" ifeRt

T ok 3T

AT 9

9.1

9.2

9.3

9.4

9.5

9.8
9.7

9.8

9.9

p =54 cm | JHAE artas, S a9 A 81 THEAE w1 \EE 5.0 om 2
T U > [ v u< f o fau wfafsm emurdt s

v= 6.7 cml W%:B/Q, aw‘iﬁuﬁ%aaa‘rm?.r25cm%| %@l%gfuaoo;
v f (T BFA A a7 w4 78 5g@@) FHF m -0

1.33; 1.7 cm

n =151;n =132:n_ =1.144; 599 sin r= 0.6181 3141 r ~ 38° I
ga wa o

FHe 2

r=0.8x tan { T4 sini, =1/1.33 = 0.75 , 78l r 7o =€ @ &I e diex &
2 991, T-Ag ST % o Wi w3 g = 2.6 m®

n= 15349 5 | fisq &% fqu D= 10°

R=22 cm

&l f s e whafss orEfas 21 u= +12 em (fae T @it 2; s
(a) f= +20 cm | W@ amfe € 991 ofF © 7.5 cm 3 AR S 2

(b) f=—16 cm | Wfafee arcafom & g1 o9 9 48 cm T AT ST 3
v=8.4cm | WA a1 g4 SR B| TE WE § DA B, WeA = 1.8 cm| HH
U— o, v f (AFEA S 3 & I |FE m— 0) |

e T, T = SToe o9 (f=2 1 cm) 3 FIFE T T B 8, T SHw vrate
H ¥ 10.5 cm T A1 7 (A T TE S S\ Tew | s @i whar 2)1
60 cm FiEH T F TR T

(a) v,=-25cmTA f = 6.25 cm | u=-5cm; v,=(15-5 cm =
10 cm 9 7 %
So=u =-25cm; AR &F e = 20

(b) w,=—2.59 cm; LR &9 = 13.5

25 cm 0 W wfafad s+ o6 fau e &1 wiia sEds

25
=—+1=1L |, [=—cm =227 cm ; y = 7.2 cm
25 11

JoFA gl = 9.47 cm; STAST A = 88



9.13
9.14

9.15

9.186

9.17

9.18

9.19

24; 150 em

(a) FVE =S = 1500
(b) wfafem =1 =9 = 13.7 cm

wfed oo | FH F W 300 F THELO T4 54 FTHE w® OGET F )
(a) f< O (sFame M) u< 0 (@ = &)

(b) f>0% fem;u<0

(€) f> 0 (39@ TUM) AMu< 0

(d) f<O (s@Eaa M) f<u<0

i 5.0 cm S 331 g WEE Al 2 TR TR W RO sTE g 2@
S wEA ® TR S Wi % Tk W iy w el T e (s ermEe
ol & fam)i

(a) sin ¢, = 1.44/1.68 &8 ¢ = 59° W= #W ¥ T oTARFE WS
{>59° S99 WA r< 7, = 31° W E @l oW, (sind /sinr  )=1.68

)¢~ 60° WH M ¥ W TER FW F MEO < < 60°
F1 Tt et fEeen @ wew Ay svafeE werw s (afz wew =
warg wfifad %, S fF =R # w2, 99w e g e & s
qA IFHI AME *F oTAW FW FAuifE wE)

(b) afx *r¢ T sRw TE %, W = sin?(1/1.68) = 36.5°1 I, { =
00° % T r = 36.5° T4 ' = 53.5° T, W ¢ F F7eF B W TR
[wfem & =+t sTufaa feedl (53.5° < 1 < 909)] Yot eafe wafaa s

(a) T wome s1uen S9a giw & ‘i’ T fig W sifvafe fel i & g
w3 W TR g et B S # e §, i weeel 9w steE Seel
Zdu sl o 3 feoru arfae wfafe Soe = T 21 S s v
fro smm Eiwsr = F Ay FifEn)

(b) =& TEfE e sefad PRt s Bt € 9t wfafe st @ 2
sl frron it s erfvard ofw =t were ° wE W sifaefE fea
T B A ) AW o St 78w B @ s wfafse o 3 fe
o =1 i = o § ol oreafaes wfafae sman 81 s St @@ s
wfafsm =1 frofy w72 # sEftea 7@t fea st 21 9=l i swag T B

(¢) sAfees wal

(d) T STEaa: 3% ® ge | e e o A sl TR w9 g S
2| N w1 fafu= frafae o fou v faon s di=es w9 9 & =
HiFE Hifau)

(e) 2N SATTHAE TAWT2.42 T § S AHA FE ¥ STEE (AT L5) B
ST e BT 21 € T i I ST 24° % S SR o il v i ST
FTHT T B HiE EN H T AT 34 S ST F (FF i) % 5 i
24° TGO T T 77 Y= A # 521 o 2 ok ER 4 = ke A o v
FT A o T WEhE B W 9 R R # 9meEr mE 3w @l

TE qe o 3 S e 5t s o faw, ow w59 fafa § wdan o9
AETEF T WA @ A, S fH 0E s/4 W s g 2

3a: f =075 m
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9.20
9.21

9.22

9.23

21.4 cm

(a) (i) oM U fF F T TFw-19 € AR H 92 399 o9 W SAfaa
g B AW
f1=SOcm,%=—mﬁmm%vl=+SOcm|%§ﬁﬁ?E§%ﬁH
2 oty smemeh fom == S 2

L:*QOCH’I,MQ=+(3078) Cm=+22cm,f_wmﬁv2=f220(3m
W e €1 iR At fRo-ge | efel o frea o ohE W 216 em
=7 et fig W sToEfE A v B R
(if) AF S TR T TR T o SN | TR SEad oF T AR
‘tﬁ?ﬂ%\l T‘Wfl=f20(3m,ul=—eo'@l§ﬁﬁ?ﬂ%v1=f2OCm|Tl'ﬁ'gﬁﬁﬁ
iﬂ}\ﬁﬁéﬁﬁflﬁa@ﬁﬂ?%ﬁaﬂw%lﬁ=+300m,u2=7(20+8]cm
=7280m,'@f v2=742OCmWW%IWW*FﬁW$
99 & 7 g #1 91E AR W 416 om R oo fag v s1vafim s wof@
g 2
o 3 TR 5 7@ Wl e 2 o oiw A o TR o wene g s st
B ¥ WY &, gHR TE I U W o wHie TE @ S g w (T v) B
A % o, e & ffvaa fraae & 9wl 7 w7 @l (R & R f,ae
S, 7 < o % T 9w @ g i g 81 TurE wes g i A,
Tofe T A & o syt T AR A
(b) ul=f4OCm,f1=SOcmﬁ D = 12OCH1§TG%1T‘|T%I
TES (SUA) ©F F FBEV A N OIRAT = 120/40 = 3
u, =+ (120 - 8) cm = + 112 cm (f5= snemt)

112 20
em I a2

L:*QOCIII@[ v, =—

T TR () T F HRO SAEEA H IR = 20/92

ST W A2 9 = 3 x (20/92) = 0.652
gfafss &1 @5 = 0.652 x 1.5 cm = 0.98 cm
otz fiem & safda fF ot wew W wifE I (W st w6 S @, v
FEF W ST FO rF A (60° — ¢) B 2
F i =sin’ (1/1.524) = 41°
s r= 10° 99 sin { = 0.4962, T4 i = sin™ 0.4965 = 30°|

TAH HiF o a3 Teww fiodl ool ¥ gu AR W yeR SEmEithE

fea W fF ST oUR Uw T ok fawlE @, @ ¥ U #E % Wi H

Wity HE B AN EE THW YN A A faEfed @@ € s 9 @ fagfm

A ¢ WG YN W A FHG BEdrE g 2

(a) Tam fagimo wormo-gs 1 foafem =0 = fory, fore wad 59 #1s9 #i
F1 T e fred <ifa qen freh sfaa stoad= #io %1 fiere i &1 g8
firem g [ foom (fiere 1) F1 ST9ad" * 0 req w9 & fom |
e Sfifaw Ffw e wi= srienga st fagao s 211w 24 fo
F TF-F F T 3o W W fem g w3 faa w5 e
FL 3 R



9.24

9.25

9.286

9.27

3

(b) T forerer =6 womrwr o faeivor o forw fiere == o fied o stoaee ®io o
I Hif (st 3T siferer srqeds v % fiere 7 o fied o Tae
FIAW) TFE A A 5 Se9= Foae U -g % W a9 e gl
(fiReTZ = o1 ST ST F1= 1 U6 37k & o6 wro sndt ot fiee
i 3 fasm T ST H0 HTS F F e F qe § i a B) FtE
T wgd @ o % feTu WHIESE A B 7, % 9% Afed $2vd o T
fiSTs =ERd &l Fdil

TG B S T AEA T A SO e sifuElE e % SE e 2

TE AT (40 + 20) TEHA = 60 TEHA 7| THA 3fved q@ w9 O

% o F G - R EgE unn fEerd 7 : (5/3) em) TR fim w free fig

[u=f25cm]tl'{f{'ﬁ?:ﬁf{:lﬁaﬁ_{§F€W(v=5/30m]‘4’{§|ﬁ|ﬁ'€[maﬂ_{ﬁ$m

RIEH F

[1 3" 25

|25 5] ~1gom T e

T2 64 TiEsAx wiftwfm e@An % AEAEY 21 a9 A W™ w4
(64 — 20) TEHA = 24 TEATR 7| I WG BT FH H1 IRE TO9T 20 24
st #al 2l

T2 e =afem & o9 o" F THSE ST A (9O WEE S e o STy
ez gfiz s & gfiz gta 2t ek 2| Frke 3fie 2 3 Tie® % o g 19
T Ed B B W TS Al 2| SRR W v We-wWeg A o o sl weee
ETE T 21 7| ST S Tier 1 ST TsE WA gl € Wy 6o A wese
ol I S T H @AW ® (oW ey # 9fg BN W e o wee aw d
7 Al ) 9 76 g S A Y geEhlar Ed & a0 TR MU §7% gfe
9 F1 & Wi e S 2

= w1 L f9 100 em 7, Sefe su fe fag @@ (e 25 cm) @
TH 411 FYE O W S T T T 1 S 9t 100 cm S R
7Y W ] g, gt st o (FeR W % 5w wRfEs) 100 cm R 25 cm
3 o ¥, T At ST A O H T TS S i Ao 1 S9E w8 W
oF TR 1 SAE Y T W AE B E W ® (S gEten) | i st
1 e g 50 cm T =Ten S ¥ Feget # 25 om g0 W 3@ % o st
F +2 TEHAER G % ATH FH SAEATARA 2

HAfEHET THE I 2 sTTEE! @ (HiA + 79 99) T W T 2 [ I
el B &, STt TRT fafa= qef § o WA B 8, Ty Segwal # feta
H it Tieia 7@ Ft]| oae fafy °§, SeEtr a9 #1 o 1A €, o
FeAeE W w1 BT giafam 3 WA T ¢ Wy At ae § 9w v
T, o Gt i Jerelt Wl BT ¥) T AW i Hyly e o aEe
& =reaT =% TATTSH o g0 Bt o WeRdl 71 T B fn SeAler qet w1 wHia R
w1 =7 Staa vER | e m @t @ fafaed o o6 afea 7= w3 aeHm st
wAferafi @ wewdt F
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9.28

9.29

9.30

9.31

9.32

(a) T 3 = 4icm:4.2cm Tq A T = 5 cm
6
(b) feras Fivia sTEER = [25/(25/6)] = 6; =ATH FIVE @A

=[25/5] =5

1 1 1
q) e g v=-90cm
(&) v 9 10 Qﬁ'rL

s @1 afEm = 90/9 = 10
st wiafss § v @t # S wa = 10 x 10 x 1 mm?® = 100 mm? =
1 cm?

(h) STEEA &\ = 25/9 = 2.8

(c) &, TFrdl o g0 staes qen et w99 &t g aqedq [
ST ] & fire Sfymond ¥ e sTerA s % i wes (S
i wfafem o sTafta a9 T wfafsE o FoiE WEs % SE g 21) 991 59
feafa o =g o S0 T3 (SEF 59 e 795 25 cm W @ W@ 3, @
ST B T T R, STE o GfE | (o/0)) B ¥ a9 S g
25/ | ul) 2t 21 et 7 =9 wfafss e fg = 1ol =25 cm ™ # @t
et qoft J wferE wHE A

(a) wafsa 2 frepz fag (25 cm) T = WX stfmam sreed emar wra 2 2l
I
u=-7.14 cm

(b) sm=ER w1 9fEm = (25/1ul) = 3.5

(c) =TaEH &9 = 3.5
B, ST SFa (9 TEEE 25 cm T AT 8) STEEA & qREm & 9
Zrt 2

a=ET [(625/1) = 2.5

v=+ 2.5 w Fd:

1 1 1
+ -_——=—
25u u 10
Sq?l'f?[\ u=-6ocm
vl = 15 em

s it wee feke g (25 cm) W f W S € qen 38 A o

3 Tl

(a) @fx wfafsa 1 Fede wes o o oes o 991 o 2, & off wfafas = i
HEs o % HIVIE WIS % TEE B 2| FE STeE o F e W e o
TR HA B ;A SAedw o T 7 A o 25 om W g W T
o TR STEE O B T EH g ST wgd e T T ¥l A
ke 2 o ST B0 WEs 25 om 3L @A F ge § wE SAE g 2
TAN BT ST TN A Suers w w1 9@ 9 R



(b)

(c)

3

7, T 4ig) % Ol 7, FAE A W SN F0 H W AN H0 W G
oI g 21 A giatss Sgd 5T B A 9% 96" TwE g ) (A S
F o W YU T €, W WG o g0 A T S o 9 gEeh whtss
W A9 W Fafm i wEE T8 ae|)

e, 3T SIS WRE T4 % AF 1 TS STEH a1 2| S st Hew
= 8 &R afg o wie g ®9 w3 fmes (e qen anh) g
ST 2| 37 R H, 3 R e Sue o W 3 W S wi e aea
T wrE T TR 7| ey, fed fawem Heifira o womelt o s 9 T
o w10 W T wiEEe wAE W 5w wE 2

ferell AT &1 it s (25/7) + 1] (f, cm ®) @i & foes we o

U 1
£ % T W g 7 31 T st e = £

lu, | (lu,l/f,)-1
W R S A A A |, f W I @ geEEel w ST
S ke #1 Tegst #1 3@ % fau fe s 21 S| o) F9 E § SR
EESEEWA
Mo ¥ sifaaE % YRPE F P o wE A W e e
Tortol arfirgeaes o sTvae o we=E U SN 9 TS €1 9 R e o
g % o 77w e frafy 31 af e ot 3 o Al % s @ fee
@ qt AR wga i T 1 SAfamE T TE S W a9 gfe- e oft ue
S A 79 ST 79 F FTH-3E W@ 99 TR A9 F el E GTRd
frim-gre = aawa 9 Sfaw @ THE # 9@ TR A sfigvas o svEtd
Tt forron =i sAfiryfea =2 w1 frie-sre =1 w8 v T sfigyes
TE A * sael W w5 ) S 7 e genas 9, v
W ST TR 3Ed § Al A UE A % wea srEy g 9 ok fee
o sftifea =t 2

9.33 TN cfifsy fp geueefl gmr= ST | ¢ stgfa wfafss 25 cm W 21 A6 #@
FIviE STEEA

1

—+1=6

1 1

5u, u _1.25

0

o u =-15cm.;v =75cm; lul=(25/5) em = 4.17 cm W B4
2| sAfgyas S AR % = g (7.5 + 4.17) cm = 11.67 cm 2T =T
sfe s 9| % T e i SfaEvEs | 1.5 om 3 TEAT A
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9.84 (a) m=(f/f) =28

= ﬁ{uﬁ] = 33.6
fL 25
9.835 (a) f,+f =145cm
(b) HMR gW FafE@ 0 = (100/3000) = (1/30) rad; sfEyas 30 =90
wfafsm | sfaf@ F0 = h/f: £, = 140 cm| 3H FOH 3 W ® gAN FH R
h=4.7 cm W 3 8
(c) AR #1 sTaA = 6 sifaw wfafsm #1 9% = 28 cm

9.36 =2 TUU (7Eael) SN = T gt B Tdw (S9e1) o fow snwrd fam
FE F E| ST W @ B Y e el g w52 290 9 110 mm
TRIRTOE B B F9u o fow st S T g = (110 -20) = 90 mm 7 B
TdU 1 FEE T 70 mm F1 I G 1 STET B W EH 3@ T vl e
T W 315 mm F = 2

9.37 WERE freol adu o ol ®iw o R ww w fEiE w0 s\ d/1.5 =
tan 7°; d = 18.4 cm

(b) m

9.38 n=1.33

A 10

10.1 (a) TUEfE WRE : (QOE, Sl = STafE W % W €D
A =589 nm, v=5.09 x 10" Hz, c= 3.00 x 10° m s

(b) STTETaa TR : (3T, S ST % WEE B)
v=5.09 x 10"Hz
v=(c/r) =2.26x 10°m s, = (v/v) = 444 nm

10.2 (a) e
(b) e
(c) TWaR (T2 Tl & HWAE F UF T & AN WS 2 2)
10.3 (a) 2.0 x 10°m s
(h) &, T TeETs SN o e | v F1 9 aiesd W) A S
2[99 e fafere oo W v w1 W A o T @ @ ww fRm oM
ST o T el TR o6 TU o TR £ 1 oW B9 S £ TR ST R
1 foaem ®9 % ficm & ara v g w7 #1 Al e, > 0 R,
V3T TFIV FT S ST, S STHaS 9§ i 1 o e s 2
1.2x10 °x0.28x10°
10.4 A= m = 800 nm
4x1.4
10.5 K/4
10.8 (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 T

10.12

10.13

10.14

10.15

Yoa=l msEmEE g
C
et v = IE():—A)

3x10%x15
T 6563

=686x 10°m s

=2 o iR fagia o oTER, e o, fae Weaw | wee Aeem |y
A THT ST O FE o Tl SR Sl B S FIA ¢ TEE] T
3T ok Al M2 HT P B B ST T % SRy T e wa B v
AT

- ; v sini
csint=vsinr M_=""=p FEn>1lv >c 2
¢ sinr

TE SFEYTON WA v % el ® (0 < J1 WEE w1 fhgid v |
2

org o =1 =% <IoFT AW 1 T991 41 B U I9 Wi F% Tieid T w5 |
W T T TESH Sl WGS9 ¥ 3T U0 SOy U sutata § ¢ v
o Ag S W w3l feafaa W smifan Fifsw e giw o g o fem
3 wE W A WU HE S % SUE W, e aem # %E (fE a
gfafim) T & i #1030 R A

(a) Trafa & wehrmer 1 =rel Tk wEteR freds 3 S geEs s 9§ T W
o freft 72 21 foiva: o7 W sTvHdSAE aed ¥ T 92 WA adn 94w
Ty T T o Fl T e 21 9 qem STEEerE % STt o fafme
fogia #1 qo1 AfwEE 2
(b) TS FT =TT Ht H=AE W A
(i) B T epfa W faul 72 7 (v w1 = o fuin weem 2 e
IO | B 7 997 o W % forw off W ¥, S eat-ae ue Ser-al
a7y = fem))

(i1) T TreAm & fo Heww faem W fef TR w2

(1il) FF T Hem w1 woe T W i = Fa afen e qen weaw w5
ey g T Fel wEa R

(iv) TETE W fasf = 2

(v) e R fRk 781 Fa (it sfus d9 feo-g9 & fou @ feafa
wferr Sfee & a1 98l TR fou weeyol 7@ )

- B AW 3 A WA sTEvasE 21 R (i) a0 (i) feafs § T wme
e T (HE a9 UEE 3 A=) Gfaw w1 9 a9ed 19 8, Fe e o+
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10.18

10.17

10.18
10.19

10.20

10.21

e etk T T T S et | fae B0 e, (1) e (i) Teata | wm o et
= foTu o) o A1t T 1 ST96T e w wwa| fam A geme-ae o
fera, wrseeran (1) o (1) feafa o s w9 7€ 21 99l 9 G a9 dew #
rier el g e vt € qen smifiwa Sier ® 9 (1) 9o () feafa % few
THM B WA W YR Gl % T O eattaal % wae, 29 gt e
T F e (i) qen (if) feafaa = forq 76 =iwr o o o T g i emden Tt
=feu|

3.4 % l0*m

(a) SR ~ A/d T % AR, SHER A1 @ ST 21 disrn =R [ =g w2

(b) Ta-Torfy wwmes o safqeror fiFstt 1 fomn weaw ol o fome U= g
wefe™ (modulated) Bl 21

(c) I Ty o Tl | foafaa o =ran o ohg T TN SAfEET 5 wE
fag S0 Tt R

(d) 7T = 2 Fiw W faEde sy gEd o fa seR/EE SR, a1
F1 TR F TR T A A SR/ ERE T SRR T T e
o g w1 & A e B w0 g # T SR e el F wi g
2| T FY W TS x 107 m ¥, FEE Af-aw; S 1k He st
AT wAT F T TINT0.3 m | T TER - 9N % A S

(¢) TG T IR (d) § SeeiiEd 2| WEon FHiin a6 9 7 R H
HFR T FI TR W SEH q A R

12.5 cm
0.2 nm

(a) T BW T He HoRA AT LA A LA W TATT Hohell 1 AR |

(b) st w1 fagia Wiy w1 fEbE w9 SRt sewa (differential)
T % Y@ = @ g 21wy, Ry, 96 S % e € |
y, 3 y, 1 3 A ot SR T A ST A 5 A (SEe % fem
S i 1 TSR g a9 siiEs g qeee 7 a9 ffd e
ot Sfeet & St 2, e THee 9@ sEvaw T g

el wre Tolt i netdl i o st 5 oo #1 Siet a’ = a/n 31 S0
0=ni/a=2/a’) TEE B Tod | w1 @ ®1 faen § o 0 ¢ SR waeE
o I dio|n FEE R R

eI 11

11.1 (a) 7.24x 10" Hz (b) 0.041 nm

11.2 (a) 0.34 eV =054x 107*J (b) 0.34 V (c) 344 km/s
11.3 15eV=2.4x10"J



11.

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

11

16
17
18
19

.20

3

(a) 3.14 x 107°J, 1.05 x 10 kg m/s (b) 3 x 10 WEH/s
(c) 0.63 m/s

4x 10% ®wEA/m?s

6.59 x 10 J s

(a) 3.38x 10" J=2.11eV (b) 3.0 x 10¥ ‘ﬁ?ﬁ/s

20V

T2, FE v < v,

4.73 x 10'* Hz

2.16 eV = 3.46 x 107°J

(a) 4.04 x 10* kgm s (b) 0.164 nm

(a) 592 x 10 kgms* (b) 6.50 x 10°m s™ () 0.112 nm

(a) 6.95 x 107°J = 4.34 ueV (b) 3.78 x 107°* J = 0.236 neV

(a) 1.7 x 10* m (b) 1.1 x 10°* m (c) 3.0x 10¥m

(a) 6.63 x 10% kg m/s (I & foam) (b) 1.24 keV  (¢) 1.51 eV
(a) B.686 x 107 J = 4.174 x 107 eV (b) 0.145 nm

A=h/p =h/(hv/d = ¢/v
0.028 nm
(a) eV=(mt?/2) T ITAM HBIHAT FGHE, 0 = [[2eV/mi]V?; v=1.33x 107 m s~
(h) o & V=10" VE f0 =t 59 &1 70 &3, @ 0= 1.88 x 10°m s
A B TE TR BT W Mo 2, FEE HE f FM wW ogHW * AT
(c=3x 10°m &) § A o1 T T8 =6 Tehal| T : s ol o foru ST
T (me?/2) FEE (v/d) << 1% 10 34 31 =g ek = W, 97 (v/d) o T
T (TR TR 1 W HA) B, A SRS weE-a % w et g9
EERER A

saferta W p=meo

Fd T E=mc?

s T K= me?—m ¢?

& ST R m AR i S #

5 Y 1/2
v
m=mg,|1-—
c

m,, F0 H B ZeE wEerd 1 3 Eeel | W e g

E=(p*c® + micY)*®

s AU 6 smifasia aae-as 9, 59 of/c @NHT L % S A B,
Fa T E2m, c? (oM Zoamm o) | gerogy &1 fam gmm s e
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11.21

11.22

11.23
11.24

11.25

11.26

11.27

11.28

0.51 MeV =l 71 g9feT 10 MeV ®1 Tifas w1, S soie ®1 fam geamm
Tl | W e ¥, STl TUE- 47 R e B €| STk T3 % wam
T p (10 MeV A =1 o fom) = 0.999 ¢

([a) 22.7 cm
(b) =1 S| o s o i T 2, 20 MeV % U Seiaa s T
T IO TR, S-SR E T R= (mv/e B) 3 T w1l sTifaEE
o 7

R=p/eB=mv/eB R:mov/(eB l—v2/c2)

eV=(mv*/2) AN R= (muyv/e B) % T4 H (e/m) = (2V/REB?); 79 fan T
S o FAT W A F B : (e/m) = 1.73 x 10" C kg

(a) 27.6 keV  (b) 30 kV =1 FifZ =
A=(he/E)%F TAM®, SEE =5.1x 1.602 x 10 A= 2.43 x 10 m

(a) A=500m&F fUE = (he¢/ ) = 3.98 x 107°%) W Tehe sSeafad wi #1
&

= 104 §1/3.98 x 10°%J = 3 x 10% ¢

7 30 ¥ 5 edwiea ot 351 95 ®9 ¢ oiR ifea 99 o ufq S st

el i HEA SEd I 7| T F@ st o g FEen (W) % s
F1 S # oit ed @ F1 Fo S B FO@ "EA F A9 qf2 ST R
(b) v= 6x 10¥ Hz & T E ~ 4 x 107 =gAa9 o & W@ wleH H
AfEE (T

= 10" W m?/4x10'%]) = 2.5 x 10° m= s
@ F1 YAl § 799 F A FiA w1 G 9 G%E = 2.5 % 10°x 0.4 x
108 = 10* g | Z@ft 98 WA 1 e (a) F 9@ Featw T, T o
o o7 st aifers %, Wit B el off st oftEl | el w1 A a9 sem-ster
g wwd 7, 7 2 W e B

—

1]

p,=hv-eV, =67x 10¥Jd=42¢V; v = = 1.0x 10* Hz; v=4.7

x 10" Hz < v, % HW A= 63284 |

=2 TE o TR i Atee fhadr of st = 7 81, Wi 36w ok few
sAfsmarsiie 2 &/

ZA HE % T e V= hv - ¢, %1 3TET iU 7T wa o e fu T st
H, ¢,=1.40 V| 3:, T &\ % &0 v, = 150V |

V8 o H sTE Wi T # T (b6 SR v-314 R T S v, F

TR N 2| Ted =R g T W T W e §, S oo-99 W oo, =5.0x 104
Hz (¥gelt Taf) W et #1 wi=e 75 o < o, % 0 am 2, <= vom fwm
IO A BT ST THET S i T o fer fret fae w1 st T a
S F A 4.15x 10 VsFl e= 1.6x 10°CTHM h=6.64x 10 J s (h
F AEE AM = 6.626x 107 J s) = FATH, ¢, = hv, =2.11V



11.29

11.30

11.31

11.32

3

a7 T T ¢ TR & g et smaf v, v, (Na) @9 v, () § sifas #, g
v, (Mo) T4 v, (NI) | % 2| THEE Mo Fe Ni Thm fog seeia 1 i afy
Tre e o e B, | TR i e smd 2, oifee s Mo qen Ni gt
w7 S v e wea R o Na 9T K 9 v fagm am, e w5
Hiee wEA o Wy FE

Wi THIY T e Sele ST W Wi 8% ~ 10 mPAEE W, 5
T | el ® g9E

Bx2x10™ m?

17
0 m -0
e IICEERIER]
=10°Wm®x 2x 107*m”®
=2x 10°W

T femw (wEfa) #, smfaa wifd oot soaeil g0 Hae B 9 UREHE Sty
Frdt 31 TforHeEET, 9 e O e st st

2 x107°
= 1017
e forpa soasH & fom stavas a

=2 x 107%°W

_ 2x1.6x10"°J

6 =1.6x 107s
2x107° W

S EmET S (0.5) 99

e ; WA T W, ThE-TRE Seas e awnat (107 s) S g
2| TERT WO-wEE @ 9 g sreEty | ¥ wEE-few ¥, v e o
Tafemtor =1 w1l =91 SeloAl g0 WA T W HiieE @ 2 2| stew, T e
‘g F T O ot S S W STEenNw e A W W a
ST &t B 2, A ST qeedfien B9 W gelee g St g 2l

A=1A = fou, sowe[ &1 $1 = 150 eV; e[ & T = 12.4 keV
THfeTy, T qURe o R, R 1w, el Sl @ HE ST 2R R

(a) aoh_ R
P 1/2mK

TERTE TAE K % 610, A, 5590 m s W19 (1/ Jm) & S8R =2 8l o
(m /m) = 1838.6; &d: ¥9F &9 150 eV & foU (s1%a9 11.31 1 @),

1
Eeon il oo =(w}< 10" m = 2.33 x 107 m| FUqaHEw=w

(Interatomic) WE@WW@WW%I ey 150 eVWcﬁaﬂﬂgﬁ—
I forad wE 3 fou svgs w9 2

547



" ifeRt

548

11.33

11.34

11.35

11.36

11.37

(b) A= (h/3mk T) FIATH A= 1.45x 107 m, St foft=d H staqoaioas
T % GO 7| TR S (a) 991 (b) W, @ =g e geE % fo
SYFHRT S (F7) 7| AU 5o FA % g2 H-gS e o vy w5
o o Wi F G A

A=55x%x10"m

A (el ¥FE) 5.9 x 10 'm

fasta amar, TR o SIS 1 TEIA e ganEe wt fade e,
TR TeEEl i A S @ T 107 T ) SRR W gER (St
FH T S T g H e = ufEtda w1 w2
o = fem

_h _ 6.63x10°'Js
P= 1 T T 10"m

=663 x 10" kgm s
Tl ok T sTifseR g3 o T |
E* =c’p*+mPc*=9x(6.63)°x 10 + (0.511 x 1.6)* x 107
-9 % [6.63)*x 107 J*?
fofa w5 (Fm s =) e & S
e, E= 1.989 x 107°J = 1.24 BeV
3 F (accelerator) ¥ Fd @ M #1 T 8 BeV F Hife F1 a9
BT =

h 4x107
}v = W B ane= Wkga;mﬁ
A= 0.73 x 107 m Aeq g9 ()

r= (V/N}* = (kT/p}”
T=300K,p=1.01x 10°Pa® W r=3.4x 10°m W< 21 21 29 T4 &
fFr>> 2

HEE 11,835 el FAM A OFEA FH W A= 62 x 10° m | T

SHeEeiaRTE T | g st R

(a) T, T W S e W A W S e W
2 ¥ sEfery U weiE 2 @ TR vy vt ¥ fueeaw otmew w wwd €,
qy JerviE AN e o YU YO B 2

(b) T qen g & & fou wow: 9 g0 SS9 e V= (1/2) m P A
eE=madq e Bv=mv*/r, EE F0 & % woag1 $ Ma@6l e @ m
T g sTerT-sre it e g, wfek e/ mogr Tt g 2l

(¢) Fr T= T A H1, ST T TOEES] W e ST oW ® T S
T HAE B ¥ AR g W, T e § TRt 3 s % B
oA FT UH B e T2 g

() HTE-WeM, TR il =T Sie % Sudl W W g o wed teeer w6 fer
AT =JaH HI A 2| o1 % Wi sead T ' (S sEe) § T



12.1

12.2

12.3
12.4
12.5
12.6
12.7

12.8
12.9

12.10
12.11

3

| 3 W F HAG ST ¥ W@ ) TROTTEReT, UF €7 ST fafetor % o,
fafi= = @ el sow, fafa= s=ist & = fia 2a )
(e) &= ®m #1 = E (7 T 997 p) &1 TH 91 TF A Teqs fguw & a7
WA 7 SEfe e A w1 0 ey 7, S T soiee ®i wed a9
% foTu v 3F T A9 1 FE Hd GifTE qee w6l A 21 6 A wen =
vA o1 difgR %o @ weee & B wE =
_dv _dE d(pQJ_p
dil/A) dp“dp |

2m
itk w1 o syl 7

m

FTEGISH T I A T2 21 361 7099 1.67 x 10-27kg &, Seifep sarafaa
TTH F0 H1 FEE 6.64 x 10727 kg 7| F411E TR0 FH S 00 H FoA9H
e A (W) | sataE 7 s v wag 1 o tew-w e e
W TE U E ® S R F g, rmemn | ofm %1 R 9 el 5|
YFR THUHE F FHOT T AF FW

820 nm

5.6 x 1014 Hz

13.6eV;—-27.2 eV

9.7x10%m: 3.1x 101°Hz

(a) 2.18x 10°m/s; 1.09x 108 m/s; 7.27 x 105m/s

b) 1.52x 10 65:1.22x 1015s:4.11x 10°15g

2.12x 10719m: 4.77 x 10719m

WsEe 49 103 nm g 122 nm

AT AU 665 nm

2.6 x 10™

(a) o =EA

(b) wT®I %A

(c) =% Tk A @ fF TR TEm: TR W % FEW @ R UH WO
T 6T TAS F HEW % W fgwa: Tedt ¢ o v Wt #
e Igewa; sgdl 2|

(d) Sfoer Az ®, Uk HIZ % w0 SEA HH TR g B A oieE wwi
IO T A HeAe AGHH U 1 A TR A I S A ¢ ST A

549



" ifeRt

550

12.12

Hizw | SEARIH I SUAT Tord 71 WIHE o | AR R U W
B T B ¢ ST SEIEUA TS FT FeH HrAR T SUAT Y S HERAT B

2
|iT Higel ® UG w1 H B q, e 9 2 QO=W

o FH WA A WA (G, /7). B S A 7§, 79w (/A me)
M W G, TIOETa T =60 $19ia 9T Jieel &1 799 HE0 H

2

a§=[h/2pl @1.2 x 10* m 7 =fsu| @7 =yt fava & sl R

Gm m,
FE HAfF 2
v me* I 1] me'*(2n-1)

12.13 "= el(h/2nf | 17 n?|  @nPel(h /20’ 1)
me4

I aﬂ_ S:Iﬁﬂ?ﬁ HH éh‘ 1%1"{, V= 327]:3 Eﬁ(h/2n)3n3

12.14

12,15

Eﬁ%ﬂqaqﬁﬁl v.,=(v/2nn %\I

2
Sedies F g n(?:r{fn]’ v 4me (R /27 n2%|

me ?

 n/2m) _ me’
SIS Gren®  BIR ellh/2n)°n®

i n % s 7E % fU v % AW % TEE R

2

(a) Tl [471:8 ch] 1 fam @arg i fa ¥ T A 2.82x107° mE S
o]
E THUEE SH W EH R 2

(b) wf M F1 fom, wamé w1 fam 21 vEET W 0.53 x 10 m %

e

T TEEE TEs Bt FiE F 2 (A A0 R % 9w § 9w a6
w1 TG 6 TH T O W % % AU h % TN W 4n 3R h/2n
yigeenfia & =)

m” Ze?

ﬁ?ﬂﬁﬁﬁ, mur=nh Sﬁ'{ =
r  Admer
2 2
Hd: T:lmvzz Ze ;r:4p920h n?
2 8pe,r Ze'm
o Heiel W st S o fow v o w9 o S g e R o s st
= I T OH AT W T W
V=—(Ze’/dme,T)

e V= 9T iR E=T+ V=—T Wg o1 2




12.16

12,17

3

E 1 3840 91 = - 3.4 eV 3d W feafes o= 3@ T o 99°E @9 W
aefid 71 E = — T 99N %04 9%, SO 1 36 S1e 8 wias w1 + 3.4 6V
2|

V=-2T % ¥4 ¥, T &1 fufds =1 = 6.8 eV ¥ 7 2

Ity feafest w1 % 3 =R w1 T aiiee @ we fe S ® At i st
FufEtda Tedt 21 s T w1 A + 3.4 eV, featrs s % 90 W % w
w feft T e 21 Al feafes o @ o wR T = o st fEe s
2 @ ToweR #t feafiw o wE e T ot afEfid B S

TET T B Helg w0l HWAT kB W g w9 @ 5= 2 saeond | st
Fef T | 7es 1 wviE W 1070 7 FifE w1 21 A o FeeHiE s
% 93 A, 9% n % wga 92 (1070 Y wife W) ’E % T ¥ on % I ae "/
% fou &k Afee % FEif W % SO wSel ST Wi He o S
SR SETA % Had T BT HHI: Sl AT B0 S B g § g
F1 |

AR Hed T A m, T om, WA FH AN F| o T
Hﬁﬁqﬁ'{'@ﬁ@‘{qqﬁ%ﬁ—? ro(l1/m) SR Eam

s g =M _ 053 10"
T m 207

m

=256 x 10%m

T =_(13.6x207) eV = —28 keV

e 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

(a) 6.841 u  (b) 19.9%, 80.1%
20.18 u

104.7 MeV

8.79 MeV, 7.84 MeV

1.584 x 107" MeV 3191 2.535x 102

i) 2°Ra —» 22°Rn+ sHe ii) 2°Pu » 35U+ iHe

iti) 2P 528+e+v  iv) 2°B 5 A Po+e+v

v) 4C > 'iB+e'+v vi) 52 Te > 5Mo+e'+v
vii) 2°Xe+e* - 2I+v

(a) 5 T=¥ (b) 6.65 T a4

4224 =4

7.126 x107° g

7.877 x10'° Bq 791 2.13 Ci

1.23
(a) @ =493 MeV, E =485MeV (b) @=6.4]1 MeV, E, = 6.20 MeV
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13.13

13.14

13.15

13.18
13.17

13.18

13.19

13.20

13.22

YCoUB+e'+v + Q
Q= [mN (3C)-my (iB)- me]c2 ,

&l S FEH TS 3 T BT A % 2| Ay T e s
w0 % fou 76 e % fau 6m a4 "B U 5m, w0 ST A
B ST

Q:[m(glc)—m(élB)—2me]c2

fau T FEmE % ST 9 Q= 0.961 MeV

Q=E+E+E

TSt i e g9 v ® gorn ¥ sifus 9 7, e foees Aifuw #1 sl
T (E, <0) 7 ¥ af = w5 s et (£) 9w (sve g @ oat
WA ® TS SAUwAH B, SR B9 H @ % S g sieid £ w
sforam |w= @ 7

wNesNa+e +v+Q: Q=§n, (%g’ Ne)—mN (ffNa)—mech, A 13.13
% THM 2, T8 TIEF oA A 3 o 2, THTE o 78| TWHE ZeEe
¥ W W FH R Q = [m(7Ne)-m(Na)|c*: @ = 4.37 MeVI A
13.13 % T9M &1 oo 1 sifaswan nfas 3= @ = 4.37 MeV |

() Q= -4.03 MeV; S9!

(i) @ =4.62 MeV: FH=SHE

Q= m(3Fe)—2m(3Al)= 26.90 MeV; ST
4.536 x 10%¢ MeV

23 -13
ggSUHﬁHﬁﬂm?chﬁﬁw\rﬁ= 6x107 x200x1.6x10 L

235
5 & o THA § 80% A 3 fo s e S W fuwr F =t 2250w A

16
_ 5x0.8><3.154><1013><235 g = 1544 kg
1.2x1.6x10

25U F1 IRFTF A = 3088 kg

92

T 4.9 x 10ty
360 KeV

gty W o wifsm
AX 5 Y+e +v, +Q (TSIET THTE)

e+ EX 52 Y4y, +Q, (sw Jfaem)



9, =[mu(EX)rm, -my(2Y)]e =[m(2X) - m(2,Y)]e?

W Q,>0TMQ, > 0TI Q, > 0F 18 Q > 0 SEwdF T 2
13.23 Mg : 9.3%, 25Mg:11.7%
13.24 TF AiwE 4X B =N ToEE 9 S, F o w7

S =[my (3R +m, —my (X

f5u gu siwel wF & = 931.5 MeV/u 1 STAM 3 W 79 TH ¥

S, (3Ca)=8.36 MeV T S, (2] Al)=13.06 MeV
13.25 209 d
13.26 '1C = S@sH % AW

Q = [y, (" Ra)— my, (P52 Pb)— my, ('3 C)e?

= [m(*2Ra) - m(*gyPb) - m(':C)lc”> = 31.85 MeV

*He 3F Io= & AU, Q = [m(*22Ra)— m(*.2Rn) - m(*He)lc® =5.98 MeV
13.27 Q =[m5U)+m, —-m('ieCe)-m(3Ru)lc® = 231.1 MeV
13.28 () Q=[mCGH)+m(H)-mi{;He)-m_J*>=17.59MeV

(b) A Ao = Foa =6 fau sTawess 7fas =+ = 480.0 KeV
480.0 keV = 7.68x 10711 J = 3KT

_ 768 10"
371.381"10%

(/% k =1.381  10% JK)

= 1.85 x10% K (@w9® dM)

13.29 K, (8 )=0284MeV, K, (6] = 0.960MeV
v(y)=2.627 x10"Hz, v(y,)=0.995x10"Hz. v(y,)=1.632x10°"Hz

13.30 (a) 7z = & g o svdqw o =W 1H Wi frert (Herem) w fHe AT
A € a9 U Helw WO 26 MeV Bt S e gt 2
lkg BTEei=M o Herew H fage 39t = 39 x10%° MeV

(b) 1kg 225U = fomen # fomqa@ =1 = 5.1x10% MeV

1 kg FTEgsM o Haad ¥ fomea e, 1 kg Tfaw o fogea o e st
1 ST 8 T 2
13.31 3.076 x 10* kg
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™ 14

14.1 (c)

14.2 (d)
14.3

(
(
(c
14.4 |
(
(
(

lp)

)
)
14.5 (c)
14.8 (b), (o)

14.7
14.8 Haem & fow 50 Hz ; 7o @@ 3 fAw100 Hz
14.9 v, =001V ; L= 10 pA

14.10 2V

14.11 T (hv® 91 E, ¥ sifos 71 2)

c)

14.12 n_=4.95x 10% n,_ = 475 x 10° ; n-TFR F, HF n_>> n,

THopd : STEE SEEEA o fUN, -N,=n -n_;n.n = n’

1 =]
ER F":ﬁ_ch_{'uﬁ Eql kSl Eh_{ﬁ 'qT,TIe = §|:(NJJ7NA)+'J(ND7NA)2+4H[ZJJ

14.13 1 x 10°
14.14 (a) 0.06829 A, (b) 2.97 A, (c) 0.336 Q

(d) 3T sreeanst 3 foTU oW 1o W O LR SEE RN, THY W R R
for wyafefier som ¥ nfaw wfedy =1 99 a=a @

14.16 NOT : A Y
0 1

1 0

14.17 (a) AND (b) OR

14.18 OR™E

14.19 (a) NOT, (b) AND

=™ 156

15.1 (b) 10 kHz &1 fafezor ==F gm (42 =e=1), 1 GHz T& 1000 GHz X =
el

15.2 (d) 9o 15.2 3f@m)
15.3 (c) 39 ONEl Had A ol W 2
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15.4 & 5 &% & Hard g swe 49 F A= p di=

292
7><162><6.4><106 =3258 km®

m=0.75=—"1
15.5 A

c

A, =075"12=9V

15.86 (a)

43 Mo Moo
0 02040608 1 121416 18 2

(b) m=0.5

15.7 % AM T (A_+ A_sino, f cos o t, 57 0 2t €, TR Sawas
A M, = A + A TN FNAE FAAH A M, = A~ A B T WG
TAEF 2,

Au _M-M, 8 _2

A, M, +M, 12 3

M, = 0T BT T H & m=1 =R M, F 97 FT i @

m =

15.8 T%d &1 gfe o A fF sifinet fame
A, cos (o + ) 2
e fEE A _cos o t, SRR RIE W ST 2
A el ® T F W FH WE @ 7,
AA cos (o +o)tcos ot

AA,
= IT[C.US (20)C + @, )L + Cos mmt]
Itz T fiaa =t 9 T e § 90 S @ 79 Ao e

AA
7

C

cos,t I FT T i
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