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A

1
fafdszol a2 g ) da uoha

Dual Nature of Radiation and Matter

weHae

U 1. 30 kV ARl % grr I X-feneont it
(a) Soaaq g qan
(b) Frem TRy FRIY

Tl R g RAIeR V=30kv=30x10°VTde =16x10° C
(a) STl B

E=eV=hv
-19 3
Pt | n=ﬂ=1'GX10 x 30 x 10 =7.24x10" Hz
h 663 x 107
IfFTH 3R v = 7.24 x 10" Hz
(b) X-f=on o =T aReed
p=C - _3x10°
v 724x10%

wd, c¢=3x108m/s (VT &} 91)
A =0414%x 1070
=0.0414x10°m
=0.0414 nm



42

e 2. W a1g H FE-Fe 2.14 eV B1 99 6x 10 Hz SGRT H1 TH9
IS W A9 e ], T4 S 1 TR Seqei 2l 21

(a) IR TR I IoIaH Tt Sl

() Fret farga sk

(c) ST Wi AT 1 Seaan = fehe €2
B R R, Cs urg @1 T-Bed ¢, = 2.14 eV

U & AT v =6x 10" Hz
(a) SR 3T B ITHaH Foll (AT BIQ) ISP TRIR)

KEmax =hv -0,
-34 14
- 663x10™" x6x10" _,4,
16 x 107"
=0.35eV
(b) AT gATH R favwa v, Rl
T4 9§ o
KEmax =ev°
0.35eV=el,
V, =035V
(c) 3MRFT fas Haf KE 5 =%mv,$m
0.35eV= .%mv,ﬁax
(FTE, Vo IYBaH TTA T M TATE B FAAA 2)
035x2x16x107"° _ , -19
ARG | | =V, ~-e=16x10"C
91 x 107 max ( )
Frerar v2a =0.123x 10"
el Vimax = 350713.55 m/s

Viax = 350.7 km/s

e 3. T faRre waln & werer-Ree wore 9 Sias areear 1.5 V 81 I
WIS SRl it Ieaaq IR St fraet €2
T f@ R, PR fasm vy =15V
s nfew St a1 |=
KEma =€V = 1.5V
=15x16x107"° =24x10"J
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W¥ 4. 632.8 nm TR F THAY FH1 U Aferan-Fai 9 F g 9=
faran < 21 IFSa IR 9.42 mW R

(a) W & RRUI-Y1 3 wlreh Wil ® S 9 Ham Wi Fifg)

(b) 39 FRI-49 & g1 fafeRa fereh we W ihaaa fraR e wiy Qs
TEEN? (T A A R RRO-3 i SIRE-F1E THEE ¢ S ol F
TFA q T ) T

(c) T TIEEITH YTV Tt P ¥ TR WA W A o A fehet 31 =t
{ =T A

T @ R, vt wera 1 aw A, A = 632.8 nm
=6328x102m
e =9.42mW =942 x 10 W

(a)umlﬁﬁaaﬁmE-T

-34 8
_883x10%x 3 x10° _g 14, 450,
632.8 x 10

mmﬁ%mm}mmw,p=£

~34
= 888 x10" _405x107 kg-m/s
632.8 x 107°
(b) w1 wfd AFvs WEH A T R, TW
ne e 942 x107
T TS PTG 314 x 10°°
= 3 x 10'® photon/s
(©) | p=mv
~27
H, o @ am, v=PR=105%10" _ 463 mys
2 m 166x10%

[-m=1.66x 10" kg (AT B FAAA))

A 5. o & U8 W Gt A GE-UE F Fel-AEE (FA)
1388 x 10° W/m? &1 ST ffa WYY WY & Hiiex Wiy Qv gt W s
A E 7T um o o gd-ww F W @ stad 7 560 nm ¥

BT Ra R, vfa A2 waid 76 F o, P = 1.388 x 102 W/m?2
A (S 8% [1 m?) 70 1 s § B A G&= nRl
TS B P TR = 550 nm = 550x 10~° m
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ua?aﬁe’hﬂvm?,E:th(hmﬁuﬁW%)

_ 663 x10% x 3x 10°
550 x 107°
gt & g8 TR faa weH @ W&
3
_P_1388x10"__ 3838 x10?
E 3616 x107"
= 3.838 x 10! photon/m2-s
WY 6. WhI-fae@ a9 & Th WA #, W Aga & favg Iddw
ezl 1 TAM 4.12x 10718 V- Wi et &1 @i Rt o1 7 IR
FfQ)
T R g 3 6 3 tand = 412 x 107'° Vs T2 @dgi & @AW
e=16x10"°C

=3616x107"°J

n

&M ¥ 7% tane = v
v
oA W B T hv =eV AB/
vV h T/ —_—
. 2
O=412x107"®
e

h=16x10"x 412 x 107"
=6.592 x 10~ J-s
W 7. & 100 W QIfSqn aca () weft feonsdt & wamm it fafefta &t
21 g F 7 T T MY F FR W @R S T R/ S e wegel

VT Y ST A 21 DT HW R 589 nm B
(a) ARTTTF | 2 why PrefA F St feah 32

) T Y FFE R A el weH frg s @ &
T R, o= A @ P=100W
Na W& &1 a1, A = 589nm = 589 x 107 m
e fadis h=6.63x10J-s
(a) TS BH B Fu
hc _ 663 x 10 x 3x10°

E= D¢ -+c = 3x10°m/s
A 589 x 1079 ( )

=338x107"°J




45

_3.38x107"°
T 16x10°
=211eV
(b) AT n WA Y YPvs Wra B Bl
i
N e R B o (p=En)

=10 _3,10® photon/s

338 x10°%

= 3 x 10% photon/s If¥a wra gkt ®
W 8. mqrgﬂémsr@haaxm“ Hz 1 3 8.2 10" Hz 3R &1 Yo
1 R SR 2, & Yrra-frge oo & Y 3iqs Aezar 9 P
T Ra g, uig & foag 2l amgf vy = 3.3 x 10" Hz
THT B A v = 8.2 x 10 Hz
A1 Vv, AR fasrarR R
I Sl @ GF T4 FRA W
KE =€V, =hv - hv,
h(v — vo) _ 663 x10°*(8.2 x 10" - 3.3 x 10™)
e 16 x 107

_ 663 x 10 x 10" x 49
16x1071°

v =

=203V

WE 9. fireh oy % T F-TeA 4.2 eV ]1 1 9% 91F 330 nm WA F
Ffera fafeto & fag yera-faega scs qm?
T R R, sweE ¢,=4.2eV

=42x16x10"J=672x10" J
fafeo 7 TR, A = 330nm =330x10° m
IR} IS e A Ful FE-Be | dfE § I Faa new-Rega seE @
FHM ]

E=he . 6.63x10’3“x3x10°
A 330 x 10

= 6.027 x 107'°y
(fF e B H Fi E=6027 x 1077 J F T § @ FEHREgD I
& am)
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A9 10.7.21 x 10" SRR F THW Th TG-S R ARE 1 @ TS A
6.0 x 10° m/s T I=TATT TR A TARF IR A R €1 TR ¥ T eI
¥ forg el smafy w7 2

&1 & B, wera & @Fan, v = 7.21x 10" Hz

AT BT @A, m = 91x 107" kg

AR P ARAFAH I, v, = 6x 10° m/s

A v, gl IR R

TR F B gF TG TRA W

KE= %mv,fm =hv - hv,

arerfe %x9.1x10‘3'x 6 x 10° x 6 x 105 = 663 x 10 = vo)

-21
S vovg= S0XIXA0T. 547 10
2 x 663 x 10~
EG | vg = 721x 10" - 2.47 x 10" (: v=721x10"Hz)
= 474 x 10" Hz

UFT 11.448 nm TORE] w1 YHW Th 37 A& ¥ I fFan wman €, (o
THY-REe T % ITEm A A W @) 99 39 QEgi-En F v
IAF W AR frar o 8, 79 Yeivs saal & fe (3iaw) fava
0.38 V 21 I % e 1 Fr-Her I el

&1 R 2, wor &1 9, A = 488nm = 488x 10° m
e Ry, =038V, e=16x10"C

wie Fadis h=6.62 x107%J-s

TSI A 41 ¢ = 3x 10°mys

A ¢ , B-He R

e St

KE =evo=”T"-¢,0

663 x 10 x 3x 10° _

16x107"9% 038 =
488 x 1079

o

o 6.08 x 1020 = 4075 x 10720 — ¢,
e & = (40.75 - 6.08) x 107 = 3467 x 1072 J
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_ 3467 x 10
16x107%

=217eV

W¥H 12,56 V fawarat & gra @it saaghl &
(a) a’%n,dk
(b) 3-sireht TRe tfafaa Ffw)

& R R, AR V=56V

(a)ﬂWWﬁWQﬂWWWeV:lmv?

m
v- [
m
TR, m AT B FAAA T v IAGSE B AT B

@Ra A 1 G G
p=mv=m, 2iv=,/2eVm

= 2 x16x 107 x 56 x 9 x 10

= 402 x 1072 kg-m/s
(b) TAFEA TN 3-Areh TREA
12.27
A= == A
Jv
12.27 5

a2 0.164 x 10

%6 X m

=0.164 nm

WE 13. T 3o foraat 7ifest o 120 eV R, 381
(a) Ham
() =T 3R
(c)i—matﬁdw%?
& Ra ?, mfiw ot KE =120eV
(a) €T, p=f2eVm = 2KE-m3Re = 16 x 107" (- KE = eV)
= J2 x 120 x 1.6 x 107"° x 91 x 10

= 591 x 10" kg-m/s
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(b) €1 p=mv
el v=P
m

_591x107%
9.1x 107
= 65x10% m/s
(c) TATEH P GG -/ qITRH,

=0112x10°m
=0112 nm

WY 14. QTR F Aagh 30 @1 F THW H TR 589 nm 21 7€ TR
St F P SR ®
(a) T T 3R
(b) & I 1 -3t wrded WA B
B fRw B, varer & aReed = 589 nm =589 x10° m
YH & F@HA m, = 9.1 x 1073 kg
FAFEA B FAIA m, = 1.67 x 10" kg
P fad® h=6.62 x 10" J-s

(a) ¥ WG T W A = ‘/2_KhEH
gaaga A i et
KE, =§_£]:
- (6.63x107#)
2 x (589 x 1079)2 x 91x 107
=696x1075
(b) =EF N TR S
KE"':27':;:24'1';.,
(663 x107#)?

Tox (589 % 107°)2 x 1.66 x 107/
=381x10%y
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WE 15. (a) T 0.040 kg FHEH F G S 1.0 km/s 1 =16t et @1 &
(b) T 0.060 kg FHTM F g I 1.0 km/s T =11 § =1 @ 8, 3k

(©) T -V FIHa FHTM 1.0 x 10°° kg 3R S 2.2m/s Ft 10 A S0

A W@ ], T -5t aanded fra aem?
&1 X B, el &1 @™ m = 0.040kg
e B AT v = 1000 m/s
(a) q-AreN qeTTReA

h _ 663x107%

A= —
mv  0.040 x 1 x 10°

=166 x105 m

(b) ¥t & %@, m = 0.060 kg TN §fd & T, v = 1m/s

h _663x107%
mv 0.060 x 1

=11x10%m

A=

:

m=0.040 kg
v=1km/s
=1000 M/s

(©) g9 & F B THAF, m=1x10" kg N g & FU I A, v = 2.2 m/s

34
Ao h _ 663x10

mv  1x10°x22

=30x10%m

WY 16.TF TWRA AR TF P 1T F a0ReH 1.00 nm 1

(a) TH GaT
(b) P = F=it 3R
(c) TR R R Tl T R

T R 2, gaee o v A e, A=10nm=10"m

(@) ST B HAT

h _ 663x10% _

|

Pe====22" =663x10%m (-h=663x10J-s)

_34
Wl @ wa p, =1=88x10" _ge3x10%m

hc _683x10*x 3x10°
A 109 x16x107"

_1986x 107"
16x 107

=1243eVATE = 1.24 keV
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(€) ToEEH B Fl

£= A _ (663 x 10752 v

2me 2 x91x 103" x 16 x 107"

= 151eV
g 17. (@) =g R frw nfos St F fag 3-shreht Wked 1.40 x 1070 m
@)@w,ﬁm%mmwﬁ%sﬂtwsomvsﬂmnﬁa
mﬁng‘%,ﬁ? At ¥ -shveht ke 9 e

Bl (a) S-Arell avmed A = 140 x 1000 m
IS B =T m, = 1.675 x 1027 kg
T SN & W TR B GF T IRA W

h
A= —
J2mKE
A ke= M- (663 x 1074y

T2NMm, 2 x (140 x 10-°% x 1675 x 102
= 6.686 x 107" J
(b) A9 & I TIRA FAt
KE = ng = g (1.38 x 102) x 300= 6.21 x 10°2'J

(- TRHAN T = 300K T2 Ao faqid k = 1.38 x 1072 J/K)
KE = 6.21x10°2"'J

TR St F Ta aered
Ao b
2m-KE
A= 6.63 x 107
V2 x 1675 x 107 x 621 x 107"
A=145%x10""m
A=145A
WY 18. 7% TR fif g T a o <0t aimledf 3o Taien (W) %
Trded & TR R
T WA & WA i@l v Mgy e A aTd ®
hv _h
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A=

ol

P R A v o= h_ b _c

mv p hvic v
3q: qega TR TR IR0 1 TR 2qared aRe & wHA R

U 19,91 # 300 K A9 W Th ABAH Y[ H -3eh qtned fpean dmm?
afs T §9 T T SAUST ¥ 9 o Wy { MREE @1 (RIS B RE
FSUA = 14.0076 v)

& @ R, am 7=300K
q drecad[ FEais =138 x 1002 UK
N, @1 AR m = 28.0152 u

=28.0152x 1,67 x10"F kg

3 AN 3hea 1w ot
Yv2 =34t
2 2
arerT v= KT
m
_ |3x1.38x 1072 x 300
280152 x 1.66 x 1077
= 516.78 m/s
2Ewed T
A=l
v
663 x 107

~ 280152 x 166 x 107 x 51678
(- ® S h=6.63x 10" J-5)
=275x10"m
S =00275x10° m= 0.028 nm
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fafaer wesraent

U 20. (a) & Fafq et & afta Fee A IR QT 3 39 9= &

HE FIY R F Ieqsia il g § 500 V F fasa-t W @ T @ ¥

THR & AT F WY IRRGE el IV H I H S M

efq e/m L76x 10" C kg™! R1

(b) W fawa 10 MV & 1T 3T it =1 I F & g 36 3 =

AN X, S (2) A 9 H AT ] Y TG R T I &2 5
T N fFE TR FERT ST T 2

& (a) R g, R#a=R v =500V

IATHA & AW TAT TAAA B UM e/m =176 x 10" C/kg

TaTeH & i St

KE=1mv?=ev
2

v= /Ex2v
m

= /176 x 10" x 2 x 500

=1.326 x 10" m/s
(b) fRya=R, V=10MV=10"V

v=[2V=2x176x10"
m

= 1.8762 x 10° mys

T o T B =9e 9 afw ¥ S oy & s

m=_1To

v2

s
T 21, () & QAT S Fo-gor Rt sovagia it =1 5.20 x 10° mis ¢,
W G T & 130x 10 T RU-Yo1 F 911 & T=9q qan < ¢l
frtu-gst grR1 SfEd 99+t froar feat aft, af AR & eo/m W AR
1.76x 10" C kg 31

(b) T R A Y (a) F I9ANT F v T @ 9% e R TF 20 MeV @R
ﬁm—g‘ aﬁﬁmqﬂmm?ﬁ%mvﬁmw%ﬂﬁwﬁaﬁﬁmm
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T () RWR, @A A A v = 520 x 10° m/s
RO &3 B =1.30x107* T
fafime &1 e/m= 176 x 10" C/kg
4 IR 99 g &3 A JFTEE R FRA R 99 98 T v A
JTA A & A g 9 A B R

i q(va)="”Tz(vamB$ﬁ’lﬂ90°ﬂ’cﬁW%)

2
e evB="T"_ (- v xB = vBsin 907)
r

f:ﬂz—v

eB €.
m
5.20 x 10°

T 176 x 10" x 1.30x 10
=227¢cm
) R R, oA A o, E=20MeV=20x1.6x 107 J

Tl Y B AR TS FATSE BT T, mp= 9.1x 107 kg
1

=0.227m

E=—mv?
2
-13
o PE_PR X0 X160 _ 567 109 mys
m ¥  91x10

mmmﬁm%w%m:mﬁnﬁﬁﬁmiﬁr:%%ﬂ

T8 ? 3@ 20 MeV ) FHoil A I TR A Frew swiEw gF g1 F 4
& A 1 w39 GF A Tog @ FEE g O € W v=c
R JfEiRa & o ® seiq

» m=_TT0_ 3 i wgew dm
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WE 22, T 3ovagiH T fore ¥ 100 V @ w #, @6 %9 2@ (102 mm
Hp) W TEGA W IER Ied § geiagia St 1 W& Taaig & fraa
T 2.83x 10 T &, T &% w0l A 12.0 em B & ita wan & afrg &
a1 (39 Ant A @ = A @ =i T A g s fRu-ga B gasi
H AHET T IR AT MRV F ZR THY I & BFd FW ¢ 56
gfg{:h “oftpa fa-gw el fafy Fea §1) gl A e/m w1 T fiRe
| .
B o R, A W Rmarwy v =100V

TR 4AB8=283x107* T

_ -31
T @ R B r=12cm=0.12m mMe =9.1x10™" kg
e=16x10"°C

R Sl (KE)=%mv2= eV
16 x 107 x 100 = % x 91 x 107" x v2

2o 2x16x107"

. = 3516 x 10"
9.1x 107
v=593x10%m/s
v 7 B ¥ €9 90° & T R
TP 7o A 9o EN Wgfera g Rl
i eB=2 e _ v __ 59x10°

r m Br 283x10%x012
g & Rfire smw & =174x10" Ckg
m

WE 23.(a) T X-Foor =it R <61 o We Wagn R @y wided R’
0.45 A T ?, 3= a1 31 Fafor F el wiela 3t Isaan S e €2
(b) 3T (a) F FR Y FFAA T 6 fFY AR M & deea AR S
o) 3 59 et F sravawar 2

4]
(a) & B, fRAfRwr At <14, A = 0.45A = 045 x 1070 m
P R Sl E=hT°
_ _663x10* x3x10°
0.45x 107 x 1.6 x 107"
=276 x10° eV

=27.6 keV



55

(b) (¢fRT i@ d @RUBR AR FARA B FHAl WEH TR R AA
XfRo I Bft B XfIR0 ura aRA /G 27.5 keV Fo B BIEH H
FrEeaEd TSl R I ARG FATRA B 27.61 keV B FAl B H@edSHa
TSl )

Hui=eV=E
eV =276keV
V =27.6kV

IA: J[WAS RSB fAHT 30 kV Rl

U9 24.7% &RF (accelerator) WamT & "ﬂﬁ'ﬂiﬁf (") ¥ TH séagﬁi ED
TIH-Ful g W, & fafire se1 it e Fei 102 BeV &
TATA-9ITIGA I8 F T Sl St y-Fereo F ¥ A W 9 )
TS R | grafaa qhrRedl % 9 41 812 (1 BeV = 10° eV)

T yfRu A St = 10.2BeV = 10.2 x 10° eV (2 y-favo)

9
@ o B T = .m.szw_ = 51x10% eV

=51x16x10""x10°J
=816x 10719y

A A TR R
et fov & o=l

_ 663x10%x3x10°
816 x 107"

=2.436x107% m

I 25. 31 A ATeh A HEARH H SHe 495 O Fhdl 81 Tach T 98
A R e aifife S @t st fear w78 el gud de st
Tg FACT fF TRAT B F A’ 4 76 R Ghd, T & TDN AE-TE
g ara A
(a) T WA AT 10 kW el ¥ It, S 500 m T3S 3t e ol s
FA 2, ¥ BRI Wi AT I B F dem
(b) Freran daar o T v Rl 70 3@ T € (<1070 Wm™) ¥ W Wit
F T N W JFE TR NG R e ¥ w1@w w@ e w A
T 0.4 cm? 3R T THa R 3wa mgfa N 79 6 x 104 Hz 7R
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)
(@) P=10kW=10x10° W
W a1 N TRIEA, L = 500m

7T P A oo, £ = 10 - 863 X107 x3x 1P
Y 500

E=23978x1028y
uﬁmﬂﬁmwﬂiﬁaﬁmn=g

o 10x10° 551 10°
3978 x 10728
n = 2.51x 10° photon/s
(b) e 3mgf, v = 6x 10" Hz
Sl dAGA TG = 1070 W/m?
TAP T &% = 0.4cm? = 04 x 1074 m?
THS TG H i@ W Ifad FA el
E'=10""%x04x10"%=4x10"J/s
TG P & Hl, E”=hv=663x10" x6x 10" = 3978x 107°J

] -15
7R YFve Pl A wem, p= £ o Ax107
E” 3315x10™

= 1.206 x 10* photon/s
IfF A v IR R a9 1RF BF B TR @ gR g § T8 @
S a8l
WEH 26.9F 100 W YRT (Mercury) & ¥ 3= 2271 A A &l qOam
TN O Aifse T aig | Fffa v A S fafEka st 1 ai Al fava
13 V @, @ o1 % FEAEEA 6 Ahe PHAQY TH He-Ne W& BRI IqH
6328 A ¥ 3= AT (~ 10° W m™2) & ST WHIW & A WH o foF TR
Fgfea wm?
T fam B, WA a_ol A a9reE], A = 2271 A

=2271x10"% m

PR AR, v, = 1.3v; IfR@P=100W
P fFadi® h=6.62x10"% J-s
A $ T B
Sl F GA TG A W E = hv - hvy =€V,
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hc

- %o =€V

_663x10% x 3x10°
2271 x 107"

=8758x1079-2.08x 107"

_ 6678x107"
16x 107

hc
=——-gV,
% X ()

-16x10"¥%x13

eV=417¢eV 3@ ¢,= 4.2eV

A TP B AT, A = 6328 A=6328x 107" m
goff £ e _ 863x107%x 3x 10° _ 3143x 107

A 6328 x 1071° 16 x 107"°
TEf W Holl £ =196 eV IE-BeAd W B B Id: B} W 39 TS & fow g
qqg & STt
I 27.0% fEiA & Q IG 6402 nm (Inm = 10° m) T HT GHavi
fafo e R difae } fiffs Twa-g3d ged 9t fafefa = @1 fdedt
AIeTAT 0.54 V TG S #1 AG T T ce-od ¥ IS 31 9T 81 IhaE
427.2 nm TU-3GI I TFY AA F AfERT A T TR PR Aeew T
FHIf
B 2 ®, Ne 9 & Taavil yame &1 avroed

A =640.2nm = 6402 x10° m

AR fsarR v, = 0.54V
A ¢, T B

eV=196¢eV

hc
ev E ——
0= o

T Scerdl AR B BIE-BAT
¢o=——¢lp
_6.63x10% x 3x10°
6402 x 107

31x1079 - 0864 x 107" = 2.236 x 1070

-19
_2236x10° _ .,

16 x1071°

-16x 107" x 054

IR &Y FE-BA ¢y = 1.4 eV
TR A = 427.2nm = 427.2 x 10° m
A Vg T PR RmarR @)
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hec
eVy=—-
0= %o
663 x 10 x 108 x 3

= ~14=151eV
4272 x 109 x 1.6 x 107"°

IS AR fasarR V) =151V

W 28. T RS o, WhmI-fagga Seaeia &t et % g9 % fg T
gfaarrs @ €, Fifs 98 TE-RaRT & (UV) ¥ 9 SR TF 3
avi—%@ri I @@ %I weifean W /A F TER 7@ if, YRS (mercury)
& =t = aui-Yarei w1 wanT e T

A, = 3650 A, A,= 4047 A, A,=4358 A, A= 5461 A, A,= 6907 A.

et Aeezand, waw: ey amd 7

Vo, =1.28V,V,=0.95V, Vo, =0.74V, Vy, =0.16 V,V,, =0V

(a) i FAAdIF A 1 °9F F1@ FAQ

(b) &g ¥ foTe eelt smgfa qen FE-Fe 1 e FAfIY
[IE : 9 STFS A h F A9 T T 6 AT TR e=16x107° C
FEYFHA M| $H WHR & W4T Na, Li, K 37fg & fere fafasa 3 fae &) fafass

TR AA-94E T A W e F HA H ST T ARHIN & wHhwI-fagm
T il G foar qar 38 deuil § £ F A % fag ggw SIgEE )

' Ra R, W) 9 A e e R
A, = 3650A=3650x107""m
A, = 4047 A= 4047 x 107" m
Ay = 4358 A= 4358 x 107" m
A, =5461A=5461x10""m
As = 6907 A= 6907 x 107 m

A fawa=R e &
Vigy =128V, Vg = 0.95V, Vg = 0.74 V, Vpy = 0.16 VIR Vyy =0
aeRe $ | gt
8
(@) v=L - 83X _ _g219x10" He
A 3650x 10"
8
vo= 2= 3X10 __7410x10" He
A, 4047 x 107
8
vo=L = _3X10 __6884x10" Hz

Ay 4358x107"°
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~ 108
v, =£=ﬂ°_ﬁ=s.493x1o“ Hz
A, 5461x10
8
V5=i=ﬁlq_ﬁ=4,343x1014 Hz
A; 6907 x10”
T U § fE Vot
eV, =hv-¢,
V. _!l!_¢0
e e
(Ff¥ v, T It & 97 76 D Y R)
% P g 13 PR
e 4 5 6 T
h _Vor—Vos _ 1.28 — 0.16 (v=104)
e wv-v, (8219-5493)x10"
-19
h=112Xx16x1077 _ o ors 107 J-s

2726 x 10"
(b) FRE-BE ¢y = hv,
= 6574 x 107 x 5 x 10"
=32870x 102y
=205eV

WIH 29. P argait ¥ wrd-wer e waR R e #

Na:2.75 eV; K:2.30eV; Mo : 4.17eV; Ni: 5.15eVI T q@ﬁiﬁ%ﬁam

AV 1 m T @ T He-Cd T ¥ I 3300 A Toked & fafietwr & fore

gw—ﬁmmﬁawﬁh?hﬁﬁa%msocmaﬁiﬁwwﬁww
?

&l fem R, fRAfFu A a1t 3300A=3300%x 10" m
mﬁm&mf:”%

_ 683x10%x3x10°
3300x 100 x 1.6 x 107"°

Ia: o arg &1 Fd-waT 3.75 eV 9 I § a8 o1y YSNHRED SoeE
g Na @91 K &1 S14-%e 3.75 eV § 3 ® 3ra: § HaeHea Aae S9=1 et
¢ I} AR 9 AR e @ °9 Bae daar R R R @ wieigaegHl &
wen uRafda g 2

=375eV
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U2 30,1073 Wm™ o o1 WHN Th ST WHN A & 2 cm? §I%A &
S T TS &1 T8 HA o o 9T Y WIfAm 1 ule W St St Y e
F &, A fafRw & wr-Rew F Tem-faga st % R smavas 9 W@
W;ﬁﬁqq@%mm-wmzevmwél ST IR F -
ﬁﬁa‘rzﬁ 2

& R R, wara # dwar =105 wm?

8a%a =2 cm?=2 x 10 m?

aTq P -G ¢, =26V

At 99 ©

Na &1 591l &%et 102 m? R} T 39& WA WA § TF IA3%4 20l &
e AT e A v - 3X 1P R @ e

THIE AT R
=_5x2x10 =107
1072
W 94 & & Na ¥ 13 g0 soaw g @
PRl A9 & y8 W) Ifaa ufe
= 3mufaa W x Bl 9 & IO T S0
=10°x2x10™
=2x10°W

Ui IRdl W SuRRerd 3w Aufad Soi @ 9HE WY 9 faRa axa @
A seF 9 Yeve IR o,

: st

T T WA S oA @ wamn

_2x107°
10"

SO B TS AT & oY I wHg

¢ I geraa g e _ 2 x 16 x 107

.=2x10°8 W

ofy Qave aRd FHoll 2x107%
=16x10" s
< §9Eq: 0.5 a9 Bl

SR ¥ 98 kT B & w9y 9ga o R @ S&oM vg WY SugeE T4 @
AT THTN BIEH T JAIA ST b q1d DI GAY Al TEl g A TR
e ¢ & 39 mam A ¥ Rig ugea T8 @ sl
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WI 31. X-Fuit & WAt raan Suge Aeedr & @Ra saa Al 3 frea-frada
WA FRY W T €1 FA-1 Sl s 9w (Rt gee § R,
S % fag e 9 1 A e, e et ([RT) F FaR-wmm iR H
PR FR) (m, = 211x 107 kg)|

& R R, xfxol &t R A=1A=10""m

AT P T, m,= 9.11 x 10" kg
TR B TR e, KE=%mv2

aperT mv = 2mKE
Wi ¥ e aere a= L
v
A=
J2mKE
— h2 (6.63 x 1073y

KE = =
222m 2 x(1079? x 911x 10" x 1.6 x 107"
=150.78 eV
tﬁlﬁﬁaﬁmﬁ:%

_ 663x10* x 3x 10°
1x107°x 16 x 107

I A R & v XfaRo Bl B Ful goapH @ Hat § s i
H|

U 32, (a) T A, Foraa 7RIS Sl 150 eV &, 1 2-seht TWrded Wi
FfTY a1 fF 9 w1 31 F @ R, T St AR BR-gW feew
faad WA & e Ioga &1 1 W9H 9l 1 O A FRu-g 5| wam
% foig 99 w9 & Iuga AM? W FAU (m,, = 1675 % 1077 kg)
(b) TR % T A9 (27° C) | I LA A TR 2-3neht 7ot 7
FfIY 78 THR T FIY fF =i @ T ggh w@ -faada
wanT ® I9Em ® T Q IeR arareol & 9 qrdvda fRar S 21

=12.4x10% eV

T (a) R R, =EF A 1fa F (KE) = 150 eV
RS B F@AA m, = 1675 x 102 kg
gqmaﬁ%‘%l_(E:%nwz

ESE ) mv = J2m-KE
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T, A=

h

mv

__h 6.63 x 107
vem, - KE 2 x 1.675x 1077 x 150 x 1.6 x 107"

=233x107"2m
(FTRTRAVF n J=RA 1070 m B o 39 TR A IS 1 @ g
4 (150 ev) 39 Radw WM & fay Suga T B)
(b) AYAM T =27 + 273 = 300K
Qe Fradis k = 1.38 x 102 J/mol/K

quﬁﬁﬁﬁ,E:SkT

Fl & G T
e h____h _ h
N2mE 2mx§kT J3mkT
- 6.63 x 107
V3 X 1675 x 1077 x 1.38 x 102 x 300
=145x10""m
(T8 TR RTINS AR & HH 1 & I: Yo 99 I8 diag
A R R TN RAIda g wgH B §)

WY 33. 7% 3 GEASH # 50 kv dreedl F R @RA oA H ST
foan ST @1 39 gl A 92 -5l airded am Fifw) afE sy wmt (SR e
HEAEF g, M) FN ST THA a1 WY, IATZT Geagd it fana qean
FHgerT IR YT H T F AR T GEReH ¥ fhg TR ot 82

Bl e B, oragi qeagdl & fAwariR = 50kV = 50000V
Fareh o A= 1227 &

W
= 1227 _ gos5A
/50000
=55x10"2m

T T ’g (M) =59%x107"m
e afdm e % gepargud A ® Rpx%



63

_ ol gkl A R emar _ A, 59x 1077

THME T D RATT ema A, 55x 107
FATS R A AN e wordig el ) RAe awan a1 105 T R

e 34.fFd o R et 9% g F9 frar o Site @ o1 g6 At
T F FEK A O AW W aw =gH F T (quark) S
10° m A TR it T 7= F Y A F ) 59 W= B FEIH 1970 O
% W ¥, T W@ @A (Linear Accelerator) ¥ 3G 359 Feit ARl &
=Yl & ITE gRY VAR, T To IaRa § SiEr T an H @R
RRU-GSI W Sl W R H ST TRY (A ] R 5w Sl
0.511 MeV 1)

& Ra g, awkd A =10""5 m, &1 = 0.511 MeV

34
v &1 @, p= 1= 868 X107 _ 56310719 kg-mis

A 10—15
R T@m[ &9 = me? =0.511 MeV
=0511x16x 107y
IS S g & JgaR
E? = p’c® + mic!
=3 x 108 x 6.63 x 107'%)% + (0.511x 107" x 1.6)?
= 9 x (6.63° x 102

9 faxm st = &
St E = {p’c? = pc= 663 x 1070 x 3 x 108
-10
= 198910 _ 4o4x10° eV
1.6 x 107'°
= 124 BeV

I: TATEA A B AR TR TG AW HoAl 1.24 BeV 9 At g =f

W 35. %W F a9 (27° C) 3R 1 atm T W He WA A 2 Wl 2-sieht
TorRed Y 3R 1 sRRafE 3 e geen & soed & e shaa g
Ff
& R B, qEE T=27°C + 273 = 300K

k = 138 x 102 J/mol/K
¥4 p=1atm=101x 10° Pa

WA AR 4 4
He TRHIY] &I F&HE = ~ = = k
IR G 6x10239 6x10% 9
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34
emm'k___ h 6.63 x 10

J3mkT J3x 4 138 x 102 x 300
6 x 107

=0.73x10""m
4, pV = RT = kNT

1/ 3
m@r_(vj’a_(kr /% (138 x 102 x 300
=(Y) - ==X 222
N 101x 10
=34x10°m
073 x 107°
34x107°

Iq: g1 W ¢ & e 0 r AR A 9 9gd IR R (r>> )

WY 36. feit | F (27° C) W O T F IR -3 qorded it
FY ik 9! TorT g ¥ Q el F 99 sita gaaq A Fwe e
2x 1070 m e w1

@ : W 35 3R 36 YR w € for el QA sRfafadl § A soeli @ §2
o e s-afendt € fFd ag § @A T T wee §9 A W-gm §
Afedt Eraggamre s <rel frdt g e 3 sl 9 srem veum & g
& frdarg & 3olegiT M TH-gE A e TT9H T @ wahdll 39 Swvaal &
w3 7o Fafeaedand & o= ama ¥ st I=3 vIggFHAl & I

& & B, AWM 7 =27°C + 273 = 300K
R r=2x10"m
"I p=f3MkKT
= 3% 9.11x 103" x 1.38 x 107 x 300
=1.06 x 10°% kg-m/s

_34
gt el 3, =L 668 x 10 oo 6510710 m
p 106 x 107

A @ r=2x10"m

—10
A_626x107 ..o
r 2x107'°

2 ¥ fF 2l TRl gdagl % A B shea g0 % 959 A0S 2

r
2 - = 0.021
r
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¥ 37.7= Wi & I GRg

(a) T foram e e @ R e ol =g & e sard W i e
M & [23)e: (1/3)e] | T¥ TrfeTT AT-<d T & i 76 wee BNa?

(b) e/ m AT F T FaRezar 2 T e T m  fore F rer-rem fraR =i
& Fa?

© gﬁ:ﬁqmmwmaﬁ%ma@mmwammmﬁ

L

(d) YT O1g F1 TH FR=q -5 D &1 9 s fafeor gad &,
A Tt WARIE SN HE Tl & WY e i A6 A § R
AT T T il feraror 41 B 22

(e) T SATZTA it Foll o1 3T HA T TS Yerd-a i S a1 59
Foked F ae e W arafead 9 €

E=hv, p=%

W A 1 AF WEl difire Tew # , v % AF (i gafag e 9 oA W
M) W W i T T i

4yl

(@) (WH R A =1 A & A WMH 9o &R 91 B & A FTd afre
ufdaenel 79 A9 & 99 ¥ ¥ @R 9 E s/l w@rd @ UE | ue
w8 Y1 i W R 5 ugfa § FOR fmrers amdw @@ R wg gl
AT AT B I F MO U A B &)

(b) IRTE F fega TN gaTg &7 § Ay e wliewn @ & T R

Imizev @ BeV:m—V2

2 r
(s EfaRv e 3 m U@ O B B J-e T8 A T e/m b ©Y A
T 6l A )

(c) TRl T4 TR A TSR H 98T T € IEA A IAGR W B 7
U1 ITMT A T IATEIS T 181 UG U Il N9 =S a0 &
¥ 39 T W 99« "edl ® 91 N9 J9] 1 JAed a9 9 qedl § I S=
fane R agw vafa Sof affa @) o € 9w 9 el § sawm §
JTAHRY XA § TRAl I A G Tl @ G N FH IW qn SHA
fawa ) e & T PR R

(d) FaIfS eg # W TATEE T I9 wWR F 8 A § § U qad A &R
IRT FA & 3 TP Ry v amufad RfdRw &g 3o - sot w@®i
I =P et & W SfiE @ R

(e)é—ﬁﬁ?’ﬁﬂ#ﬂ’?‘ﬁl:% @ p=%
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WaﬁwﬁE:m:th

e o < ot £ = L1 O/A 1R

2m 2 m 23 m

E QN p & 9™ 8] &1 @d & 6 A 3 As 7gw 2 g g amf v
1 7gw Tl B Bl




