 adSIl aslall ous 9SS 3kad (7)

:Solution (c) | ((_) J.z.”
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ADDITIONAL QUESTION 06 | gwolwdl (ssloYl Jlsadl
Rock Sliding Down an Incline and Compressing a Spring

vl bluaily Ll sgivme e 8 500 9Y il

ﬁ e TEN D 4
A 4.00-kg rock starts from rest at height h = 5.00 m on a smooth lnchned plane It slides without rolhng onto a
horizontal frictionless surface and compresses a spring of force constant k = 800 N/m. Use g = 9.80 m /s

4.00 LS & 1500 s kg £lasy| s 0sSandl go h=500m ol £1735 093 313w oulel o S5t ols
4.:_9_9 uul.u LoaJLJanau 4JlS.A.7y|pJ.\.C u\.ns|z_\_Jo.wk 800 N/m. ,o.)a.uw|g 980111/8

(?) Find the total mechanical energy at the top.

(I ansl e adSJl aSulSuall aslall cunsl.

(b) Find Ehe rock speed halfway down the vertical height (h/2).

(o) ewlJl glai )Vl Caaiio e b uall acw caunsl (h/2).

(c) Find kinetic energy and speed at the: bottom, before spring contact.

(z) vl awodo Jud sgimadl Jawl aic ac uudly aS =l aslall cuusl.
(d) Find maximum spring compression x, assuming no energy losses.

() gl bleiail (uasl cuns| x aslall xa9 Jlod| go.

Solution / J=I:
Solution / J=JI:
Solution / J=JI:
Solution / J=JI:

aliwl grazn) zominall &3259aill &5Y] zlise | COMPLETE WORKED MODEL ANSWER KEY

a, iz Yl aliwYl wlls| tlias Yol (Outcomes 1 - 16) | Part | MCQ Key:

Explanation /

psaail

Explanation /

]

Q1.1 B (58.8)) GPE=mgh=2.0x9.8x Q9.1 C (h/A) Photon momentum p =
3.0=58.8) E/c=h/\
Q1.2 G Wg = -AGPE; downward Q9.2 A Photon loses energy to

motion decreases GPE so
Wg >0

electron = \increases, E
decreases
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Explanation /

Explanation /

Q2.1 D A bent fiberglass pole Q10.1 C (%) A =h/p = doubling p
stores elastic potential halves A
energy (EPE)
Q2.2 A Einstein's mass-energy Q10.2 B Electron diffraction
equivalence: E, = mc? through crystals proves
matter waves
Q3.1 C Total linear momentum Qi11.1 B Ax-Ap 2 h/2 = smaller Ax
is conserved in all requires larger Ap
isolated collisions
Q3.2 B Perfectly inelastic Q11.2 B Position (x) and
collision: bodies stick momentum (p) cannot
together both be exact
Q4.1 A Wien's law: higher T Qi12.1 B Large-angle a scattering
shifts peak to higher f indicates a tiny, dense
and shorter A positive nucleus
Q4.2 D (16) Stefan-Boltzmann law: P Q12.2 B Classically, accelerating
xT*=(2)*=16 electrons radiate and
spiral inward
Q5.1 C (3hf) E = nhf where nis an Q13.1 B Excited low-pressure gas
integer (n = 3) emits discrete bright
lines
Q5.2 B (2hf) AE = 4hf - 2hf = 2hf Q13.2 A Cooler solar atmosphere
emitted absorbs characteristic
wavelengths
Q6.1 C Below threshold Qi14.1 B Stationary states have
frequency f,, zero quantized energies and
electrons are emitted do not radiate
Q6.2 B l1eV=ex1V=1.60x Qi14.2 B Downward transition
107 emits one photon:
E_photon =E; - E,
Q7.1 B (2.00 eV) E=1240/ 620 = 2.00 eV Qi15.1 B(-3.40eV) E,=-13.6/2*=-3.40eV
Q7.2 C Doubling intensity Q15.2 B (Balmer) Transitions ending at n =
doubles photon rate = 2 form the visible Balmer
doubles photocurrent series
Q8.1 B(3.1eV) KE_max=E-W=5.2- Q16.1 B Electron cloud maps
2.1=3.1eV probability density | |?
Q8.2 C(h) KE_max = hf - W = slope Q16.2 C Stimulated photon is
=AKE_max /Af=h coherent,
monochromatic, and in
phase
Additional Q6 (a) E=mgh =
(Rock & Spring) | (4.00)(9.80)
| Jlsudl (5.00) =196 . |
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Explanation / Explanation /

sl o

sl = alsJl aslall

owo bl 196 ].
(b) v=+(gh) =
V49 =700 m/s.
| e ac dl
= glai )Vl Cani
7.00 m/s.
(c) KE=196J; v
— V(2gh) = 9.90
m/s.| aslall
196 = &S =l
Jo = acully
9.90 m/s.
(d) Y2kx? = mgh
=X =
v(392/800) =
0.700 m. | (sl
vl bleail
0.700 = m.

(5-1) awloYl aliwYly (20-17) adlioll aliwVly asez roll CUSII aliwl Jol> :Luli | Worked Solutions:

Textbook Ref (1-16) e Out. 1 (Pr. 32): GPE = mg(h_f - h_i) = (2.2)(9.8)(2.10 - 0.80) = 28.0 J.
e Out. 2 (CYP 35): Compression stores Elastic PE = expansion converts EPE to
KE = rising converts KE to GPE at peak.
e Out. 3 (Pr. 44): v_i = ((m_b + m_w)v_f)/m_b = (9.008 x 0.100)/0.008 = 112.6
m/s (= 113 m/s).
e Out. 4: Doubling T doubles peak frequency (f_peak « T) and increases
power by 2* = 16 times; classical theory predicts infinite UV energy.
e Out. 5 (Pr. 1, 2): (1) E=1240/515 = 2.41 eV; (2) A = 1240/2.03 = 611 nm.
e Out. 6 (CYP 16): Each low-frequency photon has E = hf < W, so one-to-one
photon-electron interaction cannot eject electrons.
e Out. 7 (Pr. 13): E = 1240/425 = 2.92 eV = KE_max = 2.92 - 1.95 =0.97 eV.
e Out. 8 (Pr. 8, 10): (8) KE_max = 5.7 eV; (10) AV, = (7.5x107"")/(1.60x107") =
4.69V (=4.7V).
e Out. 9 (CYP 18, 22): Photoelectric absorbs photon completely; Compton
scatters photon with longer wavelength (A' > A).
e Out. 10 (Pr. 26, 31): (26) A = 6.63x107%*/(7.0x8.5) = 1.1x10™** m (far too
small to observe); (31) A =0.110 nm.
e Out. 11-16: (11) Measuring which slit disturbs momentum, destroying
interference; (12) Tiny dense positive nucleus, mostly empty space; (13)
Solids emit continuous spectra, gases emit discrete lines; (14) Bohr fails for
multi-electron atoms; (15) rn « n?, En « 1/n?, Balmer ends at n=2; (16) Green
has shorter A (higher E) than red so green pumps red; Laser: coherent,
monochromatic, directional, intense.

FRQ 17 (Rolling Sphere) (a) GPE; = mgh = (2.50)(9.8)(3.00) = 73.5 J; Wg = -AGPE = +73.5 J.
(b) mgh = %mv? + %(2/5 mR?)(v/R)? = (7/10)mv? = v = ¥(10gh/7) = V(10 x 9.8 x
3.00/7)=6.48m/s.
(c) KE_trans = %(2.50)(6.48)* = 52.5 J; KE_rot = (2/5)KE_trans = 21.0 J (Total =
73.5)).
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FRQ 18 (Ballistic Pendulum)

FRQ 19 (Photoelectric)

FRQ 20 (Bohr Hydrogen)

Additional Q1 (Graph & h)

Additional Q2 (Compton)

Additional Q3 (Spectroscopy)

Additional Q4 (Staircase)

Additional Q5 (Series)

(a) pi = m v, = (0.025)(240) = 6.00 kg-m/s; vf=p;/(m+M)=6.00/(0.025+
0.975) = 6.00 m/s.

(b) KE; = %4(0.025)(240)* = 720 J; KEf =%(1.00)(6.00)* = 18.0 J. Perfectly
inelastic collision (KE decreases; converted to heat/sound/deformation).
(c) (m+M)vf? = (m+M)gh = h = vf* / (2g) = (6.00)* / (2 x 9.8) = 1.84 m.

(a) fo = /Ao = (3.00x10°)/(500x1077) = 6.00x10" Hz; W = 1240/ 500 = 2.48
ev.

(b) E=1240/250=4.96 eV; KE_max=E-W=4.96-2.48=2.48 eV.

(c) Stopping potential AV, = 2.48 V. Replacing with silver shifts the line to the
right (higher f,), while the slope remains unchanged (= h).

(@) rs = a0(3)* = (0.0529 nm)(9) = 0.476 nm; E,=-13.6/3>=-1.51eV; E, =
-13.6/2* =-3.40 eV.

(b) E_photon =E; - E, =-1.51 - (-3.40) = 1.89 eV; A =1240/1.89 = 656 nm;
f=c/h=(3.00x10°)/(656x107°) = 4.57x10* Hz.

(c) Balmer series — Visible light region (red H-alpha line).

(a) All lines are parallel because their slope equals Planck's constant h (a
universal constant). Slope h = AKE/Af = (13.26x107%° - 0) / (5.0x10" -
3.0x10") = 6.63 x 107** J-s.

(b) Metal A: f, = 3.0x10" Hz, W = hf, = 1.99x107* J (1.24 eV); Metal B: f, =
4,0x10" Hz, W = 2.65x10™" J (1.66 eV); Metal C: f, = 6.0x10" Hz, W =
3.98x107 J (2.49 eV).

(c) At f = 5.0x10" Hz (f > f, for A and B only), electrons are emitted from
Metals A and B (not C). KE_A = 1.33x107"*" J > KE_B = 6.63x1072° J.

(a) Incident Photon: Energy = Higher, Wavelength = Shorter, Frequency =
Higher, Momentum = Higher. | Scattered Photon: Energy = Lower,
Wavelength = Longer, Frequency = Lower, Momentum = Lower.

(b) AN = (2.43 pm)(1 - cos 90°) = 2.43 pm = 0.00243 nm = X' = 0.0500 +
0.00243 = 0.0524 nm.

(c) Classical wave theory predicts no wavelength shift upon scattering; the
observed shift AN proves photons carry momentum p = h/\ and collide
elastically like particles.

(a) Cool gas atoms absorb photons with the exact discrete energies (AE =
hc/\) needed to excite electrons to higher levels, and emit those exact same
wavelengths when relaxing back.

(b) Stars: Dark Fraunhofer absorption lines in starlight match known
elemental spectra, revealing stellar composition (H, He). Steel mills: Spark-
emission spectroscopy rapidly quantifies alloy elements.

(a) Ground state (n = 1) is the lowest allowed energy state; excited states (n >
1) are higher allowed levels. Electrons cannot exist between steps because
atomic energy is quantized.

(b) Decreasing step heights show that energy differences between adjacent
levels shrink as n increases: AE,—; = 10.2 eV, whereas AE;—>, = 1.89 eV.

(a) Lyman: ends at n = 1 (Ultraviolet); Balmer: ends at n = 2 (Visible);
Paschen: ends at n = 3 (Infrared).

(b) E_photon =E, - E, = -0.85 - (-3.40) = 2.55 eV; A =1240/ 2.55 =486 nm
(cyan-blue line).

(c) Negative energy indicates a bound electron-nucleus system relative to
zero energy at infinite separation (n = o0). lonization energy fromn = 1 is
+13.6 eV.
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