_ (3.85 X 10%w)
47(6.96 X 108m)? X [5.67 X 10—8m2V_VK4]

=11.1545 < 10'°K*

. IT=57178K

2.898x10°m-K _2.898<10°?

(b) Amax = T 5775~ m=5015.5A

2.
(a) 4EHESTRE & 1y
P=47r’Ry= (4rr?)(cT*)

w
m2-K*

=47(0.7 X 10° m)? [5.67 X 1078 ] (5700K)*

=3.68x10°W

_d o ,dm
i) P—dt(mc) <

‘2—”;=§=4.096>< 10%kg/s
(b) AM= [‘i]—”t’]x lyear=1.292 % 10'7kg

AM _1.292x10"

M g =6:5x 107

3.
(@) e T=2.898 X 107 m-K

5, _2.898X107m-K_2898% 10~ m-K
max T 309K
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=938x 107 m
(b) A=2(30.3)+2(3 X 0.2) +2(0.2 X 0.2)=3.12m?

w
m2-K*

P=AR;=A (cT*=(3.12m?) [5.67 X 1078 ](3091()4

=1633.55w

4.
()&: oli _ L“:[lOOO]“:[L]“:L
VR, "o T\ ~2000) T12) "6
(b) (Amax)l Tl = (/lmax)Z T2

. (/lmax)l _Q_ZOOO_

“ a2 Tr 10002

C

(Viax)1 _ [/lmax]l _(/lmax)zz 1

(Vimax)2 [ . ]2 Gt 2

Amax

5.

dmax T=const Ry=cT*

cons?)* o
S Rr= a[ ] =
r jvmax /wnax

PRI

ZRT: 2 [

(cons?)

]const=2[ ]const

o o
4 7
j‘1'1’13.)( j‘ lmax

, 1 . 1/4 1 1/4
A max [TAmax] - [7] lmax - 0-84/1max
= (0.84)(65004)
=5460A



6.

/1 =2000A=200nm > 2,=4000A =400nm
8mhc 1

M pr(A)="75 Jemr —

1 1 1 1
. /T? kT ] =(3.82) /TS ehelkT
ehc//lsz -1

_ MY _ 1)y _
W_(3'82) T =(3.82) 5 =0.1194

he _(6.624% 107 1-8)(3 X 10° m/s) _

he  (6.625x10734J-8)(3 X 108 m/s) _
Mok (4107 7m)(1.38 X 1072 J/K) 35987K

. e35987/T_ 1
. .m=0.1194

/_‘7\)(7 — 635987/T = x2 — e71974/T

AL o194 = x=7375
x =1

CET=7375
In (€¥%87/7) = In(7.375)

o 35987 _
CT=in7 375y~ 18.000K

7.

_ 1 Jg_ 1 /9.8m/s*>
V=22 U 2x Im =0.5/s

E=mgh=(0.1kg X 9.8m/s?) X (3 X 102 m)

=29.4x1073Joule
hv=(6.63X1073*]-5)(0.5/5)=3.32 X 10734]
-3
_E _294X10 Joulf::&855>< 10%!

Ty T 332% 1073
—88.55% 10%
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AE _hv _3.32x107*]
E E 294x1073)

=11.3x1073 ReEHIEH

=0.113x 1073

. he _12.408X 1077 eV-m
(@) Ena = v = = 00 10 0 m

/INIY 2.3eV 0 ARERDEERE -

(b) Exa=hv=—5=23eV
cut

=2.1eV

12.408 X 10~7eV-m

230V =5398A

j’Cul‘

2.
BB R 0.71V > HI
he

W:€V0 =0.71eV=hyv — W() :T - W()

he 12.408 % 107 eV-m
Wo=7 = 0.71eV == 51010 " m

=1.817eV
SEUFERR A 1.43V 0 |
e
A
hce

7" 1.43eV +1.817eV=3.247eV

—0.71eV

1.43eV = - Wy

hc 12408 x10"7eV-m

3347V~ 3047ev  CI821A

i:




Kpax=eVo=hv—W, =% - W
he=2A(eVy)+iW,
(i) A =3000A » V,=1.85V
he=(3000A)(1.85eV)+(3000A) W,
(ii) A=4000A » V,=0.82V
he=(4000A)(0.82eV) + (4000A) W,
S W =2.27eV——REY T RLEL
(@) he =1 (eV)+ AW, =(3000A)(1.85eV)+(3000A)(2.27eV)
=12.36 X 107" m-eV

_ 1236 X107 " m-eV
(3 x108m/s)

=4.12X 1075 eV-s=(4.12 X 1075 eV-s)(1.602 X 10712 J/eV)
=6.60024 X 10734 J-s
(b) Wy=2.27eV

ch

(c) Bk &

Wy =hvr=2—j

= [Icho _ 12'408;;17(@);/7 eV'm=5466A
4.

(a) YEFTERE SRV EE)
mVTZZeBV » Rl p=mv=erB

S 7ok =L
EE = [2=EA

E*=p’c®+ (myc?)?= (erBc)*+ (moc?)?

erBc=e(1.88 X 10~* tesla-m)(3 X 108 m/s)
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=5.64x10*eV=0.0564MeV
E?*=(0.0564MeV)?+(0.511MeV)?*=26.4302 X 1072 (MeV)?
E=0.5141MeV
BT EhAE
E=K+myc?
K=E —myc*=0.5141MeV — 0.511MeV =0.003MeV
=3.1keV
(b) FAYLERES
hv=K+W,

o he ., _12.408x107"eV-m
Wo=hy = K= = K= 10 O m

=0.014376MeV = 14.376keV

—0.0031MeV

5.
_ he _12.408x 1077 eV-m _
A 4000%107"m

Eo = py=tic 12408 X 10~7eV-m _
i 1~ 7000x10 Om

T = P=40W =40J/s =40 X 6.242 X 10" eV/s
=249.68 X 10'% eV/s

DRI

. 249.68 X 10' eV/s
#773102eVTH

_24968 X 10186\/_ 18
N =250 S = 140910 {8/ s

FifCA Ny > Nag
(b) AN=N, — Nz =60.41 X 10 {5, s

(a) Ex: = hv 3.102eV

1.772eV

=80.49 X 10" & s




6.

-7
HEEAE E = hv:%: 12.408 X107 eV-m

290X 10°m
=4.28eV
EEFHVENRE
K=E — W=4.28eV —4.05¢V=0.23eV
TR LA Ry 023V

7.

(a) Ai:mipc(l —cos )

(M)max=2[h]=2.66 %10~ 15 m
mpc
(b) B FHIRER
== C = _he
Emax_hv = i’ _i—l—Ai'
he.
A E
g _
.. min Ai’ Ail
I+== 1+
100MeV ~ 100MeV _
12.408 X 10~ 5m
TR REER
(AE)max=E — Elin=(100 — 82.37)MeV
=17.63MeV
8.
(a) E;= ki _ 100 keV _100keV
’ E; 100keV — 1+1.957
I+ 1+

mc? 0.511 X 103keV
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=33.818keV

(b) ML T THVRER My
E.=E; — E;=100keV — 33.818keV =66.182keV

N = . _L_ h _Ei
© TR : P= ==t
E;

=100keV/3 X 103 m/s=33.3 X 107> eV-s/m
EFEE
P: P2
2m  2mc?

JPoe=./2mc*E, =+/2x0.511 x 103(keV) X 66.182keV

E,=

=260keV
__ 260keV 5 eV
P, 3% 10° /s 86.66 X107 eV-s/m
. Py 333%x107°eV-s/m _
C0S P = D T R6.66 X 10 S eV-sim o020
¢ 4 7y 112.6°
0.
J= At (1 = cos 0)
T mye
e hq _ g _he 4 _ 0
Ai= Ay moc(l cos0)=As m002(1 cos60°)

_ 1 ( hc
=0.035A — 7[m 2

0

]=0.035A —0.01213A

=0.02313A

_ he _12.408x 107 eV-m
A~ 0.02313x10 0m

=5.364x10°eV
=0.5364MeV

E[:hV,‘




10.
@ A=-"(1-cos0)| =L ="TC _243x102m
moc 0=90° MoC  myc
—0.0243A
(b) [EIPkEETEIEE
_ (hc) AL
K‘Ef_Ef‘[ py ]mm

Ji=1A > A1=0243A = K=0.598keV

=7
©) E =%= 12'4?8XX] é?mriv'm= 12.408keV
K _AE_ 059keV _
E, E, 12408keV

2.4%

11.
E%; = hv=E~g€jz =mocz

2 6
s L oC 0.511x106eV
HTIER  vier =7 (6.626 X 10734 J-5)(6.242 X 10'® e V/])

=12.355x10"/s

NG N - C _ 3><108m/s _
HFRE A s 12355 X 107 0.0243A

_Eyr_0.511MeV
¢ 3x10°m/s

=0.1703 X 10~2eV-s/m

HE P

12.

KB E A
Py=P,cos @+ Pcos¢
0=P;sinf— Psing

Psing _ P;sinf
Pcos¢p Py— P,cosf

tang =
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L. Py .0 0
J.sinf= [Pl—cose]tan¢22sm20052
Py
Cosi [P1 cos@]tan¢
2 2sing
0 (Lo _ ]
0 cos > _[P1 cos @ B &—cosﬁ
cot—5= = tang=| P, tan ¢
S R .
sin sin”— — Cos
Po_ oepo= _ cosp=0
e 2 cosf= To cos f= Vi cosd
ﬂ _WloC
el L CIEYh
:Vo_{l_m[c c]
Vi h Vi Vo
:V()—Vl{ I’I’l()C‘2
\%1 [1+ hVo
2
mc (1 1
l—cosﬁ——(/h Ao) = A [Vl Vo]
1]
_ 2
&—cosé Yo v11+m0c
ti_ P1 ¢ Vi hVo ¢
o T 1 =cos0 ang = me*[ 1 1 an¢
h \%1 Vo
hvy
+
[1 s ]tan¢
13.
h . 2h ., 0
()K_ Al moc(1 cos 9) _ mocsm 2
E A+Ad /1+L(1—cos0) /1+ﬂsin2i
moc myc 2



2h_ e 0 2
_mgc 2 mych 2
/1[1+moc/1s1 2} 1+ ol Sm 0
2hy 22
moc> 2

(b) (hv)+=0.2MeV » moc?=0.511MeV

K_E-FE'_ £ o, 10 _ 1
E E =10%= 100 1

0.4MeV ., 0
.1 _ 0511MeV™™ 2
10, 04MeV ., 0
0.511MeV ™ 2

=> sing =0.3766

0 ~ 44°

14.

AE_E—E'_ K: A
E E E itA2
s0)=

15.

_he |, __he _12.408x107eV-m
do T Exr  10x10°keV

2.=12.408 X107 "' m=1.2408A

he 12408 X107 7eV-m
(0) Bz = Jmax  0.08%10°m

=15.51keV

(a) EFF'

=1.551x10*eV

16.

g _he |, Ewginin_(40X10°eV)(3.11 107 m)
wr /'Lmin c 3><108m/S
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=41.4666 X 1070 eV-s
= (41.4666 X 10716 eV-s)(1.6 X 10719 J/eV)
=6.6346 X 1073*J-s

17.
HTFRER=ETRE T EETHEE [
Ejlmz =F_ +E+

E2=P2%+ (m_c?)? » E2=Pi*+ (m.c?)?

BB E Ry P=eBr

S.P_=eBr=(1.6x10"" coul)(0.2w/m?)(2.5 X 102 m)

=8x 10722 kg-m/s

P_c=(8 X 10 2kg-m/s)(3 X 10°m/s)=2.4x 1013
=1.5MeV

G5 P,=P_

P.c=1.5MeV

CE2=P2+ (mac)=(1.5MeVR +(0.511MeV)?

SLEL=1.6MeV

S

Eyr=E, +E_=32MeV

o ., he 12.408x107eV-m
’ﬁﬁ'iﬁ_Eﬁ_ 3.2x10%eV

=3.9% 107 m=0.0039A

18.
ki = FAGENAE » k= RIKBNHE=0
ky = 55— E TR L HIENRE



FB—RNTFEEE =k —k
BTN TFRERE =k —k=k
S+ hvy=k;

i

hc | h

STk L b=h+ 13A=)+ Al
1 2

Bk =20keV » Al=1.3A
(AWNE

ky =5.720keV

21=0.869A > 1,=2.169A

19.
HLAREE  hv—>|e"+e™ = y—>e't+e
(@) Exp = ki + k- +2myc?
(Esp)min=2moc*=Pyyc = Pyz=2mc=5.46x10"2?kg-m/s
(b) E2=P2c*+ (moc?)> = (K+myc?)?
SEET 1 P2+ (mi?)? = (K +mic?)?
SKF+ 2K mc* = Prc?
WREIESTI © Pyrr=P
K+ 2Kimie? = Py ® = (Eyy Janin = (2moc)®

S Ki=—mict+ J(m/cz)2 + 4(myc?)?

22
=mic?| -1+ 1+4[m002]
m;c
my ’
=mic?|—1+ [1+4]—
m
2
s3]
m>> my 21 my




Hs EREINE

T+

-1+

2
ey =2 men( )
m; Bl R TS & = M, + M, =(82)m, +(124)m,
~206m,

K, =mc?

9.1x 103 kg

Ki=2(0.511MeV) 56 67510~ kg

=5.4eV

E=5 =53 s pe=-/2mPE=2.47x10%eV

h _hc _1.24X10"°eV-m
p pc 247Xx10°eV

(b) tAHEERRE R ETE
E*=p’c?+ (myc?)? » E=200MeV > 0.511MeV

A= =0.5x10"°m=5A

.E=pc

h _ he _1.24x10"%eV-m
p pc 200 % 10°

=0.62x1074A

SA= =0.64 <107 *m

n=1 A=2dsin0y_9pr=2d=2x0.32nm=0.64 X 10~°m

=6.4A
_h_ h
P " 2d

h 2
r _ [Td] _ ke
2m 2m  2mc*(4d?)




_ (1.24 X107 eV-m)>
2(0.511 X 10°eV)(4) X (0.32 X 10" m?

~3.67eV
. h o h
n=2 2/1=2dsm0|g=9oo=d ’p:7:7
h 2
L[
_p_[d]_hzcz_ _
E,,:z— m = m —chch—4E1—14.686V
n=3 31=2dsin0lp.  i=2d
_h_ofh
P=7 _3[2d]
h 2
2 9[—]
P 2 g
Eyy = —=— 5= =9E =33.03eV
3.
Ina= Ay = =5890A » Pyy=zolt—=1.125x 102 J-s/m
NaTAET p NaT38904
_ Pha (112510777 J-s/m)* _ 0
K= 0= 3501110 T g~ 00695 107277
~434%1076eV
4.
~34
(@) BT : p= 2002610 s _ 3 313192 jg/m

A 2x107"m

=34 7_
KT PP:%=6'6;>6<>1<01_0]0mJ 53313102 J-s/m

_ PP (6.2039keV)?
2m  2mc® 2x0.511x10°eV

=37.66eV
ST E,=P,e=(3313X 1072 J-s/m)(3 X 108 m/s)
=9.93910716]

(b) &ET : E.

=6.204keV
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E, 6204keV _
©) F =37.66ev =164
5.
o
K=myc* » A=—=
0 P 2mK
KoK=2K j=t o h __ h _ 1
p 2moK' JdmK /2
=L 17898 1076 A =1.266 X 10-6 A
V2
6.

(@) E2=p’c+ (my?)'= (K+moc?) » K=HfjfE=eV

Kz K
2= 4 = +
P 5 2m0K 27’]’10K[1 ) , 2]

1

iziz h [1+ K ]_2
P 2mK\ 2moc?

_h [1 eV ]—%
2meeV 2moc?
(b) FEFEAHESR T » moc® > K(eV)
1= h _ h _ h
2meeV  \2meK P
1
h K |72
=% —|]+—=
(C) j’V@/ WK {1 2m002}
oo h
non-re WK
) :21 R irel — 1 _ 99
el 100 non-rel inon-rel { K }1/2 100
1+ 5
2myc
K 100)?
. '2m002:[W] —1=0.0203



K=0.0406mc?
BT+ K=0.0406<(0.511MeV)=20.75KeV
17 © K=0.0406 % (939.6MeV)=38.15MeV

7.
h_h__h _ h -
AR — —movm (B=)
JI-p
W 5 h «/1—ﬁ2 he J1—f
_mov/cm myc> P
_12.408 X 10~ e\/nm/l—ﬁ2 1.24 X 10~ 2MeVA\/1—7ﬂ2
EO E()(MCV)
8.
(a) B FEMERER &5
h=t p=2p
(Ax)(Ap)=Ax [%] ALz %
2
R O e
(b) H(@)fF
2
(Ax)(AD) = 4—>(Ax) [%] >4
N
..Ax_mé‘—ﬂ,’
j

DR : Ax= MRS

@x B - Ax= 017ZA X 107A

X 10° A




452 EREFNE

o Ao 1 _5000A_ 5 .

@FFN + Ax=qu X5 =4 <10 A
9.

_ N S
Ax=21 Ap—z Ax 2] mAv
-szh:hV:hV:L
o 2mi 2mVA 2pl  Arx
10.

P

E=K+mocz=ﬁ+moc2

_dE _ P _
g dp m

dE_P ,_P¢ _ P
dp E mc*  m

ﬁ E2 :pzcz+ (mOCZ)Z y
11.
(a) nA=dsin @

W n=1F— B

_ 4 _05A_ 05A
sin@d sin5° 0.08716

(b) Bl n=2 55 _fr EH %]

2= dsin 6, sin92=%=2s1n5°=0.17432

=5.736A

.0, ~10.05°

12.

(L o\ _ 1 oy, L oy, L 2
K <2mv> 2m<vx>+2m<vy>+2m<vz>

EESON S NP Y )
=3Xom (V) =3X 5 k[ =-KT
h_ h h

}V:—: =
P \2mk ~/3mkT




=M _ 32g/mole
No  6.02x10%/mole

=5.316x10"20kg
V3mkT=1/3x5316x 10"20kg x 1.381 X 10~ 23J/K x 300K
=./6.6073 X 10~* kg-s

=5316x10"2g

34
o h_6.626X107* s o con 0in
3mkT \/6.6073 X 10 * kg-s
=0.2577A
13.
2 2.2 %/ 3 2

2m  2m  2mc* 2X0.511x10%eV
FLEIRE 98eV FEH IR/ NN IEF) HYEE & me? - RIjdy B ER A EhAE A

b b _ 6.626 107 J-s
p  mv (0.1 x1077kg)(0.001x 1073 m/s)

=6.626X10""¥m

=6.626 <1073 fm
EREHENFETFEES - REAHIRE T EA A ] Rl
-

15.

1

AL=1.000.000

2=(500% 10" m) x 10~°=(50004) < 10~

(AL)(Ax) = j—;

2 (5000A)

= — 6
X = R 2a(5000A) x 100 278X 10°A
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~ (0.04m

FIuE

=

__ e . __Ze  p3_p3
Py=F P4 R=ZRi
?ERH ? R

R=Z"Ry

2.

1 Zze2
P
(a) fiZA drey D

_ 1 (2)(79)(1.602 < 107" coul)?
A7e, 5.3MeV

(2)(79)(1.602 X 10~ coul)?
(5.3 X10%)(1.602 < 107717)

:Ebﬁg ’ Z:ZAM ’ Z:Za

=(9 X 10° nt-m?/coul?) X

=43x10""%m

(b) coth% : b=%D cotg=3.72>< 107 %m

3.
AU EIOEISE T # (B 1)

(1 Y Zse2V , 0
P—[4n_80] [MW] wplt cot 5
P 1 Z,Zu P
I _ﬂ’mhmo My ©

1
A7e,
_d , _ 193g/cm’
(2) =37 M =196.967 g/mole

=5.9x10%%/m?

cot? %

2
(1) [ ] =(9 X 10°nt-m*/coul)’>=81 X 10'® ( nt-m*/coul)?

X 6.023 X 10%/mole



(3)[zp Zsu e2]2 B { (1)(79)(1.602 x 10~1)* ]*
MV? 12x10°%x1.602x 107"

—111.2286 X 10~
P _ s
=210
= (81X 10'8)(3.1416)(5.9 X 10%)1(111.2286 X 10~5) cot? 30°
=(50.1)(3)¢=150.3¢

. 2X107° 5o
A= 1503 =0.01331x 10 m =~ 1331A

4,
AERA ey EphEE % o HItEDIra 8209 R 2

_ 1 2z 1 27e*
47eg ilqu 4rey 1 [ mM ]V2

2 2m+M

_ 1 27 m+M
ey 1 M2 M
2
_( 2Ze? {m + ]\/[}
471'80 E M

S.
= (4-19) > e THIBEH B

_ 1 2262 2 ) Q
o=rlipt [—477:80 iz ] cot 5

E:LMVZZ[ Zez ][M]lﬂ

2 d7eg o
1=2.0nA=2x10"?coul/s

_ 2x10°coul/s
2% 1.6 X107 coul/a

a=4x10"*a/s

=6.25x10%o/s
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t=0.3um=0.3X10"m » p=6.3 X 10%/m>

> E=Lap?=23Mev

2
6.
fe=l (4-16)
ph+—L1 | 1 ze
R=75" in0 | " P e 1
sin— n807W2

HHIE T« Z=49 > HI]

(49)(1)(1.6 X 10719
(6X10°)(1.6X1071)

=117.747X1071%m

0=60°: R=—L % 117.747 % 10’16m[1 +

D=(9x10%

1 ]=176.62><10*16m

2 sin 30°
2
K.E.=6MeV — — 22 _oMev
471'80 R
0=120° 1 R=—L % 117.747 % 10—16m[1+%]=126.813>< 1076 m
2 sin 60
2
K.E.=6MeV — -1 22 . 0 43MeV
477.'80 R
7,
_L 27l _(2)(3.1416)X7382X 10 *)s
hoh 6.626 %10 J-s
8.
}L=RH[%—%] »n=3,4,5-Ry=10967757.6m""
B LY -

(H)n=3—2 > %zRH[i - %] » 11 =6569.3A
1



1 1

s, L _p 1l y )=
@n=4-2 5 RH[4 16] Jo=4866.0A
() n=5-2> 1 =R [i— I ],z —4344.8A

3 Hl4 25 3 '
9,

. 1 V
BRI v=r= ol
ST

_ 1 &
 4zey nh (4-31)

hz
I’:47[80W}’l2 ) (4—30)

E=—[ 1 ]2 me* (4-32)

4mey) 2mn?
Al
_ 11 Y me :1[[ 1 ]Zme“[i]
V= 2x |4ney ) 2 |\ 4mey) 202> nh
_ L [2E]] _2|E|
27 | nh nh
10.

() BEFREE = FRE+ 35— REREE (n=2)
—— 13,6 (V) +hy
_ 1 e
=~ 136X (eV)+

12.408 X 10~7eV-m
466A

- —13.6><%(eV)+
~23.2eV

(b) JFAOETRER = GUR THE LA B E T HEE
=13.6eV +23.2eV



458 EREITNE

=36.8MeV

11.

S e
(a) B /=—F=ev

A FaitEs 9 i v:%
A=e [2‘ ‘] Hy

_ 2|E|_2e(13.6eV)
I=¢ b i

_2(1.602x107")(13.6 X 1.602 X 10~")
6.626 X 1073 J-s

=10.535x10"*coul/s=1.053 X 1073 A

=1.053mA
(b) f{< Biot-Savart Jgf » B LAYREE

B:%I’rl (n=1)=53%x10"m
r

(4n>< 1077 T-m/A)(1.503 X103 A) _

3
2%53%10"m =1.78 X 10~ T(T Tes]a)

12.

‘he _12.408 <1077 eV-m
A 2400x107""m

Ene=5.17eV — Eg 5 =5.17eV — 3¢V =2.17¢V

=5.17eV
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