W ofifeRt

T oF 3T

.|
T 9

9.1

9.2

9.3

9.4

9.5

9.6
9.7

9.8

9.9

9.10

9.11

v=-54 cm | Ffdfee SRt , Ieel a0 Safd ¢ gfafed 1 985 5.0 cm 21
SH U f, v—oeo; u<f ok fou gfafee smurdt s

v=6.7 cm| 3@ = 5/9, fq gffaa &1 qEH 2.5 cm 21 A B u - oo
v f (WY FHE § 1 Hef T8l Jgdr) &b m — 0

1.33; 1.7 cm

n,=151;n,  =132;n =1.144; /@@ sin r=0.6181 3% r ~ 38° Y=
= 2

r=0.8 X tan i T sini, =1/1.33 = 0.75, T8l r G99 o 1 ! 21 WX §
& q i A1 SHATSS ok fAw wifaw w0 R EEEA = 2.6 m?

n= 1537 5 # fisw & faup = 10°

R=22 cm

Tel foe et qen wfafee arafas €1 u=+12 cm (o et o 7; snemd)
(a)f=+20cmI‘Jﬁﬁﬁwﬁiﬁ%ﬁmﬁaﬁ7.5cm§{‘ﬁ%‘ﬁ3ﬂ1%l

(b) f=-16 cm | Hfdfee Irdfesk & den o ¥ 48 cm R e 3R 2
v=8.4 cm | e Fien den e #1 98 9@ET ¥ ©id ®, 9EE = 1.8 cm | S9
U— oo, v f (AfFAf T 3 &N Sar S1fh m— 0) |

1 T, W7 o] SFedel o (f=21 cm) % HIHH T @ €l €, q6 SEeh! Hfcifers
g ¥ 10.5 cm T T 7 (T W T T S R Tert  FIE Wi Fehat €)1
60 cm TiehE T 1 FAITER T

(@ v,=-25cmdA f =6.25 cm@fue=—5 cm; v,= (15 -5) cm =
10 cm 9=t Bt %
Jo=u,=-2.5cm; MEHT &l = 20

(b) u,=-2.59 cm; G & = 13.5

25 cm 30 W wfdfed a1 & faw " 1 s smad

S i =22em=227cm: b = 7.2 em
2.5 11 ’

gk T = 9.47 cm; AT & = 88
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9.13
9.14

9.15

9.16

9.17

9.18

9.19

24; 150 cm

(a) HIVF @ = 1500
(b) Hfafed &1 &9 = 13.7 cm

aifed afomd 1 o ferg T o GHIehoT a0 U1 i HET T YA Shifsy)
(a) f< O (3Taaa TU); u< 0 (foa = 3M)

(b) f>0% faw; u<o0

(c) f>0 (3T TYUT) qMu < 0

(d) f<O (T YI); f<u<0

9 5.0 cm SR 33T gE lld e B TE TR gww TR0 em@ gn <@
S Gkl & R W i o eeh &1 feafa o fasR T s (|1 e
Hvl o fo)|

(a) sin i, = 1.44/1.68 fS8" i, = 59° W= =@ I Ioi ARk T
i>59° e S r<r__=31° | e gl 3, (sini _/sinr_)=1.68
@ i~ 60° 9w Bl €1 TW YHR KU o GREK O < i < 60°

®I Hf Sufaa fRwon 1 ey § uul ofafeR Wede e (AR Wy w6t
oo ufifed 2, S fF =R § w6t 2, @ i W S aee % o
ol ITR! T oF UM W fAuifia gefi)

(b) AfE FE T@ R FE T, Wi’ = sin(1/1.68) = 36.5°1 I, i =
90° % f&IT r = 36.5° T i’ = 53.5° =, & i/, W ek Bl TW THR
[IFER § |eft smufad fhol (53.5° < i< 90°)] qui 3Tafieh wafdd @i

(a) Tt Tmae s1em@n 3aa <00 & ‘U’ foRelt fog W sifrafa forvol <dor o6\
TR R R g W wafid 8 Sl €1 T o §, iE gudet 300 sterer 39
Tdur syt faa o fofu arcafass gfdfad 3a=1 % 9ol 71 Fis 3tad YTl
TRt @ Eieswt @ &1 G Hifu)

(b) & WUl el Suafdd Tl SER Bl € ql iatae AT B
TqERt foRvonl i 3faa e ofg 1 Termmr ¥ we W Afyafa fear s
Hehrdl B 51 1 SAE o9 St F@1 a1 21 TeT e wfafae o o ferg
fo &1 ifq 0l v @ SR arafaes gfafae a9 21 e Sy, =) s
yfafea =1 feerfa @ TR w1 staferd &1 foman Sar 21 F&i #1E e1verg 7 2

(c) At Sl

(d) T SAfEad: T8 HT o § e S@H o fau s T8 w9 8 S
21 ek &1 fafer= feafaal o fore germet foreor st ©i=e 39 q2a 1 @4
TSR hifer)

(e) TN o1 SYeHIh STHT 2.42 Bl & S HH hiel o S(UecHlh (9T 1.5) &
SHTHT 37 Bl 21 B T Shilieh iU SRTHT 24° 8 S %hid o itk i1 hi STU&T
SHIHT HH Bl HE € hI TIH Tl 581 SR S 1T (ER o HieR) o &g URER
24° §90° 1 Y I8 G Tt § 321 ol & b &R A a1t Fievem 4 g6 v
% okl | U Efid Bl-39 YRR 9 foh ER 1 THehsR q9E 3 Bl

TR q1 I o o9 e g s ok for, i g 39 feafa § uden oo fag
Ao gl YSM el HLdl, S f 1 H s/4 9§ S g

qq: f =0.75m
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W ofifeRt

538

9.20
9.21

9.22

9.23

21.4 cm

(a) (i) WM AT fF g TAIR TH-99 € 3R ¥ 98 39 o R 3Aafad
e
f,=30cm, u, =—co ¥ U BN & v, =+ 30 cm| Ig Ffafsa T o
o ferq enareht fae o= ST 2

f,=-20cm, u, =+ (30 - 8) cm = + 22 cm, fS9H v, = - 220 cm
T FiT €1 HHIR Tafad fRo-gS <1 of|t o e % %R 9 216 cm
R fordt foig @ ero@iid gran vl g 2
(ii) A ST fF I TR THR1-G9 o6 IR § 98 e oF T Tafad
ﬁm%lﬁaﬁ=—200m, ul=—oo@l1;|Tl?'r‘i9|?lT% v, =- 20 cm| TE Hfdfeid
TR A % fow awfos o o9 S 81 f, =+ 30 cm, u, = - (20 + 8) cm
=-28 cm, ¥ v, = - 420 cm W BT &1 THIR THE-GS & oG
T3 o 7 fog 1 918 3R | 416 cm [ feo@ fog & somfd s wod
gl 2
e ¢ fop ST 3@ W R o @ o of| o o foRg IR ORI gehmer-gst srfad
21 1 @1y €1, AR g FHiE Ut WeT o q qHiEr 78 @ o geft u (qqmv) &
qrl % 7q, (b @ fAfeaa fradie & 9sl 7 acd 81 (fer & feemisd f, a=
f, @ <1 S 3 S gershT O 5T fAeiRa gid §1) e wiehd T T e,
THfe 39 @ % fo stefqol v & e
(b) u, =-40cm, f, =30 cm ¥ v, = 120 cm WS BT ¢
TEdl (3TA) W ok HRO AT HT GRA = 120/40 = 3
u, =+ (120 - 8) cm = + 112 cm (T 9rEh)

112%20
cm U BT 2

f2=—200mﬁ v, =—

e g (3TFqA) O o HRUT SEET 1 GRATT = 20/92
M@ 1 72 IRETT = 3 x (20/92) = 0.652
gfafda 1 BT = 0.652 X 1.5 cm = 0.98 cm
afg fom ¥ sTvafia foheor @ was W shifde w0 | W SAfad e 8 @, T
FAE R YA K - H AH (60° — i) Bl B
&9 { =sin” (1/1.524) = 41°
3Td: r= 19° 9 sin i = 0.4962, 91 i = sin™' 0.4965 ~ 30°|

U HE % 9 I gaud oAl # Tt w9 ge AE 39 YRR HEmEifed

e ST & 39k oMUR T T o fauwld ©, @ F Tk kA F w9 F

ifg wE H qeN THE wEW 9N A o fomfem @@ ® ek 7 & fasfim

B ®; Wq Y b1 W GEiR faeend g @)

(a) fom fagioor yehme-gs =1 faufera &3 & forg, fordt gerel 519 wre i
%1 T Teen fus ohfSe qen fordt 3faa staeds o o1 fiere s &1 gaq
foren g [GE oo (fiee ) 1 s F10 9799 i o frew @
Blel NSy sifen Tirere i evemsha eifee faeivor st 81 37 g1 foeal
I TH-TH o e 3ol W@ W TH Tisw g s o fagom =1 fa
FT I 2

2018-19



9.24

9.25

9.26

9.27

3T

(b) o famer o wermet o fagiaw o o fiere wi= & fisd o eT9ed o |
I FIT (sifues 3R stk oo v o fiere Fi o o o T
FHIfw) aifek <A =l g0 3o fa=ee Th-gat o ¥ e fawda =i
(fieTe 1= T STYSA 1S hId i T Afek B o HRUT ef ot firere
= o U 1 STad H10T F137 Hid o T F1 o § S el €) s
T ogd U 9O & foIu S S S §, 37 g% difwd $8vd & fog
IRY[E Saee T8l Bl

TR T G R @ o oA T ot e Ak T 1 SUERT L 2

TE GHA (40 + 20) S = 60 SEATH B THY 3feyed qo Hita 3 o9

& S H Tl - F A uRon et @ ¢ (5/3) em TR fe w6 free fag

(u=—25 cm) W HIHEd X 3T (v =5/3 cm) R Ffdfad I & o fag

TR g

1 3] 25
[%Jrg} —Ecm%ﬁ?%ﬂﬁml

Ig 64 TR Afudid &mal o qgq®d 21 qd A A9 w1 e
(64 — 20) TEIHER = 24 TEAR T| 45 G T GHSH HT IRE T 20 ¥ 24
TR Tl T

T21| Tl =afed o 931 9 &1 U9 &1 AFEAr (§HAT) 9T B g o S9d
fAene gfte s1eran S5 gfte <y &1 Hehal 2| Fiehe e <19 351 Ticeh o W qen 1
Y 9gd BRI §H W I Bl 31 S8R | 3Hh Tl 3 o off 7o qwe
&7 @ X1 €1 S 5 Tieteh bl AU S HH Bl € W - STu WS
&l i SR &9 H @ 3 @ (S oy § Jfg g W R off gmr T |
B Tohdl ©) 9 39 i ‘W' 1 57 eefYiar shed € o sheht Rk i gfie
319 1 € wifa fohan S 2l

=Iferd 1 W 95 100 cm €, SEfeh STh1 e fog Q= (emem 25 cm) @
Yehell 11 =THT O R S R @ 9% 1 N gfafsd 100 cm QS 21
TIH I i aeqgstl, steq s foh (SR =9 o gr ufafea) 100 cm 3R 25 cm
o ot €, SAfR 39 A of9 Y THSH &1l 1 FATEd 1 SUAR HLdl ¢ WA
Ig Fel w1 AR g TH W SR g el Wl @ (S i) | U st
&1 Frehe fg 50 cm X =1l ST 1 Segetl s 25 cm §0 W & ok forg safem
T +2 TR &N F =9H F AETIHA T

Afegehan ek gt T qed! o (HifHaT + 49 d9) FH W e {1 [4F 9
Tetta gran €, srerfa gueh! fafer= qell & oshdl M @it €, T sifegawar 1 feafa
o epifa Teita T g1 adae feafa §, Sl ae w5t awa v@w 2, o
FeateR i 1 T wfdfea W o o Fenar 81 W Afds et | o
T 2, ora: &fas e Juelt gdia g €1 58 9 w5 Gyfs SR o sk
317 Sohdl o TafeTedl o gRI 1 ST Hehdl 21 T § foh Fedfler a1 i1 @eick fereol
1 999 3fd YRR ¥ fohan T 71 a1 fafded oiw o afhd I § o aiea sl
Afrafa & gt
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W ofifeRt

540

9.28

9.29

9.30

9.31

9.32

(a) Fepeam gl = 4icmz4.20m U EH g = 5 cm
6
(b) AferRan wviE @R = [25/(25/6)] = 6; <A FvE TEET

=[25/5] =5
1 1 1
—t—=— = _
(a) v 9 10,3Wi?lv 90 cm

aEaeF &1 9fAm = 90/9 = 10
et yfafds o wedsh ot &1 &9%el = 10 X 10 X 1 mm? = 100 mm? =
1 cm?

(b) 3TEYA &HAT = 25/9 = 2.8

(c) &, fordt oim grr emae= qen fordt TenifeTes a5 1 ivig 3Tae [ 212
s erman] < faet erfumond €1 i e agg o wiviE s (ST
o ufafea o smafifa 89 R gfafea & w0 9es & SUeR adl ¢1) a1 39
fearfq & o o I WES (Sefh 39 e f9g 25 cm W @ S ), 6
UG Bl B1 39 WehR, ST 1 GO | (v/w)| Bl € G SYreei e
(25/ lul) Tt 1 heet e T gfafed ke fig W vl =25 cm W &
ahael qft ST TR JHE e 2

(a) wfdfsea o ke g (25 cm) W 71 W siferhan e emar w gt 21
.
u=-17.14 cm

(b) EEF w1 9RE = 25/ ul) = 3.5

(c) STa¥H &l = 3.5
&1, TEe awd (S idfed 25 cm W Sl §) SEEH o GRAm o §HE
Bl B

sMmadA (625 /1) =2.5

v=+ 2.5 w Ad:

1 1 1
+ -——=—
25u u 10
33[81?1 u=-6cm
vl = 15 cm

et wfdfea amr fehe g (25 cm) @ ot 9@ a7ar @ de 38 A o T/

@ Tl

(a) A% wfafea 1 FRYe Trest oeg o Wiew & a1 ot €, 1 +ft wfafsa &1 wivia
g1 9% o I TET o GHM B ¢ HIE AaHE 99 eA 3 w9 o
TEMAl Y1 € ;A e ofg T ® df o9 25 cm @ % 30 W T
ST Tehell; SR G B W EH o kI STUETHd Sgd b W Hehd €1 9%
fAshe &1 o ST FIVIT TS 25 cm T I FT gl § Fel siferh g 2
TAR UG e g 1 Sqee w1 T e 2
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(b)

(c)

(d)

(e)

3T

1, e oIl %W Bl €, Fifeh 5 W Fdla HI0 oiF W AR B0 § e
B g 71 AfE yfafda 9gd W E O I8 99 T g €1 (A S|
I oW W YU @A €, @ JUH 9% g T W ARG w07 q 36k wfafsa
B 9 W {ala w0 §HE T8 ']

T, 3Td B FIRE U o il 1 o o e #1 55 erfuen wewergul
I § foF A 9 wiwd T %1 FW § @ 79 faer (e qen avf) Tg
ST B 37 : SFeER |, 39 e et S5t oiF W 3 A AU i e e
& W Y Hehd €1 qenty, forelt fomem weiifua oi| yomedt o SuF @ 39
1 1 10 I 3Heh Hi=The Heh § 9g1 Fhd B

ferelt Jfht o1 IV eTEEd [(25/£) + 1] (f, cm ®) @ © ek o o

v, 1

lu, | (gl /f,)-1
I BT & S Sk B T AR Ny |, f, 9 o e € ganeet w e
31fa e 1 aegail 1 e o o foen ST 81 e1: |y, | E B # SR
TEIAR S, 47

ARt & sifugeass o gfafae 1 ffm gRe’ wed &1 o9wg 9 o1 ol g
forol sifurgeaes @ sT9ad o e fifg R @ et €1 or: TR A 9
@ o T 7 U oTee fearfd #1 AfE w7 o A= BT AR & 9ga & ke
@ Tt ARt aga STfee TeRTeT T SATEIET TR R AO au gite-aF ot =
@M AT TH 39 77 i FFH-gRE T W q TAR 7 1 Iaeil &1 &ha
-5 o &o%a 9 2Ifye o1 99 8 @ gAR 99 Afgyas 9 Auafid
[t forton w1 AR & o1 FrTH-gRe &1 Wi ToH |M=a: stfageae
TS AR % SR R R war 21 9 79 fRd gaueeft 9, sk Tk fm
T YA A kI TR 3@ § Al A U AR o v et g 7 o fesmeA
¥ ofafifea &t 2

£, % e W gfg Bt 81 sifgyas 1 e

9.33 M oiifre for geusefl wmr swan § € erefq gfafds 25 cm W 1 A @@
IV STEEA

o8 u,=-1.5cm.; v, =7.5cm; lu | =(25/6) cm = 4.17 cm < 2l
21 rfgyaen ud A o o9 g8 (7.5 + 4.17) cm = 11.67 cm BHI =T
STUferd STaET U i o fw &g &l AMEYa® 9 1.5 cm T @A BT
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W ofifeert
9.34 (a) m=(f,/f) =28
(b) m=£{l+£}=33.6
£, 25
9.35 (a) fy+f =145cm
(b) HHMR W Fafd HIv = (100/3000) = (1/30) rad; 3ETIH R T
gfdfera @ &afa w197 = h/f; f, = 140 cm| <A1 10T o AET 1 T HH T
h=4.7 cm U< 2l 2l
(c) Rt w1 smaxa = 6 3ifam ufdfes =) 3= = 28 cm
9.36 S IUU (3TEdd) §RI I T Ufafed B U0 (IqA) o forw e foa
T LAl 1 ed W @ foe W e areft wEial faRl, 92 <90 9 110 mm [
iR Td BT BIE YU o faw e fom &t 8 = (110 -20) = 90 mm TR B
TAU T BIRE T 70 mm 71 T G KT ST FH R 79 3@ fw wfafe s
T ¥ 315 mm [ @
9.37 WEda ferl gdu o o Hor 4 I w0 W) faaftd @6 €1 e d/1.5 =
tan 7°; d = 18.4 cm
9.38 n=1.33
T 10
10.1 (a) WA T : (RS, g, =l A9faq G & qHE ©)
A =589 nm, v=5.09 x 10" Hz, ¢c=3.00 x 10° m s™
(b) eTuafdd YehTel : (3T, dfad g o THE @)
v=5.09 x 10"*Hz
v=(c/n) =2.26 x 10°m s™, 1= (v/v) = 444 nm
10.2 (a) Tiei™
(b) HHaA
(c) THAE (S el 1 T8 1 Th BN &5 N FHAA il §)
10.3 (a) 2.0 x10°m s
(b) &, Fiifer sTqerdaish 3R THfTT Hiegm § YTl 1 el quTesd I et et
2[S9 w1 farme qaresd @ gt 1 @1 9 o @ w a@ '9 RKu T
STIadT T T Tiel TehTT o foTT of Tehd ©] 1 378 BH S ¢ foh ST TehTer
1 forerert &= o fod o ofet g o stk = 81 stefd n > n gEfe,
Yad YeRTYT 1 ST TaFe, ol stage 9 i ufg | v e 7
1.2x10 ?x0.28x10°°
10.4 /1= m = 600 nm
4x%x1.4
10.5 K/4
10.6 () 1.17 mm (b) 1.56 mm
10.7 0.15°
10.8 tan’'(1.5) ~ 56.3°
542
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10.9 5000 A, 6 x 10"* Hz; 45°
10.10 40 m

10.11 g
N-2A=2) % s wE 9
C

gemao= S -2
A

_ 3x10°x15
6563

=6.86x10°m s’
10.12 =27 & vt f9gId o STER, STera |, faxa 91ea9 9 §oF Aieg| § g

T UG AT F TAE o e AR oA H A9 FLAl T ThHT IR0
AT o ATt T2 i ghg W BNl wifeh Je3 o STfRel seeh e Tedr €1 5k

e
csini=vsinr o L= S.mizn;‘cl?iﬁﬁn>l,v >c @l
C Ssmr
& AT YA IR o foreg € (v < o) | TR o1 a0 Tagid T Eid
2

10.13 o3 foa =l ohg Tt SUUT i T9%1 hid BU T I @irau| I8 Teird a1 foa
Y A0 W G ST G W 21 o1 U0 o Suftefd ue oruftafa ¥ ¢ g
o 9% IH Wt gl feafaat s smfed HifSul s gdv & M IR feer
T TH S =9 | WA SAE o STEN @, Weda @ w1 s (e
yfafere) <qo 9 foa 1 e g0 R @ <

10.14 (a) f7afd ® v &1 =1et T Qe fads 8 St geiag wrel § 9 fad =
off Feft &Y 21 forsiv: o2 U env=RisHe qed ® T 9€ Gia qen Yerh i
Ter ia W oft frefit Y e €1 T 92 SgEeE o aufarhar o fafyne
fagia 1 g I 2|

(b) WeRTST &t =Tel i Arezm W fefzar

(i) e ot Fehfa W R & @ (Wehter i e w1 Fufor qreaw o geon
ol | 1 9E 92 3 a3l o feru off et €, S Ao we Ster-aw
anfe =k fere) |

(ii) THTYTR HreA o fow weor feen W s =72 e @)

(iif) G den Trey st Graet fd W) AR 7@ war afers Yern qen meay St
ey fg o el s 2

(iv) TaTeed W fAsft s B

(v) o W R T e (=t sifie e foeeo-gs o fae o7 feufa
aAfersh Sifee @ a1 78l gaR fog Heegol e ©)1

10.15 a0 o =Xl & faQ Hieay STevas 2| Jafy (i) ao (i) et o 9w g9
qroe T (S a Y o Hed) wifas €9 § 99Ed T8l ¢, e weag o
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W ofifeRt

544

10.16

10.17

10.18
10.19

10.20

10.21

Triey Yersh w1 M g S feafadi & fa @1 er:, (i) @ (i) ferfal ® 7w eafy
o fTT SR o6 1 1 GHEA 1 ST9e TE1 Y Gehd | ol § FRmT-aaT ok
fora, woseqan (i) qen (i) fearfa o e 1 9% & {1 7T 9w qen Yerh
Trer At & otef Tt € qen smufarkia SR w1 S (1) 99 (i) feofa % feg
TAM B WeH § YR HeR0 o fAw g eaft-al o guE, S fefat gum
T 7 qen (i) 9o (i) Feerfaat o fow e <fer & 9o o = @9 1 stien T
=fgul

3.4x10"m

(@) 3R ~ A/d G o TR, MHR 1 @ Sl S| el 9N T 5 et 2

(b) Tg-Tot TamiST & safasheor Tl 1 digan e 3 o e e gm
rgferd (modulated) it 21

(c) I 31eqY o fohari © faafda awi S/ o ohg W Gl SAfaehion gR w&w
fag St Tt 2

(d) T o 9 HI0 R foecdq 12 g & fau STeRii/gRaAT #1 AHR, |/
1 LA o THRE T WeU| A SFoIe/gReE H SHN q0eed i ger
H =gd 991 & Al fedq 1 w07 9 e TRl SR B el w1 Hife 5 e
1 TR T A 5 x 107 m €, Safeh eaf-aill; S 1k Hz g
Al A HT I AT 0.3 m B TH YRR ea-qa fersin o =R’ R

(€) Gl 1 3TN (d) § Seolfad ¢ TR Fehiferh F1 § T gRebl
HHR JhET T Reed § Fgd 9! Bl 2|

12.5 cm

0.2 nm

(a) U SR WTe TS Hohel T SR o1el SgA § A Hohdl o1 SRl

(b) TR &1 fagld qUEa i At ®E gl sawa (differential)
e % bl o @ whd #1af y, sy, 7 e & v €, @
y, 3R y, 1 GG A ot 3TRT T B S AW 9 @ (S F A
I= dierdl o1 oo foheor-gs) e eRfaes wore Hewyul e qf gg feufd siik
off Stfeet 81 St 8, TSreen Taeg g8l saveas @l 2

forelt wehet ot i nidl fafEl o sifen, fow geies &1 =8l a’ = a/n €1 H
0=nt/a=2/a’| 9% B o | wiv1 9 1 fEen ® frorar = 21 37k HAH
ff v ol 9gH H R

A 11

11.1
11.2
11.3

(a) 7.24 x 10*®* Hz (b) 0.041 nm
(a) 0.34eV=0.54x10""J (b) 0.34V (c) 344 km/s
1.5eVv=24x10"J
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11.

11.
11.
11.

11

11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.

11.

3T

(a) 3.14 x 107'°J, 1.05 x 10?7 kg m/s (b) 3 x 10'¢ wIeH/s
(c) 0.63 m/s

4 x 10*! ®EM/m?s

6.59 X 10 J s

(@) 3.38x 10 J=2.11eV (b) 3.0 x 10% ®eH/s

2.0V

&I, iR v< v,

4.73 x 10" Hz

2.16 eV = 3.46 x 107'°J

(@) 4.04x10* kgm s (b) 0.164 nm

(@) 5.92x 10> kgms' (b)6.50% 10°m s™ (c) 0.112 nm

(a) 6.95x 102 J = 4.34 peV (b) 3.78 x 102% J = 0.236 neV

(@ 1.7x10% m (b) 1.1 x 10* m () 3.0 x 10*m

(a) 6.63 x 10%° kg m/s (FFI & faw) (b) 1.24 keV  (c) 1.51 eV

(a) 6.686 x 102" J =4.174 x 102 eV (b) 0.145 nm
A=h/p=h/(hv/c =c/v
0.028 nm
(&) eV=(mv*/2) F ST HIfY i, v =[2eV/m)]%; v=1.33%x10"m s
(b) I B V=10" VF fau 3t 1 & T &, @ v=1.88 x 10° m s™
A B TR TR ®Y G Mo ¢, FE HE il TH FO YHW AN
(c=3x10°m s™) | A o1 ¥ T8I It Fehalll TEA: Al sl o6 T ST
T (mu?/2) e (v/c) << 1 T 3o 71 91gd @iferek =et W, 9 (v/0) & e
T (Tl goen 1 ¥ F9) e 7, @ MifRa yora-e o SR fefated g3
Y BT

SMUFHRT el p= mo

Fd T E=mc?

Wﬁﬁ%ﬁK=mc2—moc2

Sl emifereRTa §eTEH m FEER R s @

9 -1/2
v
m=my|1-—
c

m,, 1 T R TN FHEemar 1 3 Houl ¥ 9w ¢
E=(p202+ mgc4)l/2

o i fo smifarer ga@-49 H, 9 v/c TEET 1 % e B,
FA F E>m, c? (Tom 5o90M o) | seiaeid &1 faum Somm Sl e
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11.21

11.22

11.23
11.24

11.25

11.26

11.27

11.28

0.51 MeV Bt 21 36T 10 MeV 1 Tt Ssl, S geae[ &1 fad 5™
Tt G wgd ek 7, Sl qere- 8 ol e il 21 SR Ta Gl o N
¥ v (10 MeV Tfast 3s1t o faw) = 0.999 ¢

(a) 22.7 cm
(b) 7Tl St foh SR T foma T R, 20 MeV 1 U geidei Sk i
T e URuTTREEY, $1-3MifERTa 9F R = (mv/e B) 94 &l Tl smufarhia
el

R =p/eB = mv/eB R=m0v/(eB 1—v2/c2)

eV=(muv*/2) A R=(muv/e B)sF T 9 (e/m) = (2V/R> B ?); 71 fau Tu
kel o FAN W W Bl § : (e/m) = 1.73 x 10" C kg™

(a) 27.6 keV  (b) 30 kV &I hife I
A= (hc/E)o 94N ¥, SEIE=5.1 X 1.602 X 10°J 1=2.43 x 10*m

(a) 1=500m% fTACE =(h ¢/ 1) = 3.98 x 1022 i ¥ehe IeAfId Tl i
Rtz
= 10%J s7/3.98 x 1028J ~ 3 x 10 5!

& 3@ € o Meaiey it Sl ogd %a € o1k eal 9 ¥ ufa Yehe scafsia
TSI 1 G Fgd A €1 THfAT 8T Sl o =AaH Foien (HieH) o st
1 U e 3R ed T FY Fol HA ki Gad HAA G 0 Jfe A B
(b) v= 6% 10" Hz & TATCE ~ 4 x 107°J =79 ol o WTq Bl
Afyemg (FTe)

= 101 W m2/4x10%J = 2.5 x 10° m2s™"
3@ 1 gael § YA I ol Wil i HeA Ui Tehe = 2.5 x 10° X 0.4 X
10*s™ = 10* s | Tl 98 HIHl 1 G&A (a) 1 W& Ffes Tl 2, fhe off AR
fo1T 718 sh1oht aafersk ®, iifen &m0 et oft eroelt st @ ISl i F o STenT- ST
@ Thd ¥, A & i Tk 2
fO

p,=hv-eV,=6.7%x10"°J =4.2eV; v, = 7, - LOX 10"° Hz; v=4.7

x 10" Hz < v, % W74 A = 6328A 2|

e TR o WhTYT i el ferart «ft s1feres =i 9 &1, BITEd 39 Wbl o foig
aifsramsttar € '

T Hidl % fT e V, = hv— ¢, 31 ST HITSC) Fom & o forg fau e stfwet
b, ¢, = 1.40 eV| &@:, TR &d & fag v, = 1.50 V |

V3R v 7 oTE Eifau e F T (h/e) SR v-34 R IR AT v, B
TR e 2| TEet 9 f6g T WA W W W §, S oo-37 F o, =5.0 x 10*
Hz (3gefl gfa) W et 21 iedl &g v < v, % foau g €, el yehmer fomd
Iegre T il SR SEieTy o B Uk o forw, PRIt favre 1 sergarerar =&t gt
G H A 4.15X 105V s Tl e=1.6x10"°C TN h=6.64x 10*Js (h
1 HHF HH = 6.626 X 10*J's) & ¥ ¥, ¢, =hvy,=2.11V
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11.29 I8 o T ® fF & g€ emufaa Smafd v, v, (Na) @21 v, (K) § 3ifae 8, Wy
v, (Mo) T v, (Ni) § ¥ 21 THIET Mo T Ni e forgd Scasiv et il afk
e e o S €, fafenor w6t diern gl €, @itk 399 Mo @1 Ni Heleft
afRomal W g g T ggdn R ot Na iR K @ germer fage e, fafsweor 61
Aot e ok | e

11.30 Ui A Tk oM e SR G9rEl WHIvES 85hd ~102° m>JF W, 5
qagl | goiaeHl &1 9@
_ 5x2x10™* m?
- 10720m2
srrafad wrfer
=10°Wm?>x2x 10*m’
=2x10°W
T femror (wpfa) o, smufaa vifea |t soreel 5] 9ad ©9 9 THTHM A9
B ©1 TROTEEEY, Ui Sele Ui Hehg STEeia Sl

2 x10” e

= o7 "2x10%W
et fagd Seesi o fae sTewas 994

=10"

_ 2x1.6x107"°J

=1.6x 107
2x10%° W S

S ST 3 (0.5) 99 @

HETT : YRR €9 ), eI fored IS e areefuneh (~107°s) dfad i
21 gfey -yl gam 9 ol swenfa § 1 wie-few 8, 99 gae
fafertor =1 St At SoeRAl g H9M &Y § Wifed T2 e 21 afeeh, Sl STHad
‘geie’ oh ®Y W Al B SR Tl T SFeiuul -+ Y eran wier a1
Faeifd et BT €, o1 TN e ®q 9 Selee g SEeifd gia 2

11.31 A= 1A & foq, seie™ &1 Sl = 150 eV; W[ Hl Fell = 12.4 keV

THT, THH qUTeEd o oy, W ot e, Solegi i Sl ¥ i e Bl 2|

11.32 () A==
p 2mK

THAT T K o TIu, A, S0 moh WY (1//m) o SR o0t 81 o

(m /m) = 1838.6; 3(: HHH Fsl 150 eV o foIu (=9 11.31 %1 TE),

. 1 .
22w A =(WJ X 10"°m = 2.33 x 107> m| {qUIHITUTHR
(Interatomic) RAT THE TR Gt A1 TE1 71 3UFAT 150 eV Sl w1 -
TS fareda wEm & forg suge =@ R

547
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(b) A= (h/y3mkT) o TITH A= 1.45x 10"°m, S o= H SaTRAT e
T o g B1 Tedd FW (o) 91 (b) W, @ =g faed= wE & fog
YT A (H0T) T SHIT Ioe otl ok -G i T o o W hed
9 9§ difud & @ =feu)

11.33 1=55x% 10"%m
A (die 9w 5.9 X 10 'm
favIe awan, TOTREd o SARATAIT €1 THT SorRi HaeRn w1 faue e,
ThTI GerRElt hi fIUST amFar ¥ ORI 10° T B1 SRR W SE (St
FHH! h1 AW 3 ol H &gl T REfda FT el 2
11.34 ¥a7 o fag
_h _ 6.63x10%Js

A 10 m

=6.63x 10" kgm s
S oF T sTufeRa 93 o 9A |
E? =c’p?+m2c’=9x%(6.63)?x 102 +(0.511 X 1.6)> x 107

~9x (6.63) x 1022 J2
fodtar o= (form oM Stl) 109 @ S 2
39feTT, E=1.989 x 10'°J = 1.24 BeV
37d: @& (accelerator) § fTel SoiaeA 1 H9l FS BeV &I HifC Fl T
BT =1

1135 - ", m,, =ngasww
BmkT <~ 6x10%
A=0.73 x 107"°m H&g gl (34)
r = (V/N)'a = (KT/p)'/*
T=300K, p=1.01 x 10° Pa®h ft r=3.4 x 10°m W< &l 21 &4 U &
f&mr>>2

11.36 S 11.35 ol §AF ¥ T & W A=6.2 % 10° m & & T
SfqUEeraRITR T ¥ ugd A B
11.37 (a) 0k, 2 a1 W[ & U0 ol @ o8 91 9 €, S S9! R GieH R o
T ¥ TofeT T da B R fR it g § e smee 8 e 1,
ANty Yol Ew e o i TSt B )
(b) ToR[@ den gk &= oF foau wEe: I qA HaM e V= (1/2) mv® A
eE=madd e Bv=mv?/r, SR & & T e &1 TdeH! e T m
T g sre-erent Freifa &Y g, st e/mgm fifa et 21
(c) T1=t <@l W Ml Y, Sk WA oSl W UEEH SR YN i T S
T AT B €1 E Se R, T 0y @ TRy SN gAdESE % Rl
ST ! THT hig SEAT 781 2l
(d) HE-Fe, ST i W o€ o HU TR Y U 9« e o fag
ETIH FAqH Foll A 71 o1g o Gl Selaeiq 39 W (St o) H e

548
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Bl & W1 1 Gad o€ W wd &1 IRoTHEEy, T gl i TR o ferg,
fafr= =@ @ frerel goreeiq, fafa= seifell & @y ffd =9 )

(e) Tt Fo1r &1 St E (A T 9aT p) o1 WA UM T A feeriar o 31efa
T T gafery T A Aifdd €9 ¥ Aoyl ¥, 98 Tk seldeid w1 5o @
o foTq v o OCH AWM 1 1S Hul Hifdes Jee Tl el 81 361 8 el =l
v it sdifaes w01 @ Feeol & 21 U =

v _dE _d(p’ | p
di/A) dp ~ dpl2m | m

iferer &9 G srefgof 2

T 12

12.1

12.2

12.3
12.4
12,5
12.6
12.7

12.8
12.9

12.10
12.11

(a) § =1 &t

(b) A Hied, TIHE Aed

(c) TIHIE Ared

(d) 2rHEA Hied, TIHE Hied

(e) = Al

TIZGISH TRATY] T AT W2 81 THhT S99 1.67 X 1027kg ®, Sefeh 3mafad

TethT 0T 1 FAHH 6.64 X 10727 kg T1 ik JH1ol g o1l 01 1 59

w8 AR (W) W Aty ® shfee yoael weg W off et arad el

AWM 78 U@ & @ 59 foF 1S eard, fommewen § ¢ & i 9 THaw) ™

YR YRIUH o FHIOT TR Tl

820 nm

5.6 x 1014 Hz

13.6eV;-27.2 eV

9.7x108m; 3.1 x 1015 Hz

(@) 2.18%x10%m/s; 1.09 x 10°m/s; 7.27 X 10°m/s

(b) 1.52%x10716s;1.22%x1071%s;4.11 x 10715 s

2.12x1071%m; 4.77 x 1071%m

Fﬂ%ﬁ"f%ﬁﬂ: 103 nm dan 122 nm

IR AUt 665 nm

2.6x1074

() T FHA

(b) hTT A

(c) IE Gehd Hdl B o Y10 G&ra: T Hefg & wRO & ik Th g h
e 8T WHIISN h1 W& % WY Faehd: Sedl € 3R gHfey Hier o
w1t Aaehd: S 2

(d) 2foee wied §, Uk Felg o FRUT 9gd A fF89 e €1 Ufed i geRioe
0T K AR el SEYHIVH FI & H TR & h1 S Gehell €1 2d: 208
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12.12

Higel § IgYeh1vM i SULT TTofd 21 TS Hisel § SAfushal Yo Tk Ferg

o RN Bl € SR SEUHIUH YT ki qUw GfTehed T SUET 1 ST Hehdl 2
R Hisd ®1 9oH el Hi B a, foeh A @ a0=%
(S & WA et o (Gy,me/ 1), BRI ST A ®, 99 e (e2/4 me) oh

M W Gm,m, Jaeiid 3T =fet) 1o o) Jied &1 9aq wa &1 e

2
ag = (h/2n')2 = 1.2 x 10 m &F =1few) o8 wyol fovd & siehfor SwR o
Gm, m,
Fe e 2
ve me* 1 1] me*(2n-1)
12.13 " unpZ(h/2n7 | n-17 n2]  @nPel(h/2n°n’(n-17
me*

12.14

12.15

n % sk 7 % oy, V= oo e2(h/2m)’n®

Feffa g v, = (/2w Bl

2
IR HEAH v = nh/2m , AR r =—4Tt80(h£275) n2 gl
mr me

n(h/2m) _ me*

onmr?  32n’e(h/2m)°n®

S n % @Afus 9 o faT v % " % 99E B

Ad: v, =

c

2

(a) Tl (4nemc2J 1 formn ofsmé =1 formn 21 9t A9 2.82x107° m @ S
T GREES SH W RIHT B

(b) Tl M %1 fom, e T fam €1 3R 79 0.53 x 10 m 7

me
S AT HES 1 e w1 21 (LA AN T Tt qek area o T 71
a1 Hehd T B0 W& WES U % % fau h % TH W 4 3R h/2n
Fiaeentyd S Ay
m®  Ze®

aR dfed ¥, mor=n 3R =

r 4neg,r?

1 Ze? 47e,h?
3Ad: T = _mv2 = r= g n2
2 8re,r Ze m

T Gefell W feerfast Svofl oh foTq 91 o = o1 oIS 9WE T €1 or ettt sl
& A W P T W T A R

V=-(Ze*/4 me,r)
99 V=-92T SR E=T+ V=—T W 841 2
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(a)

(b)
(c)

12.16

12.17

3T

E &1 3T4d A = - 3.4 eV 3Hd W fefas S I T o JoN[ =991 T
U 81 E = — T 941 & W, Toa 1 39 fereel § sl seii + 3.4 eV
2l

V=-2T % a1 9, Toiae &1 feafas el = 6.8 eV 9ra eidt 2

Iy feofast ot & Y@ R 1 fa= @k @ w=@ & S 2 wfas el
TRafda @t 21 st St 1 9 + 3.4 eV, feafast w9 o 9 TR % =9
W Felt T wa ?1 Al feafas S w1 g ') fom e @ wafe s
2 o golag i feorfast ol o ool Sl Sfereen REfda g S

& A W el w0 G h o G Afgda €9 9 Ser @1 Sqond, sy
Heftg i gealt 1 wvi Taw 1070k Hife o1 1 &R oh FeliHiehiol SRt
o WS W, 98 n o ogd &g (1070 1 whife 1) WM o G 1 n % g g HH
o fou dR Afed o Fifed W o SRR Sefel AR whiviE Wa o 3R
ORI Sevdl o Fad TRl i HHY: FoleA 3R R0 Hol w1 qo § =g
w1 T

SR e % P H m, i m, ¥ AReId T F AGOTFA €1 F: T
%1 77 T@d U eH T ® T ro(1/m) 3R Eam

r,m, 0.53x10 "

=256 x 10 m
Y om 207

E =—"" =_(13.6 x 207) eV = - 2.8 keV

AT 13

13.1
13.2
13.3
13.4

13.5
13.6

13.7
13.8
13.9
13.10

13.11
13.12

(@ 6.941 u (b) 19.9%, 80.1%
20.18 u

104.7 MeV

8.79 MeV, 7.84 MeV

1.584 x 10°° MeV 316l 2.535x10'%J

i) 22°Ra — 22°Rn+ ;He ii) 2;’Pu —2°U+,He

iii) 2P - 2S+e +v V) 2B — 5 Po+e +V

v) tC—>'iB+e'+v vi) 57 Tec — S Mo+e +v

=) 120 + 120
vii) "Xe+te" —» S 1+v

(@ 5Ta4 (b)6.65T M

4224 T8

7.126 x10° g

7.877 x10'° Bq #¥el 2.13 Ci

1.23

(@) Q@ = 4.93 MeV, E, = 4.85 MeV (b) Q = 6.41 MeV, E_ = 6.29 MeV
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13.13 [/C > 'B+e'+v + Q
9=[m, (i'c)-m,(yB)-m,]c*,
Tel 3T Sera™ TRATSH o | el ki % &1 % e gt w1 S
FW & e w1 1 % faw 6m, 7on B % o 5m, SoawET 1 SR A0 S
T 37d:
9=[m(i'c)-m(;'B)-2m,]c’
XU U gemEl % 3T W Q = 0.961 MeV
Q=Ed+ Ee+ Ev
et e " den v Y go o eifesh 9}, ord: faseAst Aifen w1 S
T (E, ~0) Tl ¥1 R =feA w1 fas st (B,) Fem (a3 @ ol
TISTZ T Foll SAfereRad B, S SRS ®9 W Q o SR Bl Sefid E,_
sifyshad AM Q 7

13.14 %Ne »ZNa+e +7+Q; @ =[m, (3Ne)-m, (7iNa)-m, |c* ™ 13.13
o GO &, F8T Y SoAAH el o forw ], qramoged o | wEee et
% WA ¥ w0 W Q =|m(%Ne)-m(7Na)|c*; @ = 4.37 MeV! =
13.13 oF GHH € Sl i SAeehad Tias o1 Q = 4.37 MeV |

13.15 (i) Q = -4.03 MeV; SEARIE
(i) Q =4.62 MeV; SR

13.16 Q= m(35Fe)-2m ({5 Al)= 26.90 MeV; 37

13.17 4.536 x 10*° MeV

15,18 U o T8 s o < ©X107X20X16x10
5 o o6 9 | 80% HHA & Tow Suam fhe SR W Rusex | safi@ 235U &t /e

_ 5x0.8x3.154x10'° x235 g = 1544 kg
1.2 x 1.6 x10"

281 1 YRf9eR AN = 3088 kg

13.19 THT4.9 x 10* y

13.20 360 KeV

13.22 JfqErft gal W foer Hifu
AX 54 Y+e +v, +Q, (TS afE)
e + 42X 54 Y+, +Q, (3o afwEm)

552
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9, =[m CX)-my (¥)-m, ]
= [mN (QX)— Zm, — m(Q_IY)— (Z-1)m, - me]c2
= [m (‘Z‘X)— m (gle)— 2m5,:|c2
Q, = [mN (2X)+ m, —my (2_1Y):| c? = [m (QX)— m(;‘_lY)]c2
o Q, > 0T Q, >0 R Q, >0 FH a1 Q> 0 IMawaH T 2
13.23 2°Mg : 9.3%. 25Mg:11.7%
13.24 TF T9h 4 X HT =2 JUFHR ol S, % faaw wHiw €,
S, =[my (*3X)+m, —my($X)]c”
U gu @iiehsl T ¢® = 931.5 MeV/u 1 W % T eH I &

S, (30Ca)=8.36 MeV TH S, (%7 Al)=13.06 MeV
13.25 209 d

13.26 'iC o IS ok fag
Q = Imy (*53Ra)— m,, (*%Pb) - m (4 C)Ic?
= [m(*32Ra)-m(*3; Pb)- m('5C)lc* = 31.85 MeV
iHe o Sc&siH & AT, @ = [m(*22Ra)- m(%.9Rn)- m(iHe)lc? =5.98 MeV
13.27 Q=[m(*3U)+m, —m('seCe)-m(3;Ru)lc®> = 231.1 MeV

13.28 (a) @ =[m(?H)+m(3H)-m(;He)-m,]c*=17.59 MeV

(b) FarA Afqwu o e o faU semaes Tiast st = 480.0 KeV
480.0 keV = 7.68x1071*J = 3kT

.. 7.68x107"*
" 3x1.381x107%

(FfF Ik =1.381 x 102 JK™)

=1.85 x10° K (37699 d9)
13.29 K, (6)=0.284MeV. K, (5,) = 0.960MeV
v(7)=2.627x10*°Hz . v(y,)=0.995x10°Hz ., v(y,)=1.632 x10*°Hz

13.30 (a) 7 o gd o i o =R [ H fwes ety (W) T sHe 9
T € A1 Ud W oM 26 MeV i Sl foge gl 2l
1kg TS o Hoad | fage s = 39 x10%° MeV
(b) 1kg 22U = fowsd # faga s = 5.1x10% MeV
1 kg TRSISH o Hoad ¥ faqea el 1 kg Jfem o fowea ¥ faqea e
T T 8 T 2

13.31 3.076 x 10* k
g 553
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AT 14

14.1
14.2
14.3
14.4
14.5
14.6
14.7

14.8

(c)

(d)

(c)

(c)

(c)

(b), (o)

(c)

YT & faT 50 Hz ; Iof @1 o6 faT100 Hz

14.9 1,=0.01V; ;=10 uA
14.10 T (hv# TR E, ¥ s &1 7)
14.11 n_=4.95x 10%% n, = 4.75 x 10° ; n-Y&R &, Ik n_>>n,
Hohd : e SEEAD % fAUN, ~N,=n_-n_;n.n = n’
1 T H 7 w0, = 5| (V=N (N, N, +4n? |
14.12 1 x 10°
14.13 (a) 0.0629 A, (b) 2.97 A, (c) 0.336 Q
(d) < dieedisti o felT 9/ [T HF 9T [,9 G99 B, S99 Ad el @
for gvafefees smo@ o fds 9faly 1 7 3Ha gm
14.15 NOT; A Y
0 1
1 0
14.16 (a) AND (b) OR
14.17 OR
14.18 (a) NOT, (b) AND
14.19 2V
T 15
15.1 (b) 10 kHz &1 fafezor =& g (W3 4r2s1), 1 GHz T8 1000 GHz TR =
Eiatl
15.2 (d) @rvit 15.2 3fEu)
15.3 (c) S9MeAE YU Had w1 T €l
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15.4 I 59 &7  Hand w=h SO 9Fa T A=p d2=

22 6 2
7x162x6.4x10 =3258 km

—075—A'"
15.5 4=V A

(4

A, =0.75x12=9V

15.6 [ AM T (A_+ A_sinw_f) cos o.t, SR & B 2, THHRT Ak
HREH M, = A, + A, B Sefeh =[AaH AEH M, = A - A B Td: AIgeH
el ¢,

A, M -M, 8 2

A, M, +M, 12 3

C

M, =0T T &Y ¥ & m=14R M, % 97 F5 ¢ 2

m =

15.7 TRaAal &t gfte @ Ml o ifmmel famea
A, cos (wc+wm)t%|
e A A cos wt, STTME VM W ST 2
ST forel H O FE W EH W a2,

AA cos (o +w)tcos ot
= %[COS (20, +w,, )t +coso,t]

I 39 o= & 79 IR fheet 9 o ST @ g9 wigfad fama

AA

2

15.8 (a)

< cosm,,t W T o Fl

-3 . . . \ . . .
0 02040608 1 121416 18 2

(b) £=0.5
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