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� 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 

S1't�1atwft 

�l<I 

11 
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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 91 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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� 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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