9.2

9.3

9.4

9.5

9.6
9.7

9.8

9.9

9.10

9.11

9.12

ATl F I

v=-54 cm | Yfdfea SrEdfes, Ia7er de Safdd g1 yfdfad 1 92t 5.0 cm |
THU - f, v - o) u<f ok fou gfafes swuret s=m)

v=6.7 cm| 3EHT = 5/9, 31ld yfdfaa &1 TET 2.5 cm 21 99 T u -
v f (WG BT ¥ 1 &l &l 9gar) Jafh m - 0

1.33; 1.7 cm

n,= 1.51; N = 1.32; n,,= 1.144; {599 sin r= 0.6181 31 r~ 38° 9rd
B 7

r=0.8 X tan i TN sini, =1/1.33 00.75, <&l r G 9 1 ! =1 ex §
€ T i O-aTg SIgeS & T Shifass i 21 &R = 2.6 m®

n [0 1.53de 5@ 9 9 & fau D, 0 10°
R =22 cm

Tgl foa el qen wfafae ardfas €1 u=+12 cm (5 et @R 7; o)
(@) f= +20 cm | Wfdfss Srfasw € 9o @ ¥ 7.5 om [ AMEA AR 2

(b) f=-16 cm | Hfdfs STEafash & de @@ ¥ 48 cm R (e R T
v=8.4 cm | Hfdfea e e S 71 9% e § Bl 7, WEA = 1.8 cm| S¥
U o v f (AfFAf T M 7 Jra Safh m - 0) |

I T, ST 5] 3Tael O (=21 cm) o BT R & el 7, 79 STh Ffdfee
g ¥ 10.5 cm T A 7 (ST W T S S R Torlt W RIS e Gehat €)1
60 cm T T 1 TR @

(a) ve=—25 cm qn fe= 6.25 cm 9 ue=—5 cm; v, = (15-5) cm =
10 cm 9= g ®,
Jo=u,=-2.5cm; ELA &HaT = 20

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

25 cm 30 W fdfea a7 & fau A @1 wivfa smads

25 25
=—+1=1L |u, F—cm =227 cm; y =72 cm
2.5 11

Yok gt = 9.47 cm; AT & = 88



9.13
9.14

9.15

9.16

9.17

9.18

9.19

24;

(a)
(b)

150 cm

T 3T = 1500
yfafed =1 &9 = 13.7 cm

aifsa aftomy Jd A o fore qdor o GHieRoT qen YT st HET 1 WA Sifsw)
(a) f<O (37aad g9u); u< 0 (foa arE W)

(b) f>0F faw; u<0

(c) f>0 (3T JuT) AMu< 0

(d) f<O (31&dd gI); f<u<0

9 5.0 cm TR IS g A T T T TR FHRW RO SM@ g @

S Thal € foF S ™ o Tk @i feufa W R T @ (8 e
vl o fe) |

(a)

(b)

(b)

(c)
(d)

(e)

sin i',= 1.44/1.68 5@ ¢'_ = 59° W B 21 qof Svafe TR
i>59° 31l S r<r, =31° WM 8l 7@, (Sini /sinr )=1.68
fSe® i~ 60° WM B ¥ T TER O F IR 0 < i < 60°

w1 eft smufqa foreon =1 U § ol oviaRes wedw g (AfE ey kb
warg ot 8, St foF =eer ® w6 2, 9@ i W e € uee % o
TN IHHI A ok UM R Fuif@ ewi)

Ifc ®E S SR T ®, S, = sin(1/1.68) = 36.5°1 3, i =
90° % f&IT r = 36.5° TN i' = 53.5° B, & i’ ¥ 31f¥F Tl TH TR
[TfER & |eft smufad fahul (53.5° < i< 90°)] Ui 3Tdfieh Wafdd =i

Rt THae 21ere ST 39U oF ‘de’ foRet fog W sifaRa fereol <90 o6 |
TR R fRdt fog R wEfdd & St €1 R IS W, RIE qede 901 sterE Sud
Tqu] ATt foa o foru aredfaes gfafee 3= X Wehdl 21 i 3fad gk
fortor ST T @ &l G Hifu)

e WEfdd e udfdd Rl ey Bt € df Wiafaw e e @
AR TRt i Sfaa I o &t Tera ¥ e W eAfmfia fea o
Hehdl €1 751 T SMAE ofF Sth F&1 il ©1 el el wfdfas e o fag
e op1 it R e @ o1 ardfaes gfdfee a9ar 21 s Sifew, g=) s
yfafars @t feafa ® W =i erafied & fHan s 21 ==l *iE e T2 B
At el

T e : 3@ i ga H S <@ o fau S TeTE %W 8 S
21 Yarer w1 fafa= feafal & fore genmer fortor sma wi=et 39 929 1 @
&R i)

ER 1 STTedHIh T 2.42 Bl © S |H shiel o TqecHlh (ST 1.5) |
ST AT Bl 21 B ol Shildieh hI01 ST 24° & 1 1=l o Shifdieh ShioT <kl 70
SHIHT A 1 HE ER Rl I Sl <& AfR e hio (R o i) o o IRE
24° §90° o1 Y I8 GHfver Tt § 321 ol & b ER W et e & oo vt
T okl | 0 WEfad B-39 TR 9 foh ER 1 SHehsR J9E 3 Bl

TR N 9% o o vEa g s ok e, o | SR 39 feufa § uden e fau
arEdfersh gl YSM el widt, S f 1 UH s/4 9 e g 2

ed: f =0.75m
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9.20
9.21

9.22

9.23

21.4 cm

(@) (i) WM AT fF HE TR JHR-99 9% AR ¥ Jed 39 o W 3afad
g #1
f,=30cm, u, =¥ U B 8 v, =+ 30 cm| FE Ve TR A
o forq st foe o= ST 21

f,=—-20cm, u, =+ (30 - 8) cm = + 22 cm, fS¥H v, = - 220 cm
WIS BT B 1 THIR STfaq fohor-gst <t ol o e & %% ¥ 216 cm
R forelt forg @ eromfia =i wefid & 2
(ii) A AT foF I TR TR1-G 6 R § 98 ofaad oF T Tafad
ﬁﬁT%lﬂTs{fl=—200m, ul=—00ﬁ§lTlH%)Rﬂ% v1=—200m|'5|'5'9ﬁ'%|3
@W%mmﬁamw%lﬁ=+30cm,u2=—(20+8)cm
=-28 cm, ¥ v, = - 420 cm W< T ¢ HAR THR-G A T F
T3 o T fog T a1 3R | 416 cm X Foo@ fog & somfa s wda
g
Ty 3 o S 39 W sk o @ o oW 9F & e iR TR - sfaa
Bl 81 TrT &1, §AR U9 #IE UHt WeT oiq GHi 7@ @ 5t gt u (qegrv) &
arl & oG, frer o ffved fadies @& gal 4 9 gl (e & ey f, ae
Sf, @1 3 Al o o g g0 GRT FAERa Bid &) We Bihd U 1 HROm,
A 39 5 o T etefqul Wi e e
(b) uy=-40cm, f,=30cm ¥ v, = 120 cm W B 2
TR (ITA) W o HRU ST w1 URET = 120/40 = 3
u, =+ (120 - 8) cm = + 112 cm (o= 3¥rEt)

112 x20
cm Y 2l 2l

f2=—20cm@ v, = -

3 T (3TFAA) W oF HRUT STEET H IRATT = 20/92
3MEET H1 A2 gRET = 3 x (20/92) = 0.652
gfafda 1 W8S = 0.652 x 1.5 cm = 0.98 cm
afe fyn o srvafia fheo Tt wers T Shifae i1 W STafad e € @, vea
FEF R YA B rH AH (60° - i) B L
39 i =sin (1/1.524) = 41°
3d: r=19° U sin i = 0.4962, A i = sin”' 0.4965 ~ 30°|

TuF &g o 9 q gagH e e el R gu AR 3@ YRR SHMEifed

a1 ST foF ST oUR TH T & fowdid ®, @ 3 % F" 5 wid H

oifq E w qen TEE WHW YN A i feefed e © SR A @ fasfma

B §; Wq Y 1 WEl GHR fawene g @)

(a) o faeiaor yehmer-g9 =1 faafad &0 & fau, fad geref S %= =i
w1 T Tgen TusH ofSe qen ot Sfaa staed= v o1 ficre sia %1 gaq
e 9T [T foom (e *T9) 1 SA9ad= S0 w187 Hid & 57 o
Bl T TR firee e sriameq sifues fagiaor s 211 59 <) fueal
I TH-TER o AHe 3l W@ W T A gt firsa & fasao &1 fea
HT A 2



9.24

9.25

9.26

9.27

3l

(b) fom fomrer & wohrer o faeiuur o fog fiee e & foom & otveda %o §
gfg HifST (eifees SR stfues sraads S0 & fiore wiw & fsH oy
Hifse) @ <Al firsal g 3 fo=e th-3m o |9M qen fauda =)
(it T T STHEA IS HIF hI 31U 3Tfeeh TF o HROT 37eft off foere
= % TU 1 ST FI0T FH3A Hid o T F1 qoF § S el €) iR
T ogd W IO o foIu HTESH S g1 §, 37 9% difwd $89d & forg
IRELE SHaEe &l el

TESA HT ST R @ o AT T T e AR S T STER w4 2

€ &HaT (40 + 20) SEATX = 60 TEATX B| 3HH 3fteqeat qun Hifan = o

o o= ®1 g0 r H e ORom et @ : (5/3) cm fHRE fom w1 fee fog

(u=—25 cm) W HIHEd H 3T (v=5/3 cm) R Afdfaa g & & fag

Ty

1 3" 25
{25+5} HGCm%ﬁW'

I8 64 TR Afaf@ amar o dsq®Y 21 q9 A9 A" HT eHar
(64 — 20) TR = 24 TEATE | 77 H FI GHSH T GRE 9T 20 9 24
ST Bl

& forelt =afaq o 9 W FT TESH hI ATIA (&) FEE S g off 39d
frehe gt 1o i gfte gi9 &1 Tehal €1 fehe 3fte <9 3 Tiets o 9 qen 9
Y 9gd B2 8F R ST Bl ¢ FeR | g8k WY-FY 7 o g off 1ot ge
&A1 @ &1 B1 S A Ttk Bl AT S FH Bl € W - ST G
& 1 AIfeTeR &9 W @ a1 § (S o ° iy g9 W e ot wmre
B Hehdl 8) 79 39 S ‘I’ R T IR Fed € 91 3THRT TR 1 3w
319 1 & g o S 2

Ifad 1 W 55 100 cm ?, Sefeh STk Fave fog 9= (@ 25 cm) @
Thdl oMl =I9H T R A R W o HT NI gfafsT 100 em [ T L
T I kT SEgel, S1eiq i fo (fSek 9w % gR1 wfdfse) 100 cm 3R 25 cm
o o= €, @ Safd S0 I 9 T GHSH &THdl 1 IFIdl T STAN Il B W
Tg At 1 A g T R SR g B S T (SRR | T st
1 fhe fo1g 50 cm X =l STl 1 oRgefl i 25 cm §U W 3@ o forg =afam
HT +2 ST &THAT o =9H i YT 2l

Afergehal Teh gfte T erved qs (i + 35 ©E) B9 W el 21 [ 9
Tette g €, sveifa gueht T qell | oshar THH Bl €, Wy Sfagshd i feefq
o it Tiela & gidt]1 odam frofa o, Seafer aa S gwa va@ €, or:
FeateR ol w1 Ty giafae Wea | o7 Tohar 81 W &afas 9 o oehar vt
T T, o7 dfas el guch T B €1 39 I w1 "yl SR o ey
3187 aIhell oh FafeTedl ofd I 1 ST Hehdl €1 T € T FeAfer det 1 quiat fentof
1 997 3fad YRR ¥ fohan T B @ fafded ofw o aferd g @ 9 area sifale
srforafid & gadt €
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9.28

9.29

9.30

9.31

9.32

1
(a) e E;{"T = 4gcm=4.20m qgT AH {ﬁ =5cm
(b) SAferhan &V eTEd = [25/(25/6)] = 6; <A HVE AEEA

=[25/5] =5
1 1 1
—t—=— Fulq v=—
(a) b 9 10’ v 90 cm

YA T GRATT = 90/9 = 10
et yfdfea ¥ ycde ot 1 &%l = 10 x 10 X 1 mm? = 100 mm? =
1 cm?

(b) @A &\al = 25/9 = 2.8

(c) T&t, fret oig gr smaea den fhdt YRl 5 1 v e [ 31eran
Arae emar] & fam sifqaRond €1 wiviig stadA a%g o wivig @Ea (S
o wfafea o stefifa B W gfdfae o il |Est o SUe) gl 81) a2 59
Teurfa o o o I WIE (Seifeh 39 Fehe feg 25 cm W @1 5l €),
STUE BT B1 39 YR, ST 1 TR0 | (v/w)| BT € q STae man
25/ lul) Bl 1 kel qd S gfdfea fe g | vl =25 cm W &
sheret auft <A Tl guE g #

(a) Wfafss o e f&g (25 cm) W 71 R fershay eTaedq amar o gl 21
Hd:
u=-7.14 cm

(b) @eH &1 afRHmor = (25/ 1ul) = 3.5

(c) @A &mar = 3.5
B, sTaE godr (Se gfdfed 25 cm W 9941 @) eTeEE o 9REr o g9
Bt B

smEda [6.25/1) = 2.5
v=+ 2.5 u; Ad:

1 1 1
+ —_——_— T ——

25u u 10
319«1??1 u=-6cm
lvl = 15 cm

st gfafss g e 55 (25 cm) 9 off T o901 © 9o 38 A9 o e

3@ |

(a) AfE wfdfsia 1 FRUer et o o @1ew @ =< off 7, qf oft yfafas 1 vz
e 9% o IV TES oh THM BT ¢ HE AGHE dF TAR 3 ®9 F
TETIA HIAT § : AR STaF o T 7 A 9%g 25 cm ¥ HA 0 W T @l
ST Geohdl; 3Tadish &9 B W gH 9% i 3TUehd 9gd Fehe 1@ Tohd 21 a5
e B f SUHT FIVHT TET 25 cm T @ T JoT § el Aok g 2
TAR HI0F AEe I o1 Sqee w1 T e 2




3l

(b) ©, 7% el % Bdl &, Fifeh 4 W 3fafid o1 g W Aafd s ¥ Ui
B B 1 A wfdfss 9gd R & 9 I YIS 0 Bt €1 [ ;5" o
1 9 T g, T 7, A Vo o §R A9 W AR B0 a1 THh e
R A9 W 3fafa v guH T E|]

(c) WM, 3Td B Hihd U o oidi 1 s o e 31 399 sifueh Aol
I & fF 9 o9 wiwE g FH FW § @ 9 faued (i qen avf) g
ST B 27 SHeeR |, 319 ol Tt St oG W 3 A1 3tfueh shi e arw
FEl W Y Hehd €1 qenty, Tt fogem wenfua oW yomel & swEm @ 39
o i 10 o1 Heh Wi-ehe SR W §&1 Fehd B

(d) TRt Afet 1 wiviia SEeE (25/1) + 11 (f, cm ®) Frar & fowes 79 &

£, % S R gfg el 81 AT e o - - ¥
|u0| (Iuol/fo)—l

T B € S Sk B € AR w |, f, ¥ o i w1 gamewi w1 ST
31fq fehe 1 oRget 1 @ & fow foven ST 21 81 |y | H B € TR
TETER f, I

(e) ARt & sifrgeass o wfafad =i ‘Frin g’ Fed € 9%g O o1 areflt g+
ool eifirgeads @ TYed™ o Tved T gRe | TTordl €1 o1: TAR T 9
@ & e 7 U ey fefa 21 afk 5w o1 7 i 3 o @ga € ke
@ @t AR Iga STfueh TeRTeT T SITHTRYT T8l Y U qer 3fe-a off ue
ST A &1 ST A i FRH-gRe W W qe1 TR 7 Hi el &1 SAwd
frf-gRe & &Fwa ¥ Ifys o1 99 @ @ gUR A 1figvasd ¥ eTuafda
qeft fhon =t stfifed o < fria-grRes =1 Teie T M= Afieeas
TS ARt o e R R w21 S 7w R gase 9, 39 T fW
T ST T T MR S@A 2 d T Ta AR o HeA See g 9 o e
¥ sfafifed =t 2

9.33 TH if foh Gereel M v A 2 otefq wfafsa 25 cm W @1 AR @
HIV TEEA

fog u,=-15cm.; v, =7.5cm; lul =(25/6) cm = 4.17 cm 9 idl
21 sifrgeaes ud A o o9 g0 (7.5 + 4.17) cm = 11.67 cm BHI =1fET)
Tuferd STaEd U i o foT a5 @l AfgYE® 9 1.5 cm T @A B
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9.34

9.35

9.36

9.37

9.38

10.1

10.2

10.3

(@ m=(f,/f) =28
= £{1+£} =33.6

Je 25

(@) f,+f, =145 cm

(b) HHR g Faf@ iU = (100/3000) = (1/30) rad; ETIF g &A1
Hﬁﬁﬁf@ﬂﬂﬁﬁw=h/ﬁ); Jg=140cm|aﬁ=|‘faﬁvﬁéwﬁﬁwwm
h=4.7 cm < 8l 2

(c) ﬁﬁwwm%ﬁ=6ﬁmgﬁﬁaﬁ?§_dﬁﬁ=28cm

g YU (37gqet) gRI SR TR Yfdfe B1e g9ur (39et) o foag st faa &
1 el 21 I W @ e @ o Al gHieR Rl 92 <09 €110 mm R
IR B B TY0 o foTg St fora T gf = (110 -20) = 90 mm BT B
T KT HIHE U 70 mm T Y0 T FT ST FH R 79 3@ % yfafem s
T W 315 mm T S 2

Wefdd ool <dur o Tui o W S e W el et €1 et d/1.5 =
tan 7°; d = 18.4 cm

(b) m

n=1.33

(a) TEfdd R : (R, Sgfd, =Tel Sdfad WeRrel oF WHH ®)
A =589 nm, v=>5.09 x 10" Hz, c=3.00 x 10° m s™

(b) T9afda WehTel @ (gfa, afafad g o TaE ?)
v=5.09 x 10"Hz
v=(c/n)=2.26x%x10°m s, A= (v/v) = 444 nm

(a) et

(b) GHde

(c) THAe (WS el 1 Fag 1 TH B &5 N9 Godel Bl ©)

(a) 2.0 x10°m s

(b) &f, Fiifer sToerdIeR 3R THfAT L™ § YT 1 o1l auTesd I st et
2 [ * fafere wresd a1y @1 @ 9 fn @ o at ww e M
ST o1 T Uiel TehTeT o TeTq of Tehd &1 | 316 86 SId © b ST WehTel
=1 faaem #ia & fom ¥ @ w9 sifs g 21 S1eid n > n s,
Yo YIS 1 ST e, ol STadd 9 i fd 9 T S B

_ 12x10°x0.28x10°°

10.4 A m = 600 nm
4x14

10.5 K/4

10.6 (a) 1.17 mm (b) 1.56 mm

10.7 0.15°

10.8

tan™(1.5) ~ 56.3°



10.9 5000 A, 6 x 10" Hz; 45°
10.10 40 m

10.11 3
N-Ar=Y)w s e ®
C

sg o= S (0 = A
v /1( )

_ 3x10°x15
~ 6563

=6.86x 10°m s’!
10.12 = & Hivehl fogia o I8N, 3Tveny o, fora wread & weF e ° yest

FId GHA STUAd FU1 Gdg o cead YU et F1 ST Hdl 21 Tqh! qRorfd
a1 & Afiels T2 w1 gig | el wifeh g3 o efEw see o @l €1 3

e
csini=vsinr 21TB:S'ini:n;?=|2ﬁ'%r1>l,v >c %\I
C SImr
€ NN YIAITiTeh qROTE o foreg ® (v < o) | FehTRT 1 ol Togid 94 9
2

10.13 {33 foa =t % oot Y01 1 Tt h3d GU T I9 WiF| 78 Tedtd Ty 1 faa
T YU R GEH S GHAAT TR 21 37 U kT Sufeefd ue sufefa § ¢ g
o @ SH W w1 = feafaat w1 smfEa wifw) ema o & ST SR feer
T T SIY =Y YA G S o ST 9, Getdd Oy 1 oy (fad
yfafera) du & foa w1 e 38 W @ <m

10.14 (a) fafd & wehrer &1 =1et U Gl Fodis @ S g Ra o § fmed =
off freit Tt 21 foreiva: I8 U Sv=EiSHe qed ¢ T 9% Wi aen Yere o
et wid W oft fel TE e €1 T qe SEHerE o atifarendr o fafire
fagia =1 got SAfaEa 21

(b) TSI T AT it Hiegw W e

(i) e 1 Fehfa R R &Y € (WehTer i = w1 Fuior qem o geon
o | B1 T8 92 3 A o fAu off g 7, 99 eaf-ai v oo
anf o fere) |

(ii) THTT HeAy o forw w=or fegn w st 7@ e 2

(iif) Gid den qreay st graet i w) R = i afera e den ey &
g fd W) R S 2

(iv) TOTeed W fAsft e 2

(v) o W R T e (Tt sifie e foeeo-gs o foae 97 feofa
sAfere wifea @ den gef gun fow gyl == )1

10.15 =&-aUl & Goul o U Hieam eeedss ¢ iy (i) 9o (i) feufa § gma gam
e T (E a 9 ok ged) Hifde ®9 ¥ gaedt 98§, Fife weam o
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10.16

10.17

10.18
10.19

10.20

10.21

11.1
11.2
11.3

ey Yerk w1 MG o AT feafaat § e €1 o1:, (1) 70 (i) feorfoat | ww wafa
o AU SfeR o6 A 1 T &1 ST9&T 781 L Hehd | Fafd H Jehme-awm ok
fore, Toedan (i) 7en (i) feorfd o e FE 9% T {1 ==l O @i qen e &
Trdey it €1 o1ef Tt ¥ qen Swufarkia SR 1 g (i) 9o (if) feufa o o
TAME B AT § YH1e GoRO1 o fAw g4 saf-aan & gue, <H fefaat gum
T T TN (i) TN (i) Teorfet o forw & <fer o g o fa g & oTienm T
=feq|

3.4x10"m

(a) MH ~ A/d T o SFIER, SHR 371 T Al 21 il IR T 5 SIelt 2

(b) To-fertt wamism & =afaeror v = daar yeis ot o foads Ui g
Mgferd (modulated) it 2l

(c) TET TeRY o TRl @ faafta o =1 o s W Gt SAfqeh<or gRI TS
fag Sea=1 =t )

(d) T o I HIv W foadq s1eren g o fau sTaui/gRa &l SR, T
T TG o GHRE 1 AIfET) A STRIe/ER T SR e T o
H 5gd el € dl foad= B 101 4 e el SHR e e i Hife i e
21 FohTYT 1 e @5 x 107 m ®, Sfeh eaf-aw; S 1k Hz 3gfa
At e T TR T 0.3 m B 1 TH AR s -l fasieh o =R iR

(e) ~ATIETAA T MR (d) H Seifiad &1 TIER Yh1feTeh == § Yo GRehl
R T i TG & §gd gl gl ¢

12.5 cm

0.2 nm

(a) U1 gRI 9T TS Gehd qe TERA el STgAH d TREad Hohdl bl st

(b) AR &1 fagia @mfa & =G #3 ael sta®a (differential)
TR o g 9 ¥ gfamied €1 A y, R y, 79 T & e §, @
y, 3R y, 1 [T A F TR 7 S T AW T 7 (I F oA
I= il 1 R fHo-4s) e sRfash yore Hewyel e df g8 feurfa sik
off Sfeer 81 ot 8, TSrees wHem 78l savaes T 2

ot whet R &l nwidl fafEl § sifen iS5 g *1 9 a’' =a/n 81 F
B=nA/a=X/a'| T&F B o @ w01 0 *T faen | o g T TR TASH
off 3= o gTH F@T 2

(a) 7.24 x 10'® Hz (b) 0.041 nm
(a) 0.34 eV =0.54 x 107'°J (b) 0.34 V (c) 344 km/s
1.5eVv=24x10"°J



11.

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

11

16
17
18
19

.20

3l

(@) 3.14 x 107'%J, 1.05 x 10" kg m/s (b) 3 x 10'® HIeH/s
(c) 0.63 m/s

4 x 10*! ®IEHF/m>s
6.59 x 10 J s
(@) 3.38x10J=2.11eV (b) 3.0 x 10* ®ITH/s

2.0V
&, wfd v<v,

4.73 x 10" Hz

2.16 eV = 3.46 X 107%J

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

(@) 5.92x10* kgms' (b)6.50x 10°m s™ (c) 0.112 nm

(a) 6.95% 10 J = 4.34 peV (b) 3.78 x 102® J = 0.236 neV

(a) 1.7 x 10 m (b) 1.1 X 10 m (c) 3.0 x 10 m

(a) 6.63 x 10 kg m/s (I & faQ) (b) 1.24 keV  (c) 1.51 eV

(a) 6.686 x 1021 J=4.174 x 102 eV (b) 0.145 nm
A=h/p=h/(hv/c) =c/v
0.028 nm

(@) eV=(mv?/2) H IWR HIT 3190, v =[2eV/m)]"/?; v=1.33% 10" m s
(b) AR & V=10" Vo fu 3 §F &1 @M &L, d@ v=1.88x 10° m s™
A@ B T TR ®Y W o €, HFifh i A FoA RO YR o A
(c=3x10°m s™) | I o ¥ &l F Fehall TEA: Al sl o fAC ST
T (mu?/2) e (v/c) << 1% Fau 3o 21 o 31k =l W, S (v/¢) o TR
ToF (T T 1 § 7) B €, @ SMifdwE guE-aF o SR fefated 9
99 B ©

MU Gl p=mo

Fd Hell E=mc?

Tfast s K=mc?-m c?

Sl emiferRTa SeAuE m FEER e St @

(22
m:motl—c—gJ
m,, 01 1 TR FEE w1 3 HaEl § W g €

E - (p2c2 + m§C4)1/2

o[ S foh eAifaeh g9E-a5 §, 19 v/c AW 1 o aUel Bl |, dl
T TSl E2m, c? (foRm 5eomm i) | el &1 foawm 5o st e
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11.21

11.22

11.23
11.24

11.25

11.26

11.27

11.28

0.51 MeV @rdl €1 SEfeT 10 MeV &1 Tfast Ssil, S gt o1 fod gemm
Sl ¥ 9ga ek §, SMUferh i Y9G -8 i e HIA 2| SUfEEE T o T
¥ v (10 MeV Tfas Ss1 & faT) = 0.999 ¢

(a) 22.7 cm
(b) -l St for SR T foman T R, 20 MeV w1 Ueh geiaeiq Sufershig Thd
¥ =i uRUTHEEY, $1-SMfERTE 9 R = (mv/e B) 94 &l @l sTufarhia

el
eBy1-0v? /cz)

eV=(muv?/2) AR = (mv/e B)sF T 9 (e/m) = (2V/R2 B ?); 921 fau Tu
gl o YN Y W el € : (e/m) = 1.73 x 10" C kg

(a) 27.6 keV  (b) 30 kV &I hife I

R=p/eB=nmv/eBad R=my/

A= (hc/E)oF AN ¥, SEE=5.1 X 1.602 X 107'°J A=2.43 x 10*m

(@) A=500m%F fAUE = (h ¢/ A) = 3.98 x 1072%J Ufd Tehg I@NIG ®Iell i
&
=10%J s71/3.98 x 1028J U3 x 10! 57!

A @ ¢ T Meadici 1 Sl ogd &4 § oI feal 9 o ufd Tehe scafsia
TS 1 WA Fgd SAfHh ¢ THieT 8T St oh =Aad Fien (Fie) o A
1 Suferd 3R Weal a1 FT Fot Foll Bl Gad AHH F T0F S A B
(b) v= 6 x 10" Hz & T E 04 x 107'°J =3q9 ol & WTq Bl
SAfaTE (Tl

=10°W m2/4%x10°J = 2.5 x 10 m?s™’
3@ 1 Iaelt B YA o Wil i He 9 ¥ehe = 2.5 x 10° % 0.4 x
10*s™ = 10* ™! | 7@t € B %1 W& (a) 1 @ AT T 8, TFL ot g
o0 o1E 1! 1M ©, Siifeh &9 9l off 3191 i@l @ il i 7 o STe-STe
@ gad ®, 7 € 1 "ehd B
%

@, =hv-eV,=6.7x10""J=4.2eV; Vo=, =1.0X 10" Hz; v=4.7

x 10" Hz < v, o §Td A = 6328A T

MR &R o YehT¥ i il fraqt ot 2iferes =i 1 81, BIede 39 Yehel o fog
arfemamefier € &

T Hidl % fT e V, = hv - @, %1 3TN SifS) wem &ia o fau fau T siwet
F, ¢, = 1.40 eV 37@:, T €@ o faT V, = 1.50 V |

V, 3R v # sTiE Eifaul e & e (h/e) 3R v-318 W 3T qEE v, H

TRRIA 3 21 TEet TR g T W W R 6 €, S o-37 F g, =5.0 x 10*
Hz (38l emgf) W wredt 31 qfedl &g v < v, % for 2 €, =l vewrer foga
IS T B SR SHAT 6 i Ve o ferw FRe fave w7 stemeear T e
NG T B 4.15% 10°Vs Bl e=1.6x 10°C TN h=6.64x10%Js (h
1 AR HH = 6.626 X 10 Js) & WM H, ¢ =hy,=2.11V



3l

11.29 = 9= T § T § g emufaa e v, v, (Na) 9o v, (K) § sifes 2, W
v, (Mo) T v, (Ni) & % 8| THfAT Mo TN Ni Wehre1 forea Sesiq 7= &1 afg
e Fiene @ St €, dt fafentor o6 dieran sedt €, @feh 398 Mo e Ni Geiht
RO W HE g & vgan fRR oft Na @R K @ yerret forqa om, fafsor =1
Aot e+ o WY S |

11.30 ¥id AT Tk =le seiaei IR J9mel Reifvash &5%hed ~102° m? -+ |, 5
el | soeRMl i g
_ 5x2x10" m?
- 10—20m2
srafad wifer
=10°Wm?x2x 10" m?
=2x10°W
T femor (wepfa) #, emufaa wifs @t SoeeiHi g1 9ad ®9 ° ThaHH 79
Bl 81 uRoTHEerEy, 9fd soiee Uid Uehs STeeifia el

2 x107° e

= T =2xX10"W
TeRTe fagd Seasi o fau sTewas 99d

=10"

_ 2x1.6x107°J

= =1.6x10"s
2x107%° W

S SIHE B (0.5) 99 2

T : TR €9 9, YehRrT-foepa Scas e drefors (010°s) Uferd g
2| TOfAT W-THA W@ ¥ gl ewmeHtd § €1 wien-fo #, S wae o
fafertor &t ol et seteeiAi g0 THF ®9 4 |ifed T Bl 81 dfess, Sl rdd
‘FEier’ o ®Y W S € 3R Tl b1 SEIY HR-¢fR & gan wier @
AT & BT €, I SHT qealiveh ®9 W geleid g STeRiiig Bial g

11.31 A=1A & fau, saaM &I 9 = 150 eV; B &I Foi = 12.4 keV
THAY, M e o o1y, I ot Sll, Soide i il § k! Sifdeh el €l
_h__h
11.32 (a) )I—p LY

THfIT GuH K o fI, N, 59 m o 910 (1/4/m) & S8R s 81 ofa
(m /m) =1838.6; ¥: @AM Fell 150 eV o foy (%M 11.31 &1 TE),

1
2 T e =( 18386) X 107°m = 2.33 x 1072 m| STaRTRHTvaEH

(Interatomic) 3T THH T Tt A1 TEI &1 TWAT 150 eV Fll T -
S e s o forq s e )
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(b) A= (h/Y3mkT) F TFTHA=1.45% 10""m, S foreed | STauaaTvesh
@ o g 71 TIEdd FW (a) A1 (b) W, A =g e W@ % faw
I ST (H0T) 71 AT =4 el o -4 hl e & foIw wga v
9 9§ difud & @ =feu)

11.33 A=5.5x 102m
A (die g&mI) 5.9 X 10 'm
a9 &1, TTeEd o SRAMU 71 SAfIT Solae geuse i fadeT e,
TehTeTa Gerselt w1 fade emar @ oI 10° T B SRR W el (SHifdt)
THTEh! o1 X T ol shi ST TN UREfid Y Fehal 2
11.34 ga7 o fau
_h _ 663x10"Js
A 10®m
=6.63x10°kgm s
Tl o fou smafehia g % vEm 9§
E? =c’p*+mlc*=9x(6.63)* x 10** + (0.511 x 1.6)> x 10°
09 x (6.63)% x 1072 J?
fgdta 9= (T oMM Stt) 09 @ e 21
AT, E=1.989 x 107'°J = 1.24 BeV
37d: @& (accelerator) ¥ el seiae &I HSl S BeV &I Hife & T

BT =feT)

1185 1= " = 20 s
AT Bmer ™ exaor

A=0.73 x 10" m A1ed gerRtol ()

r=(V/N)'/* = (kT/p)'"*
T=300K, p=1.01 x 10° Pah foTq r= 3.4 x 10°m W< &l &1 &H I &
f&r>> A

11.36 = 11.35 ol §AF ¥F WM & W A=6.2 x 10° m & § T
SqTEARITR S0 W ogd ek B
11.37 (a) a0k, <2 91 W o U0 ool @ o8 9 S €, S S9h! R @ieH R g
B &1 3o UE Y B © TR Tafy weia § feeer oo 8 99
TN Veulig SEw e o Ui U B &
(b) ToR[@ den gakra &= o fow wue: I g9 WaM e V= (1/2) mv® A
eE=mad™ e Bv=mv*/r, 9410 ®d ¢ T i ®I Tl e T m
T gRI Srer-stert Fruifia et g, sfesh e/mgmr Freiifa =it 21
(c) T @ R AT T, Sk | Solaiel W UgeH SR R i TEAl S
T G B T W e R, T S1uystt @ TRt SR qAEAS % R0
3l ! T HIE G &l 2|
(d) -, S 1 HleM o€ & S R U U 9 el Feer o fog
AETIH ATH Folt W 7| TG o Tt Tolaei 30 TR (Tl ofaeen) o e
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12.1

12.2

12.3
12.4
12,5
12.6
12.7

12.8
12.9

12.10
12.11

3l

Bd| 9 T 1 Gad o5 | @d &1 IRomeEy, T € fdfaa fafeaton & fag,
fafr= = @ frerel s, fafi= sefell & @y ffd =9 &)

(e) forslt w01 &t S E (7 foh Wl p) 1 TH HH Ueh AR X o o1efiH
T 1 Al e A ifds €9 ¥ Aoyl §, 98 Tk seiaeid hi FeF @
o foTT v o T /M 1 IS e i e T2 g 81 36 @@ el 9
vA ot iifdes w01 9 TeEl T €1 wE =

_dv _dE d(p’\p
di/A) dp ~ gpl2m | m

om | m
iferer &9 9 refgol B
(a) @ fo= &
(b) foEA Hisd, WIHIE Hga
(c) TIHIE Higa
(d) TR Hied, TIHE Hega
(e) I Afew

BIESISH TRATY] kT AR W2 €1 ST So88M 1.67 X 1027kg €, Seifeh amafad
T U1 T T 6.64 X 10727 kg T FHifeh Fehvl g9 aTet H1 H1 5q9H
e A9 (W) § sTfees € safery goret geg o ot Uethl-sho oqe el
AT T2 WA & § S 5 HE Peam, fommeen § 2@ #1 i 9 T 59
YR GO o HIOT R Tl g

820 nm

5.6 x 104 Hz

13.6eV;-27.2 eV

9.7%x108m; 3.1 x 1015Hz

(@) 2.18x105m/s; 1.09 X 10°m/s; 7.27 X 105m/s

(b) 1.52x107165;1.22x107155;4.11 %1055

2.12x1010m; 4.77 x 107 1%m

Eﬁ'ﬁ'ff guit: 103 nm a2 122 nm

IR U 665 nm

2.6x1074

(@) ST THA

(b) FTH! FH

() & Gehd dl € foh Yehivi q@&ra: U Heg o wRU € i T &g i
GHEAT e WHIOSA h1 @A % WY aehd: Sgdl © IR gHfay qierl o
ey Wgehd: s 2l

(d) SHE Hied §, Th WO % HRUT Sgd wH 98 e g1 Wk Siea JeRioH
0T FT I el TG UM i & H T & 1 S Tehell 71 37z 208
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12.12

Hied ¥ IgUIv hi SUET Told 1 TR i H SAshat Thivi Th Feg
o SR Bl & S TEHeR0H el i FeH Wiehe T I 1 S Tehell 2

=4m‘5(h/2n)2

m,e”
I T WA /T TA (G, /1), TR AN TG €, 79 TH (e2/4 1)
M W Gm,m, Ffaeenfua &3 =ifet) sdufd 9 wied &1 Yo\ H&l &1 B

IR Hiedd H 9oH He H 5 a, w91 € q,

2
ag =(h/2”z 01.2 x 10* m B =1feq| 98 |Yui foxd o sTefed R 9
Gm, m;
wel st B
V= me* 1 1. me*(2n-1)
1213 T ui /2w’ (-1 n?|  @Pelh/ 2 nin - 17

12.14

12.15

550

me*
321 g2(h/2m°n®

n o 31fes 79 o fag, VU

Fefig emgfa v, = (/2 ) R

me?

2
T nU’rln/rZTI) @i - :4T[£0(h/2T[) nz%l

.y < MR/210 me*
VeT onme? 3210 2(h/2m°n°

S n o e 9 o fIT v % §H o 99H B

e2

(a) Ul (4m mCQJ w1 o ofarg 1 fomn ©1 gHent 9 2.82x107° m @ S
0
el WA S HTHT HH

(b) T M w1 fomn, g 1 famn 21 39 99 0.53 x 10 m ©

me
S GTHIUS TGS R RIS 1 21 (A ST T fae qeh areda § 9w T2
odl Gehd T B0 T WEST WK i o Tl h % M W 471 3R h/21
gfqeenfya S =feul

2 2

o . muo Ze
R Hied ¥, mor=nh 3R ——= >
r  4me,r

_ Ze* _Amgh® |,
= n
2 8rgr Ze’m
7 Heiei R Fefas il o foIu 5 o =9 o1 hiE g e €1 o feerfast s
& A W R T W T A R
V=—(Ze’/4 me 1)

9 V=2T SR E=T+V=—T W< & &




(a)

(b)
(c)

12.16

12.17

13.1
13.2
13.3
13.4

13.5
13.6

13.7
13.8
13.9
13.10

13.11
13.12

3l

E &1 35Yd M = - 3.4 eV 3Wd W afds o1 3@ TR o J&F@ 997 |
eid 81 E=— T W & W, S92 1 39 fae | Tfas Seil + 3.4 eV
2l

=— 9T & YN ¥, o %1 fufast o = 6.8 eV U Bt 21
Iz feafast Foil & I TR F1 = o 529 2 smar @ @t fast ol
Tfafdd Tt 21 fas it 1 7E + 3.4 eV, fefast S & 3 TR & =J9

W freR & e ?1 Al feofast st #1 g w1 fa= @ 9wt e s
2 @ soiae = feufas Sl W ol el sraEen UREfda @ ST

T fq W Geag I o 4 o Wel g w9 9 wer 1 seeione, oo
whefia ifd o gedt 1 v Gam 1070 7 whife b1 &1 AR o aeicHishl e
o 98§, 78 n ok 9gd 9 (1070 Y Hife 1) A o W@ 81 n % a4 9 AE
o fau 9 died & Faifcd T oF SRR Senstl 3R HIvhg Hom o 3
TS89l o ad Tl i A Fefsd 3R FI0fT ol ot gorl & 5gd
E
WW%@ﬂmeﬁmuﬁgﬁwﬁﬁmﬁaﬁaﬁwélmzmﬁ
1 Fod W g9 9 ® fF ra (1/m) 3R Ea m
s p ofeMe _ 053X10 7 _ 5 o5 ey

Y om, 207

E m
E, = £ =_(13.6 x 207) eV [ - 2.8 keV

me
(@) 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 el 2.535x10'2J

i) 22°Ra - 32’Rn+,He ii) §,°Pu - 5 U+ ;He

iii) 2P - 3S+e +v i) 3.°B - 5,°Pote +U

v) 4C - IB+e'+v vi) 91 Tc - iMo+e"+v

vii) éio Xe+et o éﬁol +vy

(@5 T4 (b)6.65 T

4224 94

7.126 x10° g

7.877 x10'° Bq #1¥@ 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

13.14

13.15

13.16
13.17

13.18

13.19

13.20

13.22

11 11 +
6 C > gBte'+v +Q

Q:[mN(EC)—mN(};B)—meJCZ,

Tt $ATa S TRamEti o | el ARl o €1 A% WHvd g serHHl 1 STE
F o faw 56 1'C % faw 6m, 721 1B % fAw 5m, TRl #1 SR AW HE
BRI 2T

0=[m(rc)-m(y5)-2mJe

U T seEE & SYET 9 Q = 0.961 MeV

Q=Ed+Ee+ E\)

fasreet Mgk e den v & o ¥ i Wi ?, o faseds ifuss &1 St
T (E,~0) Bt 71 A% FfeA 1 faw S (E,) =Fed (i =) @ @
HisigH 1 Sl SAferehad gfl, S SR w9 ¥ Q o qUeR Bl Al E,
siferan AM Q B

2Ne - ®Na+e +U+Q; Q= [mN(nge)—mN(ff’Na)—meJCQ,SIWB.lS
o THM €, Tl YA 5o Akl o faw 7wt o | wHeE germmH
F TF T FE W Q :[m(?gNe)—m(?fNa)]cQ; Q = 4.37 MeV| 319
13.13 % FUF & e[ i SAfeehad Tfas St @ = 4.37 MeV |

() Q=-4.03 MeV; SHARIE!

(i) Q =4.62 MeV; SR

Q= m(%Fe)-2m(%Al)= 26.90 MeV; 3T
4.536 x 10%® MeV

6x10*x200x1.6x107%  _
2351y 1 9fd UM IA<d Sl = Jg™

235
5 a o HHA H 80% T o foIg Sua oy ST w fusex | =afad 235U w1 Aen

_ 5x0.8x3.154x10'"° x235
1.2 x 1.6 x10"

g = 1544 kg

2357 i YR HE = 3088 kg

92
9T 4.9 X 10*y
360 KeV

faaimt gohAl W fa=am SIS :
24X o A Y+e' +y, +Q, (USiEE 9frE)
e +4X - 4 Y+y, +Q, (3e=M afaem)



13.23

13.24

13.25
13.26

13.27

13.28

13.29

g, =[m(zX)+m.—m, (2.¥)]e =[m(;X)-m(z,¥)]e
I Q,>0TMQ, >0 WG Q, >0 FH 31 Q >0 awaH T B
Mg : 9.3%, 25Mg:11.7%
T AEH AX H L G Sl S, % fore Wi ¥,
S, =[my (*3X)+m, -my(5X)]c?
fEu gU 3ffhel TH ® = 931.5 MeV/u 1 SUER & W g4 I &
S, (31Ca)=8.36 MeV T S, (% Al)=13.06 MeV
209 d
14C o IS o fag
9 =Imy(*&Ra) - my (*5Pb) - my ('§C)lc?
= [m(*3Ra) - m(*3Pb) - m('¢C)lc> = 31.85 MeV
iHe o ScdsH o foTT, @ = [m(*22Ra) - m(*.3Rn) - m(4He)lc? =5.98 MeV
Q =m(*5 U +m, —-m('29Ce)-m(3;Ru)lc> = 231.1 MeV
@ Q =[m(*H)+m(3H) - m(2He)-m,]c*> =17.59 MeV

(b) FeiH Yfawso o FRET o fow steeess 1fast i = 480.0 KeV
480.0 keV = 7.68x107'*J = 3kT

7.68x107*

:le 381x10728 (%%szl'SSIXIOQSJK’l)

= 1.85 x10° K (31699 M)
K, (B)=0.284MeV, K, (8 ) = 0.960MeV
v(y)=2.627 x10*°Hz . v(),)=0.995x10*"Hz. v(y;)=1.632 x10°°Hz

13.30 (a) I X o ¥ o AR | =R | H TMi9eh ferhy (Herwd) T jHe e

13.31

T & q1 9 Herdd T 26 MeV 1 Sl fage et 2
1kg BRSNS & Forad § fogaa st = 39 x10%° MeV
(b) 1kg %50 & fo@ed # faqa s = 5.1x10%° MeV

1 kg BEEISH o oo | faged s, 1 kg 9o o6 foa@ed  faqaa e
T AT 8 T R
3.076 x 10* kg
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14.1 (o)
14.2 (d)
14.3 (¢)
14.4 (o)
14.5 (o)
14.6 (b), ()
14.7 (o)
14.8 @ & faw 50 Hz ; g0 T & fa€100 Hz
14.9 1,=0.01V; I,=10 pA
14.10 2V
14.11 T (hv® THE, ¥ aifer & 2)
14.12 n _=4.95x 10°% n, = 4.75 x 10° ; n-Y&R &, Ff% n_>>n,

Hopd : A I o AU N, -N,=n_-n, ;n.n, = n’

ESl TSRO i A HH T n = %|:(ND _NA)+\/(ND_NA)2 +4ni2i|

14.13 1 x 10°
14.14 (a) 0.0629 A, (b) 2.97 A, (c) 0.336 Q
(d) T Sreearet & T &R 1% A IS 3 SEH BN, S99 9 e
o srafefers g | nfew ity 1 9@ o a g
14.16 NOT; AY
0 1
1 0
14.17 (a) AND (b) OR
14.18 OR™
14.19 (a) NOT, (b) AND

15.1 (b) 10 kHz &1 fafetor =& srm (4 ®=s), 1 GHz T 1000 GHz IR =
S

15.2 (d) 9Rvit 15.2 3fEm)
15.3 () SYMAd YUTTell Gead Wi 1 Gq== Bl
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15.4

15.5

15.6

15.7

15.8

| o & o Yard oS ST dewd S A=p d2=

22 6 )
7 X162x%x6.4%x10° =3258 km

- 0.75 = 2m
u=0. -

(o

A, =0.75x12=9V

(a)

1
]

1
0

T U4 06 05 1 12 14 15 1.9 =
(b) ©=0.5

HfF AM T (A, + A, sinw, 8) cos w,t, G T Il ¢, THH! stferhan
M M, = A _+ A, BN Safeh =FAaH A@H M, = A - A B 3: qIger
el ¢,

A, M -M, 8 2

A. M +M, 12 3

C

I M, =0 T2 &Y ¥ & m=1 =R M, 77 FB i 2l

e 1 gfe | A for sifmne fame

A, cos (w, +w,) t%l

e A A_cos w t, ARTIE RYH W I 2
2 el 1 O F W EH W B €,

A, cos (w + ) tcos wt
= %[cos 2o, + 0, )t +coso,t|

I 59 e &l 7 T fheet 9 90 ST @ 89 wigfad fama
AA
2

< cosw,,t U< T oA 2
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