
� 1. 30kV �clq{f.ff 4i"IDU�X-�cf>'t 
(a)���

(b)����
� � t, fa1lcl'RR V = 30kV = 30 x 103 V�e = 1.6 x 10-19 C

(a)�tg�
E=eV=hv 

n = eV = 1.6 x 10-19 
x 30 x 10 3 

= 7_24 x 1018 Hz 
h 6�3 X 10-34 

� � v = 7.24 x 10 18 Hz 

(b) X-� � � �

A=�= 3x108 

V 7.24 X 1018 

�. c = 3 x 108m/s (l1"<t>m � 'ifra) 
A =· 0.414 X 10-10

= 0.0414 X 10-9 m
= 0.0414 nm 

fafcl,(UI ffiU s{c,Q c5\ i@ � 

Dual Nature of Radiation and Matter 
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� 2. � qig q;r q;J?f-� 2.14 eV i-1 � 6 x 1<>14 Hz � q;r �
�'CJ\ 31Jtlfffirirart, oaf ��caj'�l q;r��imrt, 

(a)� ���T.fi cfft �� �,

(b)�fcrqq�
(c) � � ��caj'-ff ch1 � � fcfrn;ft 't?

� � t, Cs mn cfiT ffl-� cp
0 
= 2.14 eV 

� � � v=6x1014 Hz 

(a)�����(� -q;)c) ��)
K Emax = hv - cp 0 

= 6.63 X 10-34 
X 6 X 1014 

_ 2_14 
1.6 X 10-19 

= 0.35 eV 
(b) llAT � � fct1,q V

0 
ti

� � t ftp
KEmax =eV0 

0.35 eV=eV
0 

V
0 

= 0.35 V 

(c) � � � KEmax = .:!.mv�
2 

1 2 0.35 eV = -mvmax 2 

{�, Vmax � � � m � cfiT � t)

0.35 X 2 X 1.6 X 10-
19 2

------=� 
9.1 X 10-31 max 

V� = 0.123 X 1012 

Vmax = 350713.55 m/s 
Vmax = 350. 7 km/s 

(·: e = 1 .6 x 10-19 C)

� 3. ll;cf; ��if�-� ll'il1cf cfft � � 1.5 V i't � 
� ���T-?f qft��� fctm;ftt? 
� � t, � fct1,q V

0 
= 1.5 V 

���cfiTW 
K E max = eV

0 
= 1.5 eV 

= 1.5 X 1.6 X 10-19 = 2.4 X 10-19 J
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� 4. 632.8nm �qif�'5rcfim��-�-mRt'W� 
fcl;?;rr�'tl�Wlffi9.42mW'tl 

(a) �t"�-'$if-q�'tffi'GR ct,'t�cf?;IT���I
(b) � �-� t" l.RT� ��"tit am:1(R fcmR lh1iR ffl �

�? <���fcimvr-1otctft �-cfilG Q.cfieqH t��t
��q;ift) cf?;IT 

(c) � tH�{NH �q,1-tfi)if;Jt''iRfaR��cm-t"�fcfia;ft��
��m1TT?

ffl � t, � lfcffiT cffl �. "'= 632.8 nm 
= 632.8 X 10-9 m

l1fcffl = 9.42 mW= 9.42 x 10-3 W

(a) �'tffliA � �. E= he
"' 
6.63 X 10-34 

X 3 X 108 

= 3_14 X 10-19 J
632.8 X 10-9 

Wt vlFffi t fct; � 'tffliA q;r 00, p = !!.
"' 

p = 6·63 x 10-34 

= 1.05 x 10-27 kg-m/s
632.8 X 10-9 

(b) � ma � � � � nt, cfiT

(c) 00 p=mv

lJfcffi 9.42 X 10-J 
n

c ma� �-;tr� � 3.14 X 10-19

= 3 x 1016 photon/s 

H2 � q;r 'ijl'T, V = .E_ = 1.05 X 10-
27

= 0.63 m/S 
m 1.66 X 10-27 

[•: m = 1.66 X 10-27 kg � cffl �]

JN.f 5. � � ,pio "tit � q@ �-'Wffll qiJ �-� (�) 
1388 x 103 W/m2 "ti � fcmR 1'itiR 1lftr qtf liR:{ 1lffr ��"tit a1ftlft@ 
mat? ���fcf;�-"Acfim'q'tffi'GR"q;J �� 550 nm t,
ffl �t, ma�����.P=1.388x10 3W/m 2 

���[1m 2]�1 s����ntl
�,mif.:r cffl � = 550 nm= 550x10-9 m
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� -q;)tpJ � �. f = he (h� � t) 
,._ 
6.63 X 10-34 X 3 X 108 

= 3_616 X 10-19 J
550 X 10-9 

�'iji1I'olR31Ttflmf��� 

n = !:_ = 1.388 X 10 3 

= 3.838 X 1021
E 3.616 X 10-19 

= 3.838 x 1021 photon/m2-s

� 6. 'Wfflf-� Jf'llq � � w-JTlT if, � � � � o@cfi' 
� cfiT fflR 4.12 x 10-15 

V-s � mcfi ti � � cfiT 1:JR qflq,;fl;ta
�I 

� � t, � � � tan8=4.12 x10-15 V-s � � q;J 31Jcm

e = 1.6 x 10-19 C

��JITtp tan8=� 
V 

hv=eV 
V h 

V e

!!_ = 4.12 X 10-15
e 

h = 1.6 X 10-19 X 4.12 X 10-15 

= 6.592 x 1 o-34 J-s 

t 
Vo 

�7. �lOOW��(�)ri�if Q.q,�'11.f��� 
t1�q;y������'tf{\liflp;nt��'tj{onttft@��� 
Jfq;ffi'� 3tct}(h�d �ti �Jfq;ffi''cfif� 589 nm ti

(a) �Jfq;ffi'��"Slftr�q,'l'Rfcf;a;ftt?
(b) �q;)fcnlr��,m;Y;J��'1fr�t?

� �t, ��"Wffi P=100W 

Na� q;J �. 1..= 589nm= 589x 10-9 m 
� � h = 6.63 X 10-34J-S 

(a)� -q;re'A � �

E = he = 6.63 x 10-34 
x 3 x 108 

A 589 x 10-9 

= 3.38 X 10-
19 J

(·:e = 3 x 108 m/s)
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3 38 X 10-19
= . eV 

1.6 X 10-19 

= 2.11 eV 
(b) lJRT n lfflit;r ma� JITCa � t1

� 

n=-����a 
100 n20 = 19 = 3 x 1 u -- photon/s

3.38 X 10-

= 3 x 1 0 20 photon/s � m-ca � t'

(p= En� 

� 8. M '-(Jgcfil'� � 3.3x la14 Hz "ti'* 8.2x la14 Hz �qif� 
'-ll§"lt�i,"ffl�-����araq;���I 
ffl � t'. 'mg���� v0 = 3.3 x 1014 Hz 

Jrcml � 'an@T V = 8.2 X 1014 Hz 

lJRT V0 ���ti 

� � q;J � wwr ffl "CR 
KE = eV

0 
= hv - hv

0 

V, - h(v - V
o
) - 6.63 X 10-34 (8.2 X 1014 - 3.3 X 1014 ) 

O 
-

e 
-

1.6 X 10-19 

6.63 X 10-34 X 1014 
X 4.9

=------:-=----

1.6 X 10-19 

= 2.03 V 

� 9. fcfitjt � * � q;J1.f-� 4.2 eV f1 � � � 330 nm�* 
anqfi@�*�J1cffll-���? 
ffl � t, q;nf..� q,0 = 4.2 eV 

= 4.2 X 1.6 X 10-19 J = 6.72 X 10-19 J
� cf;J �. A= 330 nm= 330 x 10-9 m 
� � tf>TcR � � ffl-� � 3TI$p t c11ft � Jrcml-� � m 
�i 

E = he = 6.63 x 10-34 x 3 x 108 

· :l 330 x 10-9 

= 6.027 X 10-19 J
(� � tf>TcR � � E=6.027 X 10-19 J � q;q t° am:���
�min) 
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� 10. 7.21 X 10 14 � qiJ lfcfflT � �-1J'io 'q'{ 31Jtlft@ ti � 1J'io °U
6.0 X 105 

mis cift �cf1Plffr 'U � � 1n'" *I �l31ct4-if 4) 'S{iffif � 
�����t? 
� � t, � � -an@T, V = 7.21 X 1014 Hz 
� q;J �. m = 9.1 X 10-3 1 kg 
� q;y � trl, v

max 
= 6x 10 5 mis 

l{Rlv
0 ��tl 

� � q;J � Wj<ffi � "CR 
1 2 h K E= -mVmax = v-hv

0 2 

.:!. X 9.1 X 10-31 X 6 X 105 X 6 X 105 = 6.63 X 10-34(v - Vo) 
2 

V -V = 36 X 9.1 X 10-21 

= 2.47 X 1014 

O 2 X 6.63 X 10-34 

Vo = 7 21 X 1014 - 2.47 X 1014 

= 4 .74 x 1014 Hz
(·: v = 7.21 x 1014 Hz)

�11.448 nm �qif'Slcfim� 3iftf;rmR-U���t, �
lrcfim-� 'W'1Tq � � -ij � � t, � � �-� � lrcfim q;) 
� 'tR' 31Jtlft@ � � t, oGJ � �clcfciT-ii qiJ � (ornq;) fcrqq 
0.38 V i-1 �� �qiJq;p;f-���I 
� � t, � cJ>T�,A=488nm=488x10-9 m 

f.rmfi fctiJ<J V
0 

= 0 .38 V, e = 1.6 x 10-19 C
� � h = 6.62 x 10-34 J-s
� � -=qra C= 3x 108m/s 
l{RT cj) 0 "cfITTf-tJ;wf t1 
Tffmij � 

he KE =eV
0 

= 
T

- cj) 0 

1.6 X 10-19 X Q.38 = 6.63 X 10-34 
X 3 X 108 _ 

%
488 X 10-9 

� 6.08 X 10-20 = 40.75 X 10-20 -% 

� % = (40.75- 6.08) X 10
-20 = 34.67 X 10-20 J 
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= 34.67 x 10-20 eV 
1.6 X 10-19 

= 2.17 eV 

� 12.56V fc.itc:41..ij(�'IDU� �d�T-ff q;r 
(a)�,�
(b) �-'i11ffl � qf<cfiR'td �I

t(H � t, �1l<IRR V = 56 V 

(a)�� cpl� 'tJ<flTr "ffi "Qx eV = .:!.mv2 

2 
2eV = v2

V=l�V 

�, m �cpl�� V � cpl cPl ti 
��cplW@ffl 

./2eV � p = mv = mVm = v2 eVm 

= �2 X 1.6 X 10-19 
X 56 X 9 X 10-31 

= 4.02 X 10-24 kg-m/S

(b) �cpl�-��

A.= 12.27 A
Jv 

= 
12·27 

= 0.164 X 10-9 m
./56 

= 0.164 nm 

�13.�����120eVt� 
(a)�
(b)T.f@�
(c)�-���'t?

� �t, �� KE=120eV 

(a) ffl, p= �2 eVm = �2 KE-m31Re = 1.6 x 10-19 (·:KE= eV)

= �2 X 120 X 1.6 X 10-19 
X 9.1 X 10-31 

= 5.91 X 10-24 kg-m/S
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(b)ffl p=mv

31� V = .E_ 
m 

5.91 X 10-24

= 
9.1 X 10-31 

= 6.5 X 106 
m/S 

(c)��-wrn�-��.
A = 12 .27 A = 12. 27 A

.Jv � 

= 0.112 X 10-9 m
= 0.112 nm

� 14.�$���$Nmqif� 589 nm l1 clW�
�."ij@�m"tR

(a)v_q;��
(b) v_q;�q;r�-��WIR'ffl11T

ffl � t, �� � =589nm= 589x10-9 m

�cm� me = 9.1 x 10- 31 kg

� q;J � m
0 

= 1.67 x 10- 27 kg
� � h= 6 .62 X 10- 34 J-S

(a) W� ffi"CR A=�2KEf11i 

��l'ffl� 

= (6.63 X 10-34 )2 

2 X (589 X 10-9)2 
X 9.1 X 10-31

= 6.96 X 10-25 J

= (6.63 X 10-34 )2 

2 X (589 X 10-9)2 
X 1.66 X 10-27 

= 3.81 X 10-28 J
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� 15.(a)�0.040 kg�cfiT�� 1.0 kmJsqft���Wi 
(b) � 0.060 kg�qft�� 1.0km/s qft���«ftt am
(c) � �-qi"O'J'��lOx 10-9 kg am� 2.2mJsqft���

mwt, cfiT�-���mtrr?
� � t, � cpl� m = 0.040 kg 

�cpl� v = 1000 mis

(a)�-��

A= ..!l__ = 6.63 x 10-34
mv 0.040 x 1 x 103 

= 1.66 X 10-35 m 
(b) � cpl�. m = 0.060 kg�� '*t �. v = 1 mis

A = ..!l__ = 6 .63 x 10-34
mv 0.060 x 1 

= 1.1 X 10-32 m

(
·: m = 0.040 kg 

Jv= 1 km /s 
= 1000 m/s

(c) � "ij; cf>UT cpl �. m = 1 x 10-9 kg cf� � "ij; cf>UT '*t "'q'@", v = 2.2 mis

A = ..!l__ = 6.63 x 10-34 

mv 1 x 10-9 x 2 .2 

= 3.0 X 10-25 m

� 16.�� ����cfiT� 1.00 nm fl 
(a)��
(b> i:mif;fqft�am
(c) �qft����I

� �t, � � �'*t�. A=1nm=10-9 m

(a)�cplffl
P

e 
= 
f

= 

6·63 x 10-34
= 6.63 x 10-25 m (·: h = 6.63 x 10-34 J-s)

/1, 10-9

p h = !!_ = 6.63 X 10-34 

= 6_63 X 10-25 m
P A 10-9 

E = he 
= 

6.63 x 10-34 x 3 x 108 

eV
A 10-9 

X 1.6 X 10-19 

19.86 X 10-l? =----,-eV
1.6 X 10-19 

= 1243 eV<IT E = 1.24 keV 
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p
2 (6.63 X 10-25}2 

E = - = --�----,-----=---- eV 
2me 2 X 9.1 X 10-31 X 1 .6 X 10-19 

= 1 .51 eV 

� 17. (a) �qft������-�� 1.40 x 10- 10 m 

m11T? 

(b) ��, �����mRJ-qt am� 300 K lR �� 
��kTi',fcl;,t�-����I 

2 
� (a) �-� � A = 1.40 x 10-10 m

�cpl� mn = 1.675 X 10-27kg
T(fm;J��"ffl@�cpl�ll<IT1JffilR 

A.=-h-
�2mKE 

h2 (6.63 X 10-34)2 
KE=--=--_;, ___ _;_ __ _ 

2A.2mn 2 X (1.40 X 10-10)2 
X 1.675 X 10-27 

= 6 .686 X 10-21 J
(b) "ffilf � "ffl@ � �

KE= �kT = � (1.38 x 10-23) x 300= 6.21 x 10-21 J
2 2 

( ·: � r = 300 K om q��v1?t-1 � k = 1.38 x 10- 23 J/K)
KE= 6.21 X 10- 21 J

���"ffl@� 

A= h 

.J2m-KE 
6.63 X 10-34 

A=-;::::========= 

�2 X 1.675 X 10-27 
X 6.21 X 10-21

A = 1.45 x 10-10 m
11. = 1.45 A

� 18.��fcl;� ijklq,,lj �qft��� ('tffiiR) � 
��Gf{JGR'tl 
ffl tfireR cpl ffl vi"@ v ��A� t

hv h 
p =

c

=
I 
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h 
1=

p 

-q;)m <Gt �-� �. "- = _!!,_ => !!_ = _h_ = � 
mv p hv/c v 

am:���� cf>l � �-� � "ij;� t1 

� 19. � -q 300 K oJtf 'tR � <1t�c£l'11-1 � cfiJ �-lWffl � fcficRT '"1TT? 
� � � mq 'tR �� � � qtf lU'-21 � lffa1lR t, (� cfiJ "R1lJl!t 
� = 14.0076u) 
� � t, "ffl1I T = 300 K 

cf.m q1�"1?j;, � = 1.38 X 10- 23 J/K

N2 cf>T �1fR m = 28.0152u 

= 28.0152 X 1.67 X 10- 27 kg 
�cGtafR:@�� 

..!mv2 =�kT 
2 2 

hA.=-

v=��
T 

3 X 1.38 X 10-23 
X 300 

= ,------� 

28.0152 X 1.66 X 10-27 

= 516.78 mis

A. = 6.63 X 10-34 

28.0152 X 1.66 X 10-27 
X 516.78 

(•: � � h = 6.63 X 10- 34 J-s) 
= 2.75 X 10-11 m 
= 0.0275 x 10-9 m = 0.028 nm 
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� 20. (a) � mfcr_ � * atft«r � � � �Jl�-11 cfit 1m °:q@ q;r 
� � � � � cfil �-ij 500 V * f4itc41.:{t( lR" ffl � 11:fi6 � 
� *' �Ji�T-if *� ��cfitmtr��I �q;r � 31ml 
31'-IRI. e Im 176 x 1011 C kg-1 i-1 

(b) � fcrqq 10 MV * ft.rQ: � °cfit ":q@"ij@cm-* ft.rQ: � � q;r
w:iPJq;l, \iff (a) 'qcf;l1i"q�Tflfftl � ofJtl���Tjffif'tJffl'l? �
���Jrcf;T{�\lfl�t?

ffl (a) � t, fct1T<JRR V = 500 V 

� � � � � q;y 31JQffi e/m= 1.76 x 1011 C/kg

����

KE= ..!mv2 = eV
2 

v=Fv 

(b) fct1l<fRR, V = 10 MV = 107 V

= �1.76 X 1011 
X 2 X 500 

= 1.326 X 107 
m/S 

V = J� V = �2 X 1.76 X 1011 

= 1.8762 X 109 
m/S 

m=
g

mo 

2 

� 21. (a) ����-���°cfit� 5.20x 106 mist, 
lR" � �cfillt SJsr 130 x 10-4 T �-$lr °cfit � * � � '1l@T ti 
�-� IDU � � cfit � fcfm;ft' 'ffllft, ��*elm q;r ltR 
1.76 X 1011 C kg-1 t, 

(b) �m�� (a) -ij�-ij��•�'ltm ,ft� 20 MeV �

mur��� 
� qf<cfifetd cm-* 1ffl: �4<cfi t? � � m � Jrcf;T{

ltlil. ���t? 
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ffl (a)� t, � � � v = 5.20 x 106 mis 
��8=1.30x10-4 T 
��elm= 1.76 x 1011 C/kg 
'Cijif � � � � -q atfltt1�qq � cffifi t tfi( cft? � � qij 
� 'cffifi t 1fAT � tJeJ � � r t1 

2 

� q(v xB)= mv (v�e�cft'q90° q;r q;)uJt) 
r 

mv2 evB=
r 

r= mv =-v-
eB !!...a 

m 

(·:v xB = vBsin 90°)

= 5.20 X 1 rf' :: 0_227 m 
1.76 X 1011 X 1.30X 10-4 

=22. 7cm 
(b) � t, � � �.E=20MeV= 20 x 1.6 x 10-13 J

� � q;r lflnlT � � cf;J �. m8= 9.1 x 10-31 kg

E=..!.mv2 

V = /2E' = 2 X 20 x1.6 X 10-13
= 2.67 X 109 mis 

vm 9.1 x 10-31 

� � � � � 'ij; � t 3«'1: � � ll � � , = mv � 
eB 

� t 3«'1: 20 MeV � � � TffalJR � � � � � GRT � 
� � vfT � t '{fcp� � -q � qij � � mfflt � V=C 
1R atAt:1ma m v11m t 31em{ 

:. m=-'!!Q_�1fi�'iWTJ 
v

2 

1-

c
2 

arn:fflft@�Ai.r�I 

,=:: =[H]:a

53



� 22. "Q.cn � lR � � 100 V fcrifcf 'tit t, 11_cn cfiir � (10-2 mm
Hg) 'tit iji-{IGl.j � "ft�� if�- t, � ik4cfillt � � 

'qR 2.83 x 10-4 T t, � � 'irrrf cfil' 12.0 cm���� if qfff@ cfit 
� t, <� 'irrrf cm��� t � -qpf if���-� cm �l-11� .. 1 
cfil' �� am����Wfim���cfifflt; � 
�� ��-$ir� fcn'icm-f,) �� elm qiJ'qRmffta 
�I 
ffl � t, ';ffis tR fclit4I�-< V = 100V 

��8=2.83x10-4 T 

���� r=12cm=0.12m 

� � (KE)= .:!.mv2 = eV
2 

1.6 X 10_:19 
X 100 = .:!_ X 9.1 X 10-31 

X V2 

2 

V2 = 2 X 1.6 X 10-17 = 3.516 X 1013
9.1 X 10-31

V = 5 .93 X 106 m/S 
V � B � � 90° q;r cffl11T t 
� � � ff'a aRT � mm t1 

(
me = 9.1 X 10-31 kg

) 
8 = 1.6 X 10-19C 

� 
mv2 e v 5.93 x 106 

evB=- m - = _ = ____ _
r m Br 2.83 x 10-4 x 0.12 

� q;J �· � � = 1.74 x 1011 C/kg
m 

� 23.(a) "Q.cn x-mur � � qiJ "Q.cn mm���� ftm 
0.45 A "tttt, «tA�t, �if �'tiriRctft�� �t? 

{b) ol'tA(a)�����fct;fci;lrcfilfeqft��(�� 
� cfit ��if ojjq'fi.tcfidl t? 

ffl 

(a)� t, � � �. 1 = 0.45A= 0.45 x 10-10 m
lfflcFf � � E= he

= 
6.63 X 10-34 

X 3 X 108 eV
0.45 X 10-10 

X 1.6 X 10-19 

= 27.6 x 103 eV 
=27. 6keV 
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(b) (X-� � lt cq�Ulcf>l•,a � � cm � lJGR qRffl t �
X-� � mcfi t X-� � � tg 27.s° keV � cm lffliA �
31W�4ct>ctl � t 3IB: 3iltlfaa � cm 27.61 keV � � � �Wl4ct>ttl
�t)

�=eV=E 
eV=27.6keV 

V=27.6kV 
3@: � cq�Olq,I� fctifq 30 kV ti 

� 24. � cclftsr (accelerator) w;rf1f -q q�{l''1l (e+ ) * � �cPl�f-if *
�-"R � 'R, � MJlie � ctft clITT§qf � ft 10.2 BeV *
�-��*�ft ctft 'cU 1-muif-q � * �-q ctft • t1 
� Y-� � �i-aiP¥.ld d<•l�9-tl � ltR cfllT �? (1 BeV = 109 eV) 

� 1-� � � = 10.2 Bev= 10.2 x 109 eV (2-y-fclRul} 

� 1-� � � = 10.2 x 109 

= s.1 x 109 ev
2 

= 5.1 X 1.6 X 10-19 
X 109 J 

= 8.16 X 10-1o J

E=hc 
A 

A= he

E 

6.63 X 10-34 
X 3 X 108 

= --------,-,,-----
8.16 X 10-10 

= 2.436 X 10-16 m

�2s.mo1R'�<Umtaifq;J��mllctifflt1��� 
� fcf; � atM4i�q; � ctft �firnr� � °q,ffll �� 3ffClcfif 
��fcf;�� �qftFFRft' ��q;{.�, -qcPl'�11q,JW"ffltp-"ffltp 
��m, 

(a) ��atil lOkW�*wft', ;m 500m �qft�atiJ�
�t, *IDU"Slftr��'1itiRfctft�1

(b) �cfts@r"q,JffiJlcfim�l'f�lfq,ij't (-10-10 wm-2) �"Wm�
qi\ msqr ;m 1lftr � � � qft ldffl-q. q;«fi t, ldffl "q,J � 
� 0.4 cm2 3lkffl Jlcfim cfit am@� cfil'�. 6 x 1D14 Hz �I
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ffl 

(a) P = 10 kW= 10 x 103 W
�cR11� �.A=500m

� � � � E = 
he 

= 
6.63 x 10-34 x 3 x 108 

' 
).. 500 
E = 3.978 X 10-28 J

ma��-q;)iR��n=!:.
E 

n =  10x103 

=2.51x1031
3.978 X 10-28 

n = 2.51 x 1031 photon/s
(b) 3fl'mf �. V = 6 X 1014 Hz

� � � = 10-10 W/m2 

i:raq;) cffl � = 0.4cm2 = 0.4 x 10- 4 m 2 

���·����
E' = 10-10 x 0.4 x 10-4 = 4 x 10-15 J/s

� � � �. E,. = hv = 6.63 x 10-34 x 6 x 1014 
= 3.978x 10-19 J

ma � � � � n = E' = 4 X 10-15
' E# 3.315 X 10-19 

= 1.206 x 104 photon/s 

� � � � t 3@: � 'CffiiR cffl � 311m � W1lfffl � � � 
uJT�t, 

lN.:f 26. � 100 W -qm (Mercury) • "ij' «'Fr 2271 A� q;J � 
1lcfiffl 1{cf> qlf�ag91q 'l1U � f.fffl"ff 1rcfiRT � cfil � qi'{ffl t, 'llR{ � � 
-13 V 1), 'ffl "'1« $ cfii44i�H q;r � �I � He-Ne fflR fflU �
6328 A *�"dn@J c-105 

w m-2) $�11cfiffl$�1rcfiRT��1'ifiR
��?
l'M �t,�cR1TI-$)�,i=2211A

= 2271 X 10-10 m
� �'iqhi-<, V

0 = 1.3 V; l1fcffi P = 100 W 
� f.f'l@iq; h = 6.62 X 10- 34 J-s 

lJAT4'o�t 
n cffl � �'ffi � E=hv-hv

0 
=eV

0 
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he 
- -<l>o =eVo A 

"' - he
eV. 

- 6.63 X 10-34 X 3 X 108 

1.6 X 10-19 X 1.3 't'O -1: - O - 2271 X 10-l0

= 8.758 X 10-19 - 2.08 X 10-19

ct,= 6·678x10-19eV=4.17eV � cl>o= 4.2eV 
1.6 X 10-19 

C11C1 wt>m <ffl �. 11. = 6328 A= 6328 x 10-10 m

� E = he = 6 .63 x 10-34 
x 3 x 108 

= 3.143 x 10-19 eV = 1 _96 eV 
A 6328 X 10-10 1.6 X 10-19 

� lR � E = 1.96 eV ffl-� � cJ>iJ t 3ffi: 'CfflcT m, � wt>m 'ij; � � 
�mcJ��I 

� 27. � f.rliR � � � 64U2 nm (1nm = 10-9 m) � q;f �
��'ti\�� Flffia 'Slcfim-� � ch1 fcd%ml q;«rr t, f.m'-ft
� o.54 v -qJtft' � t, • ch1 � m-m � � � � t, �
427.2 nm cfUf-oo offl � � ch1 fcd%mi cfi«ft' t, � � � �
�I 
itlif �t,Ne�'ij;��cl>l� 

A = 640.2 nm = 640.2 x 10-9 m
� fcr'+fcfRR V

0 
= 0.54 V 

1lAT c!>o �-� ti 
he eVo =--<l>o A. 

� � �-�<l>o= 1.4eV 

he 
<l>o = - -eVo A. 

= 6 .63 X 10-34 
X 3 X 108 

_ 1.B X 10-19 X 0.S4
640.2 X 10-

9 

= 3.1 X 10-19 - 0.864 X 10-19 
= 2.236 X 10-19 J

= 2.236 x 10-19 = 1 .4 eV
1.6 X 10-19 

�A.= 427.2 nm= 427. 2 x 10-9 m
1lAT V{ � � fcr'+fcfRR ti 
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v:, he .+. e o =--"'o
A 

6.63 x 10-34 x 100 x 3 - 1.4 = 1.51 eV
427.2 X 10-9 X 1.6 X 10-19 

� � fctllclRR V� = 1.51 V 

� 28.�i:JRG�,-wmr-��qft�f.r4«n�arallR��� 
efcti:41'1Hcfi � t cp;rrfct; 'ffl" �-� � � (UV) � � � cfq; � 
crof-� � "cfi«IT fl �aftf$4q "SfcfflT � � � w;im-q, "tfRG (mercury) 
• cfit f.li;J crof-� "cfiT w:rm � lfllT :
"-1 

= 3650 A, A2
= 404 7 A, A

3 
= 4358 A, A4 

= 5461 A, A5 
= 6907 A.

RUtft �, �= f.li;Ji:rrcfi �:
V01 = 1.28 V, V

02 = 0.95 V, V03 = 0.74 V, V04 
= 0.16 V, V

05 
= 0 V 

(a) �f.r:@fq; h "cfiT'iiR � �I
(b) �����ov.rrcfiF-f-�q;r��I

file : � � � h � 'iiA � � � � � e = 16 x 10-19 C cfit
3tlq:l4cfidl °Ml �Vcm"�w:im Na, Li, K ������ ii°I � 
� 3ltR �-� w;rm � 'SlfC<f e � 'iiR "cfiT � 'cfi\ � � "Wffll-� 
tl'-ilcfi(Uj ciiT � � clv.rr � Worr � h � 'iiA �����I] 
� �t,�"ffiocCr�f¥ft 

A,= 3650A = 3650 x 10-10 m
A2 = 4047 A= 4047 x 10-10 m
>..3 = 4358 A= 4358 x 10-10 m
>..4 = 5461 A= 5461 x 10-10 m
>..5 = 6907 A= 6907 x 10-10 m

�fct�f¥ft 

V01 = 1.28 V, V02 = 0.95 V, V03 = 0.74 V. V04 = 0.16 V 3fR V05 = 0 
ci·<-i�Em � W@ � 

(a) C 3 X 108 

8 219 :14 H V1 = - = 10 
= . X 10 Z

A, 3650 X 10-

C 3 X 108 :14 v2 =-= 10 = 7.412x10 Hz
"-2 4047 X 10-

V = .£.. = 3 x 108 

= 6.884 x 1014 Hz
3 A.3 4358 X 10-lO 
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C 3X108 
14 v =-=---,.,,.. = 5.493x10 Hz 4 

A.4 5461 X 10-10 

C 3 X 108 
14 v5 

= -= 10 
= 4.343 x 10 Hz 

A.5 6907 X 10-

eV
0 

=hv-cp0 

V
o

= hv - cl>o 

e e 

(� V
o -am � � � Jntp � "fflT t')

cm, qij � � t

h _ V01 - V
04 

_ 128 - 0.16 
e 

-
V1 - V4 - (8.219 - 5 .493) X 1014 

Vo 

h 
= 

1.12 X 1.6 X 10-1
9 = 6.674 X 10-34 J-S 

2.726 X 1014 

(b) ffl-'Q,wf cp0 = hv 0 

= 6.574 X 10-34 
X 5 X 1014 

= 32 .870 X 1 0-20 
J

= 2.05 eV 

4 

� 29. f;f1::r �aif �nn1?f-� f;f1::r WfiR f�tpT� t

5 6 7 

(v = 1014) 

Na: 2.75 eV; K: 2.30 eV; Mo : 4.17 eV; Ni: 5.15 eVI � �aif if�� lfc1im
� � 1 m � -ra � He-Cd fflR � � 3300 A � * � * �
lfclim-� � � �? fflR cf;l � * f.fcfiG 50 cm cfiT \tt lR' m' lR' � 
m? 

l"cf fGmt, �� � 3300A=3300x10-10 
m

31TtffmJ���E=hc , 
A 

= 6.63 x 10-34 x 3 x 108 

= 3_75 eV 
3300 X 10-lO X 1.6 X 10-19 

am: � mg <f>T ffl-'Q,wf 3. 75 eV � q;JJ t cnft mg WJ>m-� � cfRlft 
�Na� K cf>J ffl-'Q,wf 3.75 eV � q;JJ tam: c\ lfcml-� llimf '3'ctFJ � 
� � � � wm vl@J t cfq � � � mat t m 4ild!i�cr�'Mi �

���ti 
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� 30.10-3 wm-3 'ijfs@f cnr 11'cfil1T 'Q.cf> � 11'cfil1T � $ 2 cm2 � $
1lEo 'ti\ �.t, � 'qR � fcfi o;tR' ctt � ctt � 'tlffl 3lfCffffif � 'cfrr otcii:tflrtid 
cfi«ft t, m � $ cR1T-� if 11'cfil1T-� � $ � atlcii;tltcfi � cnr
� � � $ � q;Jtf-� � 2 eV � ll<U ti � � cnr �
�t? 
� � t, � � cfu@T = 10-5 W/m2 

� =2 cm2=2 x 10-4 m2 

mg q,r ffl-� <l>o = 2 eV 

lJFIT t "fl1,lJ t
Na q,r JJ1Wfi � 10-20 m2 t ����"ff�� mm t

�ffl"ff����= 5x�1Rclq,r&-�
JJ1Wfi q '< Ji I 01cft� � 

= 5 X 2 X 10-4 

= 1011
10-20 

� � t � Na "ff��� mm ti

1:f;Jclm;J"ij,,po1R3TltJFc@� 
= 3TJtJFc@ cfu@T X -q;)ir m;J "ij, ,po qij � 
= 10-S X 2 X 10-4 

=2x10-9W
� ffl "ff � � 3TJtJFc@ � q;) � xii'l1 � fc@ful � t1

������. 
3TJtJFc@ � 

E 
= 

� ffl "ff �"iA'i � �

=2xHr9 

=2x10-26W
1017 

� � � � "ij, � � "fll,lJ 

t � �°iR � � _ 2 X 1.6 X 10-19
JJfa � � iciif 

-
2 X 10-26 

= 1.6 X 107 
S 

ufT �: 0.5 cf'i t1 
'3'fR � � � t � "fll,lJ ifgtf � t � � tg "fll,lJ � � t1 
3TJtJFc@ � tfflcR � � � "ij, rfiTf � � � � t 3@: � 
� t � � JJ'llT1T "ff ffl � � � m �I 
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JN.J 31.x-fcfrom �1flff11 ���-«� ,��-11 e-�-�
1flff1T ���ti�-����� t? (qRq1fv1q; � �� 
·���q;) 1 A���(�) if ar.&-� 3ffltO'fcfft
� 'cfiT t) (m� = 9.11 x 10-

31 kg) I
� � t. x-� <ffl � ,. = 1 A= 10-10 m

� cffl �. m
0
= 9.11 x 10-31 kg

����. KE=.:!.mv2 

2 

mv=�2mKE 

A=-h
�2mKE 

h 2 (6.63 X 10-34)2 KE=-=----------
2).2m 2 X (10-10)2 X 9.11 X 10-31 X 1.6 X 10-19 

= 150.78 eV 

= 6.63 x 10-34 x 3x 108 

= 12.4 x 103 eV
1 X 10-lO X 1. 6 X 10-19 

am: � � � � X-fclRul "QiTcR � � � � � � am)q; � 
t1 

JN.f 32. (a) � �, � � � 150 eV t, 'cfiT �-� � � 
�I� fq; 3'fCR � 31 if� t, � � 'cfiT � muf-� � 
�����t,�llllR�cfil��mvf-�lll� 
� � llllR �if� m? � �I (mn = 1675 x 10-27 kg)

(b)���'ffl't(27° C)��9-«��-��'ij@ 
�I llf ���fct; cp.ff��9q;)�-� 
w;ntJ if� if ffi "e' � cildlc:i{UI 4i l{l?.f � fct;lll ;;J@T t't 

{(H(a) �t, ���� (KE)=150 eV 

� cffl � ffln = 1.675 X 10-27 kg

WJ utr-ra � fit; KE = .! mv
2 

2 
� mv =�2m·KE 
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�. A=!}__ 

6.63 X 10-34 

�2 X 1.675 X 10-27 X 150 X 1.6 X 10-19

= 2.33 X 10-12 m

(31�'<14'<iti�c6 n 3RRffi 10-10 m t uft � � � 3TI$p t1 am: �
� (150eV) �fctc@;JWWJ�� ��t)

(b) � T = 27 + 273 = 300 K

ai\l�vt?t.=t � k = 1.38 x 10-23 J/mol/K

���.E=�kT
2 

��"Wm�

A=-h-= h =-h-
.J2mE �2m x �kT .J3mkT 

6.63 X 10-34

� 3 X 1.675 X 10-27 X 1.38 X 10-23 X 300

= 1.45 X 10-10 m

(� � ��-<14-<Jli�q; 3Rf'<Tcif "ij) w1l q;J t am: � � � �

� � t � fctcRA � � m t) 

� 33.� � � -ij 50 kV�� IDU cqffif �€l�i91f cfiT �

fcfi?JT � ti l1 �cl�T-11 � � �-irtffl ���I� 3Fr"iffffl (� fcf;
fi@.flt'iq, &RcJi, �) "q,l�"@tR�� ��'q,1"� �
'q,1"��Wfimq;J���Wfim���wt;R'mtfit?
� � t, � �� q;J fcl1lcfRR = 50kV= 50000V

���,._� 1221 A
Jv 

= 12·27 = o.o55A
.J50000 

= 5.5 X 10-12 m

� lr<Pm � (1..) = 5.9 x 10-7 m

f<lm � � � &Jtit>Jllj418i ma) t RPoc2 
,._
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= �ifrf �� � �ffi lfJlRfT = 
11.y = 5.9 X 10- 7 

105 
� w=::J � �fu lfTllcfT Ae 5.5 X 1012 

� � � � l91@T � � � fct1TG"l 191@T q;r 105 "TJT t1

� 34.� � cfft ��mu�� if• cfft � � q@t 
� * 3UcfiT{ cfft � � i-1 mif.if � � cfft cfqfcf; (quark)� 
10-5 m �� 'lftqiif �*��cffti-1 ta�'q;t� 1970 �
* 1tRJ:'if if, � � � (Linear Accelerator) � � � � �cl�-it �
mur-� * otllJ11T mu�,•�� if� 1T?1T ?.JT1 � �
mul-� qft O>'ilf cfft � q;r �. �I (� cfft fcroi:r -� O>'ilf
0.511 MeVi'l)
ffl � t, � 11. = 10-15 m, � = 0.511 MeV

q;uJ q;J 00, p= !!_ = 
6
.
63 X 10-34 

= 6.63 X 10-19 kg-m/S
A. 10-15 

fcmlf � '3,uIT = f11rP2 = 0.511 MeV 

= 0.511 X 1.6 X 10-13 J

� '3,uIT � "ij; � 

� fcmli '3,uIT � t

E2 = p2c2 + mgc4 

= (3 X 108 X 6.63 X 10-19)2 + (0.511 X 10-13 X 1.6)2 

= 9 X (6.63)2 X 10-22 

'3,uIT E = �p2c2 =pc= 6.63 x 10-19 x 3 x 108 

= 
1.989 x 10-10 = 1.24 x 1a9 eV

1.6 X 10.,..19 

= 1.24 BeV 

3@: � � q;) � � � � � 1.24 Bev wi{ � m;fi �I 

� 35.q;iR*'ffl'Cr (27° C) am 1 atm �"tR' He�����-� 
��� am� qfu(=lqr-a4f if��� q(Jil'!laa *� � � � 
�I 
ffl � t, ffl'Cl1fA T = 27°C + 273 = 300 K 

k = 1.38 x 10-23 J/mol/K

GTif p= 1 atm = 1.01 x 105 Pa 
�1TR 4 4 

HelJvRTUTq;J�= --.,·,,� . =-�g =--kg--., "� �� 6x1o23 6x1a26 
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�--ID1c-fl �. A. = _h_ = 6.63 X 10-34 

.J3mkT '3 x 4 X 1.38 X 10-23 X 300
V 6 x 1a26 

= 0.73 X 10-10 m
pV=RT=kNT 
V kT 
N p 

3lmcl�r- - - - --(v)1'3 -(kr)1'3-(
1.38 x 10-23 x 300

)
1'3

N p 1.01 x 105 

r = 3.4 x 10-9 m

� - 0.73 X 10-10 
= 0.021

f 3.4 X 10-9 

3IB: ��t fcti� � r�).. "fl� �t (r»A) 

� 36.fcfim �-q (27° C) lR��q;r��-�� q(lcfif(--tct
� aft{�� �-q� ���T�1 �� �����ffll11T
2x 10-10 m �lllll"tl
ffTZ': Wl 35 aft{ 36 ��tfcf;�� q[l(t.tqfc,c{f-q� �aif �� 
� � 3l-3i@&u4l l; fcfim � -q � � � � � � �-� �
31@&.uq1 l1 � � t Ff;� fcf;m � ih=f-q �aif qft 3@1T � m mm
t, fcfim � -q � ctft �-� � 3IB1T � � 11' �I � 31�'qQctl � 
�1F1 f.:tmct1t!ftn�t�31fll �� �� q1c(45fii-fl'q�I) 
� � t, oTttllA T=27°C+ 273= 300K 

� r = 2 x 10-10 m

ffl p = .J3m kT 

= J3 X 9.11 X 10
-31 

X 1.38 X 10-
23 

X 300

= 1.06 x 10-25 kg-m/s

�-� � A=!!_= 6.63 x 1 o-34 

62.6 x 10-10 m
p 1.06 X 10-

25 

3fmo�r=2x10-10m 
A. 62.6 X 10-10 

= 31.3
f 2 X 1Q-10

64



�a1.f;n:;Jm��� 
(a)� fcrql{� 1Tcff t fcf; IDiR am:�� ,ft&qqJcf; � � �

�fl [(+2/3)e: (-1/3)e]l ���-�'JPm'q��WfiG�?
(b) e/m�clft�, fq�ltlldl �?�e� m��'q3ffl1T-3ffl1Tfcrql{�

��?
(c) ��Gfil��mcft"f ��cfill����'q;t�

fl�?
(d) � �q;r��cfiP.f-��t1 ����m,

"ffl���l{i{R������31@f?�
���T911 cfif����mrt?

(e) ��clft�a?;IT��lmt��-cR1Tclft���
���f;n:;J� �klf�tt �t:

Effl 

E=hv, p=!!:..
,._

�,._q;r��,ftftrq;�q;r"t,v��(31R�"q;ffl';:f@'u)..'q;f
�) q;r� ��';nffl1 �?

(a) (� "CR 31mT � mm t � � cfa- am � ma t � � �

!t1Fcru!t11cil "ffij ma t � � � � \JJ@ t � � � � � �
'1Jffit��1fit�Wpfaitq;oR�31mfmcITt��
31mT � "ij; 31mT "ij; .ffe@ 3TjQ@ it ma t1)

(b) � "ij; ����it Tffa � tt4'cf>-<01 � � � t1

1 2 V 
mv

2 

-mv =e '?JI BeV=-
2 r 

(� ttiflcf>-<01 it e cf m � � ma t 3TWT� � ma � e Im "ij; � it 
��mat) 

(c) "tl'TtlRUJ GTi1' tR � 3114'1"rcf>-<01 it � cpl{ Wf 3ITTFf � � mta' ma t

� � 3111:R � � cfcf> � � "Cf@ 3@: iR) 3ft:f@cfi if.ft �
t cpl{ GTil' tR "£FRq -erem t � � � 'cf>T � � � "ij(fflJ t 3@: � 

fij1lq "CR 3ITTFf � � � qR � t � � �31T � c<JRffi t �
�1<t4'cf>-<0, cJRc) t c1im � � � � t 3@: � cpl{ GTif � �

fij1lq tR � 'cf>T � � t1
(d} � mg it �'41 � � � � "ij; � mat�� mm�� 

� ffl t 3@: � � � 3ntnmf � � � �-� � m
� �-� � "ij; � � ma t1 

(e} �-� � 1.. = !!_ 
3l� p = !!_

p }. 
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cR71�� E=hv=hc
A 

� cf>UT � � E' _ 
1 p2 

_ 1 (h/')..)2 _ 1 h2 

2 m 2 m 2 ')..
2
m

E ti� p"iji� � � �t fcl> A cf>T �� mcTT t � � v

q>J � � mmt1 
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