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Problem (5. 1)  � 

o) _p.ll � .J� W;4J � �� � �t:i.JI o� I _;11 �t::...;'; �\..l.JI A .. bl-JI ��I 
·. ·�- dl · 1.! , " · 1 o ' · ·b:J �WI �.bt-JI �I > (25 °C) . � I.).) · '-""� ..)A '1t':' ,-- � . 

9 TF = -Tc + 32 
5 

= 
9 ( 2 5) + 3 2 = 77o F 
5 

Tc - 0  _ TF - 32 
100 180 

25 - 0  TF - 32 
1 00 180 

(25)(180) = 100FT - (32)(100) 

J OOTF = 4500 + 3200 = 7700 

TF = 77°F 

Solution �I 

Problem (5.2) � 

:11 . �1 �I L;_,! �.J� (3 1 0) � � o)� �.J� u1 �I �_;P..I I�J 
&bl . � -:.1-.:� · 1 � �  . . . . �J '-"""" W .. . . .. 

Solution �I 

(jjw.\1 �Yi-JI �J ()i1S �� ��I AJWI o� � �I ul �1)1 � 
.�� �};/I _)l_p. �I o)� �.J� �� u� (j�IJ '� w) .. a:i.JI 

TC = T  - 273 
= 310 - 273 = 37°C 

TF =98. 6°F 

-< 1 33 )-
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' (T=3rC) LW � �I o).? �_)� ufo lYlJ:lJ:!.6 I.Yl� .)c. .uj '-il 

- ��� (.Yl� .)c. (98. 6°F) �.)1 � � �I.J 

Problem (5.3) JJ� 

o� �t1j ljL ' (- 71 °C) �J y� .} l>_;ll l>.b.J o).? �y �J -A 

. �I � W;!� � I.Yl� u-ic o� I _;ll 

wy;/_,lt _; �J�� w_,.JI '-i�IJ _; �_) � o).? �_)� �� -B 

� lYl.J:lJ:!.6 I.Yl� � o� l_;ll o� �t1j ljL (134 oF) �y)tl o�l 

.�1 

9 TF = -Tc + 32 
5 

9 = -(-71) + 32 = -96°F 
5 

5 Tc = -TF - 1 7.8 
9 

= 
5 (134) - 1 7.8 = 56. 6°C 
9 

Solution �� 

-A 

-B 

Problem (5.4) 'J� 

�_)� �) ' (1 . 0  m) ��� .U)= Copper lYlWI u� � t� � 
�) ' (1 . 000019 m) ��� .U)= � ,o.b.IJ � �_)� )� .W).? 

. I.Ylb..ill (a L ) J _,.bll ��I �� 

<;{ 1 34» 
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11r (0.000019 m) a - = L - L1t..T (1 .0 m)(l o K) 

Solution J,:JI 

Problem (5.5) JJ� 

o)yJI 4_)..) � ' (2. 5 m) ��� �_,b Copper (.)'lWI � t� � 
ots l�l �� J_,b � o..)l:l)l �) . (35 K) o)yJI 4_)..) �l � , ( 1 5 K) 

. (1 7.0 x 1 o-6 K-1 ) (.jJ� r ,,, ... J\ (.)'lb.ill J _,1.11 ..)�\ J..a� 

11r = aLL1!1T 

= (1 7.0 x 10-6 K-1 )(2 .5 m)(35 - 15)° K 

= 8.5 x 10-4 m 

M = 0 .85 mm 

Solution J,:JI 

Problem (5.6) 'Sl...lo4 

4-l_,b_, (30 em) �Y Aluminum r�_}J'\ o..)\...a � 4.c� � 
�\ �) , ( 100° K) o)ii.a o)yJ\ , .. ::.A-?o_J..) � Jyl �y.J '(50 em) 

(.j.J� r�� J_,hll ..)�\ J..a� ul w.Jc I �J , 4,Js. ol\ �� � J._...WI 

M = a  A A1 t..T 

a A = 2ar = (2 x 23 x 10-6 K -1 ) 

t..T = 100° K 
""' 135 );l-

. (23 x 1 0-6 K-1 ) 

Solution J,:JI 
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AI = (0.3  x 0.5) = 0. 1 5  m2 = 1500 cm2 

M = (46 x 10-6 K -I )(0 . 15  m2 )(100° K) 

= 6.9 x 10-4 m2 

= 6.9 cm2 

Problem (5.7) � 

(10° C) o)yJI �_)� � (0. 1 Liter) � Mercury �jll � � 

04 We '�j.ll ��� Fl )� �Jl ' (35° C) � 4..:i)ya.. �_)� �) 
. (1 s x 1 o-5 K -I ) '-:fJ� ..u �� �.l.aJ..ll �k...a 

1 . 0  Liter = 1000 cm3 

VI = 0. 1 Liter = 0 . 1  x 1000 = 100 cm3 

= 1 00 x 10-6m3 

!1T = T2 - TI = [(273 + 35) - (273 + 10)] 

= 25° K 

11V = jJV1!1T 

= (1 X 10-4 m3 )(18 X 10-5 K-I )(25° K) 

11v = V2 - vi 

v2 = 11 V  + VI = (100 + 4.5) X 10-6 m3 

� 1 36� 

Solution �� 
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Problem (5.8) �L..w 

� ' (1 . 1 mm) o_;,b!.J (130 em) .U_,.b Steel �")_,ill o�� � t� & 
, · . .  <.� · 11 �1 . � � o .. � (830° C) o l ·- 11 � �  11 � � � (.$", .. 'it"' � . .J ..) � . ..) (.$", .. 

� uc 4Jll11 .l.&ll o__,! �1(20° C) o)�l 4..J� � �.� �� �_; � 

lj.J� �")_,ill J_,JJI lj)yJI �.l.<IJ.ll j.at.- ul w.Jc I�J .�1 � �fi.l 
. (1 1 . 0 X 10-6 K -1 ) 

Solution �I 

: 4.bla..J� �� � (M) �I J_,.b � )� uJ 

M = (1 1 x 10-6 K-1 )(1 . 3  m)(810 K) 

= 1 . 1 6  x 1 0-2 m =  1 . 1 6  em 

Youngs �.J:l j.at.- ul � � ,�1 �I_,.Jl 45Ji�l �t.....a..:....ll �.J 

: Jt:lll �I ulc Stress �4-?-)'I.J Strain Jkii"l l � � �..J:I modulus 

E = ( F/A)/( M/L1 ) 

F = AE
M 
L1 

( 200 x 109 N / m 2 ) lj.J�.J j") _,ill � .J:l J.at.- JAI ( E )  : � 

.�� � �� ( A ) 

..;( 1 37� 
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= 1 700 N 

Problem (5.9) �� 

l.\)� �I 0-a 4.tS o)y:. ·�-.J.:� �y ..,?  �� �I o)->�.t � �I 

;; ) _;.:JI � -.J.:� .:l.ic. 4..bh.JI 4..lwl �) ( -1 0 o C) ;; ) _;.:JI � -.J.:� (.)A ( 7 2 0 g) 
(15° C) 

Solution �� 

. (0° C) �! (-1 0° C) � o)__p.JI �_).:� C'}-.J - 1  

Ql = Cice m (Tf - I; )  

= (2220J I kg. ° K)(O. 720 kg) [0° - ( -1 0°C)] 

= 15.98 KJ 

� u_,.:� �� �_, ,��....J � ul �l �� u�_,j � � �__,JI o�_, -2 

.� �_,� � � .o)_;.:JI �_).:� � 

Q2 = LF m = (333 kJ /kg)(0. 720 kg) 

= 239.8 kJ 
� 1 38» 
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. ( 1 5o C) .)J ( 0 o C) l.JA JJ�I JL9:lj\ ��I � _yJI -3 

= ( 4190 J I kg. °  K)(O. 720 kg)(l5°C - 0°C) 

= 45.25 kJ 

Q = Ql + Q2 + Q3 
=; 300 kJ 

Problem (5. 10) 1J� 

• (90 cm2) � ��3 (25. 0 em) 41)= �� �� (5 . 1 )  �I � 

JL9:lj';l\ � w�l • (1 0 ° C) 4 .as.;, ;J\ � (C 125) �WI o)yJI 4_)�.J 

�__,.::JI J)l.;,. '(H) �)_;.:JI J!.illl J� �) . )�';!\ :iJG.. ? �)yJ\ 

Hot reservoir 
Ill Ta 

I� 

Ta > Tc 

(5 . 1 0) :UWI •(5 . 1 ) � 

� 1 39� 

.��\ 

Solution J:JI 

Cold reservoir 
111 Tc 
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(401 WI m .k) : '-:?JL.i:J U'lk...ill ( k )  
H = ( 401 W/m.k)(90 x 10-4 m2 )(125 - 10)C0/(0.25)m 

= 1 . 66 x 103 J/S 

Problem (5.1 1) � 

: o� l_;.ll � C»::J""'il �Jjll u-a JS � o)y.. 4_)� '-:?1 � 

. l;ilSJI J U'l J:1�1 -3 . l;ilSJI J W:l4J �I -2 . U'l J:1�1 J W:l4J �I - 1 

Solution J,=JI 

: 4.bl-.ll rl�l � Jly.JI I1t. � J.:J 
Tc - 0  _ Tp - 32 _ TK - 213  

- -
100 180 100 

Te - O  Tp - 32 --=--- = ---=----
100 180 

(T - 0) (T - 32) ....:....__....:....__ = ....:....___....:..... 
100 1 80 

180 T =  1 00 T- 3200 
180 T- 100 T- 3200 
80 T = -3200 

T = - 3200 = _400 . 
80 

<;{. 1 40� 
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(.)'l.J:l�l_, �4-J�I �\.fo.JI � ul '-il (Tc , TF) t)4 � '-i-'L.i:J �-' 
. (-40°) ;;_)yJI �_JJ � ;;� \jill � u� 

TF - 32 - TK - 273 
180 100 

Tc - 0  _ TK - 273 
100 1 00 

Tc = TK - 273 

-2 

-3 

Problem (5. 12) � 

' (20 em) �w '-i-'� (32° C) ;;_)yJI �.JJ � 4..!_,1 �'i_,ill � � 
' (50° C) �j .U)..?- �.JJ �) l�j ' . 'J·ool\ J_,b .) �\ �) 

. (a = 1 1  x 1 0-6 I Co ) 
Solution �\ 

: �WI �y)l �I t)4 oJ� � (M) J_,.bll �I )� 

M = La LJT 

L = 20 x 1 0-2 m 

<Oi{ 14 1 );;.> 
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M = (20 x 10-2 m)(1 1 x 10-6 IC o )(20o C) 

= 4.4 x 10-5 m .  

Problem (5.13) �� 

4_)J � (2. 725 em) tA_;.b! t4.l ' r-�}'11 ()<> � .) �I �_)IJ � 
�j ;;..,Ja. all o)...?- 4_)J �y La� �� o� _;.63 �) (0° C) o)yJI 

. (a = 2 3 x 1 0-6 I C 0 ) ' (1 00 o C) 

Solution �� 

. �m ,_ J u1 · T . .. .. t1t. :G · 1JJ1 �� . L:: · . .  �-:1 1 . � J � <.F ..»tJ � .. Y J"= <.F J:!:"-"' 

. (Do) �li:J..:'l l  o)yJI 4_)J � �yl..lll �� _;.63 ul �.)1 

D = D0 (1 + aALI!!..T) 

. (D) ��I o)yJI 4_)J � �yl..lll �I _;.63 u� 

: � � �y �I �y)l AJ)WI Lal 

!).T = ( JOOOC - OOC) = 100 °C 

D = 2 . 7 2 5 X 1 0 -2 [ 1 + ( 2 3 X 1 0 -6 I c 0 )( 1 00 ° c ) ] 

= 2 . 731 x 10 - 2 m 

Problem (5.14) �� 

w� \jj � .)  �\ �31 ' (10 em) tA_;.b! � r-�)'11  u� l.>-" o_fi 

. (a = 23 X 1 o-6 I Co )  4(1 00° C) �j (0° C) ()<> '+3)...?­
<01( 1 42� 
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Solution �� 

llV = 3 a V llT 

llT = ( 1 ooo C - oo C) = 100° C 

L'.V = 3a (;" R3 }r 
= 3(23 X J0-6 / °C) [ ;  ( 2:) (10-2 m)3 }00° C 

Problem (5.15) JJ� 

o)yJI 4.J.:� � ,J:u��WI ;;.:�� o� � ,(100 cm 3) � r-�)"1\ u..a �\.cJ 

' · '''"J'" � (28° C) .)j U:t�l � �I.e�\ o)� 4.J.:� �) � (22 ° C) 

�� .:��1 J.a� u� LJc . .21lj � _J � � tc �� c:.J'� 0.1�1 u..a � _?... 
5. 1 x 10-4 ; oc : .JA 0.1� 

...;;{ 1 43�  
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Solution J,:..J\ 

� -) �WI �� 01-J �.J ,o)_;.:JI �.J� � J-.,..:al:JI �I � :  �T 
: y. �I.e )1 

0 0 0 ( 1 )  

0 0 0 (2) 

� 0!-i .yk .J 0 (Vc ) �l.li./'il �Lc. )I � 01 (2) .J ( 1 )  0.lJ..l�la...JI CJ.A � 

: I.$.J� ' . '<'";JI 0:Ll:l•��l 

= Vc �T(f3- 3 aAL ) 

= (JOOx J O� m3)(6(f)[(5ol x l0-4 /C0) - 3(23x l 0� / C0)] 

= 0.26 cm3 

� 144� 
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Problem (5. 16) �L.­

' ( a ) � .)�1 ..)�1 J.at.- '(A = ab) � � uk �� � �� 

' (�a) _>.!..)\.i.J� t��l J� ..)l..)jl � (�1) )� o)_rJI 4_.)..) �) 
: �WI .) _>.li:lll ul �1 . .)1 jill uk (�b) 

M = 2 a A �T 

�a �b 
ab 

A - ab o -

A1 - A0 =M 

Solution �I 

· t.u�l � 4...uliil';JI �WI . .... .... . 

= [(a + �a)(b + �b) - ab] = 2a �T ab 

= [ab + a�b + b�a + �b�a - ab] = 2a �T ab 

= [a �b + b�a + �b�a] = 2a �T ab 

M = 2a ab �T 

a !J.b b !J.a !J.a !J.b = -- + -- +--
ab ab ab 
!J.b . !J.a M =- +-+ 0 = 2a A �T 
b a 

� 145� 
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( b ) �� � �b..II �I JA �b : 0J � 

11a ( a )  �I � �b..ll �I JA 
a 

Problem ( 5. 17) JJL..w 

· k · ts 1�1 - - - ' 1 t_ � •· �I 1 .  :L (�I �I l) �t:lS.ll w � (...)-"' lP u ' · � � � '"tj-' .  � • _j Y-l 

� �b..ll �� �� 01 �� ,;;_)yJI �_)j � ul� �t:lS.ll__, Fl 

.uc. �I � ( 11T) o)� o)yJI �_)j � � �L.-.JI__, ( 11p) �t:lS.l\ 

11p = -fJ p 11T 

L\p = (: )L\r 
= ; (; )L\r 
= 
(O)(V) - m(dV ) 

___ __:__d_t_;_ 11T 
v2 

: �� 

Solution �� 

<;;( 1 46» 
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. . . ( 1 )  

: pi ()A �  )ii.J ��_, llV = fJ V llT : �-' 
dV = fJ V  dT 

dV = fJV 
dt 

m 
p = ­

v 

llp = -(fJV)llT p 
v I llp = -jJp llT I 

. . .  (2) 

. . .  (3) 

Problem (5. 18) 'J� 

�\ 0-a (130 g) '-:-l:ljj � �tb...i Jy;J� ;;_)� oJyJI ()a � J!\ � LA 

� � _Jlll o)y:JI �\.S I �J , ( 15° C) ¥1�')1 �)_po. 4_)� 
. (1 05 X 1 03 J I kg) I.$JldJ � J_p:tll o)_po. u4 L.b . (236 J I kg.K0 ) 

Solution �I 

1235 K : � �I u�J� o)_po. �_)� �) �_,k.JI ()A 

15. 0  + 273 = 288 K : �J C'}JY ul Y-?-:l �4..;1� �� o)_po. 4_)� u� � _, 
: � �tb...i �I o)y:JI � ul � I�J 1235 K 1.$1 0�_,�1 4_)� �J � 

Q1 = cm (T1 - � ) 

= (236 J I kg.K)(0. 130 kg)(1235 K - 288 K) 

= 2 .91 X 1 0 4 J 
..;{ 147}1;;> 
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· h.U � 1 . - 11 4..!1..l:JI · w 'I 1.b:j 1 • �L � tl:.ii .,ljc �� · .c- ' . '-i J .. ..) � (.,}'1 .. (.$". e:: '"6-' .J � J 

Q2 = m LF 

'-iJh.UJ JJI�I � 4-J!� vh;".iJ � J�l o)..?- � ( LF ) : � 
: �J (105 X 1 03 Jjkg) 

Q2 = (0. 130 kg)(105 X 103 Jjkg) 

= 1 .36 x 104J 

: � �I � )�I I� ���"; ��I �I o)�l � ul � I�J 

Q = Q1 + Q2 = 2 .91 X 104 J + 1 .36 X 1 04 J 

= 4.27 X 1 04 J 

Problem (5. 19) � 

.)c. '-i� �WI � �tc. J .) � ' (200 W) .U.J� � �4� ub 

� o.Jfii.JI �I � rplll �jll �) .�yJI o�l � (100 g) 
�I w.lt.S I�} ' u�l �.J� .)} 'i�J (23 °  C) o)�l �.J� � ��J �WI 

. (4190 J I kg.K) : � �LJ.l �_J-ill �)�I 

Solution �� 

: �.bt-.11 � 1..\�4-:lJ � �WI 16.' . .,;sJ �I �)�1 4..!1JJI � ul � � 
Q1 = em (T1 - TJ 
= (4190 J I kg. K)(0. 1 kg)(l00° C - 23° C) 

= 3226.3 J. 

<0{ 148�  
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uG......JI 16<!61.,1 �I ( p )  o.Jiill � lj.Jl.....ij ul � .,� �J_;:JI �UJI � 

: 01 i.$1 ,�1 .u!�l lj�l ( t )  �jl4 �.J� 

Q = p t 

t = Q = 32263 J = 1 61 .2 s p 200 W 

Problem (5.20) �� 

t.Jl.....ij r-1�4 �Li;J � ' (90 kmlh) 4.z.� � , (1500 kg) � o)� .. .: 

�I �)_rJI �UJI J� �) (80 m) tA.J� 4J� � (j'iyl U.J� �4J 

o l.wJI wlill U..U:. · 1"'' • .::.wk 
0 ..) ..  <M .. � • 

Solution �\ 

)� �� �t:l t.J� � k .)c. :i .,t;,;JI �_rJI w'iJ\.z..., r-1�1 � 
: 0l ljl ,�Lpjl t.JLUll 

v12 - v2 = -v2 = 2ad I I 

4.z.yJI (u 1 )  ,o_y.t� w�_,ll CW. o)�..JI � �� �lj)'l � ( d ) : � 
: u�J . �� lf.Jl.....ij Jt.:JI �.J o _)� 44-111 

- a = 
v/ = (25 m/ s)2 = -3 .9 m/ s2 
2d 2(80 m) 

v1 = vi + at 

� 1 49);;;> 
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t = 
vf + vi = 0 - (25 m /s) 

a - (3.9 m!s2 ) 

= 6.4 s 

: lf.JL.i::. �1 '-fl oJ_fo.JI �).yJI �UJI lf.JL.i:J \.1\ oJ_fo.JI A..fiyJI �UJI 

a = oJ_fo.JI �UJI = 468750 J = 732422 W 
�jll 6.4 s 

�� 4.J I ·- 'I �\...bl.l · ·. II JJ.a...JI . t>  � · ( ) � . . .. .J ....P-' � Y U.lA..l . a .. 

Problem ( 5.2 1) �� 

o)yJI �.JJ � La ' (6000 K) Jl� �� � o)� �.JJ � - 1  
.IA)Ji.. �) � ��� lJ-'ly:i... � 4J �I_,.JI 

lf.JL.i::. ��� l)-'ly:i... � u'i..d:."/1 � �� o)yJI �.JJ Gj\.S I�) -2 

�) � lJ-'l.J:l� lJ-'ly:i... � 4J A.:S!I_,.JI o)yJI �.JJ � La ' (98 .6° F) 

. IA)Ji.. 
�liJI :;� 1_;11 � La ' (-183° C) lf.JL.i::. �};1 ut.#- �.JJ Gj\.S I�) -3 

Tc - 0 _ Tp - 32 _ TK - 273 - -
100 180 1 00 

.IA)Ji.. �) � ��� l>"� � 4J 

� 1 50� 

Solution �\ 

· WI · ·UJI I�LJ . (' U.J-l (' . 
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Tp - 32 _ 6000K - 273K 
180 1 00 

Tp = 1 0000° F 

Tc - 0 _ 98.6° F - 32° F 
100 180 

- 183° C - O Tp - 32° F ---- = __..!...._ __ _ 

1 00 180 

Tp = -297° F 

- 1  

-2 

-3 

Problem (5.22) �� 

u1 � (3000 K) _)J (300 K) L!A �� � �_)'il ub� o)y.. �_)� �) 
1 . 1 :. 1� � �I WI · �l....J� � � � dl� o :.� · 'il � . � '-:? � (.)A _) '- ' • , .J _)-I-ll • (.)-<=! _) 

o�yjll �) • (3 x Jo-5 K-1 ) lf.J� �_pu �� ��� J,cLt...a �) ��.fo� 
· 1'" > II 4...J .< \A  l.ilcw . 'il  · L;; � 1- w\ · L -:11 . � ,.J� _) . . (.)-<=! _) y:= . � y::> ..r 

Solution J,:..l\ 

J,cLt...a y\ (a) • (300 K) o)yJI �_)� � �_)'il _;h! � y\ ( R )  � 

: _)J lf .J�.J J ).JI ��I 
3 a = fJ 

1 
a = -fJ 

3 

� 1 5 1 �  
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M = (6.4 x 1 06 m)(l x 10-5 1  K)(3000 K - 300 K) 
= 1 72800 m = 1 72 .8 km 

Problem (5.23) jjL..w 

I.A.)� �WI L>-a 4.ts o)..?- �.JJ t3) �pUI �.)yJI �Lbll � w.ii.S I�} 
�l..l:a �} d� _?.� ) � (78° F) �} (68° F) o.)yJI �.JJ L>-a (m) 

Q = C m  6T 

. �WI A.s ..?- � ...>'-'l �) . �WI L>-a :; .JfiiJI � � ..?-

Solution �� 

: � 4JWI o� � � LJl �.)yJI �Lbll � c) �� r-�I L>-a 

: u�J , �t..Jl �_,lll o.)yJI (C ) uJ � 
Q = (4180 J I kg. °C)(mkg)(12 .2°C) 

K.E = !_Emv2 
2 

Q = K.E 

!_mv2 = (4180 J I kg. °C)(m kg)(l2.2°C) 
2 

= 215 m / s  

Problem (5.24) jjL..w 

' (50 kg) .u.ts t4i ,�1 u�.J� o)..?- �.JJ '-i.JL.i:J �)..?- �.JJ �� u.a c) 

I.A.)� ���� ��.J (28. 3 m) I.A.)� �� .}!1 lS� .)c. Jlyl 

yl� '-i�l �I )� �) .o.JfiiJI �WI �l&J � �_jj � (5. 38 mls) 
. _j!yl -� · · - '1 - �11 -"1 �I.S:i..:...'; � · o..,r- (.$_,............. � � (.J-U . � 
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1 2 K.E = -mvi 
2 

K.E = !_(50 kg)(5.39)2 = 7.24 X 1 02 J 
2 

Solution �\ 

: u�l (333 J 1 g) '-iJ�J � J�l A..!ll:a � ( LF ) � 

E 7.24 x 1 02 J m =-= ----

Lp 333 J I g  

= 2. 1 7  g 

Problem (5.25) �LA 

�� LJ..> � � �_)A � _;11 (100°  C) ;;_)yJI 4->.:� � ->�1 U:lS 4) 
l;A � � y).? JJJ.- � 1.c J � u'-:IJ�I ;; ) .? 4 ->.:� .ll.c ( 15 o g) � 

.(50° C) ;;_)yJ1 4->.:� � Jj�......u �LA u-1c J�l 

Solution �\ 
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LFmc + Cwmc (T1 - 0° C) m = ____ _..::_ __ _ s Ls + Cw (looo c - T1 ) 

(79.7 callg)(l50 g) + (1 callg.°C)(150 g)(50° C - oo C) = �-�����--��--�------� 
539 cal/g + (1 callg.°C)(l00° C - 50° C) 

= 22 g 
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