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61*P>-G.B"P:,"*":+0-1.,3+9" 5-1"4*+4-6,.B" +4>@'01*P>§>X;+C"),13,-C;-.B"(_3G6>-.B"
)-4,;*+"):GG31;-.B"3+9"4536,-1"R>*..31;-./"-2*1-" :1+;+C" ¥, 5-"61*P>-G" *>1, *+." ", 5,."
G3+:3>B"<H" 5*>0" " 5-.-"2-3,11-."4+"<* 1", - " *'<*1"39X3+,3C-/"5-"T*L.," 5;+C"<*:"43+"
O%'T;,5",5-" %>0, 4. "G3+:3>"." ¥ 4*6<" 5-"3+.T-1."9;1-4,><"T; 5*.," 5;+\;+C"3P*.," 5"
BL*P>-G5*>X;+C"61%4-.."3+9" 5-"4*+4-6 " +X*>X-0/"

B2 IS () BXB;> 3P > 4G, 16>-"2¥1G 3, g+ > +-EBMBES+9"61;+,h"21*G"
5,,67i1*6-+.,3 4*>>-C-/*1Ci,-_,P*\.i4*>>-CH5<.;4/"[5;>-" 5.-"G:>,;6>-"2*1G3,."61*X;9-"
<*'T;,5"3"T;9-"13+C-"*2"*6,;*+."2*1"344-..;+C"3+9"1-6:16*.;+C" 5-",-_,B",5-<"3>*"61-.+,"
*G-"453>>-+C-."2*1",5-"¥1C3+;03,*+"*2",5;." *#/B3+:3>B".;+4-"61*P>-G"+:GP-1;#C";.
3:*G3,-9"3+9",5-".3G-"61*P>-G"G3<"P-"+:GP-1-9"9;22-1-+,><"9-6-+0;+C"*+" 5-"2*1G3,"
->-4,-9"P<" 5-"+9": -1/

A.":45B"T-"53X-"9-4;9-9" *"*1C3+;b-" 5-"01*P>-G.""(_-14;.-."G3+:3>"P<"4536 -1"3+9" -4, *+B"
3."5-<"31-"*1G8b-9";+",5-"0ID"3+9"6 1;+,"X- 1.+ PREGUS& )+ )" 5-""3P>-"52"$*+ -+, "
*+" 5."61-X;*:. "63C-F

01*P>-G"+:GP-1;+C" 51*:C5%.," 5-" *>1, 7%+ "G3+:3>"T;>>"G3,45",5-"+:GP-1;+C";+",5-"0ID"
X-1.7%4+"%2" 5."61%9:4,B"61*X;9-9",53,":.-1."53X-"+*,"G*9;2;-9"*1"4:. *G;b-9" 5-"*1;C;+3>"

L4 -+,"*2" 5"PFR\"P<"399;+C"*1"1-G*X;+C"6 1*P>&GP-1;+C"*2"3P>-.B"D;C:1-BG6>-.B"
3+9" 5-1"->-G-+,."*2" 5" -_ " 51%:C5*.," 5; "G3+:3>"T;>>"3> *"4%+4;9-"T; 5" 5-"+:GP-1;+C";+"
5-"0ID"3+9"61;+,"X-1.;%+."52" 5" - " |

D*L"*4+>;+-"3+9"-6:P":.- 1. *RHHSUSE )+ T-"53X-"+4>19-9"M:-.,*+". -G"3>*+C"T; 5" 5-"
X1, 2A 34T >-G 191" X GG b3+ <" 454 20 4+ "43:.-9"P<"0;.41-63+4;-. "+
+:GP-1;+C/"8G3C-.B"2;C:1-.B"3+0"|3/5:45"*443.;*+3>><"344*G63+<"*1"4*G6>-G-+,"
B1*P>-G."3+9"_-14;.j. 53X-"P-+"G;,,-9"21*G" 5-" *>1,;*+."G3+:3>" *".3X-".634"
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$JA0 (Y17 8&'Y %I @$'8%&T™]("8&ADY ("
%D")$8(&$("A&I"0]c)§)"

1.2 PHYSICAL QUANTITIES AND UNITS

E/ /0$1+,23&4"'562##&+*& T#2)$8 & BRE&IN &4 +$#8.&$<,#=8+3%&5($&$38&>"3%
+*&5($&4+$#8&+3&0$5$1*A&B/**=0$&5(25&9&0$5$ 1 &F&=2#*&D-EF9&4$$5-(

)*>:,;*+ 11} );+4-“:"2--’"k"!“<319"3+9“:/#N!"2--’"k“!"G-,—1B"G:>’;6><"!ZZ"<319."P<"’5-_-"4*+>
234,*1.*"43+4->" 5-":+:,."*2"<319.B">-3X;+C" 5-":+;,."*2"G*,-1.7
3ft 1m

100yd =100ydx >— x -914m"
1yd 3.281ft

AII2**’ P3>>II2;_>9II; _"U!/E"G">*+C/

1z B2G&H$4$2&5%& 9&) &8$5$10+3$&5($&2J$12%$&8+*523,$&6$5@P$$3&5($&K
L=3-&I($3&,2#,=#25$&5($&2J$12%$&*7$$8& "4&5($&K215(&+3&+5*&"16+5&+
*$,"38-&B6G&N(25&+*&5(+*&+3&0$5$1*&7$1&*$,"38A

)<>1,%4+ " g3h"5-"3X-13C-".6--9"2" 5-"-31,5V."*¥1P;, "31*:+9" 521 "43>4:>3, ‘P<"9; X;9;+C" F
9;.’3+4_ll’13X>_9llP<ll,5_ll,;G_ll;,ll’3\_.ll,*llC*ll*+_ll1_X*>:’;*_l_l7

2" (averagelistof Earth tasun)
lyear
" 3 n
_2"(10 km)! 1d | 1h — 20km/s
365.25d 24h 3600s

averagespeed=

'5-"-31,5",13X->."3,"3+"3X-13C-".6--9"*2"#Z"\Gi."31*:+9",5-""+/

gPh"*"4*+X-1,",5-"3X-13C-".6--9";+,*"1+;,."*2A8"..-",5-"4*+ X-1.;*+"234 *1VZZZ"G"
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20ka1000m —20%10° m/s

average speed =
£esp S 1 km "

1.3 ACCURACY, PRECISION, AND SIGNIFICANT FIGURES

IK/" B2G&L=77"*$&5(25&2& 7$1*'3&(2*&2382I$12%$&($2158125$& " 4&OE-:&6$2E
6$25*88"$*&($8"1&*($&(2I$&+3&E-:&)ABOGE&Q3&E - &A&B,G&Q3&E-1:&)A

>0+ " g3W*'43>4:>3,-",5-"+:GP-1"*2"P-3,.".5-"563.",+"#/2"<-31.B"T-"+--9" *"G:>,,;6><"0O¢#
P-3,.iG;+:,-"P<"#/Z"<-31."3+9"..-"4*+X-1.;*+"234 *1." *"43+4->" 5-":+;,."*2",/G

72.0 b.eats N 60.0 min N 24.0h N 365.25d %2.0y=7.5738x10" beats
1 min 1.00h 1.00d 1.00y "

);+4-",5-1-"31-"*+><"#",;,C+;2;43+,"2; Gt 1#/7"<-31.B"T-"G:.,"1-6*1,",5-"3+.T-1"
T;,5"#".;:C+;2;43+,"2;C:17.6x 10" beats."

gPH,+4-"T-"+*T"53X-"=".,C+,2;43+,"2,C:1-.";+"#/Z2"<-31.B"T-"+*T"1-6*1,",5-"3+.
T;,5"=".;,C+;2;43+,"2;C:12.57 x 10 beats."

g4H(X-+"5*:C5"T-"+*T"53X-"E".;C+,2;43+,"2,C:1-.";+"#/Z227"<-31.B",5-"O#/Z"
P-3,.iG;+:,-"*+><"53."=",;,C+;2;43+,"2;C:1-.B".*"T-"G:.,"1-6*1,",5-"3+.T-1"T;,5"
,;C+;2;43+,"2;C:1957 x 10 beats."

" J&T$1*'3&0$2*=1$*&(+*&"18&($1&($215&125$&6)&, "=3 HEWA LA BE 3580+ 3&
Q48+ 1 5$25*821$8&,"=35$3R:038).5 5 .8 @ (25&+*85($&($2158125$&2388+5*8
+386$25*&7$1&04@=5$A

)*>:,;*+ " l*ll43>4:>3’_"’5_"5_31’||13'_B"T_II+__9II,*II9;X;g_ll’s_ll+:GP_lll*2"P_3’.I’IP&’I:G_"3+9||
44X-1,"*"P-3,."6-1"G;+:,"

!EII
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)y

beats _ 40 beats>< 60.0 s
minute 30.0s 1.00 min

= 80 beats/min

%43>4:>3 -" 5-"+4-1,3;+,<B"T-"..-" 5-"G-,5*9"*2"399;+C"6-14-+ ./

1 beat «100% + 0.5s

0 beats 30.0s

x100% =2.5%+1.7% = 4.2% = 4%"

Y% unc =

'5-+"43>4:>3,+C",5-"1+4-1,3;+,<"+"P-3,."6-1"G; #:,-7

B Y% unc A< 4.2%

= x A= x 80 beats/min = 3.3 beats/min = 3 beats/min"
100% 100%

&*,;4-",53,"T5;>-"0* +@3>4:>3,;*+.B"T-"\--6"*+-"(d'YA"9;C;,B"3+9"1*:+9" *",5-"
4%11-4,"+:GP-1"2" ;CxA3+,"2;C:1-."+><"3 " 5" 49/

)*B",5-"5-31,"13,-"/80 + 3 beats/min."

|($&#$3%5(&238&@+85(&"4&2&1%$,523%=#21&1""'0&2 1$&0%S = DEB RS EBIBL
3.050 +0.005 m-&!2#,=#25$&5($&21$2&"4&5($&1""'0&238&+5*&=3,$152+35) &

5-"31-3"1."3.995 mx3.050 m =12.06 m*."&*T".-" 5-"G- 5*9"*2"399;+C"6-14-+,." "
C-"+4-1,3;+,<";+" 5-"31-3/"

% unc length = 2'805 m

x100% = 0.13%
55m

0.005m

50 m
% unc area = % unc length + % unc width =0.13% + 0.16% = 0.29% = 0.3%

% unc width = x100% = 0.16%

D;+3>><B"..;+C684-+,":+4-1,3;+,<"2*1",5-"31-3B"T-"43+"43>4.:>3,-",5-":+4-1,3;

0 0
M:31-"G--1.7'6 area = 22H1CHC - ea = 02970 15 06 m? = 0.035m? = 0.04 m>"

00% 100%

'5-"31-3";."12.06 + 0.04 m>."
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$JAQ'(Y"#7"F8&(LA'S$)"

" R+38&5($&4"##" @+3%8&4" L RF2(&IEABEB2 G &I($&8+*523,$&512I$#$8-&B6G
02%3+5=8%$&"4&5($&8+*7#2,$0$35&41"0&*5215&5"&4+3+*(-&B,G&I($&8+*7#
4+3+%-

)*>: , ;*+ n g3hII|5_ll’*’3>II9; . ’3+4_ll’ 13X_>_9ll; .II,5_II>_+C’5"*2II’5_II>;+_ll21*Gll’5_ll9*’ll’*ll’5_ll311*'
63,5"ABII,“LGII

gPh"5-"9;.,3+4-"21*G".,31," *"2;+;.5"." 5-"G3C+;,:9-"*2" 5-"9;22-1-+4-"P- T--+" ¢
6%, +"2" 5-"311*T "3+9" 5-"6%.;,;*+"*2" 5-"9% " +"63,5"A7"
Ax=|x, -x|=[Tm-0m|=7m"
g4h"5-"9;.6>34-G-+,";." 5-"9;22-1-+4-"P-, T--+" 5-"X3>:-"%2" 5-"6* ; *+"+2" 5-"31]
3+9" 5-"X3>1-"*2" 5-"6* ;, *+"2" 5-"9* ", +"63,5"AT"5-"9;.6>34-G-+,"43+"P-"-;,
6*.;,;X-"*1"+-C3,; X-tx =x, —x, =7m-0m=+7m"

2.3 TIME, VELOCITY, AND SPEED

IE/" 1&4""'562##&C=215$162,M&1=3*&9S-:&0&*512+%(5&8" @ 3&5($& 7#2)+3%&4+
5($3&(+5&238&7=*($8&D-::&0&*512+%(5&62, M@218&+3&9-0S&*-&?$&61$2
1=3*&*512+%(5&4"1@218&23"5($1&E9-:&0&+3&S-E:&*-& 1 2#,=#25$& AEE2ATS:
$2,(&"4&5($&5(1$$&+35$1J2#*&238&B6G&4"1&5&&$35+1$&0"5+"3-

P>,k g3h™5-"3X-13C-"X->*4,,<"2*1",5-"2;1.,".-CG-+,";.",5-"9;.,3+4-",13X->-9"9*T+2,->

6%.;,:X-"9;1-4,:*+h"9;X;9-9"P<" 5-" ;G-"5-", 13X->-97"

S dlspl?cement _+150m _ +6.00 m/s (forward)”
time 2.50s

'5-"3X-13C-"X->*4;, <"2*1" 5-" -4*+9" -CG-+";." 5-"9;.,3+4-" 13X->-9"g 5,." ;G
5-"+-C3,;X-"9;1-4,*+"P-43:.-"5-";." 13X->+C"P34\T319h"9;X;9-9"P<" 5-" ;G-

IH"
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I 3.00m
75s

13X->-9Y/5 =

=1 1.71m/s(backward"

D;+3>><B",5-"3X-13C-"X->*4,,<"2*1",5-",5;19".-CG-+,,3%8-"A 3X->-9"
g6*.;,;X-"3C3;+"P-43:.-"5-";."3C3;+",13X->;+C"9*T+2;->9h"9;X;9-9"P<",5-",;G

+21.0m
20s

13X->-97/% =

=+4.04m/s(forwad)"

gPh"*"43>4:>3 -" 5-"3X-13C-"X->*4; <"2*1" 5-"-+ :1-"G*,;*+B"T-"399" 5-'0;.6>3
21*G"-345"2" 5-" 51--" -CG-+,."g1-G-GP:4C" 5-".;C+"*2" 5-"+:GP-1.hB"3+9"
9;X;9-"P<" 5-" * 3>" :G-"2*1" 5-"G*,;*+7"

- 15.0m! 3.00m+21.0m "
Viotl = =+3.49m/s
2.50s+1.75s+5.20s —

&*,;4-",53,",5-"3X-13C-"X->*4; <"2*1" 5-"-+,;1-"G*,;*+",."+*,"Q..,",5-"399;,;*+™
,5-"3X-13C-"X->*4;,;-."2*1",5-".-CG-+&/

IK/" |($&7#23$521)&0"8$HE&" A& TRERH=1$*E&SHS,51"3%&" 16+5+3%&5($8&25"0+,&3
2*& T#23$5%&"16+5&5($&L=3-&Q38&5(+*&0"8$#&)"=&,238I+$@&()81"%$3.&5(
(2J+3%828&*+3%H#$&$HS, 51"38+38 281 5= 4D TR 1@ BRB+20$5$1-&B2GE&QA&E
2131206 $&*7$$8& 48 5($&$#S,51"38+385(+*&" 16+5R. 208 MB F/S 5286558
3=06$1&"481$J"#=5+"3*& 7$1&*$,"388+5802M$*&26"=585($& 3= #$=*-&B6G&
$#$,51"3V*&2I$12%$& I +5)A

e g3h™5-"3X-13C-".6--9",."9-2;+-9"3.",5-",*,3>"9;.,3+4-",13X->-9"9; X;9-9"P<",5-"->

G-B".*" 53 TAveragepeed: distanceraveled_ 2201 10° m/s"

timeelapsed

82"T-"T3+," *"2;+9" 5-"+:GP-1"%2"1-X*>, %+ ."6-1".-4*+9B"T-"+--9" *\+*T"5+T
231",5-"->-4, 1%+", 13X->." 4" *+-"1-X*> " 54/

distancdraveled  2# _ 2#(0.5)(1.08 10 °m)] _3.33 10™m
revolution lrev 1rev 1rev

)< ¥'43>4:>3,-" 5-"+:GP-1"2"1-X*> 4 ."6-1" -4*+9B" T-"+--9" *"9;X;9-" 5-"
3X-13C-".6--9"P<",5-"9;.,3+4-" 13X->-9"6-1"1-X*>:,:*+B" 5:."43+4->;+C" 5-":-

10"
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rev_ averagspeed _ 2.20! 10° m/s

= - =6.61 10”rev/<"
s distancefevolution 3.33! 10 *m/revolutbn

G--1.7"

gPh"'S'"X'>*4;,<";."9'2;+'9",*“P‘",5'"9;.6>34'G'+,"9;X;9'9"P<",5‘",;G‘"*2",13X'>|
S+4-"5-1-" "% 3859;.6>34-G-+,"9:1;+C"3+<" +-"1-X*> 'y 2 0 m/s/

2.5 MOTION EQUATIONS FOR CONSTANT ACCELERATION IN ONE

DIMENSION

#" 1&@$#B1" @3&62##&+*&,2=% (58 FIRZBRAB#BE5-&Q4&5($&8$,$#$125+"3&"4&!
2.10! 10" m/s*.&238&9-FS&At8s=10 ° 5)&#27*$*&41"0&5($&5+0$&5($&62##&¢
5"=,($*&5($&0+558=35+#&+5&*5"7*.&@ (258 @ 2*&5($&+3+5+28:& I$#", +5)&"4

Jes: ket RX-+74="2.10! 10° m/s’;t =1.85ms=1.85! 10°°s v = 0m/s"2;+9V, /'[-":.-",5-"
M3, 4+ vy =V At P43 XS X > < 1 G T T 349" <16 T- T3+,
VTR X +CI 251 % 1" HHT+'C X7

v, =v" at=0m/s" ("2.10! 10" m/s?)(1.85! 10°® s) = 38.9m/s"g3P*;,"NO"G;>-."6-1'
5*:1h&

#H! I"HBU&E H()*+ - ) H#( MVH"88+*&2, $#$125$8841"0&1$*5&5"&D:-:&, 0P*&+3&
9-F:&,086)&5(SBEPS35 1+ #$&"4&5($&($215-8B2GEX2MS$S&28*M$5,(&"4&5($¢
5($&M3"@3*&+3&5(+*&71"6#$0-&B,G&?" @&H#"3%&8"$*&5($&2,, $#$125+"3&E
7215.84+1*58+8$35+4)&5($8=3M3"@3.8238&5($3&8+*, =& (" @&)"=&,("*$&5
$C=25+"3&5"&*" #IBBALIA5S1&, (""++3%&5($&SC=25+"3.&*("@&)"'=1&*5$7*&+7
5($&=3M3"@3.&,($,M+3%&)"=1&=3+5*-&B8G&Q*&5($&23* @$1&1$2*"326#$&
5($&5+0$&4"1828&($2186$25A

!NII
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>+ g3

n=0s =7

x=0m x=180cm
vw=0m's v=30.0 cm/'s
a="? a="?

gPN'F+*T+.7"|A44->-13,-9"21*G"1-. 1y}, = 0 m/s"

| *=2/Z"4Gi.m="v = 0.300 m/s "
l;+3"9;.,3+4-"*2"INZ"4Gnx - x, = 0.0180 m/"

GAN ¥ T">*+Cm" ->>."." ¥ 21#B"D-, - 1G+-"T5;45"-M:3, ¥+ ¥ B T-">"2*1"3+"
-M:3,*+",53,"53.", v, x - x,"3+9' B".;+4-" 5* -"31-"6313G-,-1.", 53, T-"\+*T"*1

T3+," *\H¥T/"@.;+C",5-"-M:3,7*+. = x, + vt 3+ = "°2+ Y Cix-

X=X, =(V°2+v)t/"

)*>X;+C"2%1C; X-. 7' =

2(x-x,)  2(0.0180m)
vo+v  (0m/s)+(0.300 m/s)

0.120s"

8,",3\-."HZ"G." ¥"344->-13,-" 5-"P>**9"21*G"1-.," *'=Z/Z"4Gi./"$*+X-1,;+C"
X-1<,5;+C" *".,3+9319":+;,."2;1.,"G3\-.";,"-3.<" ¥".--" 53," 5"+, "*2" G-, -1."
A3+4->BIXHCHH><" 5"k, 52" 454D |

gole:. B",5-"3+.T-1",."1-3*+3P>-/"A+"-+,;1-"5-31,P-3,"4<4>-" 3\- "3P*:,"*+." -4*+

'5-",,G-"2%1"344->-13, ¥+ 2"P>**Q": 12" 5K+, 1;4>-", H4><"3"21 34, x4+
-+,;1-"4<4>%/
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=#/' I"HSYO&& H()*+,-* ) H( E&@""8TS,MBLV*&612+38+*&*T$, + 24#)&71"5$,5$8841"(
8%, $#$125+"3*8.6)85588M$E& 2552, (0$35*&+3*+8$&5($S&*M=tH#-&N(+#$& 7S, M-
5($8@""87$,M$1V*&($28&,"0$*85"&28*5"7&41"08238+3+5+2#&ISH" +5)&"4&
8+*523,$&"4&"3#)&E-::8400-&B2G&R + 38 25(G 8RB 388 +380=#5+7§$*8"4
g (g =9.80 m/s? )-&B6G&I2#,=#25$85($8+5"77+3%&5+0$-&B,G&I($&5$38"3*&,.
*51$5,(.&02M+3%8&+5*&*5"77+3%&8+*523,$&]-S:8008B%1$25$185(23&5($&
HE*8 8, $H$125+"38"4&5($8&612+3G-&N(258+*&5($8612+3V*&8$, $#$125+"3
0=H5+THS*&'AR

Y e g3h"D;+9YT5;45".5*:>9"P-"+-C3,;X*h/
R;X-+7"14*G-.",*"3".,*6m= v = 0 m/s.™
"""" 215G 3+";+;,;3>"X->*4;, <21"= 0.600 my/s."
;+"3"9;.,3+4-"*2"#/ZZ"Gra"x - x, = 2.00x10  m/"
y*B"T-"+--9"3+"-M:3,*+",53,", +X*>Xa, v, v,,3+9x - x,,"1",5-"-M:3,*+"
v =v,” +2a(x - x,)B".*",53,"

_ v - _ (0m/s)* - (0.600 m/s)*

= - =-90.0m/s*"
2(x - x,) 2(2.00x10~ m)

)¥" 5-"9-4->-13,%+",."90.0 m/s>/"*"C-," 5-"9-4->-13,*+",+"G:>,;6>-."*g'B"T-"

la  90.0mvs?

9:X;9-u'P<y 71 ~9.18=q=9.18g."
“'1g ” 9.80m/s? SR

gPh"5-"T*19."1$3>4:>3,-" 5-". *66;+C",;G-m"G-3+"2AB. . +G'- x, = %(VO )"

C;X-k-x, = %(vo +v)t B".*",53,

. 2(x-x,) _ 2(2.00x107 m)

= =6.67x1073s"
Vo +V (0.600 m/s) + (0m/s)

gah"*"43>4:>3 -" 5-"9-4->-13,;*+"*2" 5-"P13;+B% &} = 4.50 mm = 4.50x 10> m"™"

#Z'
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2 2
+.,-30"2"#/77"GG/"AC3:+B"T-"g L~ g+ 537
2(x-x,)

V- (0m/s) —(0.600 )’

a= 5 =-40.0m/s>"
2(x-x,) 2(4.50x10™ m)
2
A+O" 610"+ 65 T XA - A0S o0 4 0ge”
lg| 9.80m/s

2.7 FALLING OBJECTS

El 124, =H258($8-+*T#2, S0STIBASH" + B 5B+0$8IB2CR: . BOBE. 8,085 2388BBE: &
&' 10&2HE(1" @ B512+VEB@ + B3& 3+58%#" +BUQS- QP*-L2MB($F'"+ 3B4&

1$H$28'&$), = 08

Yeso e
*2:40; 6534-G+, T y =y, + vyl + %atz B349" ¥'2;+9"X->*4;, <" T-": -
v=v,+atl"
g3hy; = Yo + Vol + %atl2

" =0m+(15.0m/s)(0.500 ) + %(—9.8m/sz)(0.500 s)’ =6.28m"
v, = v, +at, = (15.0m/s) + (-9.8 m/s*)(0.500s) = 10.1 m/s
gPhVy = Yo + Vol + %atz2
" =0m+(15.0m/s)(1.00s) + %(—9.8 m/s*)(1.00s)* =10.1m"

v, =v, +at, = (15.0 m/s) + (-9.8 m/s*)(1.00s) = 5.20 m/s

#! n

F+*T+.7"a = acceleration due to gravity = g = - 9.8 m/s*; y, =0m; v, = +15.0m/s"
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1
g4hy; = Yo T Vols + > ats2
=0m+ (15.0m/s)(1.5G)+ % (1 9.8m/s)(1.50sy =11.5m"
Vv, =V, +at, = (15.0m/s)+ (! 9.8m/s*)(1.50s) = 0.300m/s

'5-"P3>>":"3>G*.,"3,",5-",*6/
1 .
gohy, = Yo Vo, + Eat4

= 0m + (15.0m/s)(2.00s) + % (1 9.8m/&)(2.00s) =10.4m"

v, =V, +at, = (15.0m/s)+ (! 9.8m/s’)(2.00s)="! 4.60m/s
'5-"P3>>"53."P-C:+",*'91%6/

EOY B2&#, =#258($85+% (SAQ8H+ A& B2ME-DRA" 188" V&' &+ B ($%61"=38 ($X &
5(1"@ 3512+ 9341 "0&(S%-+ 4+ F3&3+58%#" +RAE-: QP*-B6E Q& 3% "=#8
+B2MS'8$2, (&($%1"=38&&B(1" @ B512-+%R5Q XD +B($820$ &7 S8R

)*> , ,*+ "

yo=?

PR,

y=0m

g3h"F+*T+.7-2.35s; y=0m;v, =+8.00m/s;a="! 9.8m/s”"
)i +4-"T-"\+*T" tBY BY, B"3+@"3+9"T3+," *"2;+9), gT-"43+"..-" 5-"-M:3,;*+"

1 2/
y= y0+vot+§at /

y = (0m) + (+8.00m/s)(2.35) + % (1 9.80m/<)(2.35s) = ! 8.26mB".*",5-"4>;22"
N/#H"G;C5/

gPh"F+*T+.¥=0m;y, =8.26m;Vv, =! 8.00m/s;a=! 9.80m/s™

HH#'
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&*TIIT_II\+*TII y Byo Bvo BII3+$II3+9IIT3+’ll’*II2;+9lBll.*llT_ll:._II,5_II_M:3’;*+II

y = yO +V0t +%atzI3C3;+/"Y-3113+C;'1|_CB||

Ve £ V2T 4(058)(Y, " Y)

- 2(0.5a)

" ("8.00m/s)£ /(" 8.00m/sy +2(9.80m/<)(8.26m" Om)
- ("9.80m/s)

t

_8.00m/s+15.03m/s

" 9.80m/s
t=0.717sor" 2.35s! t=0.717s "

2.8 GRAPHICAL ANALYSIS OF ONE-DIMENSIONAL MOTION

KU! B2G&W)&52M+3%&5($&*#'7$&" 4R BISLIERIZRASBEA)85(2585($&ISH", +5)&"4&
21&8+*&99S&OR*E26&-&BEGE&W)&52M+3%&5($&*#" 7$8 " 485($&, =1 IS EXEL I

E-Z98J$1+4)85(2585($&\$58,21V*&2, BiOMYT+HEBE+*&

>+ g3l . _
position vs. time

EZZZ"
=777"
#777" /
IZZZ"M/

le
z" 17" #Z" =z EZ"

time (seconds)

position (meters)

8+",5-"6*%.;,;*+"X./",;G-"C1365B";2"T-"913T"3",3+C-+," *" 5-"4: 1 X 20)§ B"T-"
43+",9-+,;2<", T*'6*;+,.K'=0m,t =5s'3+9'x =1500m, ¢ = 20s"*"T-"43+"

rise _ (2138-988)m _115m/s"

run (25-15)s

43>4:>3,-"3+"3661*_;G3,-".>*6-£"

)*B" 5" >*6-"2" 5'9: 6>34-G-+,"X./",;G-"4:1X-";." 5-"X->*4;, <"4: 1X-/

#="



$*>>-C-"05<.;4. )10+, "Y*>0, k4 "L34:3> $536,-1"#

P . i
J velocity vs. time

)

[ =

S #zz"

]

o IKZ"

3

o 122"

[J]

‘g KZ"

- le

>

"5 le !le #le :Z" EZ"
o

§ time (seconds)

"8+",5-"X->*4; <"X.[",;G-"C1365B"T-"43+";9-+,;2<", T*"6*+6FM/s, r = 10s3+9"
_rise  (140-65)m/s
run (25-10)s

v=140m/s,t = 25s/"5-1-2*1-"B",5-".>*6-"; d =5.0m/s™"

'B5-">*6-"*2" B5-"X->*4; <"X', G4TLX-".",5-"344->-13,;%+"4: 1X-/

#HE'
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$JA0(Y"=7"[% S8L(&)8%&AW"
F8&(LA'SS$)"

3.2 VECTOR ADDITION AND SUBTRACTION: GRAPHICAL METHODS

" R+38&5($&4"##" @+3%&4" 1 R 7 26(&IEABER 2 G &5($&5"52#&8+*523,$&512I$#$
02%3+5=8%$&238&8+1$,5+"3&"4&5($&8+*7#2,$0$35&41"0&*5215&5"&4+3+*(-

)¥>1,%4+ " g3h™'G-3.:1-",5-", ¥ 3>"9;. 3+4-", 13X->-9B"T-",3\-"3"1:>-1"3+9"G-3.:1-",5-">-+C,!
03,5"A",*",5-"+*1 5B"3+9"399" *"; " *" 5-">_+C 5"*2"03,5"A",*" 5-"-3.,/"03,5"A"
J13X->."="P>*4\ "+*1 5"3+9"I"P>*4\"-3,,B"2*1"3" * 3>"*2"2*:1"P>*4\ ["(345"P>
GB".*",5-';.,3+4-",13X->49'd = (4! 120m) = 480m"

gPh"R1365;43>><B"G-3.:1-" 5-"B+EF+C>-"+2" 5-">:+-"21*G" 5-". 31," *" 5-"311
*2"03,5"A/"@.-"3"61*,134,¥1" *'G-3.:1-" 5-"3+C>-B"T; 5" 5-"4-+,-1"*2" 5"
61*134,*1"3," 5-".,31,B"G-3.:1-",5-"3+C>-" *'T5-1-" 5-"311*T":."3," 5-"-+Q"*2"
03,5"A/"8+"19-1" *'9*" 5: B"; "G3<"P-"+-4-.. 31<" 40" 5-">:+-"21*G" 5-". 31",
5-"311*T"2"03,5"AB":.;+C"3"1:>-1/"5-">-+C,5"*2" 5-"9;.6>34-G-+,"X-4,*1B"
G-3.:1-9"21*G" 5-".,31," *" 5-"311*T"*2"03,5"AB"3>*+C" 5-">:+-"<*:"Q:."91-T

S=379m,184j Eof N&

or H$7$2585($&71"64#$0&5@"&71"64#$0*&71+"1.86=584"185($&*$,"388#$%6&)"=
8+1%$,5+"838.0°3"15(8"48$2*5&B@ (+,(&+*&$C=+J2#$ 358 SPRA668R]5 5RH& +*.&
5"84+388R% A | B G-&B6G&HS7$2585($&71"64$0&5@"&71"6#$0*&71+"1.86-
@2#M&E :-:808+38288 4B IRL " 48 @ $*58238&5($3&IE-:&0&+3&28BHA$ £
$2*58"48*"=5(&B @ (+,(&+*&$C=+J2#$35&5 BEBHLR FRIGR+*.&5" &4 £38+3%
RI=B" A =" R!G-&L("@&5(258&5(+*&+*&&($&,2*$-&

#K'
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Je>1,5+ " g3h™*"9*" 5; "61*P>-GB"913T",5-", T*"X-4, L3+ OB K'-B",;6",*",3;>"3." 5*T+"P->*T,
'5-"X-4,¥1"A"5%:>9"P-"HHZ" +;,. ">*+C"3+9"3,"3+"3+C32012,*",5-">-2,"2" 5Y'S
3_;./"5-+"3," 5-"311*T"*2"X-4,AB"913T",5-"X-4, B'K"~BB"T5;45".5*:>9"P-"#Z,
;"> +C"3+9"3,"3+"3+C34023P*X-",5-<B_; /"5-"1-.:>,3+,"X-4,*LR'B"C*-,
21G",5-", 3> 2" X-4, A" 5-" ;6" 2" X-4, ¥ BB"3+9" 5-1-2%1-"53."3+"3+C>L"*2"
3P*X-",5-6R_;.["L-3.:1-",5-">-+C,5"*2" 5-"1-.:>, 3+,"X-4,*1" - +C"<*:1"1:>-1B"
. "3"61%,134,51"T;,5"4-+,-1"3,",5-",3;>"*2" 5-"1-.:>,3+,"X-4,*1", *' G 36C>"/

R!'=26.6m,and” =65.1 Nof E,

gPh™*"9*" 5: "61*P>-GB"913T",5-", T*'X-4BBFIA”K=A",;6" *" 3;>"3." 5*T+"P->*T,
'5-"X-4,¥1"B"5*:>9"P-"#Z/Z" +;,.">*+C"3+9"3,"3+"3+GAOFP->*T" 5-<B_; /.
'5-+"3," 5-"311*T"*2"X-4,*BB"913T",5-"X-4, A" K'~AB"T5;45" 5*:>9"P-"I#/Z"
+;,.">*+C"3+9"3,"3+"3+C 320, *",5-"1,C5, 2" 5-"+-C3,; ¥ B_;./"5-"1-.3>,3+,,
X-4,*1R”B"C*-."21*G"5-",3;>"2"X-B*1"5-",;6"2"X-4,*IA”B"3+9" 5-1-2*1-"53
3+"3+C>-"2 P->*T" 5@ _;./"L-3.:1-",5-">-+C,5"%2" 5-"1-.:>,3+,"X-4,*1":.;+C
<*:1"1:>-1B"3+9":.-"3"61%,134,*1"T; 5"4-+,-1"3,",5-",3;>"2" 5-"1-.3> 3+,"X-4,*
C-,",5-"3+C>"/

R"=26.6m,anda = 65.1°Sof W ,,

#H
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40°

)*" 5-">-+C,5"." 5-".3G-B"P:," 5-"9;1-4, *+";."1-X-1.-9"21*G"631""g3h/

3.3 VECTOR ADDITION AND SUBTRACTION: ANALYTICAL METHODS

I=/" R+38&5($&4"##" @+3%&4" 1B 7 25( & IKABKB? G &5($&5"52#8&8+*523,$&51 2 I$# Pt
02%3+5=8$&238&8+1$, B3 4*7#2,$0$35&41"0&*5215&5"&4+3+*(-&Q3&5(+
71"6#$0&-$<7#+,+5#)&*("@&("@&)":&4"##"@&5($&*5$7*&"4&5($&232#)5+,2#
288+5+'&-

Je>1, " g3 >X" 5 "6 1P >-G"3+3><,:43>><B"399":6",5-"9;.,3+4-"P<"4*+,;+C" 5-"P:
[13X->-@>*+C",5-">;+-",53,",."03,5"$7

d =(1x120m)+(5x120m)+ (2x120m)+ (1x120m)+ (1x120m)+ (3x 120 m)
=1.56x10° m

gPh™*"C-,",5-"9;.6>34-G-+,B"43>4:>3,-",5-"9;.6>34-G-+,." <S50 S0; 1-4,*+."
-6313,-><B",5-+"..-",5-"21G:>3."2*1"399;+C"X-ABL9;.6>34-G-+,";+",5-S
0;1-4,;%+";."43>4:>3,-9"P<"309; +(:F;. 3+4-",13X->-0";+"-345">-CB"P-;+C"43
*".:P,134,"X3>:-,"T5-+",5-<"31-"+-C3,;X-7

s, =(0+600+0-120+0-360)m =120m"
@.;+C",5-".3G-"G-,5*9B"43>4:>3,-" 5-"9;.6>34-G-+,"H'B:1-4,;*+7

s, =(120+0-240+0+120+0)m = 0m"

#O
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& T":.;+C",5-"-M:3,*+." R = [R? + R> "3+9' = tan‘l(R% )B"43>4:>3,-",5-"
,

*,3>"9;.6>34-G-+,"X-4,*1"7

s =+/s7 +5°, =4/(120m)* +(0m)’ =120m

(S _
O = tan 1( /Sx) = tan 1(0m120m)

0° = east B".*",538'K"#Z2"GB"-3",

/" A1 6HE08D- @ Y2+38=*+3%&232#)5+,2#85%,(3+C=$*82388&, (23%$85($8*$,
@24#ME&B'8& m 8512+%(58*"=5(-&BI(+*&+*&$C=+J2#$35& SRLALBHIL] SHRHS+* .«
4+38+3R0= A - B G&B6G&HS$7$25829%2+3.86=583" @ &)5-06A 11 BR GPRAAE($38
18.0 m &2*5-&BI(+*&+*&$C=+J2#$35&AREHBOIR] 5 8(258+* &5"GA+3B + C -&Q*!
5(25&,"3*+*5$358@+5(&)" =18 $*=#5AG

J<>i ket g3h T3+, 43>4:>3,-" 5-"9;.6>34-G-+,"2*1"T3>\"IN/Z"G" *" 5-"T-., B"294PLT
#K/Z"G" *" 5-"*: 5/'D;1.,B"43>4:>3,-" 5-"9;.6>34-G-+," €SB+9) D:1-4,;*+.B"
1 +C"5-"-M:3,;*+." R, = A+ B,"3+9'R, = 4, + B,7"9,5-"3+C>-."31-"G-3.:1-9"
21*G"9:-"-3.,h/

R, =-18.0m,R, =-25.0m"

B+B"1+C"5-"-M:3,*+."R = [R” + R '3+9 = tan‘l(R% )B"43>4:>3,-“,5-"
,

,*,3>"9;.6>34-G-+,"X-4,*1"7

R'=JR’+R, =(180m)’ +(25.0m)* =30.8m

-1 m _ tal’l_l 25.0m
adj 18.0m

6 = tan )=54.2°SofW

#N'
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gPh"&*T"9*" 5-".3G-"43>4:>3,;*+B"-_4-6,"T3>\"#K/Z"G" *" 5-"+*1 5B"2*>>*T-9"P
*",5-"-3.,"@." 5-"-M:3,*+." R = A +B 3+9R, = 4, +B,7
R, =18.0m,R, =25.0m"

) ", n n - . " ] n - R n
5-+B".-"5-"-M:3,;*+." R =R} + R} "3+9'0 = tan 1( %y )
R"=\JR’+R = /(18.0m)* +(25.0m)> =30.8m"

0 =tan" PP _ tan'l(m) =542°Nof E™

adj 18.0m

T5;45",."4*+.;.,-+,"T,;,5"631,"g3h/

3.4 PROJECTILE MOTION

#U'
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=7/ 1&1=9%6)&T#2)$1&72+*$*&5($&624##&0O-:8082,1"*&5($&A+$#8.8@ ($1$&+5&+
($+9%(582*8+58#$A5&(+*&(238-&B2G&/58 @ (25&23%HSE&@ 2+ &5 ($&62#H#&5(1
OE-:&0P*.&2*+=0+3%&5(2585($&*02#H#$ 18" 4&5 (S LB HSTL @ BHBE $8ALB6GE

"5($1&23%#$&%+I$*&5($&*20$&123%$.&2388&@ ()& @"=#8&+5&3"5&6$&=*$8
72**&52 VA

)*>:*+ " g3h"D;+9",5-"13+C-"*2"3"61*Q-4,;>-"*+">-X->"C1*:+9"2*1"T5;45"3;1"1-.;.,3+4-";.

2 N
2
R=Yo SN 5 qny w5y 35 6..0"34 G ;" 54 35 34C>-"1-53, X-
g

5-"5*L;b*+, 3>/ *>X;+C 2¥ 1" +;,;3>"3+C3-"C; X-. 7

1 . R
90 = —SlIl_1 g—2
2 |y,

B"T5-1-7R = 7.0m, v, =12.0m/s,and g = 9.8 m/s*.""

2
e L
. S

2 .
2
Yo SNy 1 5311 3+CT;>>"P-" 3G-"241"
g

3+*,5-1"3+C>M", where 9, + 6, =90°.51"9," = 90° -14.2° = 75.8°/"

gPh"W**\;+C"3,",5-"-M:3,; Rr=

'5;."3+C>-";. 4%, ".-9"3. 42, -+ B"P-43..-" 5" ;G-"*2"2>C5, " T;>>"P-">*+C-1/"8+"
53,"G-3+.",5-"9-2-+.-"T*:>9"53X-"3"C1-3,-1",;G-",¥"C-, "+, F"6%.;, ;4" *\+*4\"
9*T+"*1";+,-14-6,", 5-"63..",53,"53.",5-">31C-1"3+C>-"*2"1>-3.-/

EZ! I38$2%H$EA*&AH)+3%& ("1 +>"3524##)&258 28 T$$8&"4&D-:: &0P*&@ ($3&5($&

@+%%HS*&H " $&2IBRA2HH*&+35" &5 BRI ANBATH BR5$85($&ISH" +5)&"4&5
1$#25+]$85"&5(38@25$1& @ ($3&+5& 6+ 5*&5($&@25$1-

>k <r1-4, %+ g1 b*+,3>h"

R;X-+T, . =3.00m/s,a, =0m/s*."
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$3>4:>3,4 "
v, =V,, = constant = 3.00 m/s"

)D;1-4,;%+"%1,,43>h"

RiX-+T, =0.00m/s,a, = —g = —9.80m/s>, 4y = (y - y,) = -5.00m"

$3>4:>3,4 "

v2=va,.-2g(vv,)
v, =(0m/s)® —2(9.80 m/s*)(-5.00 m) = -9.90 m/s.,

& T T-"43+"43>4:>3,-" 5-"2:+3>"X->%4; <7
v=v.+v,? =(3.00m/5)* +(<9.90m/s)* =10.3ms,,

3+9'9 = tan‘l(v—y) = tan‘l(w) =-73.1°"

v 3.00m/s

X

2 53,"v =10.3m/s, 73.1° below the horizontal "

EHY 1&62*M$5624#8& T#2)$18+*& 1 5IBHI% EATSH, 5#)&5" @218&5($862*M$5&@ ($3&
+35"85($&2+185"&8=3M&5($&62##-&7$&02+352+3*&(++&("1+>"352#&ISH" +E
IBH" +5)&8"$*&($&3$$B&S5"&1+*$&:-0S:80826" I$&5($& 44 1A&BEGE?" @&42.
B0$2*=1$88+3&5($&("1+>"35248 DI S HGRBR 158 (+*&\=07&5"81$2, (&(+*&02
($+9%(5&25&5($8*20$85+0$82*&($&1$2, ($* 8% ($&62*MS5A

>+ g3h RX-HI"=5.00m/s, y -y, = 0.75m,v, =0m/s,a, =-g =-9.80 m/s”. "
D;+94,,."

@.;+C"5-"-M:3,7* * = v * —2g(y - y,) C;X-.T
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Voy =1V, +29(y! Yo) =+/(Om/s +2(9.80m/$")(0.75m) = 3.83mys”

gPh"43>4:>3,-" 5-D;1-4,*+"+2*1G3,;*+B"1-G-GP-1",53,",5-",;G-";." 5-".3G-";+"
5-"_SB3+9"®;1-4,*+./"$3>4:>3,-" 5-",;G-"21*G", 58K1-4,;*+";+2*1G3,*+B" 5-+
L RA35 4153 " B D) 14, R4+ 251 G3, T

$3>4:>3,-",5-",,G-7

v, =V,, ! gt,sothat

! I
(= Voy ' Wy _ (3.83m/s)! (0Om/s) —0.391s"
g 9.80m/s’

&*TB"43>4:>3,-",5-"6*1;b*+,3>"9;.,3+4-"5-", 13X->." *" 5-"P3.\-,7
X = X, +V,t,sothat(x! x,)=v,t = (5.00m/s)(0.391s) =1.96m"

)*B"5-"G:.,">-3X-",5-"C1*:+9"l/UH"G"P-2*1-",5-"P3.\-,",*"P-"3,"5,."G3_;G:G"
5-,C5,"T5-+"5-"1-345-.",5-"P3.\-,/"

3.5 ADDITION OF VELOCITIES

KE/ _$2185($&$388'482802125("3&12,$.&5($84+1*5&5@"&1=33$1*821$&*$721:
[S-:&0-81($841"3581=33$18(2*828I$#" +5)&"48&D-S:80P*.823885($&*$," 3882
OP*-&B2G&N(258+*&5($&ISH", +5)&"485($&*$,"38&1=33$1&1$#25+ I $&B RBEH
1=33$18+*&ES:808&41"085($8&4+3+*(&#+3$.8@ ("&@+H#HE@+3&5($&12,$.&2*
"3*5235&J$#" +5)A&B, G&N(25&8+*523,$82($28& @ +#H#85($&@+33$1&6$8@
A+3+*(&HE3SA

> g3R\--6" 134\ *25-"1:++-1.B">- V.">3P->"D" 2211, 511 ++-1"3+9")"2*1" 5-".-4*+9
Li+-1/"5-+"T-"31-"C;X-FV,. = 3.50m/s,vg = 4.20m/s"*"43>4:>3,-" 5-"X->*4;,<"
*Q" B A9 1 ++-1"1-53 ;X" B;"2:1., B".:P,134," 5-"X->*4:7-.

Vg =V ! Ve =4.20m/s! 3.50m/s=0.70m/s 23.,-1",53+"2;1.,"L:++-1

gPh"@.-",5-"9-2;+;,;*+"*2"X; }"4*"43>4:>3,-",5-",G-"2*1"-345"1:++-1".-6313,-></"
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H#/

)y

,5-"2;1.,"1:++-1B".5-"1:+."#KZ"G"3,"3"X->*4;,<"*2"=/KZ"Gi.7

v  4.20m/s

)*B".;+4-t, <t.B5-".-4*+9"1:++-1"T;>>"T/+

gah"[-"43+"43>4:>3,-",5-,1"1->3,;X-"6%;,*+B":;+C" 5-1"1->3, X-"X->*4;, <"3+9",;
13X->/"8+;,;3>><B",5-".-4*+9"L:++-1"."EK"G"P-5;+9B" 5-"1->3,;X-"X->*4; <’
+"631,"g3NB"3+9)B-",." 5-",;G-"2*1" 5" -4*+9"L:++-1B"*7

Xer = Xogr + Verls = | 45.0m +(0.70m/s)(70.24s) = 4.17m"

|($8ISH", +5)&"4&5($&@ +38&1$#25+I$85"85($& @ 25$18+*&, 1=, +2H#&5"&* 2+
++8+38238",$23&,=11$35&5(25&(2*& 28 I$#" +5)&"4&E-E: &GP B &R 38 4AT 5!
1$#25+1$85"&5($&K215(-&Q5&$3,"=35$1*828& @ +38&5(25&(2*& 28 I$H" +5)&"
"4&0.0;"*"=5(&"48&@$*5& 1 $#25+I$&5"&5($&K215(-&N(258+*&5($&ISH" +5)&."
5"&5(38&@2F1A

8+"%19-1" *"43>4:3F-"X->*4;, <"*2" 5T +9"1->3 ; X-" ¥ 5-"%4-3+B"T-"+--9" *'399'
5-"X-4,%1 "2%1" 5"T;+9"3+9" 5-"*4-3+" *C- 5-1B"P-;+C"431-2:>" *": -"X-4,%1"399,
BX->%4; <" BT 49 153 X" K B34 MBS K 5K >4 <2 BT +Q!
1->3,;X-" *" 5-"-31 B>.." 5-"X->*4;, <"*2" 5-"-31,5"1->3,;X-" *" 5-"*4-3+/"&*TB

VWO :VWE +VEO :VWE I VOE-
'5-"2:1.,".:P.41;6,";." 5-"*PQ-4,B" 5-".-4*+9"; "T53,";,";."1->3,;K&"* 5-1"T*19." 5-"

X->%4;, <" 5-"-31,5"1->3,;X-" ¥ 5-"%4-3+"; " 5166 ;42" 5"X->*4; EXPY-3+"
1->3,;X-" *" 5."-31,5/

—_—t
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HHY

*ASX-"5,."X-4,*1"-M:3,;*+B"T-"+--9",*"399",5<83+9) 3I*G6*+-+,.".-6313,-></'

Vivor = Viex | Vo = (! 4.50m/s)cos50; ! (2.20m/s)cos60; = 3.993mis.
Vioy =Vigy ! Vog, = (! 4.50m/g)sin50; ! (2.20m/s)sin60; =! 5.352m/s

D;+3>><B"T-"43+5""M:3,%+."P->*T " *"43>4:>3,-" 5-"X->*4;,<"*2" 5-"T3,-1"1->3,
¥ B4 347"

v= v, +v,” =/(-3.993m/sf +(-5.352m/s) = 6.68m/s

oMl 1g5.352misp
I =t 1_“’:'[ @‘7 =53.3 Sof W
an \% an 08.993m/s" .

1

J&*(+78&*2+#+3%8&+3&5($& =#A&L51$20B. 6 KAHPBE3IEB"15(8 25828+ T$$8&." 46
1$#25+I$85"85($8@25$1-8Q5*8ISH" +5)8 1$#254 FE B/ 5 (O HATBE 1R 3" 1!
N(258+*&5($&IH" +5)&"485($& =#4&L51$20A&BI($&ISH" +5)&"652+3$88+*&
L51$20828@ & (=381$8&M+#"0$5$1*&"44&5($&$2*5&.,"2+58" 4&5(8&a3+5$8&L!
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JE>1 N WABSA:>B " B> <" 5T 3 <1153, X-" " 5-"-31,5B"T-"+--9" *"399" 5-"
X-4,%1.["5-"X->*4; <" 5"T3 -1"1->3,;X-" *" 5-"-31,5";."-M:3>" *" 5-"X->*4; <"*2"
T3,-1"1->3,;X-"*" 5-" 5;6"6>..",5-"X->*4;,<"*2" 5-" 5:6"1->3,;X-",*",5-":31 5/

Vwe = Vws T Vs = —Vew T Vg

&*TB"T-"+--9",*"43>4:>3,-" 5<83+9) 3I*G6*+-+,.".-6313,-><7

D;+3>><B"T-",5"-M:3,;*+."P->*T"*"43>4.:>3,-" 5-"X->*4,; <"*2" 5-"T3,-1"1->3,; X-"
,5-"-31,57

Ve =V wee +Viwes =4(1272m/5)% + (1157 m/s)? = 1.72 /s

N
o=tan”'| = | = tan”! L157m/s =423°Nof E.
Vi 1.272 m/s
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$JA0'(Y"E7"IC&ALSS)7D%Y$("A&I"
&(['%&V)"WA[)"%D"L%' 8%&

4.3 NEWTON’S SECOND LAW OF MOTION: CONCEPT OF A SYSTEM

1" /&ZD~M%&*71+35$1&*5215*82812,$& @+5(&23§R2SHFE2BN D A+*&5($8&3%
$<5$132#84"1,$&"3&+0A&

)*>:,;*+ n I5_ll+_’II2*14_II34,;+CII*+II’5_Il.61;+,_1ll;.IIC;X_+IIP<
netF = ma=(63.0kg)(4.20m/s!)= 265N "

or B2G&Q4&5($81" M$5& #$88 (@ I&BBBL5+*& @ +5(&"3#)&"3$&1" M$5&6=13+
++&+5%&2, $HE125+"3A&I*=0$85(2585($802**&"4&5($&*)*5$0&+*&E9::&M%
41+ 5+"3&"TT"*+3%&5($&0"5+"3&+*&M3" @385"86$&ZS & -&BOEGE&N()&+*&S
"3$:4"=15(8"4& @ (25&+5&+*& @+5(&28#RIRMS$5*8.6=1

)*>:,;~k+ " g3h”@.'n,5'",51:.,"C;X'+"2*1“,5'”1*4\',".>'gj’;‘,EEE'1'"EN - 259| 104 N/II[;,5II*+><II
*+-"1*4\-"P:1+;+@hetF =T ! f .*"563,"&-T,*+V.".-4*+9">3T"C; X-.7""

Q= netk _T! f _ 259" 10* N! 650N

=12.0m/s "
m m 2100kg

gPIB-"344->-13,;*+";."+*,"*+&*:1,5"2T53,";,"T3."T;,5"3>>"1*4\-,."P:1+;+C"
P-43:.-",5-"21;4,,*+3>"2*14-",.".,;>>"3.">31C-"3.";,,"T3."T;,5"3>>"1*4\- "P:1+;-

1=/ I($8.@$+%(58"482382*51"32=5& TH=*&(+*&*T2,$&*=+5&"3&5($&X " 3&+*&"34
8" &($)8.@$+96(&"38K215(A&N(25&+*&5($&02**8 " 3&5($& X "EBA&D3&EK215(A
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)*>. ’ ;*+ ! WMoon = mgMoon
Wy, 250N
m = = 3
Zveon  1.67M/s

Weas = M€pun = (150kg 0.8 m/s? )= 1470 N = 1.5x10° N.,

=150kg

L3.."9*-."+*"453+C-/"'5-"3.,1*+3:,V."G3.."*+"P*,5"(31,5"3+9",5-"L**+",."IKZ"\C/

4.6 PROBLEM-SOLVING STRATEGIES

#KT 12#,=#25$&5($&4"1, & 2D&(+%(&\=07$1&0=*5&$<$15&"3&5($&%1"=38&5"&’
=7@218&2,,$#$125+"3&[-::&5+0$*&5($&2,, $#$125+"3&8=$&5"&%12J+5)-&K <’
)'=&4"##" @ &S5 ($&*5$7*&+3&5(SR"FBHEPBLL5125$%)&4"1&_$@5"3V*&H#2@*&"

)L )6 @.-"&T VU "WET. 2L, 5+
F

y

w

Force acting on
the high jumper. "

),-6 "#IR;X-+Ta = 4.00 g = (4.00)(9.80 m/s*) =39.2m/s” ;m = 70.0kg"
D;+9F "

),-6"=/"2F =+F -w=ma,"*53," F=ma +w=ma +mg =m(a+g)"
F =(70.0kg)[(39.2m/s*) + (9.80 m/s*)] = 3.43x10° N™

'5-"2*14-"-_-1,-9"P<",5-"5;CH):G6-1,."34,:3>><"9*T+"*+" 5-"C1*:+9B"P",.":6"
21*G",5-"C1*:+9" *"5->6"5;G"Q:G6/

)’_6IIE/"I5;.lll_.:>,ll;.||1_3.*+3P>_BII.;+4_ll;’II;.IIM:;,_ll6*..;P>_ll2*1ll3ll6_1.*+II’*II___1’II3"2’
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)y

*2",5-"G3C+;,:9-"*210° N /"

B2G&R+388&5($802%3+5=8%*&."4 BESXRBA 1875828885 8% +I$85($&5 " BRRA'
*("@3&+B&%=15&}8)G*802) &6$&8"3$&$+5($18%6127 (+,2##) &"1&6)&=*+3%&/!
B6G&L("@8&%127(+,2##)B&(208&6 " 524#84" 1, $8++&"652+3$8&+38$7$38$358."2
288+5+"38FAR3SE, -&B,G&R+38&5($&8+1$,5+"38238802%63+5=8$&"4&*"0$&"

J$,5"1*85(258288&5 B84 2@&5($*$85"8* 2#SEIBEBER @+3%8=*$8&+3&
"1"&AHO+#21&T+15=1$-

g3NHA-" " By QIFGE -+, k2" 5" * 351051417
F, = F,, sin35° = (20 N)sin35°=11.47 N = 1[I N/"

tot

A+9"F, " 5" x SFGE*+-+,"*2" 5-" ¥, 3>"2*14~7

F, =F,_ cos35°=(20N)cos35°=16.38 N = 16 N/

tot

."5-".3G-"3.7

g4h"D*1"-_3G6>-B":.-"X-4,*1."3.".5*T+";+",5-"2;C:1-/

F'i."3,"3+"3+C>-"29° 21*G", 5-"5*1;0*+,3>B"T;,5"3"G3C+;,:9£t2520° = F|

"= £ = 1638 N =174N =17 N
c0s20°  cos20°

1
F)."3,"3+"3+C>-"9R° '21*G",5-"5*1;b*+,3>B"T;,5"3"G3C+;,:9-"*2

F, =F, - F'sin20° =52N"



$*>>-C-"05<.;4. )10+, "Y*>0, k4 "L34:3> $536,-1"E

)y

=)

N(25&4"1,$&+*8$<$15$8&. " 3&5($REYG(EFIRDRS ($85$3*+"38+3&5($8@+1$&
_"5$&5(2585($84"1,$&2T TH+$BE5"&5($&5"5(&+*&+02H#H$1&5(23&5($&5$3*+"
5(+*&+*&3$,$**+525$88&6)& 712, 5+ 2#&,"3*+8$125+"3*&"4& (" @&4"1,$& BBEES!
0"=5(-&K<T#+ +5#)&*("@&(" @&)"=&A"##" @ &*5$7*&+BEE($BDEALRP5$%6)&4" 1
_$@5"3V*EH2 @*&"A&B5+"3-

),-6"17"@.-"&-T *+V.">3T.". +4-"T-"31-">**\+C"2%14-

),-6"#7"113T7"3"21--"P*9<"9;3C13G7

),-6"=T"RX-4T = 25.0N,2+9°F, /"@.;+C"&-T,*+V.">3T."C%F, = 0,.*",53,",5-"
366>;-9"2%14-"GM" *" 5.1 ) PGB +-+,."%2" 5" T %+ 7
F, =2Tsin®=2(25.0N)sin15° =12.9N"

app
5" x FFGE -+, 12" 5"+ FH U3 +A-SIS F, = 0"

),-6"E7"'5;." --G."1-3.4+3P>-B" ;+4-" 5-"366>;-9" -+.;*+ " 5*:>9"P-"C1-3,-1" 53+" 5
2+14-"366>;-9",*",5-" ** 5]

R+%=1$&B0@®*&=7$1($123881=*5)8 +8SM-€ABY6+3RE5+"34$ 81028 7$&
L=7$1($1"\02* &&:-: &1%D (+Hh="5R+8SM+ MBS-B10@388 (302" BA&($2" T8,
3$90H+ % SRR 2 GR &A1 8)&8+2%1 808 ($8+5=25+&3 @ +3BHE"1,$'2,5+388 &
L=7$1($1'81="5)R+8$M+AABE($&" 7S B6B+3B($E$3*+" & B($4"7$26"I$&
L=7$1($1'8, ®+3B(38$3*+3& H(38" 73835 @ $E=7$1 (5123881 =*5 & +8SM-+EM-
Q38+,2838'=121$%"8)&8+2% 1 B($8)*5$0 84& 35$ 1 BEH08"& #I$2, ( 2158
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P gy iy

gpr@.;+C",5-":66-1"4;14>-"*2",5-"9;3C'1EG§ =0 B"* 537 '~ T —w, =0/"
@.;+C"5-">*T-1"4;14>-"*2" 5-"9;3CI3EB= 0 B"C; X IC- w, =0/"
& _,B"T1;,-"5-"T-;,C5,."+",-1G."*2"G3..- T, =myg, Wy =myg/"
YESX:+C"2%1" B-" -+, ;¥4 4" 5-":66-1"1%6-"C; X-.7
T'=T+wy =wy +Wg =myg+myg =g(my +my)"
0>:CC;+C";+",5-"+:GP-1."C;XF.7= (9.80 m/s’ )(55.0 kg +90.0kg)=1.42x10° N"

@.+C",5-">*T-1"4;14>-"2",5-"9,;3C13CR'F; = 0 B".*",53.T —w, =0/"AC3;+B"
T1;,-" 5-"T-;C5,"+" -1G."*2"G3.. %, = m, g.") *>X;+C"2¥1" 5" 4. ;*+",+" 5"
S T-11%6-"C;X-T" = my g = (55.0kg)(9.80 m/s* ) = 539 N

EZ
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4.7 FURTHER APPLICATIONS OF NEWTON’S LAWS OF MOTION

EH/

)y

0(/%1")/%2+3#(. % 4&62*M$56 24#& T#2)$18&\=07*8*512+%(58=T7&4" 1 &2&6 2##-
H' @$1*&(+*86"8)&:-D::808238&5($382, $#S125$*&5(1"=% (&5 (+*&B445238 86
*512+96(5$3+3% & (+*&H#SYo*-&I (+*& TH2)$1E&HS2I$*&5($8AH " 1 & @ +5(&28.I$ 15+
211)&(+0&:-T::&0&26"I$&5($&AH#"1-&B2G&I2#, =#H25$8&(+*&I$H" +5)8&@ ($3&(
B6G&I2#, =#25$8(+*&2, $#$125+"3& @ (+#$8(38+*&*51 2+ Vb N3 €3 D> S L%
5($&I$H" +5)84"=388+387215&B2G&+382&8+*523,$&"4&:-D::&0-&B,G&I2#, =1
"3&5($&AH" 185" &8"&5(+*. 8%+ I$3&5(25& (+* & B2**&+*899:&M%o-&

g3h"A2,-1"5-">-3X-." 5-"C1*+9B" ,5-"P3.\-, P3>>"6>3<-1";.">\-"3"6 1*Q-4,;>-/");+4
1-345-."3"G3_;G:G"5-;C5,"*2"Z/UZZ\GB"? - 2g(y - ,),'T;,5"
y =y, =0.900m,and v = 0 m/s.)*>X;+C"2*1",5-";+;,;3>"X->*4;,<"C; X-.7

v, =[2g(y = v, )1"* =[2(9.80 m/s*)(0.900 m)]"? = 4.20 m/s"

QPN +4-"T-"T3+," *"43>4:>3,-"5;."344->-13,%+By” = v + 2a(y - y, ), T5-1-
Y=y, =0.300m, 3+9".;+4-"5-",31 '"21*G"1-.,B/, = 0 m/s.)*>X;+C"2*1" 5"
v (420 m/s)’

344->-13,*+"C; X-dr™ -
2(y-yy) (2)(0.300m)

=29.4m/s*"

&*TB"TF"G:.,"913T"3"21--"P*9<"9;3C136*19-1",*"43>4:>3,-" 5-"2*14-"-_-1,-9"
P<",5-"P3.\-,P3>>"6>3<-1"*"Q:G6/"5-"+-,"2*14-";."-M:3>" *" 5-"G3..",;G-.",5-'
344->-13,*thet F =ma =F -w=F —mg"

)*B".*>X;+C"2*1",5-"2*14-"G; X-.7
F = ma+mg=m(a+g)=110kg(29.4m/s* +9.80 m/s>) = 4.31x10°N"™
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EUY 0(/%1")/%2+3#(. % d8&$H#$I25" 1 &4+ HH#SBL @ +5(& 72 $3%$1*&(2*&2&02+*&".
I($&$H#$I25"1&2, $#$125$*8=7 @218841"081$*58RBE %1 BEEL A& &*-&
12#,=#25$&5($&5$3*+"38+385($&, 264#$&*=77"15+3%&5($&$#$J25"1-&B6G
"35+3=$*&=7@218&25&, " EIFE" +5)&4"1&F-S:&*-&N(258+*&5($&5$3*+"38
8=1+3%&5(+*&5+0$A&B, G&I($&$#$I25" 1883, $#$1 26 SO ATE R TEASE HE&
N(258+*&5($&5$3*+"3&+385($&, 264#$&8=1+3%&8$,$#$125+"3A&B8G&?"@
$#$J25"180"I$8826" I$&+532HR G 5+3%& 7" +35.82388 @ (258 +*&+5 8 4+:

*>:,;*+ " A
) g3h |7

O,

] "Wll

'B-"+-"2%14-"."9:-" 2 B A+ x4+ 1349 B-"T-;C5,7
netF=ma=T-w=T-mg,andm =1700kg."

a =1.20 m/s?, so the tension is :

T =mla+g)=(1700kg)(1.20 m/s> +9.80 m/s>) = 1.87x10* N
gPhy = 0 m/s?,n*",5-",-+.;*+",.7"T = w = mg = (1700kg)(9.80 m/s*) = .67 x10* N"

g4hz = 0.600 m/s”, but down : .
T =m(g —a)=(1700kg)(9.80 m/s* - 0.600 m/s*) =1.56x10* N

goh: f

V 1)

V1 t

1
@.-"y-y, =vot+5at2 andv=v, + at”

E#
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K"

)y

D*1"631,"93hB 0 m/s, @ =1.20m/s”, ¢ =150s,.C;X-+

» = %altf = %(1.20 m/s*)(1.50s)* =1.35m 3+9"
v, =at, =(1.20 m/s*)(1.50s) =1.80 m/s."

D*1"631,"gRhB"y = 1.80 m/s,a = 0m/s, ¢ = 8.50s,.*n
y, =vt, =(1.80m/s)(8.50s) =153 m."

D*1"631,"®H) = 1.80 m/s, a = -0.600 m/s*,z = 3.00s,.*",53,7"

y; =t +a,t; = (1.80 m/s)(3.00 s) + 0.5(-0.600 m/s)(3.00s)* =2.70 m,,
Vv, =V, +a,t, =1.80 m/s + (-0.600 m/s*)(3.00s) = 0 m/s

D;+3>><B" 5-" *,3>"0;. 3+4-" 13X->-9";."
Y+, +, =1.35m+153m+2.70m =1935m =194 m"

A+9",5-"2;43>"X->*4; <"T;>>"P-" 5-"X->*4;,<"3," 5-"-+0"*2"63], "G4 0BIid/"

4("%)&H#()5*%+6%& TROSM%&023&*5238*&." 38 28625(1 " 0&* 2#$&+3&238$H#
2, $#$125$*841"081$*5&85"8D:-:&0P*&+38E-::&*-8&B2G &I 2#,=#25$85($&*, 24$:
238&,"0721$8+58@+5(&(+*&@$+%(5-&BI($&* 2#$&$<$15*&238=7@218&4"1
1$28+3%-G&BBG&N(25&+*&=31$2*"326#$&26"=5&5($&1$*=#5A&B,GEN(+,(&
=31$2*"326#$.8"18@ (+,(&71$0+*$*&21$&+383*+*5$35A

g3t 1F

-V, 30.0m/s -0m/s

@.;+CG'=v, +atC;X-.Ta = i
t 2.00s

=15.0m/s*/"

&*TB":.;+C"&-T,*+V.3."C;X-rnet F' = F —w = ma B".*53,"
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F =mla+g)=75.0kg(15.0m/s’> +9.80 m/s> )= 1860 N/"
5113, 42" 5Q*14-" ¥ 5T C5 " " 547

F m(a+g) 15.0m/s*+9.80m/s” 5 3n
w mg 9.80 m/s’ —

gPh™"5-"X3>:-"gINHZ "&h";."G*1-"2*14-" 53+"<*:"-_6-4," *"-_6-1;-+4-"5+"3+"-3.X3,

g4h™5-"344->-13,;*¢'= 15.0 m/s* = 1.53 g"."G:45"5;C5-1",53+"3+<".,3+9319"->-X3.
'5-"2;+3>".6--9";." **">31C-"g=2/Z"Gi.";."J(Yc"23.,hn"'5-" ;G-"*2"#/ZZ."; ."+*"
4+1-3.%+3P>-"2*1"3+"->-X3,*1/
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$]JA0'(Y'K7'D@Y'|(Y"AOOWSSA'SHD"
&([%&V)"WA[)7"DY8$8%&B"IYARB"A&I"
(WA)'8$8'¢

5.1 FRICTION

N’ L"@&5(25&5($&2,,$#$125+"3&"4&23)&"6\$,5&8" @ 3&2&41+,5+"3#$**&+3,#+3!
23%#BED+5(&5($&("1+>"352#& 1’0 -&B_"5$&5(25&5(+*&2,, $#$125+"3&+*&+!
"4802** &

)L+ 54X GE* -+,"*2 WO T+ 54" +4>+-">-39." *" 5-"344->-13, %+ 7"
w, =netF, =ma=mgsinfsothata = gsingd™

N y
l\%ﬁ“ VAT
w

V-G: "lg+ W n

r

'5-"4*G6*+-+,"*2 "w6-16-+9;4:>31" *" 5-";+4>;+-"-M:B"+*1G3>"2*14-/
w, =netF, =0=N-mgsind"

IE/" 124, =#25$&5($802<+0=08&2, $#$125+"38"4828&,21&5(258+ . B2 T SBBLISRT L/
02M$*&23823%HERAES (&5($& (" 1+>"352#G&=38$185($&4 #H" @+3%&1"28&,
[*=0$&5(25&"3#) & (2HA85($S&@$+%6(58"485($&, 218+*&*=T7"15$8&6)&5($&5 €
5(25&5($8.,"$44+,+$358"4&*525+ 841+ 5} BEAS&+REHHES +1$*&21$83"58. 24
*#+788=1+3%85($R25SEB&BQY%3" 158 1" ##+3%-G&B2G&b3&81)&,"3,1$5$-&B
B,G&b3&+,$.82**=0+3%&5 (2560 .&5($&*20$&2+8A4"1&*("$*883&+,$-

EK
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)y

3\-",5-" 6%,;,,X-"<®;1-4,;*+"3.":6",5-".>*6-/D*1"G3_"344->-13,;*+B

netF. =ma=f-w,_ = %ysmgcosﬁ—mgsiné’ "
)*",5-"G3_;G:G"344->-13,;*+"Ta = g(% U, cos @ —sin 49) "

g3k, =1.00, a = (9.80 m/s? )B(l.oo)cosv —sin4°} =420m/s>"

gPhy, = 0.700, a = (9.80 mvs® )% (0.700)c0s4°  sind®| = 2.74m/s> "

g4hi, = 0.100,a = (9.80 m/s? )% (0.100)cos4°  sind° | = — 0195 m/s*"

'5-"+-C3,;X-",;C+",+9;43,-."9*T+T319."344->-13,;*+B5*"431"43++*,"G3\-";,":6'
,5-"C139-/

5.3 ELASTICITY: STRESS AND STRAIN

#U!

)yt

N=1+3%&2&,+1,=*&2,5.&"3$&7$14"10$1&* @+3%*&=7*+8$&8" @3&(23%+3%&4
23"5($1.&2#*" &=7*88®3.&7$14"10$1&6)&5($&#$%*-&QA4&5($&=7@2188&4"1, ¢
7$14"10$18+*&5(133&5+03*&($18@$+%(5.&(" @ &B% EABMHS8B=1*C&+3&($1
#$%*&*51$5,(A&C"=&02)&2**=0$&$2,(&+*&PC=+J2#$35&5"&2&=3+4"10&1"8&L
9-F:&,0&+3&128+=*-&?$1&02**&+&& Z:-:&M%-

@.-,5-"-M:3,*+" AL = %SLO Br5-1-"Y =1.6x10" N/m*@*G"3P>-"K/hB"

L, =0.350mB4 = 7 * = 2(0.0180 m)* =1.018x10™> m?B"3+9

EH
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)

El"

F,, =3w=3(60.0kg)9.80 m/s” ) = 1764 NB™",53," 5-"2*14-"*+"-345">-C";."
F, =F,/2=882N.)P..;,+C"+" 5-"X3>-"C;X-17

leg

1 (882 N)

B 0.350m)=1.90x10"" m."
1.6x10" N/m? (1.018x10'3m2)( m) x107 m

)*'-345">-C";.".,1-,45-9"PK90x 10~ cm."

[*&23&"+H#& QBB +1##$8.852, (&3S @&*$,5+" 38 " A8BL+HH&T+T$E&*=T7"15*& +5*8
"4&5($&T+T$&2388 81 +#H#E6+5&6$3$25(&+5-&!2#, =#25$&5($&*51$5, (&+3&2&
7+7$85(258*=77"15*&D-:: &M0&"4& 7+ 7$&(2J+3%&82802** 8" 48.E  : MIMBFDG2E
| ($&7+7$8+*&$C=+I2#$358+38*51$3%65(&5"&2&* #+8&, )#+38$BES-:&,08+36

@.",5-"-M:3,;*+ "AL = %ELO, where L, =6.00m,Y =1.6x10"" N/m*/"*"43>4:>3,-",5-"

G3..".:66*1,-9"P<",5-"6;6-B"T-"+--9" *"399" 5-"G3.."*2" 5-"+-T"6;6-" *" 5-"G3.."*2"
5-"=/ZZ"\G"6;-4-"*2"6;63+9'5-"G3.."*2" 5-"91;>>"P; 7
m=m,+ My +my

= (6.00m)20.0 kg/m )+ (3.00x10° m)20.0 keg/m ) + 100 kg = 6.022x10* kg
J* "53," 5-"2*14-"44" 5.76;6-";.7
F =w=mg =(6.022x10" kg 9.80 m/s* )= 5.902x 10° N"

D;+3>><" 5#41-4,;*+3>"31-3",."C;X-+"P4& 71> = 7 =1.963x107° m*"

(0.0500 m)2
):P.,;,,;+C 4" B5-"X3>:-."C; X

) 1 (5.902x10° N)

2.10x10" N/m? (1.963x 107 m?

)(6.00 m)=8.59x10" m =8.59 mm"

184210$1802M+3%&Y%127$&\=+ $&A+H#*828Y#2+*&6"55#$&5"&5($3861+0823
$<7238*80"1$&5(2385($&YH2**&@ ($38+58&@210%&=7.&+38*=,(&28@2)&5(2°
+3,1$2*$*8.6)&:-Ed&B5 (20847, & 2 x 10~ G&1$#25+I$85"&5($&*72,$&2]2+#264#:
5($84"1,$&$<$15$886)&5($&\=+,$&7$1&*C=21$&,$35+0$5$1&+4&+5*8&6=H#ME
1.8x10° N/m?.&2**=0+3%&5($&6"55#$8&8"$*&3"5&61$2M-&Q38I+$@&"4&) =18
5(+3M&5($&6"554#$8 @ +HB&*=1]+ISA

EO
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)*>: %+ @:+C'5-"- M:3,*+"AV = é%VO'C;X-.T

F BB _(1.8x10° N/m?) (2x10°)=3.6x10° N/m® = 4x10° N/m® = 410> N/em?

)44-"14m =1.013x10° N/m*B",5-"61-..:1-";."3P*;,"=H"3,G*.65-1-.B"231"C1-3,-1"
,5-"3X-13C-"Q31";."9-.;C+-9"*"T;,5.,3%9/

EN
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FIAO'(Y'"H7"@&8D%YBYS@WAY"L%'8%&"
A&I"RYAJB'A'8%&

6.1 ROTATION ANGLE AND ANGULAR VELOCITY

!/ll

)y

or

)y

L$0+512+#$1851= M*&(2J$&23&"8"0$5$1&"3&"3$&(=6&"4& 28512 +#$1&@ ($9
@$+%(5$88*"&5(258+58B 3283 86=58 +5&,"352+3*&%$21*&5"&., "=3585($&3:
@ (SSHEL$I" H=TF+" BB ($3&, 2#,=#25$*&5($&8+*523,$&512]$#$8-&Q4&5($&@
8+20$5$1&2388%"$*&5(1"=%(&E:.::&1"525+"3* &(" @&023)&M+#"0$5$1*&*(":
"8"0$5$181$28A&

R;X-+7

1.15m 27t rad

"d=115m=r= — =0.575m, A6 =200,000 rotx =1.257x10° rad"

1rot

D:+OAs " +CAg = X g # 53!

r

As=AOxr=(1.257x10° rad0.575m),
= 7.226x10° m = 723km

1&51=,M&@+5(&:-[E:&0&128+=*&5+1$*&512)$#*&25&DE-:&0P*-&N(25&+*&5(:
5($&1"525+3%&5+1$*&+3&128+23*&7$1&*$,"38BA&N (25& & &5(+*&+3&1$IPO+

R;X-+7/=0.420m, v = 32.0 m/s/"

$*+X-1,"*"16G"P<":.;+C" B*+X-1.;*+"234,*17

EU
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lrev=2xrad,
lrev 60s

X
27z rad 1min

= 728rev/s = 728 rpm "

6.2 CENTRIPETAL ACCELERATION

IN/" e$1+4)&5(25&5($&#+3$21&*7$$8&"4&238&=#512,$351+48 RS KL IBRK298(&5:8
"16+5&+*&26"=85&P*&B) &, 2#,=#25+3%U&B2G&I($&#+3$21&*7$$8&"4&2&7"+3

@ =76.2rad/s x

*7$$8&"4&K215(&+3&+5*&"16+5&26"=5&5($&L=3&B=*$&8252&41"0&5($&5%$<
K215(V*&"16+5&238&2771"<+025$&+5&2*&6B%$+3%&,+1,=#21G-

)<>1 54" Bh'@ .4 = roon*2i+9)5-">+-31"X->*4;1<7

2xrad 1min
X

v=rw=(0.100 m)(so,ooo rev/min x ) = 524 m/s =0.524 km/s

lrev 60s

PhRX4p = 27 8 1Y

TTengTs - 988x107" rad/s;r = 1496x10" m”
vy 3.16x107 s

@' = r*"2;+9" 5-"> +-31"X->*4;, <7

y=ra=(1.496x10" m)1.988x107 rad/s)=2.975x10* m/s = 29.7 km/s&

6.3 CENTRIPETAL FORCE

#H! N(25&+*&5($&+8$2#&*7$$8&5"&52M$&2&9::&0&128+=*&,=1J$&623M&8&25&

KZ
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)*>:,;*+ " Vz
@.;+Gan f = —"C; X-.7"
rg
2

tan 6 =2~ = v = Jrgtan 6 = \/(100m)9.8 m/s’ an 20.0° = 18.9 m/s
rg —_—u

6.5 NEWTON’S UNIVERSAL LAW OF GRAVITATION

==/ B2G&!12#,=#25$&K215(V*&02**&%+I$3&5($&2,,$#$125+"388=$&5"&%12]+5)¢
9.830m/s’238&5($&128+=*&"485($&K215(&+*&ZDO9&MO&A1"0& 7" #$&5"& 7" #:
@+5(&5($&2,,$75$8& I2#-H&'4E0** kg -

7 gh@. et 5M3 g e
r
2 1x1 3 2 . 2
g=M T8 (67110 “jl) b 8320“1/25 ) s 979x10% ke"
r G 6.673x10™"" N-m? kg —

dPh"5;.";."9-+,;43>" ¥ 5-"P-. "X3>:-" ¥ 51--".;C+;2;43+,"2; & 1-./

=U/ I*51"#"%).&5(25&=3#+M$#)&2388&I2%=$&7*$=8"*,+$3,$.&02M$*&0=,(&"4&5($:
7#23%$5*8&25&5($&0"093B3$V*&6+15(-&I($&"3#)&M3" @3&4"1,$8 28 7#23$5&$<
%12J+525+"32#-&B2G&!2#,=#25$&5($&%12J+525+"32#8&4"1,$&$<$15$8&"3&
M%&425($1&:-E::8082 @2)&25&6+15(&B($&+*&2**+*5+3%.&*" & ($&+*& #"*$&"
12#,=#25%$85($&8B&5($&626)&8=$&5"&g=7+5$1&+4&+5& +*&25&+5*&, #"*$*56
*'0$&6.29x 10" m&@2)?"@&8"$*&5($&4"1,$&"4&g=7+5$1&"3&5($&626)&,"072
4"1,$&"4&5($&425($1&"3&5($&626)A&bL5($18"6\$,5*&+3&5($&1"0&238&5($&(
2#*" &$<$15&*+0+#218&%12J+525+"32#&4"1,$*-&Bb4&,"=1*$.&5($1$&, "=#8&64
2,5+3%.86=5&*,+$35+ TBEIRAGESL,"3]+3,$8&5(25&5($1$&+*&$I$38238$4 4
5(25&23&=3M3"@384"1,$&,22*$*&+5-G

Kt
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- sk M
<>k Bh'@.+ =G—A/zm,*"43>4:>3,-",5-"2*14'7
r

_ GMm _(6.673x10™" N-m?/kg® 100 kg )4.20 kg)

F==3 02000 =7.01x10” N"
Ph"5-"G3.."*2"N6:,-1";.7
m, =1.90x10*" kg
F - (6.673x10"" N-m?/kg?)(1.90x10” ke)(420kg) | oo 1o
(6.29x10" m
F_701x10'N .

F, 135x10°N ~— ;

6.6 SATELLITES AND KEPLER’S LAWS: AN ARGUMENT FOR SIMPLICITY

EKY R+38&5($&02**&"4&Q=7+5$1&62*$8&"3&8252&4"1&5($&"16+5&"4&"3$& " "4&+E
)'=1&1$*=#5& @ +5(&+5*&2, Ve 2#&02**-

) PG
@ 4Gy = T3 M BT 434" 55X-" 5/G3. 12", *17
v/
_dmt
G
Ax’ (4.22x10° m)

_ y ~1.89x10” kg
6.673x10" N-m’ ke’ " [(0.00485y)(.16x10"s/y)] ———

'5;."1-.:>,"G3,45-.",5-"X3>:-"2*1'6;,-1\V"G3.."C; X-+"P<"&A) A/

EN/ 0(/%1")/%2+3#(.%d& 2,$&8$61+*&#$458&41"0& "#8&*25$##+5$*&238&5($+1&#
6$,"0+3%&2&(2>2188&5"&"5($1&*25$##+5$*-&B2G &!2#,=#25$&5($&*7$$8&"4&
T::&M0&26"I$&K215(V*&*=142,$-&B6G&L=77"*$&2&#""*$&1+I$5&+*&+3&23&

K#
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128+=*85(25& +355RBEBH*25$HH#+5SV*&"16+58 258D 3R SEIHTSUR &K 215(-&N|
5($&ISH", +5)8"485(381+I$5& 1$#25+]$8.5" & BES& DR MEETIB &+ IS T (5
1+I86D-1: 00 &B+>K' @ 83800 +&BY Hit-+*+8B) + B (25 SHH BB S ALBRIGD 2 &
+8-S:: @D (2B B ($RISL208 L, S B<$1 B3 G ($E25$H4#-+ BN @0=,( &3$51%8)
+ B =HSR BO$3S1 2580 B($8 i+ -+ TR (SR25SHH-+ BIBH + TS+ "5&(23% 3.
2771$,+2618$,2=*$8-592** &= ( &61$255(23%($+I$5VE-G&

2
y>i4 " BN'@.F, = ma, BY5+"P.,5,, - i+ Ca = Y 3egE = G
r r
GmM my*
7"2 r
M . -11 . 2 2 ) 24
L [6m, =\/(6673x10 N-m /kg3 J5.979x10 kg)=2.11x104m/s
e 900x10° m e
gPt L
v
Viot

8+",5-".3,->>;,-V."213G-"*2"1-2-1-+4-B" 5-"1;X-,"53.", T*'6-16-+9;4:>31"X->*4
4*GE*+-+,."-M:3>"*"y @1*G"631,"g3h7

Ve = V2 17 =207 =42(2.105x10* m/s) = 2.98 x10* m/s"

33
Fh'@.;+C"\;+-G3,/ M=y t =1t = 4 _ M =1.01x107"s"
Vi 2.98x10° m/s
B 3 4
OhF A _ MV _ (0.500x10 ngZ.?leO m's) 48 10° N
At 1.01x107 s D

gh"5-"+-1C<";."C-+-13,-9"21*G" 5-"1;X-,["8+"F->>; -V."213G-"*2"1-2-1B4-
y. = v, ,andv, = 0.")*B",5-"453+C-";+" Bi+-,;4"-+-1C<"*2" 5-"1:X-T.

1

tot

AKE = %mv : -%mvf - %(0.500x10'3 ke )J2.98x10* m/sf -0 =2.22x10° "
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$]A0'(Y"O71%YFB"(&(YRCB"A&I"(&'RC"
Y()%@YS$()

7.1 WORK: THE SCIENTIFIC DEFINITION

! /ll

)y

or

)y

?"@&0=,(&@"1M&8"$*&28&*=7$1021M$5&,($,M"=5&255$38235&8"&"3&2&,238
T=*($*&:-Z::&0&("1+>"352##) & @+5(&28&4"1,$&"4&S-::& _A&K<71$**&)"=1&23*(
M+#",2#" 1 &b*-

@.;+Q¥ = fdcos(60)BI5-1-" F =5.00 N, d = 0.600 m:3+9".;+4-",5-"2*14-",."366>;-9"
5*1;b*+,3>>¢B*0° TW = Fdcos® = (5.00 N)(0.600 m)cos0° = 3.00J"

@.;+C",5-"4*+X-1.;*+"234 Fitéal = 4186 J 'C;X-.7

W =300 x XA _ 517,107 keal”
41867

1&*("TT$1&T=*($*&2&%1" $1)&,215&E:-:&0&258&, "3*52358*7$$8&" 3&HSISH&Ib:
DS-:&_&41+,5+"324#8&4"1,$-&7$&7=*($* &+ IRABBHES GESEE& ("1 +>"352#-&B2G
5($8.@"1M&8"3$&"385($&,21586)&41+,5+"3A&BEGEN(258+*85(38.@" 1M&8":
0612J+525+"32#8&4"1 $A&B, GE&N(258+*&5($& @"1M&8"3$8"385($8,21586)&5(
4"1 $&5($&*("TT$18$<$15* &=*+3%&$3$1 % )83 LI (258 +*&5($&5"524&!
"385($&,21BA

g3h|||5_"T*1\||9*+_||P<"21;4’;*+||;.ll;+"’5_ll*66*.;,_"9;1_4’;*+"*2ll’5_llG*,;*+wélll 800,
3+9",5-1-2*1*W, = Fdcosf) =35.0Nx20.0mxcos180° = -700]"

gPh"5-"T*1\"9*+-"P<"C13X;,<";."6-16-+9;4:>31" *" 5-"G4"“R"G*,;*+B".*§ = 90°,"
3+9'W, = Fdcosf = 35.0 Nx20.0mx cos90° =0J"

g4h"82" 5-"431,"G*X-."3,"3"4*+. 3+ " 6--9B"+*"-+-1C<";." 13+.2-11-9" *"; B"21*G’
T*1\ S+-1C<",5-*1-GTnet W = W, + W, =0, or W, = 700"

goh"@’,5-"-M:3,;*+ "W, = Fdcosf BI5-1-" g = 25°,3+9".*>X-"2*1",5-"2*14-7

KE
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/4 7007

S

B d cost - 20.0 m x cos25°

=38.62N =38.6 N"

g'h");+4‘",5'1'";."+*"453+C'";+".6"98”,5'"T*1\"'+'1C<“,5'*1'G".3<.",53,",5‘1'“;."'l
+_’IIT*l\II9*+_II*+II’5_“431’7net W = VVf + VV; = _700 J + 700 J - MII

7.2 KINETIC ENERGY AND THE WORK-ENERGY THEOREM

I=/" | @1VE=07$18BS$*+%63EBE +5(*523F:: MOPB9-D P*@H#+*+B+H3&
+00"J264#86\$, 560 +5("B202% 95 "&($6"8) 84&($821&($ &=07$18=*(+"3*&($&
*(" M &) @6*"16+3%($8" 1, RIS128+*523,$-&12#, =HBEHR.02%3+5=8$&"EAB(RVEH
4"1,R3Q&=07$1BRRHH2T*$EE:: & & (+85L+3%-BT MR 1&"8$*R1"083&
+3+58285RAR-00 P*&

)*>:,;*+ " n " 11} n n 1 2 1 2
@.-",5-"T*1\"-+-1C<",5-*1-GBiet W = Emv - Emv0 = Fdcos6 B

p_mv —my”  (900kg) (0m/s)* - (900 kg) (112 mys)’

=-2.8x10° N"
2dcost 2(0.200m) cos0°

'5-"2%14-"; "+-C3,;X-"P-43:.-" 5-"431";."9-4->-13,;4C/

7.3 GRAVITATIONAL POTENTIAL ENERGY

IH/" 1&()81"$#$,51+,&7" @$1 842 $SRIMGBOEFG &, "31$15*8&5($8%12J+525+"32#& 7"
$3$1%)&"4& @25$186$(+38&28&82085"8$#$,51+,8$3$1%)-&B2G&N(258+*&5!
7"5$35+2#&$3$1%)&1$#25+I$&5"&5($&%$3$1 28" #+-DBBR Q# AN "4
mass = 5.00x10" kg G.&%+J$3&5(25&5($&H#2M$&(2*&23&21$12%$&($+%(5&"4
%$3$125"1*A&B6G&!"0721$&5(+*&@ +5(&5($&$3$1 W0FH25] BRA =38 B& B Q6-

)*>1,%+ " g3h'@.;48"-M:3,;*+ "APE, = mgh,T5-1-"
m=5.00x10" kg, g = 9.80m/s*,and /1 = 40.0 m, C;X-.7
APE, =(5.00x10" kg)(9.80m/s”)(40.0m) =1.96x10"° J"
gPh"D1*GP>-0! B"T-"\+*T",5-"-+-1C<". *1-9";+"3%3-C3,*+"2:.;*+"P*GP";"

16
3.8x10' JB".*",53,"EE“J‘e = 1?;986 xll(?lé JJ =0.52. '5-"-+-1C<". *1-9":+" 5-">3\-"."
bomb -6X "

KK
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3661*_;G3,->53>%53,"2"3"85-C3,*+"2:.;*+"P*GP}

7.7 POWER

=Zr

)y

=H

)y

E#T

)y

1($811268,_$6=#2&BREFELAG[OGET=#+21&+*85($&1$03235&"4828*=7$13"J2&E
+38 -8:S[-&a*+3%& 82528 B AHD D&, 24, =#25$&5($82771"<+025$&42,5"1&6)&
7" @$1&"=57=5&"4&5(+*&2*51 "BHER4R* &8, #+3$88*+3,$&+5*&BLTH *+"3-

D1*G'3P>-0/=,, =10" W,and P, =5x10" W"*" 53"

upernova

28
PO 1070, '5; "6+ T-1" *03<""1010"*19-1."2"G3C+,:0-G3>>-1"
P, 5x10W ;

53+ "T3."3," 5-" :G-"*2" 5-"-_6>**4/

B2G&N(25&+*&5($&2I$12%$&=*$4=#& 7" @$1&"=57=5&"4&BATSAV LA L &B":
=*$4=#HE&@"IM&+3&F-::&(A&B6G&N"1M+3%&25&5(+*&125%.&(" @ &#"3%& @+
E::&M%&"4&61+,M*&9-S:&0&5"&2& 7#254"10A&BN"1M&8"3$&5" KDH+EH&EEE & €
6$,2=*$&+5&+*&3"5&,"3*+8$1$8&=*$4=#&"=57=5&($1$-G

g3h' @2 =V gT5-1-8: "4 4%+ niT
t

W 6.00x10°1J

P =
¢t (8.00h)(3600s/1h)

=2083J/s=208W"

gPh"@.-" 5-"T*1\"-+-1C<" 5-*1-G" *"-_61-..",5-"T*1\"+--9-9" *">:2 " 5-"P1;4\.7"
W = mghBT5-1-"m = 2000 kg and h = 1.50 m/"5-+".- P = /s xsx.mp%1 " 5.
t
2
Gpp W _meh _ _mgh _(2000kg)9.80m/s’)(1.50m) |y o
tt P (208.3 W) —

124, =#25$&5($&7" @$1&"=57=5&3$$8$8MIE2AES & #LUBRRL 7$8 25828
"3*5235&D:-BP*8.@ (+#$&$3,"=35$1+3%& @+38&1$*+*523,$8238841+,5+"3&
K<7#+,+5#)8*(" @&("@&)"=&4"##" @&5($&IBHTIAHIEB(F&O &L 51258%0+ 5+ &AL

'5-"-+-1C<".:66>;-9"P <", 5-"~+C;+-";."4*+X-1,-9";+,*"21;4,;*+3>"-+-1C<"3.",5-"431'

KH
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:6",5- " +4> 4

ﬂ
0 0
[

W,

P= K = F—d = (i) = Fv,"T5-1-" F ",."6313>>->" *" 5-";+4>;+-"3+9"
4

F=f+w=600N +mgsin0/").P.,;,;,;+C"C;X-."P = (f + mg sin 6)vB".*",53,7

P =|600 N + (950 kg)(9.80 m/s*)sin2° [30.0 m/s) = 2.77x10* W"

7.8 WORK, ENERGY, AND POWER IN HUMANS

EH/

)y

K#'

12#,=#253&5($& 7" @$1&"=57=5&+3&@255*&238&("1*$7TCERKI SERELEBEEIM$* &
5"&2,,$#$1258&5(SQDUBI("5&41"0&1$*5& D" RI[& € (+#$&12+*+3%&+5&:-F::&0
+3,#=8%&5($&7"@$1&71"8=,$8&5"&2,,$#$1258&(+*&6"8)-G

@.-",5-"T*1\"-+-1C<'5-*1-G" *"9-,-1G; +-",5-"T*1\"9*+-"P<" 5-".5*, &:,,-17"
1 2 1 2
netW = Emv +mgh — Eva —-mgh,

= %(7.27 kg)(14.0m/s)* + (7.27kg)(9.80m/s*)(0.800 m) = 769.5 J

'5-"6*T-1"43+"P-"2*:+9":.;+C'P = K"7'19 = K = 76957 =6412W=641W."
t t 1.20s
'5-+B":.;+C",5-"4*+X-1.;*+"I"6&"'OEH[B"T-".--",563,"P = 641 W x ! hpW =0.860hp ™"

e$1)8#21%$84" 1, WEBES$BE+38\"+35*8 @ ($3&2&7$1*"3&\=07*&41"0&*"0$&(3
061"=38-&B2G&I2#,=#25$85($&4"1,$&71"8=, HBRLAREBIIRA=07*841"0&28:: Z::
(+9%(&H#$8%$8&238EH238*&*5+44#).&,"07 1$*+3%8&\"+358025$1+2#&9-S:&,0&
5"&+3, #=8$&5(S&ER48E($87$1*"3-G&B6G&Q3&712,5+ $&5($&M3$$*86$38&
+3J"#=3521+#)&85"&($#78$<5$3885($&8+*523,$8"I$1&@ (+,(&)"=8&*5"7-&!2#,=
71"8= $88+485($&*5"T7+3%&8+*523 $&+*&:-D::&0-&B,G&!"0721$&6"5(&4"1,$
"4&5($&7$1*83-

KO
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)>L " RyX-+7'm = 80.0kg, 2 = 0.600m,and d = 0.0150 m"™

KN/

Di+97"+-F I'@.;+@ = Fd 3+9",5-"T*1\S+-1C<",5-*1-G"C;X- W = F,d = mgh"

_mgh _ (80.0kg)(9.80 m/s")(0.600)

=3.136x10* N."
d 0.0150 m E

g3I&*TB™\;+C"3,",5-"P*9<"9;3C13G&t F = w+ F,™
net F = (80.0kg) (9.80 m/s*) +3.136 x10* N =3.21x10* N"

mgh _ (80.0kg)(9.80 m/s>)(0.600)
0.300m

=1568 N."

gPh"&*TB"x#,% 0.300 m=*",53," F, =
net F =(80.0 kg)(9.80m/s*) + 1568 N = 2.35x10° N"

g4h"8+'|§§%t£ = 32,144N =41.0."5;."4*:>9"P-"93G3C;+C",*",5-"P*9</
mg 784N T

8+"gB|51£ - 2352N =3.00."5;."43+"P-"-3.;>%.,3;+-9/ "
mg 784N T

I($8&2@$F3*7+1+3%8& 1$258')120+8&"4&!($" 7*& @2*&6=+#5&0"1$&5(23&[S:: &
*C=21$&62*$.8"1+%+32##)&ED:&0&"'3828&*+8%.&, " J$1$8&9D-9&2, 1$*.&238&
@+5(82802&" 4826468k g -&BI($&7) 120+8V*&8+0S P 1EB G+ %0(5H#) &8 +44$1S,
8=$85"8.C=211)+3%&8238&*"0$&*2%%+3%-G&?+*5"1+23*8$*5+025$&5(25& E
E:8)$21*&5"&,"3*51= 58 +5.&@"[M1&BRORDD:&82)*&7$1&)$21-&B2G&I2#, =4
0612J+525+"32#&7"5$35+2#8$3$1%)&*5" 1 $8&+3&5 ($BR) KT &4 &DFIEL+*E
"3$;4"=15(&+5*&($+%6(5-&BEGE&D3H)&28412,5+"3&"485($& @ " 1M$1*&#+45$8¢
+3]"#I$8&+3&*=77"15&*$1 I+ $*&*= (&2*&6=+#BS BRI HABTIRB.61+3%+3%8&4’
2388 @25$1.&238&(2=#+3%&6#" M*&5"&5($&*+5$-&! BB IEEGBIHSEPAMSL*&
8+885($&H+45+3%.82*=0+3%&5($1$8&@$1$89:::&"4&5($0&23885($)&, "3*=0!
5($8125$&"48&D: BN (2588"$*8)"=1823* @$1&+07#)&26"=5&("@&0=,(&"4&5
@$35&+35" &G ABHBIBL*=*&(" @&0=,(&@"IME&@$35&+35"& 41+ 5+"3&238&#
# @$1+3%&5($+1&" @386"8+$*A&B, G&I2#, =#25$85($&02**& 484" 8&5(25& (.
82).82**=0+3%&5(25&5($82J$12%$&@"1M$1&1$C=+1$8&DZ::&M,2#&7$1&8

KN
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)y

@2*&Sd&71"5$+3.&Z:d& BIR%$.&238&DSA&425-&BI($*$& 71" 7" 15+"3*&3$%0#<
"4&6=#M&238&3"38+%$*5+6#$&025$1+2#&&,"3*=0$8-G

g3h"*"43>4:>3 " 5-"6% +,:3>"-+.1C<"PE = mgh gr5_1 .M = 7x10” kg g, gn
h= ix146m =36.5m:

PE = mgh =(7.00 x10° kg)(9.80 m/s*)(36.5m) = 2.504x10"* J = 2.50x10" Ju

gPh"D;1.,B"T-"+--9"*"43>4:>3,-" 5-"-+-1C<"+--9-9" *"2--9" 5-"1ZZ7"T*1\-1."*X-1",
#7"<-31.7

£ NPr 1000 300keal 41867 o 330d 12k

x20y x—— =9.946x10" kcal.
h kcal y d "

W t
Eff ==
&*TB".;+4-",5-"T*1\-1."G:.,"61*X;9-",5-"0("21*G"631,"g3hB" .- in TX

Eff = Wou _PE _ ST T 20,0252 = 2.52%
43>4:>3,-" 5-:1"-22:4:-+4<7" Ew By 9.946x10 "

g4h"82"-345"T*1\-1"1-M:;1-."=HZZ"\43>193<B"3+9"T-"\+*T" ,5-"4*G6*.;,;*+"*2",5-;
T-"43+"43>4:>3,-",5-"G3.."*2"2**9"1-M:;1-97

E protein

= (3600 kcal)(0.05) = 180 kcal;
E . onyarae = (3600keal)(0.60) = 2160 keal;and
E.. =(3600kcal)(0.35) =1260 kcal.

& TB"21*G"3P>-"O/I"T-"43+"4*+X-1," 5-"~+-1C<"1-M;;1-9";+,*" 5-"G3.."1-M;;
2*1"-345"4*G6*+-+,"*2" B1"9;-, 7

m rotein E rotein X lg = 180kcal>< lg = 4390 ga
’ ’ 4.1kcal 4.1kcal

lg lg
mcarbohydrate = Ecarbohydraie X rkcal = 21 60 kcal X 4 1 kcal = 5268 g’

My, = B, x—E 2160 kealx —E— —135.5g.
9.3kcal 9.3 kcal

'5-1-2*1-B",5-",*,3>"G3.."*2"2**9"1-M:;1-"2*1",5-"3X-13C-"T*1\-1"6-1"93<";.7

m =m

person protein

+m +mg, =(43.90 g) +(526.8 g) + (135.5g) = 706.2 g,..

carbohydrate

KU
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3+9",5-"*,3>"3G*:+,"*2"2**9"1-M:;1-9"2*1" 5-"#ZBZZZ"T*1\-1.";,.7"

m=Nm___ =20,000x0.7062kg = 1.41x10* kg = 1.4x10* kg,

person

HZ
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$]A0'(Y'N7'WSE&(AY"L%L(& @L"A&I"
$%WW8)8%&)

8.1 LINEAR MOMENTUM AND FORCE

" B2G&!12#,=#25$&5($&0"0$35=0&"4&/Pak$#$7(235&,(21%+3%&2&(=35$1&25&
7.50 m/s-&B6G&!"0721$&5($&$#$7(235V*&0"0$35=0&@+5(&5($&0"0$35=(2%

5123C=+#+>$18&8215&4+1$88266(R&T BBLS&BI (258+*&5($80"0$35=0&"4&5(!
M%&(=35$181=33+390825845$31&0+**+3%&5($&$#57(235A

y>L+" g3hp, = mv, =2000kg x7.50m/s=1.50x10* kg -m/s "

gPh?y = myvy, = 0.0400 kg x 600 m/s = 24.0 kg.m/s, so
n 4 "
&=1.50><10 kg.m/s _65
Dy 24.0 kg.m/s _

'5-"G*G-+,:G"*2",5-"->-653+,",."G:45">31C-1"P-43:.-",5-"G3.."*2",5-"->-653+,
;.'G:45">31C-1/

g4hp, = m,v, =90.0kg x7.40m/s =6.66x10” kg - m/s"

AC3;+B",5-"G*G-+,:G";.".G3>>-1",53+",53,"*2",5-"->-653+,"P-43:.-",5-"G3.."™~
,5-"5:4,-1",."G:45".G3>>-1/

8.2 IMPULSE

ur 1&T$1*"3&*#27*&($18#$% 8@ +5(&($1&(238.&61+3%+3%&($1&(238&5"&1$*58
41"08&238+3+5+2#&*7$$88"4&[-::&0P*-8&B2G&N (25&+*&5($&2I$12%$8&4"1,$&
52M+3%&5($&$44$,5+I$802*+&"4&5($&(23882388&4"1$210&5"&6$&9-S: &M%,
6$&23)8&8+44$1$35&+485($&@"0238,#277$88($18(238*85"%$5($1&25&5($&
61"=%(5&5($085"&1$*5&+3&5($&*20$85+0SA&K<7#2+3&@ ()& "18&@()&3"5-&

H!
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>: k4 g3h"$3>4:>3,-" 5-"+-,"2*14-"5+'53+97

Ap  mAv  1.50kg(0 m/s - 4.00 m/s)

net /' = 5
At At 2.50x107 s

=-2.40x10° N"

g3\ +CG*G-+," *T319",5-">-C"36%.; ;X-h/"5-1-2*1-B"P<"&-T,*+V." 5;19">3TB"
+-,"2%14-"-_-1,-9"+" 5-">-C"2'40x 10’ N B",*T319",5-">/C

gPh"5-"2%14-"++".345"53+9"T*:>9"53X-" 5-".3G-"G3C+;,:9-"3." 53,"2*:+9";+"631,
gP:, "+ 66%.;,-"0;1-4, 5+ . "P<"&-T *+V." 5;19">3FA3R-",5-"453+C- . "+"
G*G-+,:G"3+9",;G-";+,-1X3>"31-",5-".3GY/

IK/" 18, 1=+*$&*(+78&@+5(&2&DDVEIABkg &51+M$*8287+$1&25828*7$$8&"4&:-0S
"0$*&5"&1$*5&7-1:808#25$1.88202%+3%8&5($&*(+7.&5($&7+$1.823885($&5:
4+323,$*-&12#,=#25$&5($82I$12%$84"1,$8&$<$15$88 " 3&5($& 7+$1&=*+3%8&5
B?+35U&R+1*5&,2#,=#25$8&5($85&0 SEI TR (A& 78588 1$+5-G&

VL RX-+Thm =1.00x107 kg, v, = 0.75m/s,v=0m/s, Ax = 6.00 m..D;+97"+2*14*+" 5-"
6;-1/"D;1.,B"T-"+--9"3"T3<",*"-_61-..",5-",,GAB"+",-1G."*2"\+*T+"M:3+,;,;-./"

@.+C5-"-M:3, %+, "y = %'3+9'$ _ VotV xe
t

Ax = VA7 = (v + v, JAts0 that At = 22 2A600m) _ oo
2 V4V, (0+0.750)m/s
7
g _ml-v,) (1.00x10 ng0—0750)m/s=_4.69X105 N

At At 16.0 s
C<"&-T,*+V.",5:19">3TB" 5-"+-,"2*14-"*+" 5-"6: 4.69% 10° NB":+",5¢1:C;+3>"
9:1-4,:*+"*2" 5-".5:6/

8.3 CONSERVATION OF MOMENTUM

#=/" I"HBYO&& H()*+,--* )/ #( 812+38,21*&21$&, "= TH$BE5 "% $5($186)86$+3%&6=07$
23"5($1-&L=77"*$&5@"&#"28$88512+3&,21*8&21$&0" J+3%&5"@218&"3$&23"

0"5+"3-G&N(25&+*&5($+1&4+328&I$#",+5)A

H#
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JE>1 R @A -LXE, 2 GG+, GB v, + v, = myy, +m,y, B 44", 5-1"2;4+3>"
X->*4;,:- "31-" 5-".3G-

_my, +myy,  (150,000kg)0.300 m/s)+ (110,000 kg )~ 0.120 nv's)
m, +m, 150,000 kg + 110,000 kg

v'

=0.122 m/s"

l5_ll2;+3>llx_>*4;’<ll;.II;+||$1|_4’;*+ll*2ll75_ll2;1.’II431IIP_43:._II;’ll539ll3||>31C_1||;+;’;3>
G*G-+,G/ "

8.5 INELASTIC COLLISIONS IN ONE DIMENSION

==/ I"HSYORE& H()*+,-* )/ H#( &*+3%8&02+*&238&*T$$8&B25R8 AN TO&E RIB&2*+=0+3Y
5(2585($&4™""5624#&TH#2)$18,25,($*85($&621H4BES (JLVHAASIBE@+5(&6"5(&
0"J+3%&("1+>"3524#).&, 24, =H25$U&B2G &5 ($84+324#&ISH" +5)&+A&5($&624
5($&*20$88+1%$,5+"38238&B6GE&5($&H" & " 4&M+3$5+ 8$351%)&+3&5(+*&,2*
238&B6G&4"185($&*+5=25+"3&+3& @EBIBHRETB2IBLE21$8Y0" +3%&+3&" 77"
8+1$,5+"3*-&X+9%6(5&5 ($&H"*&" 4&M+3$5+,8&$3$1%) &6$& 1 $#25$885"&("@&O:
5($&72°8

)*>L*+ " g3h"'@.-"4%+.-1X3,;*+"*2"G*G-+,:G"2*1",5-"6>3<-1"3+9",5-"P3>>7"
myv, +m,v, = (m, +my p"*"53,"

myv, +m,v, (110kg)8.00 m/s)+ (0.410 kg)25.0 nv/s)

V= = =8.063 m/s = 8.06 m/s"
m, +m, 110kg +0.410kg
gPMKE = KE'- (KE, +KE,)
1,1 5,1 1 1 o 10 .
) =5m1V12+5m2V§_5m1V12 _Emzvzz =E(m1 +m2)V2_E(m1V12+m2V§) i}

_L (110.41kg)(8.063 m/s)’ — %[(1 10kg )(8.00 m/s)’ +(0.400 kg }(25.0 m/s)z}

[\9)

=-59.0J

(110kg)(8.00 m/s)+ (0.410 kg ) 25.0 m/s)
110.41 kg

=7.88m/s"

g4h"tih-
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9-MKE = %(110.41kg)(7.877 m/s)’ -

% (110kg)8.00 m/s)’ +%(0.410kg)(—25.0m/s)2 = -223]

=N/ 1&:-ES: ;M%&6=##$58+*&2, $#$125$8841"08&1$*585"&2&*7$$8& " MIBS I8 ARH
72+38&"485($&1+AHSV*EM+ ME+*80=,(&@"1*$&+48&)"=&("H#B&5($8Y6=3&#""*$
41"08)"=18&*("=#8$1&125($1&5(23&("#8+3%&+5&5+%6(5#)&2%2+3*5& HPEYE:
5($&LS, +H#&ISH" +5)&"485($8 1 +AHE&+A&+5&+*&(SHB&H "+ $H#)&2@2)&41"0&5!
M+3$5+,&$3$1%)&8"$*&5($& 1 +4#$8%2+3A&B, GEAN(25&+*85($& 1S, +#&ISH",
5+06(5#)82%2+3*585($&*("=#8$1.802M+3%&5($8$44$, 5+ ISR REBERNN%B
$3$1%)8+*85123*4$11$88 5" 4 SB8AIA#H6+325+"3A&I($&72+38+*& 1$#25$8&
20"=35&"4&M+3$5+,&$3$1%).8@ (+,(8+*&*+%3+4+,235#) &#$*&+ 38 BEGEH25
K<207#$&RBBEB* =+*&+5*&1$#25+"3*(+7&5" &5 (+&&71"64#$0-

)Lk g3h"R;X-w('=v, =0m/s, m, =3.00kg.«@.-"4*+.-1X3,,*+"*2"G*G-+,.G7"
my, + m,v, = (m1 +m, )v'"

-myv, _=(0.0250kg)(550 m/s)
m, 3.00kg

v ' v
myv, = m2V2=>V1—

=-4.583 m/s =4.58 m/s"

gPt-"1;2>-"P-C;+."3,"1-.,B'"KE, = 0 JB"3+9

AKE = %m,v’f = %(3.00 kg)-4.58 m/s)’ =31.5]

—myv, _=(0.0250kg 550 m/s)

948 TB'm, = 28.0kgB".*",53,0', =
m, 28.0kg

=-0.491m/s"

g9IAC3;+RE, = 0 JB"3+9"
AKE =lmlv'f = l(28.0 kg)-0.491m/s)’ =3.376] = 3.38]
2 2

g-h(_3G6>-"N/G3\-." 5-"+P.-1X3,;*+" 53,"2'T*"*PQ-4, "53X-" 5-".3G-"G*G-+,:G"
0 ,5-"5-3X:-1"*PQ-4,"T:>>"53X-"3".G3>>-1"\:+-,:4"+-1C</"F--6:+C",5-"1:2>-"4>
P*O<";+41-3.-." 5-"-22-4,;X-"G3.."*2" 5-"1:2>-B"5-+4-"1-9:4;+C" 5-"\;+- ;4" +-1
%" 5-11-4%:>:+C "1 2>-[") +4-"63;+",."1->3,-9 3G B+, 2"\ +-,;4"-+-1C<B"3"1;2>
5:1,.">-..";2";5->9"3C3;+.,",5-"P*9%/

HE
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EE/

)y

B2G& =1+3%&23&+,$8&*M25+3%&7$14"1023,$.823& +3+5 #2380 BSR5H*E
A2M$&6216$H##82@2)-&I($& #' @3V*&+,$&M25$*8 24" @ &($1&5"& 1S, "+#841
1$,"+HH*&@+5(828&I$H" +5)&"48&:-S::&0P*&238&5($862 1 6$HH#&+*&5(1" @3&@+
OP* &@ (258 +*&5($&02**&"4&5($86216$H#A&BEGE?" @&0=,(&M+3$5+,8$3$1
023$=J$1A&B, G&N($1$&8"$*&5($&M+3$5+,&$3$1%8)&, "0$&41"0A

93h"@--"4*+X-1.3,,’*2"G*G-+,:G",*"2;+9",5_"G3__--*2--,5_--P31P_>>7..
my, +m,v, =my,+mp,"T5-1-"y, =v, = 0 m/sB"3+9,'kZ/KZZ"Gig.;+4-",."
1-4*>."P34\T319.hB" *" *>X;+C"2*1" 5-"G3.."*2" 5""P31P->>"C;X-.7

-my, _ -(80.0kg)-0.500 m/s)
v, 10.0 m/s

O=my, +myv,=m, =

= 4.00kg"

gPh"D;+9" 5-"453+€X+-,;4"-+-1C<7

P 1 o
AKE=Em1v12+Em2V§—5m1V12 ‘5””2"22 =5(m1v12+m2v§)

% (80.0kg )~ 0.500 m/s)’ +%(4.00kg)(10.0m/s)2] =210J

g4h™5-"4>*T+"9*- "T*1\" *" 51*T" 5-"P31P->>B" *" 5-"\;+-;4"-+-1C<"4*G-."21*G",
G:.4>-"*2" 5-"4>*T+["5-"G:.4>-."4*+X-1," ,5-"45-G;43>"6*,-+,;3>"-+-1C<"*2"A
4,2\ +-4"-+-1C</

8.6 COLLISIONS OF POINT MASSES IN TWO DIMENSIONS

EU/

I"#$%&& #H()*+,--*' )'#( & 13$*5&H=5($14"18&B5($&4+1*5& $@&j$2#238$1&5",
5($&_"6$#&'1+>$&+38&!($0+*51)G&8$0"3*5125$8&5(25&3=#$+&@$1$&I$1)&
* 25551 +3%& ($H8:36 #${&le )@ 1"08%" BT 0&3= #3¥ & u )-&1($8.$3$1%)&"4&5($!
+3,"0+3%&($#+=0&3=#$="R@21Q " J .&238&5($&02**$*&"485($&($#+=0&23¢
3= #$+& @B 107> kg &388&.29 x 107 kg .&1$*7$,5+I$#)&B3"5$&5(25&5($+1&
125'&+*&[&5"&9TOG-&B2G&Q4&2&($#+=08&3=,#$=*&*, 2331 R "EPA&2 3R B
CHHH*"38@+5(&2& % "#B&3=, #$=*.&, 2#,=#25$&5 ($&($#+=0& 3=, #$=*V*&4+32;
J$#" +5)&B02%3+5=8$&238&8+1$,5+"3G&"4&5($&%"#8&3=, #$=*-&BBG&N(25
$3$1%)&"4&5($&($#+=083& #$=*A

HK
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)*>:,;*+ n 1/2

3t my? =KE. = v, =
9= v Lo 6.68x107" kg

m,

] (2KE1 )”2 _ [2(8.00><10‘13 )

$r+.-1X3, M52 4 21435 +-,14"-+-1C<"CIX-.7

1 1 1 " h
—mlv]2 = —mlv'12+—m1v'§ 9
2
..... " ;Vh
*1 ﬂ( ‘12_‘}';]')=V'§ g
m,

$*+.-1X3,;¥+"*2"G*G-+,:G"3>*+C",543_;'C; X-.7

_ { ( n .
myv, =mV, cos 6, + m,', cos b, g;;h

$*+.-1X3,;*+"*2"G*G-+,:G"3>*+C",5)B_;."C; X-17

_ (] . (] . n CERL
0=m, sin 6, + m,V', sin 6, g;;;h

Y-3113+C;%®!:3,;*+."g;;h"3+9"dCIX-.7

\ — ] n «u\!
myv, —mV', cos g, = m,V', cos b, g;;Vh
\ 5 _ 1 : n e e\l
—m', sin 6, =m,V', sin 6, g;;;Vh

)M:31;+QM:3,;*+"g;W"3+9"gh3+9"399;+C"C; X-.7

2.2 2 2,42 2 ' 2 ' 2
m;v's cos” 68, + myVv's sin” 6, = (m,v, —m', cos6,)” + (— mV', cosﬁl) "
or mfv'g = mfv’l2 —2m12v1v'1 cosd, + mlzv'l2

)*>X;+C"2*\1§"3+9". P, ;+C";+,*"g\/ﬁ7

2

my( 2 m 2 2
—l(v1 -V )= —lz(v1 +V'7=2v V', cosd, Jso that
m, 2
m
2 2 2 2
vi -yt =—1 (v1 +V'7 =20 cosﬁl)
m,

HH

] =1.548x10" m/s"

$536,-1"N



$*>>-C-"05<.;4. ),:9-+,")*>1 %+ "L3+:3> " $536,-1"N

@.;+G} =1.548x10"m/s; 6, =120°%m, = 6.68x107"kg;m, =3.29x10 kg "

(1+ﬂ)v'f-(2ﬂvl cosb), )v'l-(l-ﬂ)vf =0
m, m, m,

2
a=1+"121.0203, b=-""1y cosf, =3.143x10° m/s,
m2 m2 "

c= —(1 + ﬂ)vf = -2.348x10" m*/s” so that

m,
y _ —bxAb’ -4ac "
: 2a
5 5 2 14 2,2
_3.143x10°m/s +1/(3.143x10° ms)’ — 4(1.0203)- 2.348x 10" m?/s?)
= or
2(1.0203) "
v, =1.50x10" m/s andv, = | T (v2 =+ ) = 5.36x10° m/s
2
[ _ 7 : o
g, ViSO _ = (1.50x 107 my/skin120 056529

v, =V, cosf, 1.58x107 m/s—(1.50x10" m/s kos120°
or 0, = tan™ (- 0.56529) = — 29.5°

gPhB-"2+3>"+-,/4"-+-1C<"." 5%

KE, = (0.5)mv? = (0.5)6.68x10™ kg )1.50x10 m/s) =7.52x107" J

8.7 INTRODUCTION TO ROCKET PROPULSION

KK I"HSUREHOE- ) H(  82H#,=H25$&5($8+3,1$2*$&+3&ISH" +5) RINEZED $& 7 1"6¢
5(258$<7$#*&DS:: &M%E&"4&+5*&02+* 8258 238$< (2 BALIHH#/ s 53R 2&02)&
2++=0$&5($8%612J+525+"32#84" 1, $&+* & 3SVHL BN ZTRE &,

)y

m

@._II’S_II_M:B’;*+ llv = vo + ve ln(ﬂ)’ T5_1_||

m, = 4000 kg, m = 4000 kg - 3500 kg = 500 kg, and v, = 2.00x 10’ m/s "*",53,"

HO
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"y _v, =(2.00x10° m/s)ln [ 2000 k8
500 kg

)=4.159x103 m/s=4.16x10> m/s "

KO "$1+I$&5($&PC=25+"3&4"1&5($&I$15+,2#&2,, $#P$12B+"3&"4&2&1",M$5-

)¥>1, %4 " 5 2R]4-"+--9-9" *'C;X-"3". G3>>"G . th '3+"344->-13,*4 "."F =1 ma /"*"
344->-13,-"5;."G3..";+",5-".G3>>",;G-"+,-1XB3."3".6--9"y, "1-M;;1-'v, = a, | tB"

|
= ve'I—rtn/"‘<"&-T,*+V.",5;19">3TB",5;."2*14-";."-M:3>";+"G3C+;,:9-",*",5-",51

thrust — Ve

I
2*14-"34,,+C"*+" 5-"1*4\- B"E; I_rtn B"T5-1-"3>>"M:3+,;,;-."31-"6*.;,; X-/"

ABB><;+C"&-T,*+V." -4*+9">3T" *" 5-"1*4\-"C;K."_ | mg=ma# a= V——rtn | gB'
m
T5-1-"m"." 5-"G3.."*2" 5-"1*4\ "3+9"+P:1+,"2:-3/

Hi I"HYOR&HOE- ) H(  B2G&I&SMYEFC=+88+3+5+2##)8258 15 BERBES BEAHES
@+5(828&I$#" +5)&"489:-: &0P*-&N(258+*&5($&1$, +#&ISH#" +5)&"4&5($&*C=+
8"3$8+38:-9::&*&23885($1$&+* EARS:5+"32#84" 1, $&" 77" +3%&5($&*C=+8V*&
B6G&?"@&0=,(&SFHE08H# *5&5"& @ " 1M&S"3$&2%62+8* 5841+ 5+"3A

)¥>14+ " g3 L., B 2;4QB",5-"X->*4;,<"32,-1"-Q-4,+C",5-"2>:,97

(m, +m,v=0=myv,+m,',,sothat
g lmyv, | (0.250kg)(10.0m/s)
om 4.75kg

=1 0.526m/s

&*TB",5-"21;4,;*+3>"2*14-">*T." 5-".M:;9"*X-1",5-"ZNZZ".

"p =f't=myv, +my,, gives:

= fttmy, _ (5.00N)0.100s)! (0.250kg)10.0M/8) _, o poyis
g m 4.75kg ;

1 ., 1 1 . ,
gPRKE :Emlvlz,f! Errhvlzzzrnl(vl,f ! Vf)

=%(4.75kg)[(o.421m/s)2 ! (O.526m/s)2]= 1 0.236J

HN
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$JA0'(Y"UT)'A'8$)"A&I"%Y?@( "

1" B2G&N($3&"7$3+3%8288™1.8)"=&7=*(&"3&+58&7$17$38+ =#21#)&@+5(&28&4
8+*523 $&"48&:-FS:0841"0&EES*-&N(2585" 1C=$&21$&)"=8$<$15+3%&1$#25
(+3%$*A&BBGEN"$*8+580255$18+4&)"=& T=*(8&25&5($&*20$&(B+%(5&2*&5($

<> BIE43>4:>3,-" 5" KIM:-" " = 1, F B'T5-1-",5-"616-+9;4:>31"9;.,3+4-";."Z/NKE'
5-"2%14-"; "KK/ZER3+9",5-"5;+C-."31-" 5-"6;X* "6*\+ /

t=r F =0.850mx55.0N =46.75N-m=46.8N-m"

Ph"8,"9%- "+* "G3, -1"3,"T53,"5-;C5,"<*:"6:.5/"5-" ¥1M:-"9-6-+0."*+"+><" 5"
G3C+;,19-"*2" 5-"2*14-"366>;-9"3+9" 5-"6-16-+9;4:>31"9;.,3+4-"%2" 5-"2%14-V
366>;43,*+"21*G" 5-"5;+C- /"g$5;>91+¥/'"53X-"3" *:C5-1",;G-"+6-+;+C"3"9**1
P-43:.-" 5-<"6:.5">*T-1",53+"39:>, .B",5-<"53X-"3" *:C5-1" ;G-"P-43:.-" 5-<"
9%+V,"6:.5"231"-+*:C5"21*G",5-"5;+C" /h

9.3 STABILITY

Hr L=77"*$&2&("1*$8H$23%&2%62+3*58 2 SR@THHGR BT, =#25$85($&4" 1, SBIR SR
5($8.@2##82+*=0+3%&5(2584" 1, $&+*&("1+>"3524& @ (+#$&=*+3%&5($&8252,
1$71$*$3525+"3&"4&5($&*+5=25+"3-&_"5$&5(25&5($8&4"1,$8$<$15$8&"3&5(%
"7 4+5$85"85($84 L, $8$<$15$88. " 3&5($&("1*$.&MSS7+3%&+58&+38SC 4G 4e
5($&("1*$823881+8$1&+*&S::&M%-&I2M$&S5($&825285"8:6$&2,, 8 25$85"&5(

)£, " 5-1-"31-"2%:1 2% 14-."34,+C 4" 5-"551 -"3+9" L, N84, +C"., 13;C5,":6" 5-"C1*:+#9
w'g34,;+C".,13,C5,"9*T+"21*G",5-"4-+,-1"*2"GBg BB ;+C"5*1;0*+,3>><"*" 5-">-2,
5-"C1*+9" *"61-X-+,",5-"5*1.-"21*G".>;66;+ChBI3+9Yy34,;+C",*" 5-"1,@B); +4-"

HU
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IE/"

)y

+*,5;+C",."G*X;+CB",5-", T*4;,;*+."2*1"-M:;>;P1;:G"36@mst /' =0 and netz=0."
'5-"2;1.,"4%9;,;*+">-39." *" T"-M:3,;*+." g*+-"2*1"-345"9;1-4,;*+h7

netF, =F,

wall

-f=0and netF,=N-w=0"

'5-" *IM:-"-M:3,;%+"g,3\;+C" *IM:-"3P*:,"" 5-"4-+ -1"*L13X;,<B"T5-1-"$$[";."
6*.;,;X-h"C;XTnet7 = F,_,(1.40-1.20)- £(1.40 m)+ N (0.350 m) = 0.

Wi

'5-"2;1.,", T*"-M:3,;*+."C; X7F

wall

=f,andN =w=mg"
):P.,;,.,+ C"+,*" 5-75;19"-M:3,;*+"C; X7.

F,.(L.40m! 1.20m)! F,,(1.40m)="! mg(0.350m)"
B 5-"2%14-"%+" 5" T3>F";.

_ mg(0.350m) _ (500kg)(9.80m/s? {0.350m) _ 1499N =1.43 16° N
“al =71 20m 1.20m o

| 8238@+§"21828)$15+*BMBE'3*51= 5$@*&(" @ 3& R +%0= 1S L BBE*+% B/*
02** & &-1: MUB2BRH, =H#25B($E$3*+"& B($Y(2+32**=0+398" &1+ 5+835@$WB($&
HSYR 385 ($&:+8$@ 2O (25 &"1, S8 B<$153B) &2, ( &+8%3 H($&+3% 38

W\ +C"30;C:1-"U/-BY,5-1-"31-",51--"2%14-."34,:+C"*+" 5-"-+ :1-" 3+9T;45"P*31¢
<.,-G7"W B"34,;+C"9*T+"3,",5-"4-+,-1"%2"G3.."*2",5-".<.,-RB"andN,, 34,;+C":6"
3,",5-"C1*:+9"2*1"(A$]"*2",5-">-C./"5-" -+.;*+"3+9" 5-"5;+C-"-_-1,"+,-1+3>"2*14-
3+9"5-1-2%1-"43+4->"T5-+"4*+:9-1;+C" 5-"-+,;1-".3+9T;45"P*319/"@.;+C",5-"2;’
4*+9;,*+'2*1"-M:;>;P1;:G"C;XnetF = N, + N, ! w/"

'5-"+%1G3>"2*14-,"31-"-M:3>B"9:-" *"" <GG-,1<B"3+9" 5-"G3.."; BT;XFn"43+"
9-,-1G;+",5-"+*1G3>"2*14"2N = mg = (8.00kg ) (9.80m/s?)! N =39.2N"

&*TB"T-"43+"9-,-1G;+-",5-" -+ ;*+"+" 5-"453;+"3+9" 5-"2+14-"9.." *" B:4C-"P<"
L+ 54" 9. 2" 5" 3+9T;45"P*319

oz
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a= % = 0.550m,b = @ =0.650m, ¢ = 0.500m,d =1.30m,

N =39.2N,w=mg= (0.80m/s?)=39.2N (for oneside)

8.00kg
2

F, =F sin/,F, =F, cos/

'5-".<.,-G". "+ M > P LGB . ¥ 5 T*"4%+9; %+ "2%1"-M:;>;P1;:G"5*$97

netF =0andnet/ =0"

'5:."C;X-.",51--"-M:3,;*+.7"

netF,=F,! T=0
netF, =F,! w+N=0

net”=1Tc! w%+ Na=0
d@;X*,3,"5;+C-h
GivingF, =T =F, cos”,
F, =F sin” F, =F cos”

F,=w! N=F sin”,anch+W%: Na

BH*" F>X-"2*%1" 5-" -+, *+B":.-",5-",5;19"-M:3,;*+7

all

Tc=Nal WE Na, wa_ wa

T=—" —=—,
cC 2 2

SinceN =w
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39.2N)(0.550m) _ 16N

'5-1-2*1-B":P.,;,:,;+C";+",5-"X3>1- "C; XTT = (
2(0.500m) —

?hlll*llg_’_lG;+_II,5_"2*14_"*2"’5_"5;+%+9II’5_"3+C>_||3,IIT5;45||;’IIMT,Sl’"T;,SII’S_"
~4*+9"-M:3,;*+B"1-G-GP-1,+C" 53V =w, F, =w-N=F_=0."

&*TB",5-"2;1.,"-M:3,*+".3<'F, =T,"* F,"43++*"P-"b-1*B"P:,"13,5¢l= 0B"
C;X;+C"3"2*14-F2= 21.6 N (acting horizontally)"

9.6 FORCES AND TORQUES IN MUSCLES AND JOINTS

=#/' KI$38@($385($8($288+*&($HBE&S TS, 508 24RIBES* &, $35$1&"4&02++&+*83"5&S
"J$1&5($&T1+3,+72#& 7" +358. BHESRLEBRI5 7+52#8\"+35G-&| ($80=* #$*&2
62,M&"48&FSM&*("=#885($1$4" 1 S8 $4 W SRBBMSS7 &5($&($28&$1$,5-&1(25&
)'=1&($28&42##+84" 1 @2188 @ ($38&) =8 A2HH# &2 HEST &+385($&, #2**-&B2G &
$<$15$886)85($*$&O=* #$*&=*+3%85($&+34"1025+"3&+385($&4+%=1$-&B6!
$<$15$8&6)8&5($&7+J"5&"3&585&($28A

)1 BH@ .5 -4* 9" 454 ;, <4 2% "M > PLTG

netz = F), (0.050 m)— w(0.025 m) =0, so that "
w 0.025m _ (50 N) 0.025m
0.050 m 0.050 m

=25 N downward

M

Ph"*"43>4:>3,-" B-"214-"*+" 5"Q* +,B". 12 8-, "4%+9;,*+"*2"-M:;>:P17G
net F, = F; - I, —w=0,sothat
F, = F, +w=(25N)+(50 N)=75 N upward

o#



$*>>-C-"05<.;4. ),:9-+,")*>1 %+ "L3+:3> " $536,-1"1Z'

SJA0(Y"IZ7" Y% A'8%&AW"L%'8%& A&
A&R@WAY"L%L (&' @L

10.1 ANGULAR ACCELERATION

!/ll

)y

)y

/5&+5*&7$2M.&285"1328"&+*&Z:-:&0&+3&8+20$5$1 & PR & @HB3EH* & N(ZXE+*&
23%=#21&J$#",+5)&+3&1$J"#=5+"3*&&$1&*$,"38A

500km 1h 1000 m

D;1.,B"4*+X-1,",5-".6--9"*"GI'¥ = X X
lh 3600s 1km

=138.9 m/s."

'B-+B" - "5-"-M:3, 54" o = LU *9- -1G+-" 5-"3+C:>31".6--97

r

Di4+35><B"4*+X-1," 5-"3+C:>31".6--9" *&-Xid7630 rad/s. x "

=0.737 rev/s"
27rad T

0(/%1")/%2+3#(. % 28=8 (2J$&2&%1 +38*5"3$& B2&8+TM GANRBLI*E2 & T
128+=*.8238&+*85=13+3%&25&T:-:&170.8&2388&)"=& 7 1$**&28&*5$$H#8& 23R
4"1,$&"4&E:-:& -&B2G&/*=0+3%&5($&M+3$5+, &1 B JSEERASH3& 5 $#
*5"3$8++8&:-E1.&, 2#, =H25$85($&23%=#21&2, $#$1 25 * I BHERGR YA @B8023)8
5=13*8@+#H#&5($&*5"3$&02M$&6$4"1$&., "B 3%6&5"&1$*5A

g3h"R;X-#4"=90.0kg , R = 0.340 m"g2*1",5-".*>;9"9;.\nB"
@ =90.0rev/min, N =20.0 N ,3+9", =0.20."

D;+9% /"5-"21;4,;+3>"2*14-";."C;X-HR<y N = (0.20)(200N) =4.0N.'5;."
21:4,%+3>"2%14-";, "1-9:4;+C" 5-".6--9"*2" 5-"C1;+9. *+-B" *" 5-"3+C:>31"
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344->-13,;*+"T;>>"P-"+-C3,; X-/"@.;+C",5-"G*G-+,"*2";+-1,;3"2*1"3".*>;9"9;.\"
T=1a"T-"\+*T7"t=-fR=1a = %MRza/")*>X;+C"2*1"3+C:>3153.‘£13,;*+"C;X-".7
a_—2f_ -2(4.0N)
MR (90.0 kg)(0.340 m) "
= -0.261rad/s* = —0.26 rad/s’ (2 sig. figs due to u, ).

90.0rev 2mxrad 1min
X X

gPh"R;X-%/= O rad/s, w, = =9.425 rad/s."

min rev 60s
D;+9 '@-"5-"-M:3,;*+" v’ - w; =2a6 ,"*" 53,7
o w’ —w, (Orad/s)’ - (9.425rad/s)’

2a 2(-0.261rad/s?) "

lrev

=170.2 rad x

=27.0rev=27rev.
27 rad -

10.3 DYNAMICS OF ROTATIONAL MOTION: ROTATIONAL INERTIA

17/ |(+*&71"6#$0&,"3*+8$1*8288+5+"324#&2*7$, 5+ & "WEPIDTHBERE 5 ($&KA4%$,5&" 4«
A+¥51+6=5+"38 3828 XS H 38 &B2G&?" @ &H"3%&8"$*&+5852M$&5($8425($:
0$11)%" 1"=38&238&, (+#8&238&23%=#218J$#" + BR*ALBERL? @&023)&1$J"
0=*54$8%"&5(1"=%(&5"8%$3$125$85(+*&I$#" +5)A&B, G&QA&($&$<$15*828
25828128+=*8"489-DS&0.&(" @&H"3%&@"=#88+5&52M&&(+0&5"&*5"7&5($0

>*>L%+ " g3h'@.;+C"b-:>,"21*G" 3G6>-"1Z/TF
a=444 1‘ad/s2,a)0 =0.00rad/s,and w =1.50rad/s,"
T-"43+" *>X-"2*1",;G-"..;#(B-"-M: 3,;*+Bw = w, + at,™1"

o 4.44 rad/s*

gPh"&*TB"*'2;49T;,5*.,"..;+C"*:1"1-.:>,"21*G"631,"g3hB",5-"-M:3,;*+"

OE
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IH/"

)y

o’ = w] +2a0B"C;X;¥C7

o ® - _ (1.50rad/s) - (0 rad/s )’ 0253 radx 1T
2a 2(4.44 rad/s’ ) 2n rad

=0.0403 rev"

‘g4ht"C-,"3+"-_61-..;*+"2*1",5-"3+C:>3U4->-13,;*+B":'t5-"-M:3,;*+

netz §/ 5-+B" ¥'2;+9",;G-B" B-"- M:3,7*+7

o=

w-w, (a)—a)o )] (0 rad/s —1.50 rad/s)(84.38 kg.mz)
t= = = =0.313s
a rF (1.35m)-300N)

i"1,(.823&21,($3$0)8"48 L =7$1023.88$,+8$*&5"&*#" @&K215(V*&1"525+"3&5"
6)&$<$15+3%8238 77" +3%8&4" 1, $&25& 2388 721 24HH#&5"&5($&$C=25"1-&L =
+00$8+25$#)&,"3,$13$8.86%$,2=*$&($&M3"@*&;"1,(&,23&"3#)&$<$15&284"1,$:
4.00x107 NB28H#+55#$8&%1$25$1&5(23&28L 25=13&e&1" M$5V+&5(1=*5G-&?
7=4(8&@+5(&5(+*&4"1,$&5"&2, "OTH+*(&(+*&% " 2#A&BI(+*&T$1+"8&%+I$*&L=7
83J"5$85" 8" 5($1&I+##2+3*-GRK<T#+ +5#)&* (" @& (" @ &)"'=&4 ##" @ EBHE*5$7
L"#J+3%8&L51 ZEGRH"525+"32#8&") 320+ *

-

),-6"17"5-1-"."3" *1M:-"61-.-+,"9:-" *'3"2%14-"P-;+C"366>;-9"6-16-+9;4:>31" *'3"
1% 3,7%+"3_;.["5-"G3.."+X*>X-9"." 5-"-31,5/

),-6"HT"5-" < -G 2"+, 1=, " 5-"-31 5"
),-6"=7"'5-"21-P*9<9;3C2G";."913T+"*" 5-">-2,/

),-8"E7TR;X-+T"

OK
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F =-4.00x10" N,r =r, =6.376x10° m, M =5.979x10* kg,
lrev 2mrad l1h

W, = X X
24.0h 1lrev 3600s
lrev 2mrad 8 1h

W= X
28.0h 1rev 3600s

=7.272x107° rad/s, and "

=6.233x107° rad/s.

D;+9t/"

netr

@.5-"-M:3,7*+" ¢ = 2T mang. 1 Gi+-" 5-"3+C:>31"344->-13,;*+7

a_netr_ rF _5F..
1 Mr* /5 2Mr

&*T" 53,"T-"53X-"3+"-_61-..;*+"2*1" 5-"3+C:>31"344->-13[+4B4": - " 5-"
M:3,;*+" w = w, + at"*"C-,",5-",;G-T"

181, (1 #1,)our,
" 5F

=1+, $ t=

):P.,;,,;+C"+" 5-"+:GP-1"C; X-.7

2(6.233x 107 rad/s — 7.272x 10~* rad/s [5.979 x 10** kg [6.376 x10° m)
5(- 4.00x107 N)
=3.96x10" sor1.25x10" y

10.4 ROTATIONAL KINETIC ENERGY: WORK AND ENERGY REVISITED

#HET 12#,=#253&5($&1"525+"32#&M+3$5+,&$3$1%) & +3&5 (S SBR BV B OEBBIES
23%=#21&J$#",+5)&+'BDE: &12

OH
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)y

=Zr

)y

'5G *Got, 2" 4-1,;3"2%1" 5-"T5--2"™

12.0kg

I= %(Rf +RY)= [(0.280 m) +(0.330 m)2]= 1.124kg-m*"

@.;+C5-"-M:3,;*+ TKE , =%Ia)2 =%(1.124 kg-m’ )(120 rad/s)’ =8.09x10° J"

I"&B$ISH T &O=* #H8S$.8&2& @"023&H+45* PABHRD $+%6(5&($#8&+3&($1&(238-&L
6+ $7*&0=" H$&5"QAHS<EE($&H" @$18210&5(1"= YA DI RFROGEN 258 +*85($&
23%=#21&2, $#$125+"3&+4&5($8&@$+%6(5&+*&E[-:&,0841"0&5($ESH#E" @&\'+
0"0$35&"4&+3$15+32%08e - m?.&238&5($&0=* #$84"1,$&+*&0S:&_ &258&238$
7$17$38+,=#218#$J$18&210&"4&E-::& 0A&B6GE?" @ &0= $8E'8 M&S"$*&*(

g3h"AG;+C"5-1"31G".,31,."- ,-+9-9"X-1,;43>><"9*T+T319B"T-"43+"43>4:>3,-",5
+:,:3>"3+C:>31"344->-13,;*+/

2! rad

0j
| =0.250 kg.mz, and F =750 N, wherer. =0.0200m.

Given:#=60j!

=1.047rad,m, =2.00kg, r, =0.240m,

D;+9/ /"

B4 ><"DR 14" 53, 4%+ 1;P: - " ¥ 5 *IM-"T5-+" 5-"G3..";."X-1,;43>";." 5-"
G:.4>-B"3+9" 5-"G*G-+,"*2";+-1,;3";.",53,"2" 5-"31G"3+9",53,"*2" 5-IG3..
'5-1-2*1- 7"

__netds _ Ry sothat
I +m,r2 1+m,r?

_ (750N)(0.0200m)
0.250kg ! m? + (2.00kg)(0.240m)

=41.07rad/$ = 41.1rad/$

gPh™5-"T*1\"9*+-. 7'

netW = (net#)” = F,,r, " = (750N )(0.0200m)(1.047rad) =15.7J"

00
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10.5 ANGULAR MOMENTUM AND ITS CONSERVATION

=H/ B2G&!12#,=#25%$&5($&23%=#21&0"0$35=0&"4 &H$&K BIHE A BE38&5($&L=3-&I

I"0721$&5(+*&23%=#21&0"0$35=0& @ +5(&5($&23%=#21&0"0$35=0&"4&K215

)*>:’;~k+ " g3hm5'"G*G'+,"*2";+'1,;3"2*1",5'"'31,5"31*:+9“,5'“.:"'"I;.: MR2 BII.;+4_II’5_II_31’5II;.I
>;\'“3"6*;+,"*PQ'4,/
| = MR?,
Loy = 1* = MR?*

= (5.979" 10% kg)(1.496' 10" m) &%4’ 2.66" 10%° kg!m?/s

2
gPhlll5 IIG*G + II*2II + 1 3II2*1II 5 n 31 5ll*+ll ll3 IIIII‘_ 2MR

BII.;4_II,5_II_31’5II;.II3II
F>,9".65-1-/"

| = 2MR?

2 0 S 2) rad 9,
= MR2 5.979' 10* kg)(6.376'10° m
%‘E ( X V&g 36005é
=7.07" 1033 kg!m?/s

|5‘"3+C:>31"G*G'+,:G"*ZH,S'“'31,5";+";,.ll*lp;,"31*:+9“,5'”.:+“3:76! 106",;G'.”
>31C-1",53+",5-"3+C:>31"G*G-+,:G"*2",5-"-31,5"31*:+9";,,.&83_;./

10.6 COLLISIONS OF EXTENDED BODIES IN TWO DIMENSIONS

= HE7$2582074#$&9:-BBL@ (+,(&5($&8+*M&*51+M$*8238&28($1$*&5"85($3&*5+
5($&324H#-

ON
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)<>k+ " g3h™5-"2;+3>"G*G-#2"+-1,;3",."3C3;+",5-"9;.\"6>..",5-".,;4\B"P:," 5;.",;G-B",5-"13
2*1" 5-"9;.\";.".G3>>"17
I'=mr? +¥ =(0.0500kg)(0.100m)? + (0.667kg)(1.20m)* =0.961 kg ! m*"
'5-"2:+3>"3+C:>31"X->*4;,<"43+", 5-+"P-"9- -1G;+-9"2*>>*T;+C" 5-" *>: :*4" *'

mvr _ (0.0500kg)(30.0m/s)(0.100m)
I 0.961kg ! m?

g3h™*R"3G6>-"1Z/IKT "= = 0.156rad/s"

gPh"5X+-,;4"-+-1C<"P-2*1-",5-"4*>>; ;*+", " 5-".3G-"3\(, 8G6>-"1Z/'K7
KE = 22.57"5-"2;+3>"\;+-,;4"-+-1C<";."+*T7"

KE'= % I'$, = %(0.96 1kg#m?)(0.156rad/sf =1.17" 10'2 J"

g4h™5-";+;,;3>">;+-31"G*G-+,:G";.",5-".3G-"3(;8G6>-"IZ/IK7'p = 1.50kg ! m/s/"
'5-"2;+3>">+-31"G*G-+,:G";,.", 5-+"

M ' M _$
'=mr{'+—R('= ognr+—Rs( "', sothat:
p ( > ('=q > #( &

p'=[(0.0500kg)(0.100m) + (1.00kg)(1.20m)]! (0.156rad/s)= 0.188kg ! m/s

ou
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$]JA0'(Y"II7" DW@8I")'A'8S$)

1K HBE+EHHBEB)&5($&51")&"=3,$&BDY-9: D&IHG-&N(258+*&5($&I H=0$&"4&9
%" #58
- sk M
V2T pis@apsn 7, =19.32g/cnT B 4 Ch 5 M:3, <4 / :g,'"r-"53x-7
_m_ 31.103g = 610cm?® "
/" 19.32g/cm
HY B2G&/&1$,523%=#218%2* #+3$8523M&, 23&("#B&S: - &M%E " 48%62* #+3$&@

8%$75(&"4&5($&523M&+4& XD +8$&EB) & :-TO&H#"3NA&BO6G & +*,=**& @ ($5($1&E
523M&(2*&2&1$2*"326#$&J"#=0$&4"1&28& 728&$3%$1&,21-

)y
g3MI*G3P>-"1I/1 7™ =0.680! 10° kg/mPB™":.;+C"5-"-M:3,;*+" / :vm = %
T \W
5-"5-:C5." Th = = 50.0kg =0.163m

“lw ~ (0.680! 10° kg/m?® )(0.900m)(0.500m)

gPh"'5-"X*>:G-"*3B;."C3.*>;+-",3+\";."IU[E"C3>>*+.B"M:;,-"1-3.+3P><".;b-9"2*1"
63..-+C-1"431/

11.3 PRESSURE

14" I($&71$*=1$&$<$15$886)&287("3"%127(&3$$8H$& 3828 1$,"18&+*&*=1T1+*
$C=+J2#$35&"489-::8%&+*&*=TT"15$8&6)8283$$8#$.&5(SEEHBE RIB(OLSS
128+=* &@ (258 71$*=1$&+*&$<$15$8&"I&BBE LR, "188+38&

NZ
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)y

@.;+C5-"-M:3,;*+" P = gBI'-"43+".*>X-“2*1",5-"61-..:1'—'7

-3 2
P=§= mg _(1.00x07 kefosoms?) oo Lo

2

T 2(2.00x10" m) :

‘5 "61-..:1-":."3661* :G3,-><"KNK"GGI]C

11.4 VARIATION OF PRESSURE WITH DEPTH IN A FLUID

! NII

)y

#=I

)y

|($82C=$"=*&(=0"18+3828&7$1*"3V*&$)$8+*&$<$15+3%68284" 1, $& NB:: P& ¢
21$28"485($&,"13$2-8&B2G&N(258&71$*=1$&+*&5(+*&+38&00&?%A&B6GE&Q*¢
3"102#8123%$84" 187 IREIEH($EB)SA

g3l@.;+C5-"-M:3,;*+" P = gB"T-"43+".*>X-"2*1",5-"61-..:1-7

2
p _2.73x10° Pa x L Hg
133

A4 1.10cm?>

F_ O.3OONX(IOOCm =20.5m—mHg

1m 3Pa

gPh"D1*GP>-"1I/KB"T-".--" 53," 5-"13+C-"*2"61-..:1-."+" 5-"-<-": "IBE"GG"|CB".*
5-"1-.1>,"+"631,"g3h";."T;,5;+",53,"13+C-/

L("@&5(2585($&5"52#84" 1, $&"3&28&1%$,523%=#218&82088=$&5"&5($& @253 1
@+5(85($&*C=21$&"4&5($&@25$18&8$75(-&Q38&7215+,=#21.8&*("@&5(25&5(4
F = /ghtL/ 2.&@ ($18&*&5($&8$3*+5)&" A& @RFHASELBS75(8 2585 ($&BLBER 3
5($&H#$3%5(&"4&5($&820-&C"=802)&2**=0$&5($842,$&"4&5($&8208+*&I$154
124, =#25$85($82I$12%6$& 71 $*=1$8$<$15$88 238 0=H5+T#)&5(+*&6)&5($3&2
5($&@25$1-&RS$&1 $&99GE

'5-"3X-13C-"61-..:1-"*+"3"93G";."C;X-+"P<"-M:3,*+" P = 2 /g, T5-1-" g ERR

N!II
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3X-13C-"5-,C5,"*2",5-"T3,-1"P-5;+9",5-"93G/"'5-+B",5-"2*14-"*+",5-"93G";."2*:+9

n n n F n 1] = lh $ '/thL m n n
405 M3+ P = F B 53 =pAazol /gLy or F = 29 L s B s
A /o) >

3X-13C-"2*14-"*+"3"1-4,3+C:>31"93G";+41-3.-."T;,5",5-".M:31-"*2",5-"9-6,5/

.

Y

11.5 PASCAL’S PRINCIPLE

#0 18,$152+3&()812=#+,&*)*5$08+*&8$*+063$885"&$<$158 28442 HADE. L ROHR 2
7=5&+35"&+5-&B2G&N(25&0=*58&6$85($&125+"&"4&5($&21$2& " 485 (S8 #2]$
5($&02*5$18&.,)#+38$1A&B6G&N(2580=*5&6$85($&125+"&"4&5($+188+20$5%
++&5($&8+*523,$&5(1"=%(&@ (+,(&5($&"=57=584"1,$&0" I BABESSRB(HRS+*!
5(1"=%(&@ (+,(&5($8&+37=584"1,$&0"I$*A&/*=0$&3"&#"**$EL5"&A1+,5+"3-

- sk M
) >-,, + 93‘@.;+%_"_M:3’;*+" i — i T_II.__I|,53’||’5_"13,;*||*2||,5_||31_3.IIP_4*G_.7"
A A
AS :i _@:1 0
A Ry 1 o

| 2
gPh"['“\+*T",53,“,5'"31'3"0*'."3.'! r_2 :%B'*",5'"13,;*“*2“,5'"31'3."C;X':7"

/2 2 2
A _rE_1(dy/2) —d—Szloqsothat$=x/100:10_-0"

A i (/2P d d,
g4h");+4-"5-"T*1\";+6:,"-M:3>." 5-"T*1\"*:,6:,B"3+9"T*1\";."61*6*1,;*+3>" *"2*14-"
;G-9,.3+4-BFd, =F,d,1 Se=Fi- 1,

d F 100 .

'5;." ->> " " 53" 5-"9;. 3+4-" 51%:C5"T5:45" 5-"*:,6:,"2*14-"G*X-.";."1-9:4-9"P<

N#
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3"234,*1"Z7ZB"1->3,;X-",*" 5-"9;.,3+4-",51*.C5"T5,45",5-";+6:,"2*14-"G*X-./

#NI B2G&e$1+4)&5(258@"1M&+37=5&$C=2#*8&@"1M&"=57=58&4"1&2&()812=#+,¢&
HFGHEBAL+ 5+"3-&N" &5 (++86)&* (" @+3%&5(2585($&8+*523,$85($&"=57=5&4
1$8=,$8&6)&5($&*20$8&42,5"185(25&5($&"=57=584"1,$&+*&+3,1$2*$8-&/**=0!
5($&4H#=+88+*&,"3*5235-&B6GAN(25&$44%,58 @"=#8&A41+,5+"38@+5(+3&5($
"07"3$35*&+BEH&*)*5$0&(2I$&"3&5($&"=57=584"1 $A&?" @ &@"=#B8&5(+*&8%
@($5($1&"183"585($&AH#=+88&&0"I+3%A

J¥> " g3MB2" 5461, "A<> +0-1"."G*X-9"3"0;. 3¢AB";,"9;.6>34-."3"X*>:G-"*2" 2"
T5-1-",5-"X*>:G-"*2"239"9;.6>34-9"G.,"P-" 5-".3G-"2*1",5-"+6:,"3.",5-"

*,6,7 "V=dA=dA" d =di%:‘)f"
DA, ¢

&*TB".;+C5-"-M:3,;*+" B"T-"43+"T1;,-",5-"13,;*"8"31-3."+" -1G."*2"

2> |
F [T

,5-"13,;**2",5-"2*14-.7i =R F, = E%ﬁ"
A A Zal

D;+3>><B"TL;,;+C" 5-"%.,6:,";+",-1G."*2"2*14-"3+9"9;.,3+4-"C; X-.7"

W, = F.d, :%f%f: Fd, =W/

8+"*,5-1"T*19.B",5-"T*1\"*:,6:,"-M:3>." 5-"T*1\";+6:,"2*1"3"5<913:>;4".<.;*G/

gPh"82",5-".<.,-G",."+*,"G*X;+CB" 5-"2134,*+ " T*>0"+%,"6>3<"3"1*>-/"[; 5"21;4,;
\+¥T" 5-1-"31-">% - B"*" 53W, =W, | W, ;"5-1-2*1-B" 5-"T¥1\"*:,6:,";.">-.."
53+ 5-"T*1\"+6:,/"8+"* 5-1"T*19.B"T; 5"21;4,;*+B"<*"+--9" *'6:.5"5319-1"*+
61,6, %+, 53+ T3."43>4:>3,-0/"&* - 7", 5-"X*>1G-"*2"2>1,9";.".,;>>"4*+ *1X-9/
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11.7 ARCHIMEDES’ PRINCIPLE

EZ/

)y

EH'

W+18&6"3$*&(2J$&2+1& 7", M$5*8&+385($085"&1$83, TR B (BLHE @RHUBBE5 ($O0¢
2J$12%$&8$3*+5)&*+%3+4+,235#)&#F$**&5(23&5(25&"4&5($&6' 3$*& '4&"5($1
"13+5("#"%+*5& @ $+%(*&28&6+188&6"3$&+3&2+1 &R BBR*EILER RAEE
27721$35802**& @ ($3&*=60$196FRE/EH ($&6"3$8+*&@25$15+%(5G-&B2G&N
@25$18&+*&8+*7#2,$8A&B6G&N(258+*&5($&J " #=0$&"4&5($&6"3$A&B, G&N(2
8$3*+5)A

g3PB-" 36631-+,"G3..">*..";."-M:3>" *" 5."G3.."*2" 5-"2>:,9"9;.6>34-9B" *" 5-"G3..
5-"2>1:9"9;.6>34-9",."Q:.," 5-"9;22-1-+4-" 5-"G3.."*2" 5-"P*+-"3+9";, "36631-+
G3..7'Myncea= 4509 ! 3.60g = 41.49"

gPh"@.;+C"A145;G-9-.V"01;+4;6>-B"T-"\+*T",53,",53,"X*>:G-""2"63349""-M:3>,

5 "X*>1G-"52" 5-"PR- AT B3, Y, =V, = o = 2229 g gone
/ 1.00g/cm® —

g4h"@.;18"2*>>*T;+C"-M:3,; B T-"43+"43>4:>3,-" 5-"3X-13C-"9-+.;,<"*2" 5-"P*+-

'5;. "4>-31>< 5 " 510+ <" B PR X-1<T5-1-/"5-"3;1"6*4\T;;$>"53X-"¢
9-+.;,<"*2"3661* ;G3,->k29" 10'° g/cn?B"T5;>-",5-"P*+-"T;>>"P-".:P.,3+,;3>>
9-+.-1/&

B2G&N(25&+*&5($&8$3*+5)&"4&2&@"023& @ ("&4#"25* &+ BNV RABLEHL & @
J'#=0$&26"I$&5($8&*=142 $A&I(+*&,"=#8&6$8&0$2*=1$8&6)& 7#2,+3%&($1&+3
021M*&"3&5($&*+8$85"80$2*=1$& (" @&0=,(&@25$1&*($&8+*7#2,$*&@ ($3&4
($#8&=38%$1&@25%$1&B61+$4#)G-&B6G&N(2587$1,$35&"4&($1& )" #=0$&+*&2
*($&#"25*8&+38*$2@R5$1A

NE
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)y

KZ"

)y

/

g3MD1*G5-"- M:3,;*+"fractionsubmerge¢ —= B"T-".--",53,7"

©fl

g " | (fractionsubmerge)l= (1.00! 10° kg/ms)(0.960) =960kg/m*"

person —  freshwate *

gPh™5-"9-+,;,<"*2".-3T3,-1",."C1-3,-1",53+",53," k521 3,-1B".*".5-".5*:>9"2>*3"

G*1-/"
7 erson_ 960kg/m®

= =0.9366
1025kg/m®

fractionsubmerged ;

© seawater

'5-1-2*1-B",5-"6-14-+,"*2"5-K*>:G-"3P*X-"T3,-1";.
%abovewater= (1.0000 0.936§! 100%=6.34%" .

)5-"9*-.";+9--9"2>*3"G*1-";+".-3T3,-1

L,=11+#"=*&,"3&215+*5*&(2J$&6$$3&M3" @ 385" & (BATBIR5L 30/ #B$3&+3%"5
7=1$8%"#8&2388*$H#&5($085"85($&%1$$8)8258 71+ $*&0=, (&6$#" @ LILHIR:
421&26"I$85($8,"*5&"4&5=3%*5$3-&N+5(& @ (2582,,=12,)&0=*5&)"=&6$826#:
02%*&"4&*=,(&238&+3%"5&+3&238&"=5&"48&@25$1&5"&5$HH#&5(258+58+*& 2
5(2387=1$8%&H#8A

*1Q. -1G;+-";2" 5-"+C*, " "C*>9" 1", 1+C.,-+B"T-"+-,8'43>4:>3,-" 5-"6-14-+,"
9;22-1-+4-"P-, T--+" 5" T*" ;P 3+4-."P* 5"*: "3+9";+"T3,-1/"5-+B" 5-"9;22-1-+4-"
P-,T--+"5-.-"6-14-+,"9;22-1-+4-.",." 5-"+-4-..31<"344:134<" 53,"T-"G:.,"53X-";+"
%19-1"*"9-,-1G;+-",5-".:P.,3+4-"T-"53X-/"5-"6-14-+,"9;22-1-+4-":43>4:>3,-9"P<"
43>4:>3,;+C" 5-"9;22-1-+4-";+"3"M:3+,;,<"3+9"9;X;9;+C",53,"P<",5-"X3%:-"2*1"C

b=5&"4&@Z581.;+C",5-"9;22-1-+4-";+"9-+.;,<B",5-"6-14-+,"9;22-1-+4-",." 5-+7

ay .. 3
%Out = g# t ' 1OOJA) — 19-3291(;'];2 :/].9.3309/Cm
.32g/cm

g

1 1006 =0.103%%in air"

Q3&@2ZB%L.:G-"3"1.000cm*+:CC-,/"'5-+",5-"36631-+,"G3..">*..";."-M:3>" *" 53,"*Z
,5-"T3,-1"9;.6>34-9B";/-/B"/2ZZ"C/")*B"T-"43+"43>4:>3,-",5-"6-14-+,"9;22-1-+4-'

NK
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G3..">*."P<":.;+C" 5-"9;22-1-+4-"+"G3. .7

18.32¢g/cm’ " 18.30g/cm®

1832g/cm? 1 100% = 0.1092%6in water"

%

n

m'g m,
=———11000 =
m
g
'5-"9;22-1-+4-P-, T--+",5-"1-M:;1-9"344:134,;:"2*1" 5-", T*"G-,5*9.";. ,
0.10929%! 0.1035% =0.0057%=0.006%B".*"T-"+--9"K"9;C;,."*2"344:134<"
9-,-1G;+-",5-"9;22-1-+4-"P-, T--+"C*>9"3+9" :+C. -4/

11.8 COHESION AND ADHESION IN LIQUIDS: SURFACE TENSION AND

CAPILLARY ACTION

KU' N$&*525$88GR) 7#$&99 BR25&28<)H$0&5=6$&+*& PHO2AE*M-&e$1+4)&5(2!
*= (&2&5=6$&12+*$*&*27&#$*&5(238 28035 HBE)&ATF BDBUBY6&5($&*20$&
2%*=075+"3*&5(258*27V*&B$FBEPYIM’ . &+5*&, "352, 5823%#$&+*&PBHL&288
5$3%+"38+*&5($8*20$82*&5 (258 " 4RMREHR 825

Y>> @.'5-"-M:3,:*+ "h = 2#cos”
/or

.36",51*:C5",5-"_<>-G",:P-7

II’*H2;+9||’5_"5_;C5’II’*IIT5;45II436;>>31<||34,;*+IIT;>>II(

_ 29£0S$ 2(0.0728N/m)(cos0j)

Ar  (1050kg/m’ J9.80m/< )2.50! 10° m) 0.566m

h

HK N($385@"&*" 2E66HS*&5" =, (.&5($&H#21%$L1&+*&+34#25$886)&5($SE*024#$1E:
*+306#$86=664#$-8&B2G &N (258+*&5($8%62=%$& 7 1$*=1$&+3*+8$&2& V&7 &6=
128+=*A&B6G&Q3*+8PEAZR+=*&*"2786=66#$A&B,G&Q3*+8$&5($&*+3%#$&
+483"82+ IGREHS3&S5($)&5"E, (A

)*>:,;*+ " n n n 4! n n n n n n n n n n
g3t@.-5-"-M:3,;*+"P = —"*"2;+9",5-"C3:C-"61-..:1-";+.;9-"3".65-1,;43>".*36
r

NH
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P:PP>-"+2"139;:."l[KZ"4®7 = =9.87N/m* "

4" _ 4(0.0370N/m)
r  (1.50! 102 m)

/
gPh"@P'= 4—'",*"2;+9",5-"C3:C-“61-..:1-";+.;9-"3".65-1;43>".*B’6PP>-"*2"139;:."
r

/
E/ZZ"4GP, = 47' - HO0370N/m) _ 3.70N/m*"

(0.0400m)

g4h"82",5-<"2*1G"*+-"P:PP>-"T,,5*.,">* ;+C"3+<"3;1B" 53" ¥*>:G-"1-G3; +."

4%+.3+,7V =V, +V, :g/ff +g/r23 :g/F?"

J>X+C"2¥1", 5" +C>-"PPP>-"139;:. "C;X-.7
R=[r? +r2]"* =[(0.0150m)? + (0.0400m)*|"* = 0.0406m."
JT-"A34+74354:53 " BEB:C- 61, 1-"2¥1", 5" +Co- PP M3, k4

/
oo M _A0037ON/M) _, 0o
r 0.0406m

11.9 PRESSURES IN THE BODY

ol 2$1"$*8+380" J+$*&(+8$86$3$25(&@25$1&238&61$25($&5(1"=9%6(&2&("##" @.
3$J$1&,25,(&"385"&5(+*&51+ MG-&Q3&712,5+,$.8)"=&,233"5&+3(2#$&+38&5(-
21$&0"1$&5(23&Z:-:&, 0&6$#" @&5($&*=142,$-&N(25&+*&5($&02<+0=0&3$%2
71$7=1$88&,23&,1$25$8+38&)"=1&#=3%"&"38&81)&#238.&2**=0+3%&)"=&,23&
| 3.00cM&D25$1&71$*=1$&@+5(&)"=18#=3%*&Z:-:&,086$#" @ &5($&*=142,$

Je>: k" B 4-C3, X-"C3:C-"61-..:1-" 53,"43+"P-"345;-X-9";." 5-".:G"*2" 5-"61-..:1-"9:-" *"
5-"T3,-1"3+9"5-"61-..:1-";+" 5-">+C. "

P=13.00cmH,0! (1 60.0cmH,0)=! 63.0cmH,O"

NO
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oK’ '1$**=1$&+385($&* 7 +32H&AH=+88&+*80$2*= 1 FRUVEI LD FADBES ($&71$**=1$
5($&*7+32#&AH=+88&+*&9:-: &0 25EIEBAG &1 $28+3%&"485($&@25$1&023
0&@25$IBBCEN (258 +*&5($&1$28+3%& +4&5($&T7S1*"38*+5*& *ABKBRABS
7:8,0826"I$85($8527A&I($84#=+8&8$3*+5)& & 89-:S&WPOY-

)*>1%+ " g3P6;."631,"."3"+;,"4*+ X-1.;*+"61*P>-G7

2
P, =(L00mmHg)§ SSNm_ g1 0eMH,0% 15 61y i o
O0mmHg"998.IN/m* " ———

gPh")*>X;+C" 5,."631,"+".,3+9319"+;,.B"T-/6&T"

P=P, +"P=P,+h#,or
P =1330N/m? + (1.05! 10° kg/m? )9.80m/<? 0.600m) = 7504N/m?.

'St 4*+X-1,:+C" *"4G"T3,-1P = (7504N/m2§1$+72?#: 76.5cmH,0"
" )/0J0. m- "

N#" 12#, =#25$85($& 71$**=1$&8=$85"&5($&." $23&25&5($&6"55"0& " 4&5($&X21+2:
5($G+#+77+3%*.&%+I$3&+5* LBSTREERSBL 2+ =0+ 3HB&E$3*+5)&" 4 @BBE1 &+
"3*52358 2##8&5(38.@2)&8" @3-&B6G&I2#, =#25$&5($87$1,$3588$,1$2*$&.+38
8=$&5"8*=,(&2&71$**=1$.82**=0+3%&+5*&6=#M&O"8=H=*8 +*85($8&*20$&2*&
"3*5235-&B,G&N(25&@"=#8&6$8&5($&7$1,$35&+3,1$2*$&+3&+5*88$3*+5H8&
"3*523588%$3*+5)8J2#+BA&N+H#HE5($&2,5=2#& T1$*=1$&6$&%1$25$1&" 1&*(
2# =#25$88=38$18&5(+*&2 =@ 5+"3A

)1 g3, +CB-"-M:3,;*+" P = h/gB"T-"43+"43>4:>3,-" 5-"61-..:1-"3,"3"9-6,5"+2"11/2"\C
P=h"g =(11.00 10° m)L025kg/m* }9.80m/<?)
latm

=1.105! 10° N/m?! 5 2
1.013 10° N/m

=1.09! 10° atm

gPh'@.;#8&"2*>>*T;+C"-M:3,;#

NN
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______ - — =5.02! 10" =5.0%decreasi volume”
Vo BA B 2.21 10° N/m

94h"@. 48"- M:3,;*+"P = VmB"T-"43+"C-,“3+"-_61-..;*+"2*1"6-14-+,"453+C-";+"

O-+.; <7'#—$ = m/(VO " #V) = VO = 1 = 1
8 mv, V,"#V 1" (#V)V,) 1.00" 5.02! 10

=1.053"

53" 5-"6-14-+"+41-3.-"1+"9-+.; <";K/=0/"5-1-2%1-B" 5-"3..:G6, *+"*2"
4+, 34,9+, <"1+ " 14, ><"X3>:9/"'5-"34,:3>"61-..:1-"T*:>9"P-"C1-3,-1B" ;
5-"61-.. 11" "6 1R6* L, 543" 59—+, <

NU
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$JA0'(Y"I#7" DW@8I"Ic&ALSS)"A&Y'S
'8 W%RSSAW"A&I"L A8 BOWSS$A'8%S.)

12.1 FLOW RATE AND ITS RELATION TO VELOCITY

!/ll

)y

IE/"

)y

N(25&+*&5($&2J$12%$&4#" @R 1R ZB&YBR:"#+3$8&5"&5($&$3%+3$&"4&2&,218
9::&MOP(&+4&+5&21$12%$*&9%&:&MOPYA

[-"31-"C;X-+",5-".6--9"*2",56-"431"3+9"3"(3;>-3C-B"C; X;+C".."3"X*>:G-"4*+..G-9"
6'1“,;G'B".*I,5'“'M :3,;*+II Q - K ll;.ll’5_ll2*1G:>3IIT_IIT3+’II’*II: ._u’*||43>4:>3’_u’5_u

t
3X-13C-"2>*T"13,-7

¥V speed 100 km/h ><IOOOcm3 L IH
t gasmileage 10.0 km/L 1L 3600s

0 =2.78 cm’/s

'1"J$&5(25&5($&*7$$8&"4&238&+3,"071$**+6#$&4A#=+88&5(1"=% (&2 &*Z3EAK 2B
e$35=1+&5=6$.&+3,1$2*$*&6)&28&42,5"1&$C=2#&5"&5($&*C=21$&"4&5($&42
8+20$5$1&8%,1$2*$*-&BI($&,"3I$1*$&27 7#+$*&4"1&4#" @ &"=5&"4&2&,"3*51+
8+20$5$1&1%$%&"3-G

82" 5-"2>:9".":+4*G61-...P5-B"™5-"2>*T"13|,51*:C5"P* 5".;9-."T;>>"P-"-M:3>7
O = Ay, = A, 'l 1;,;+C"5-"31-3.";+"-1G."B"9;3G-,-1"*2" 5" :P-"C;X-.7

2 2
ﬂ%vl = ﬂ%vz =y, = vl(a’l2 /d22)= vl(a!1 /d, )2 "

'5-1-2%1-B" 5-"X->*4;,<" 51*:C5" -4, *+"#"-M:3>." 5-"X->*4; <" 51*:C5" -4, *+"I" :G
5-".M:31-"%2" 5-"13,:#D" 5."9:3G-,-1."42" -4, *+"1"3+9" -4, *+"H,

uz
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12.2 BERNOULLI'S EQUATION+

#I

)y

KI$1)&4$@&)$21* &@+38*&+38&W"=#8$1.&!"#"128" &2552+3&*=*520 BSB&E*7$
B26"=5&9::&0+P(G&@ ($3&5($8\$5&*51$2088%*,$38*&8=1+3%&$21#)&*71+3(
@ (258+*85($&4" 1, $88=$85"&5(S&WS13"=##+8$44%$,58"38&28 1 AG(RIABIH&2
1) 7+,24#8&2+1&8%$3%+5)&+3& W HH#BE IR+ 823885 ($&, "1 1$*7"38+3%&250"+7($1+,
71$*=1$88-88 x 10* N/m’>-&BWS$13"=##-+V*&T1+3 +T#$82*8*525$88+3&5($&5¢

#20+32184#" @-8a*+3%&5($&T1+3,+TH#&($1$871"8=,$*&"3#)8&2382771"<+02
5($1$8+*&*+%63+4+,23585-8 6=#$3,$-G

8CH#L;+C",:1P:>-+4-B"T-"43+"..-""-1+*:>>V."-M:3,1*+7

P+ % ov: + peh = P, +% V2 + pgh, , T5-1-" 5-"5-,C5,."31-" 5-".3G-T'h, = h,"

P-43:.-"T-"31-"4*+4-1+-9"3P*:,"3P*X-"3+9"P->*T"3" 5, +"1**2/"'5-"X->*4; <";+.;9-"
5%.-"."b-1*B"*"y, = 0.0 m/sB"T5;>-",5-".6--9"*:,.;9-",6-"5*..-",." v, =45.0nv/s/"

'5-"9;22-1-+4-"+"61-..:1-.Bp - p,B"43+",5-+"P-"2*+@{" P, = % INZ"&*TB " T-"43+"

1->3,-" 5-"453+C-";+"61-..:1-" *" B-"2%14-"%+" B-"1*2B" G C(M:3,;+"
F=(R! P)AB"P-43:.-"T-"\+*T",5-"31-3"2" 5-"1*4 A= 200 m?):"

SATINE Y

3+9".:P.,;,:,;+C";+" 5-"X3>:-."C; X\ 7

we _ 1 3 2 4 2 2\ _ 5

F —5(1.14kg/m J(a5mig? * (0.0m/g?|220m?)=2.541 10° N

'5;. 1-G-><">31C-"2514-",." 5-"1-3 F4"<k:" B*:>0">-3X-"T;+Q¥T. "6+, +" G E-"

T5-+",5-1-"31-"*1+439*."1"5-3X<"T;+9.,*1G.";+",5-"31-8B-1T;.-"<*:1"1**2"T;>>"
6*6"*22h
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12.3 THE MOST GENERAL APPLICATIONS OF BERNOULLI’'S EQUATION+

#O/ |($&H#$458I$351+,#$&"4&28&1$*5+3%&28=#5V*&($215& 7=07*&6/833Z2H 8L &4
+3,1$2*+3%&+5*&71$**=1$&6)&99:&00&?%.&+5*&*7$$8& 40 "PE &R BIEDH B3 (&
6)&S-::&,0-&B/##&3=06$1*&21$&2J$12%$8&"I$1&5($&$35+1$&($2156$25-G¢
7" @$1&"=57=5&"4&5($&#$45&I$351+ #$-& "5P&5(25&0"*5&"4&5($& 7" QEP1&A
6#"'8&71$**=Rb-

>+ @.5+C5-"-M:3, 5 412* 16 T-1",+"2>:;,9"2BT1'43+"43>4:>3,-",5-"6*T-1"*1,6:,"P<",5-"
>-2,"X-+,1;4>-"9:1;,+C",5-"5-31,P-3,7

' 1
ower=op += )v? + h$Q,where
p 4 2) )9 ;

2
P=110mmHg! SooV™ 1 463 10° N/m?,
1.0mmHg
V= %(1.05! 10° kg/m* {0.300m/s)? = 47.25N/m? , and !

)gh=(1.05! 10° kg/m*)(9.80m/s? }0.0500m) = 514.5N/m? , giving:
100 m?
cm’

power= (1.463 10° N/m’ +47 25N/m? +514.5N/m” |83.0cm’/s)
=1.26W

12.4 VISCOSITY AND LAMINAR FLOW; POISEUILLE’S LAW+

=K |($8215$1+"#$*&B*02#8215$1+$*G&H#$28+3%&5"8238"1%23.8,"3*51+,58+3
5"&5($8"1%23-&I"&*(=5&8" @3&23&"1%23.&6#""88AH#" @ &+*8&1$8=,$88325=1"
"] +9%+32#8&I2H#=$-&W)& @ (25842,5"1&8+885($&128++&"485($&215$ 1B &B(&:
@($385($)&*5238&"3&+,$85"&1$8=,$&5($&6#""8&4# " @&5"85($+184$$5-

)L+t 82",5-"2>*T13,-",."1-9:4-9" *"1[ZZ0"*2";,."*1;C;+3>"X3>:-B",5-+"

— #P"r24 — — #P"r14 m. n n " " " . "o n
Q,= =0.0100Q, = 0.0100" L /");+4-" 5-">-+C, 5"%2" 5-"31 -1;*>-.",."\-6,
8L, &L,

4¥+.,3+"3+9" 5-"61-..:1-"9;22-1-+4-";.16,"4*+,, 3+ B"T-"43+"C-,"3"1->3,*+.5;6"
P-,T--+"5-"139;;7r,} =0.0100,* ! r, =(0.0109"*r, =0.314,"

u#
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'5-"139;:.":."1-9:4-9" *"=I/Ho"*2" 5-"*1:C;+3>"139;:." *"1-9:4-" 5-"2>*T"13,-" *"|/ZZ
*2'" "*1:C;+3>"X3&:-/

= K<207#$&9BE2H58 @ +5(&5($&AH" @& "4&*24#+3$8*" #=5+"38+38238&Qe&*)*5$
71$*=1$8148! 10° N/m?&*&,1$25$88258288$75(8."48&9-Z9808+3828&+2#+3$¢
2++=0+30&+5*&8$3*+5)&5"&6$&5 (258 EBEHREDLEFP5 &5 ($&3S@ &AM @&1LZ
($+96(5&" 48 5($&* 24+ 3$&* H=5+"38+*8&8$,1$2*$8&5"&9-S:&0-&B, G&/5&@ (258
8+1$,5+"38 " 484#" @&6$81$IS1*$SALBI(+*&1$I$1*24#&,2386$&2& 71"64$08.@
=7-&

)*>L+ " g3h"[-"43+"43>4:>3,-",5-"61-..:1:;+C",5-"-M:3,;*+" B, = /hg'T5-1-",5-"5-;C5,";."
I/HI"G"3+9",5-"9-+.;,<";.",63,"*2".-3T3,-17

R, = "hg = (1025kg/m’ )L.61m)(9.80m/ ) =1.62 10° N/m?"

(P #R)T",

gPh"82" 5-"61-..:1-";"9-41-8.-0" M IKZ'GB T-"435--M:3,*+" Q = =271

F'9- -1G;+-" 5-"+-T"2>*T"13,-TQ = %. [-":.-"

| =0.0250m, r =0.150' 10” m,$ =1.005' 10” N!s/n?,3+9
P, =1.066 10° N/m?*."

@;+C,5-"-M:3,;*+" P, = /hgB"T-"43+"2;+9" 5-"61-..:1-"9:-" *'3"9-6,5"+2"/KZ"G
P,'= (L025kg/m?® )1.50m)(9.80m/s? ) =1.507! 10* N/m?.”

(P, #R)"r",
&l

<P G * B MES, R Q = C:X-.7

|(1 5071 10 N/m? #1.066 10° N/m?)$(0.1501 10*° m)' |
8lL.005 10" N "s/m? {0.0250m) '

=1.11 10" m®*/s=0.111cm’/s

gah™"5-"2>*T"13,-"T;>>"P-"b-1*"g3+9"P-4*G-"+-C3,;X-h"T5-+" 5-"61-..:1-";+",5-"8
-M:3>" #'g*1">- " 53+h" 5-"61-..:11-";+" 5-"63,;-+,V."X-+7

1.066! 10° N/m?

P
P=#hg" h=—t=1 v y = 0.106m =10.6cm&
J #9  (1025kg/m® f9.80m/<’)

r
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12.5 THE ONSET OF TURBULENCE+

K"

)y

KU/

)y

e$1+4)&5(25&5($&4#" &0 32EB6215#)G&A"1&23& " +#8&%=*($1&5(25&* ("¢
ES-:&0&+35"&5($&2+1&5(1"=%(&2&7+7$ &R BSLRIEBREL IS15+,2#& 7+7H&+*8&
#"3%-&12M$&5($&8$3*+5)&"4&5 (TR UG/ EDIBE+5*&I+*,"*+5) ZEORGHEM?) | S&
B"1800 Pa!sG&

2"vr
/
9-,-1G;+-",5-"X->*4; <"*2" 5-"*:>["): +4-" 5-" 2" *"#K/Z"GB

[ -"T;>>".%5-"M:3,;%+" N, =

*"9-,-1G;+-",5-"Y-<+*>9"+:GP-1B" *"T-"G..,"

v?=vg ! 2gy,wherev=0m/sy=25.0m,s0
Vo =+/20y =+/2(9.80m/s’ |25.0m) = 22.136m/s

EFTBIT-"43+" 5. M:3, 4" N, = 2" 7

\ = 2900kg/m*)22.136m/5)(0.0500m)
=

- =1.99! 10° < 2000"
1.00(N/m?)"s

);+4-"N,, =200C,.",5-"3661% ;G3,-":66-1"X3>:-"2%1">3G;+31"2>*T/")*" 5-"2>*T"*Z
>3G;+31"gP31&<h/

24338 +*&T+7$8&=38$1%1"=38841"081$4+3$1+$*85"&02\"1&=*$1*-&I($&
3.00" 102 m¥/s&B26"=5&S::8RA+3G.&5($&JI+*,"+5)&"48% 2 0B* ABEHNIM?) 1 5.8
2388+5*88$3*+63QKIM -&B2G&N(25&0+3+0=088+20$5$180=*5&5($&7+7$&
H$)3'#8*83=06$1&+*&5"&6$8#F*&5(23& E: :A&BEG&N (2587 $R0=-158634451
02+352+3$8&2#"3%&$2, (&M+#"0$5$1&"4&5($&7+7$&5"&02+352+3&5(+*& 44"

2"vr 2781

g3h"[-"T;>>" 45" M:3,;*+" N, = ——B"T5-1N, == 200B",*2;+9"5-"
G;+,G:G"139;:.B"T5;45"T;>>"C;X-".." 5-"G+;G:G"9;3G-,-1/"D; 1. BT *"C-,"
B+ BL-.;*+"2*1" 5-"X->*4; <B"ZBGM:3,*+" v = % =S )P HCICIXT
r

UE
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24QI ) 22 9620000 1§22, 535" G;i+GIG 3G 1%
/" (1000
Q (680kg/m )(3.00" 10° m®/s) _
- =13.0m
500%& 500941.00" 10° N's/n?) :

#Pr?

gPh"@.;.'."S.;"'M:S,;*"'" Q -
,5-"2>*T"13,-7

B'T-"43+"9-,-1G;+-" 561-..:11-"9;22-1-+4-"21*G"

84Q _8(1.00' 10'® N#/n?)(1000m)(3.00' 102 m%/s)

= =2.68'10'° N/m?"
96" 9412.99m)*

$P=

'5;."61-..:1-";."-M:;X3>-+," *"2,65" 10' " atmB"T5;45";."X-1<".G3>>"61-.&1-n

12.7 MOLECULAR TRANSPORT PHENOMENA: DIFFUSION, OSMOSIS, AND

RELATED PROCESSES+

HHY L=77"+$&()81"%$3823986$3821$88+44=*+3%&5(1"=%(&2+1-&/&*02##820"=3
1$H$2*$8&*+0=H#523$"=*#)-&?" @&O=, (&5+0$&72**$*86$4"1$&5($&()81"%$3&
"485($&"<)%SIA&L=, (&8 +44$1$3,$*&+38&211+I2#&5+0$*821$8=*$88&2*& 238
,(1"025"%127()-&

i sxq v DIFG"3P>-"4/4B'T-\+*T"D,, =6.4" 10°° m*/sandD,, =1.8"10°° m*/s/[-"T3+,"
’*II:._ ll’5_ll_M:3’;*+ll Xr EBII +4 n 53 Ill P3,,G—" *1 5 "9;_’3+4—"’13X—>9"

9:1;+C"9;22:. 4/ [-"53X-", T*"-M:3,*+. T X nc0, = +/2Dg,to, @NA Xynarr, = /2Dy by, /”

[_||T3+’||’5_"9;.,3+4_||’13X_ >_9||’*"P_"’5_".3G_Bll.*"T_"43+||._’"’5_"_M:3’;*+."_M:3>/ll
'5-19;.,3+4-"T;>>"P-" 5" 3G-"T5-+" 5", ;G-"9;22-1-+4-"P- T4, andt,,_ .;."/ZZ" B’
FT-"43471->3,,5-", T ;G- Tt =t, +1.00s/"
o+ CP 5 TG, 344" M 3,4+ "-M:3>"3+ 9" M:B+C"CI X 2D, to, = 2D, t,, "3+9"
<P, CI2¥L_<C-+",,G-"CiX D, [t +1.008)= Dy, t,, /"
J>X+C"241" 5-"5<Q1*C-+",,G-"CIX-.7
D | "5 2

ty, =——> 11.00s= 1810°mIs 1y gos=0.301s"

"D, " D, 6.41 10° m?/s" 1.8 10° m’/s

I5_ll5<91*C_+llT;>>II,3\_IIZ/:U!ll.ll,*ll’13X_>ll’*ll’5_"9; . ’3_KBIIT5;>_||’5_II*_<C_+IIT;>>II,3

UK
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I=U1"" " 13X->" 5-".3G-"9;.,3+4-/"'5-1-2*1-B" 5-"5<91*C-+"T;>>"P-"1/ZZ".-4*+9
35-39"2" 5-"*_<C-+"32,-1"Z/=\&"/

UH
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$]A0'(Y"1=7""(LO(YA'@Y(B"F8&('8$
1(%YCcB"A&I"]("RA)"WA]) "

13.1 TEMPERATURE

" N(25&+*&5($&R2(1$3($+5&5$07$125=1$& " 4828 T30 CHBITIB2&
YL [A3+ 4R X-1,"21%G"$->.;1. " " D35 1-+5-1,7

T, =§(Tic) +320j

Te= 2(39.01 C)+320;{C=10ZF
)* 39.0;C"."-M:;X3>-+," 102 F /"

or B2G&L=77"*$&28&, #88&41"35&6#" @*&+35"&)"=1&#" 2#$&2388&81"7*&5($&5$0"
R2(1$3($+588$%1$$*-&?" @&023)&8$% 1$$*&I$#*+=*&8"$*&5($&5$07$125=1
5($1$8+*4028; F B$,1$2*$8+385$07$125=1$A&BEGEL("@&5(25823)&, (23%$&
+38R2(1$3($+5&85%1$$* &+ ABBETESE, (23%$&+3&ISH* + =R BS% 1 $$*-

)*>:);*+ " n n n n n n 5 n n . n n ", n
g3h"[-"43+"..-",5-"-M:3,;*+ '|'iC=§('riF! 32)"*"9-,-1G;+-",5-"453+C-";+
,-G6-13,:1-/ "
—_— n — 5 n n 5 n
! Tic _Ticz T;c1—§(T;F2 32) §(Ti|:1 32)
5

" 5 5
=§ iF2 T|F1)=§'T|F:§(4O|):222|C

gphll[_ll\+*Tll’53,ll n -I-iF — -I-i':2 ! -I-iFl/"['”3>-*"\+*T”,53," -I-iF2 - g-l-icz + 32|3+9u

T, =§Ti o +32/")*B P, 1, +CB T-"53X4"T | :%ng +32f" %Tm +320r

uo
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031,;3>><".*>x;+C"3+9"1-3113+c:;+c:",5-"-|v|:3,;*+Es""1r;;53%('riC2 T e )

'5-1-2*1-B1 T, :gl Te"

13.2 THERMAL EXPANSION OF SOLIDS AND LIQUIDS

IK/"

)y

#I

)y

L"@&5(25&Z:-:&Y &"4&%2* " #+3$&" 1 1 HD 2B y&2BE<72388&5"&79-9& Y & @ ($3
5"&5.0;C,&*& #2+0$8&+38) 7#S&I&[

[-"43+"C-,"3+"-_61-..;*+"2*1" 5-"453+C-";+"X*>:G-":.;+C",5-"-M:3,; ¥/ = "V,! T B"
F 5243 G-V =V, + 1V =V, 1+ "I T), T5-1-"#=950! 10*/;C"2*1"
C3.*>;+-"g.--"3P>-"I=/thB".*" 53"

V' =V, + $V"' T =60.0L +(9.50! 10™/;{C)(60.0 L)(20.0;C) = 61.1L"

A."5-",-G6-13,:1-",.";+41-3.-9B",5-"X*>:G-"3>.*",+41-3~./

L("@&5(28%3! , B)&, 2#,=#25+3%&5($&., (23%$&+ IRV GAETB,=6$8@+5(&*+8$*
H$3V65H(8E:

D1*G" 5-"-M:3,;*+1 L = "L,! T "T-"\+*T" 53,">-+C,5"453+C-."T; 5" -G6-13,:1-/"[-"
3> #\+*T" 53" 5-"X*>1G-"+2"3"4:P-"; "1->3,-9" *": ">+C BWP=<1*"7"@.;+C" 5-"
M35V =V, 1V B9 P, s+ C2%1" 59 "T-"C- V= (L, +! L)®/"5-+"T-"
1-6>34 L with | L= "Ly T"*'C-"V = (L, + "L,! T)° = L3(L+ "1 T)%/");+4-" 1 T "
G3>>B"T-"43+":.-" 5-"P;+*G;3>"-_63+.*+" *\ T3 (1+3"1 T) = L3 +3"L31 T/
Y-T1;,+C" 5-">-+C 5" -1G."+" -1G."*2"X*>:G-"CYKSV, + ! V =V, +3"V, | T/"<"
4#G63L;+C"2*1G."T-"C4,V = #V,| T=3"V,| TV"5.B " =3/ /"

13.3 THE IDEAL GAS LAW

UN
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#O/

)y

)y

Q3&5($&5%<5.84+5&@2*&* (N@B&IBB& 10 m'* &"1&%2*&25&LI-&B2G&L("@&
C=235+5)&+*&$C=+J2KHR6&F'88" 10° cm' 3, &*&*525$8-&B6G&/6"=5& (" @&02:
25"0*821$&5($1$&+3IRNEERE, =6+,80+,1"0$5$1G&25&LI'A&B, G&N(2588"$*&)"
5"&7215&B6G&+07#)&26"=585($&*$72125+"38"4825"0*&23880" #$, =H$*A

g3h™5;.";."3"+;,."4*+X-1.;*+"61*P>-GB".*"

" 250
E:éz.ss 10 % 1m %:2_68,, L0 o

V m? 100cm

gPh"AC3;+B"T-"+--9" *"4*+X-1," 5-":4;,.7

3

1 | 25
N :%2.68.310 B, Jm6 % 568l 107 e
vV £ m  #£00010°0my —
g4h"5;." 3<." 53,"3,*G."3+9"G*>-4:>- "G, "P-"*+" 5-"*19-1"*2"g; 2" 5-<"T-1-",;C5,:

634\-9hV = N - L -373'10%um
2.68"10"um*®  268"10" ym? —————

%1",5-"3X-13C-">-+C,5"*2"3+"3,*G";.">-.." 53+"3661*_:G3,-><"

(3.73! 10°® 1m?)¥® =3.34! 10° m=3nm."

)+4-"3*G."31-"T;9-><".634-9B" 5-"3X-13C-">-+C,5";."6 1*P3P><"G*1-"*+" 5-
*Q"Z|="+G/

1&6+,) #$&5+1$&(2*&2&71$*60H&0AK/M* 25&28&5$07$125=1BVAZRL38&
,"352+3*&E-1:&Y&"4&%2*-&N (258 @ +##&+5*& 71$**=1$&6$&+4&)"=&#$5&"=5&
(2*&28&J"#=0$&1'88cmM>25&250"*7($1+,&71$**=1$A&/**=0$&5+1$&5$07$125=1
J'#=0%$&1$02+3&,"3*5235-

D;1.,B"T-"+--9" *'4*+X-1,",5-G6-13,:1-"3+9"X*>:G-7

T(K)=T(jC) +273.15=18.0+ 273.15=291.2K, and.,
V =2.00L =2.00" 10'° m®.

&-_,B".-" 5-"19-3>"C3.">3T" *"0- -1G;+-" 5-"1+;,;3>"+:GP-1"+2"G*>-4:>- "14+" 5" ]

_ PV _ (.00 10° N/m? [2.001 10° m°)
kT (.38 10" J/K)(291.15K)

PV =NKT" N, =3.484 10*"

uu
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)y

'5-+B"T-"+--9"*"9- -1G;+-"5*T"G3+<"G*>-4:>-"T-1-"1-G*X-9"21*G",5-",; 17

! 6 ~~3
(L013 10° NI o0cr 107 m’
PV = (NKT) (N="Y= M #_ 551 107
KT (1381 10 J/K)(291.5K)

[-" 43+"+*T"9-,-1G;+-"5*T"G3+<"G*>-4:>-."1-G3;+"32,-1",5-"C3.";."1->-3.-97
N, =N, " #N =3484 10" 2521 10* =3.459! 10**"
D;+3>><B",5-"2;+3>"61-..1-";.7

_ NLKT _ (3.459! 10%°)(1.38! 10 *® J/K)(29115K)
V 2.00! 10°m?®
=6.95! 10° N/m? = 6.95! 10° Pa

P2

B2G&Q3&5($&8$$7&*72,$&6$5@$S3&V624#2<+$*.&5($&B$3*+5)&" 48 25" 0*&+*
10° atoms/ni, @38&5($&5$07$125=1$&+*8&2841+%+8&E-O&k-&N(258+*&5($&.

J'#=038&B+385&+*&",,=7+$8&6)&9&0"#&"4&%2*A&B,G&QA&5(+*&J "#=0$&+*&
#$3%5(&"4&+5*&*+8%$*&+3& M +#"0$5$1*A

g3h"@.-",5-";9-3>"C3.">3TB"T5-1-

PV = NKT
6

p=Nyr=19 138" 107 3K)(2.7K)
V 1m

=3.73' 10 N/m? =3.7" 10" N/m? =3.7" 10" Pa

gPh"&*TB":.;+C",5-"61-..:1-"2*:+9";+"631,"g3BE"HYZZ"G*>/"@.-",5-";9-3>"C3."53T

PV =nRT
V= nRT _ (1.00mo|)(8.31:1{:nol K2)(2.7K) _6.02! 107 m® = 6.01 10 m?
P 3.73!1 10" N/m
g4h");+4-" 5-"X*>:G-"*2"3"4:P-";.";,.">-+C,5"4:P-97

L =V¥® =(6.02! 107 m*)”® =8.45! 10° m=8.4! 10° km"

1ZZ"
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13.4 KINETIC THEORY: ATOMIC AND MOLECULAR EXPLANATION OF

PRESSURE AND TEMPERATURE

EE/ = #$2184=*+"3.85($8$3$1%)&*"=1,$&"4&5($&L=3.8()81"%$3&6"06*.823884:
" =1*&0=,(&0"1$&1$28+#)& @ ($3&5($&2I$12%6$&M+3$5+,&$3$1%) & "J&5(2BSE
+* 825&(+%(&5$07$125=1$*-&L=77"*$&($L2BAIGEER.) "= 1&4=>+"38$<7$1+0$:
(20$&2J$12%$&M+3$5+,&$3B1 40+ FOEUE-&N(2585$07$125=1$&+*& F$B$SA

3

)*>:’;*+ " n n ||_ n 1] n n
@'- 15- _M:S,;*+ KE =Ek-l- ,* 2,+9 ,5' ,'G6'13,:1'T

— KE | 10714
&3y 1o 2KE_ 2640 10 J)
2 3k 3[.38 102 JK)

=3.09 10°K"

13.6 HUMIDITY, EVAPORATION, AND BOILING

Kz! B2G&N(25&+*&5($&J27"1&71$**=1$& ARIP2AKBEPHAN (25& 7$1,$352%$& "4&
250"*7($1+,&71$**=1$&8"$*&5(+*&,"11$*7"38&5"A&B, G&N (252 KIHCEEN A&@

J27"18+48+5&(2+&9::d&1$#25+I$&(=0+8+5)A&BI($&8$ 3 ABMCARBIIQRG K25
&

)*>1,+ " g3h"J36*1"01-..:1-"2*/,0(20 C) = 2.33 10° N/m* =2.33 10’ Pa"

gPh";X;9-",5-"X36*1"61-..:1-"P<"3,G*.65-1;4"61-..:1-7"
2.33 10° N/m?
1.01! 10° N/m?

' 100% = 2.30%"

g4hII|5_ll9_+.;’<II*2||T3’_1II;+II’5;.ll3;1II;.II_M:3>II’*II’5_II.3’:13,;*+||X36*1||9_+.;’<ll*2llT3’-
,5;.",-G6-13,:1-B",3\-+"21*G3P>-"I=/K"];X;9;+C"P<",5-"9-+.;,<"*2"91<"3;1B"T-

"2 3
Co\" 5-"6-14-+ 3C-"42"T3 -1":4" 5.3, 172 10~ kg/m

L 20ka/nT 1 100%=21.43%"
«  1.20kg/m

Izr"
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KH/

)y

H#/

)y

N(258+*&5($&B8$3*+5)&"4& @ 25$ 1P BARPEALE 8.81)882)&+385($88$*$158@)
5$07$125=1$40/&C &38&5($&1$#25+I$&(=0+8+5)88&*&Z-::dA

vapordensity | 100%
saturationvapordensity
(percentrelativehumidity)(saturationvapordensity) .

100%
_ (6.00%)(51.1g/m") _ 307g/n?
100% —

percentrelativehumidity=

vapordensity=

[50"7($1+,&71$*=1$&25"7&X5-&KISL.SBLE* /M -&B2G&N(25&+*&5($& 721
71$*=1$8"48"<)%$385($1$8+48+58+*&E:-Td&"485($&2+1A&BBGEN(25&7$:
0"=352+3& #+06$1&61$25($&*"&5(25&+5*8 7215+ 2#&T1$**=1$&+*&5($&*20$¢
@($1$&250"7($1+,&71$*=18&H18° N/m? ?28B,G&b3$&"4&5($80"*5&*$I$1$&7:
4"185("*$&, #+06+3%&JI$1)&(+%6(&0"=352+3*&+*85($&$<51$0$881)+3%&"4&€
N()&8"$*85(+*881)+3%& &, =1A

g3h"'5-"631,;35"61-..:1-";." 5-"61-..:1-"3"C3." T*>9"41-3,-";2"; "3>*+-"*44.6;-9" 5-"
¥, 3>"X*>:.G-B"*1",5-"631,;3>"61-..:1-";.",5-"6-14-+,",5-"C3."*44:6;-.",;G-." ,5-"
*,3>"61-..:1-7
partialpressuré0, ) = (%0, )(atmosphec pressure) '

= (0.209)(330! 10° N/m?) = 6.90! 10° Pa
gPh"D;1.,"43>4:>3,-",5-"631,;3>"61-..:1-"3,".-3">-X->7"
_partialpressurdatsedevel) = (%0, )(atmosphec pressure) )
=(0.209)(1013! 10° N/m?) =2.117! 10" Pa
)"\ 55."-M:3>" * 5614+ " <C-t";G-.",5-"61-..:1-"3},5-" *6"*2"L /" (X-1-.,7"

. %0, $
artialpressur¢atseaevel) =9 273,30 10° N/m?) =2.117! 10* Pa
p p é ) m #( )

4 2
5:8" %0, = 211" L0 NIMT 3 — 64,206
3.30 10° N/m
BIGH 4, 344>, GP-1" 5+>0"P1-3,5-"3;1"4%+ 3+ +C"HEMO™_<C-+"3,",5-" 6
L/"(X-1-," *'G3;+,3;+" 5-".3G-"631,3>"61-..:1-"3."3,".-3">-X->/"$>-31><B" 5-

IZ#"
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O%-."+* "4*+,3;+" 53,"G:45™_<C-+/"5;.";"T5<"<*:"2-->">;C5,5-39-9"3,"5;C5"
3>,;,:9-.7"c*"31-"631,;3>><"*_<C-+"9-61X-9/

g4h"5;."91<;+C"61%4-.."*44:1."P-43:.-" 5-"631,;3>"61-..:1-"*2"T3,-1"X36*1"3,"5;C
3>,;,19-.":."9-41-3.-9" :P.,3+,:3>></"5-"4>;GP-1."P1-3,5-"X-1<39lR"T5;45">-3
IS QNG 11-"P-+C %, "9i-" ¥ X36%13,;*+/"'5-"P1-3,5;+C"63..3C-."31-"
5-1-2%1-"+* "C-, :+C" 5-"G*;.,:1-" 5-<"1-M:;1-"21*G" 5-"3;1"P-;+C"P1-3'5-9/

HNY 0(/%1")/%2+3#(.%-EB4&) =& @23585"&, " M&+ 3LADTS R E23RS 8L 28 7 1$++=1$&, ")
5(25&,238&@+5(*5238&5($&3%$,$21)&71$**=1$-&B2G&N(25&71$*=1$&+*&1$C=
7"+358" 48 @25$1&5"8&6$&5(+*&(+U0(ARBEGEQALS($&H+88 " 4&5($&T1$++=1$&, "
8+20$5$1.8@(2584"1,$&0=*58+586$& 26HIRELG@ ST IBLSA

)*>1*+ " g3h"D1*G™3P>-"I=/KB"T-"43+"C-,",5-"X36*1"61-..:1-"*2"T3,50/8,7"J36*1"
61-..:1- v=4.76! 10° N/m*"

gPh"@.;+C" 5-"-M:3,"Pr= %, T-"43+"43>4:>3 -" 5-"2%14-"- -1 -9"*+" 5-"61-..:1-"

491> 9] 1-B"T-"+--9" ¥": "&-T *+V.">3T." *'P3>3+4-"2*14- ['A..:G;+C",53,"T-"
31-"4*4\+C"3," -3">-X->B" 5-"2*14-"+" 5-">:9"T;>>". -G"21*G" 5-"+,-1+3>"61-..
2%:+9"+"631,"g3nB" 5-"3GP;-+,"385#1;4"61-...1-B"3+9",5-"2*14-."5+>9;+C" 5-">:¢
5:,/"5:."T-"53X-"3"IP3>3+4-"*2"61-...1-.m7"

P+latm#(4.76! 10° Pa)=0" P =3.75 10° Pa

netF = PA=(3.75 10° Pa)$(0.125m)?) =1.84! 10* N
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$JA0'(Y'IE7"|(A"A&I "|(A™YA&)D(Y"
L(']%I) "

14.2 TEMPERATURE CHANGE AND HEAT CAPACITY

!/ll

)y

ur

)y

b3&2&("5&82).&5($&5$07$125=1$&"4&XIRHD :00+3%& 7""#&+3, L$ PORG)&
N(25&+*&5($&3$5&($25&5123*4$1&8=1+3%&5(+*&($25+3%A&Q%3"1$&23)&.
#**&"4&@25$1&6)&$I27'& 25+"3-

'5-"5-3,":+61,";."C;X-+"P<) =md T B"T5-1-",5-".6-4;2;4"5-3,"2"T3,-1";."
c = 4186J/kg!{C/"5-"G3..";."C;X-+"P<"

m?

m= "V = (1.00 10° kg/m*)(80,000L)!
( g/m®)( ) 1000L

=8.00! 10* kg,"

3+9" 5-" -G6-13,:1-"453+C-";.| T =1.50;C/"5-1-2*1-B"
Q=ma#T =(8.00 10° kg)(4186J/kg"iC)(1.5QC) =5.02! 10° J"

R"##" @+8%0"1"=*&$<$1,+*$.&5($&6"8)&5$07$125=1 S AMELBEF -G C-&/58
@(25&125$&+3&@255*&0=*5&5($& 7$1*"3&5123*4$1&5($102#&$3$1%)&5"&1
5$07$125=1$&%'& C &3&D:-:&0+3.&2**=0+3%&5($&6"8)&,"35+3=$*&5"&71"8=
25&5($&125%&"4&98.6ki& 1 joule/secndorl W =1J/9)&

D:1.,B"43>4:>3,-"5*T"G:45"5-3,"G:.,"P-"0:..:6397
Q = MGyyrarpoe# T = (80.0kg)(350Q0/kg"iC)(40,C-37;C) =8.40! 10° J"

'5-+B".;+4-"6*T-1",."5-3,"9;X;9-9"P<",;G-B"T-"43+"C-," 5-"6*T-IN11-9",*"61*9:4-"
5-"43>4:>3,-9"3G*1+,"*2"5-3,"+"=Z/Z"G;+:,-. 7

IZE"



$*>>-C-"05<.;4. )10+, "Y*>0, k4 "L34:3> $536,-1"1E"

_Q_  840010°J

I:)cooling - - ; — = 4.67! 102 w.™
t  (30min)(60s/1min)

&FTB".+4-15-"P*9< 4%+ +1- " *'61*9:4-"5-3,"3,"3"13,-"*2"IKZ"[B"T-"+--9" *"399"
53," *" 5-"1-M::1-9"4**>:+C"6*T-17
Pequirea = P

required — ' cooling

14.3 PHASE CHANGE AND LATENT HEAT

144/ " 1862%8&.,"352+3-0PURB. $&+*&0=,(&0"1$8$44$,5+I$8+3826*" 16+3%&$3$1%)&5
"352+3+3%&5($&*20$820"=BFBAA25$B2GE&?" @&0=, (&($25&5123*4$1&+*&3!
5"&12+*$&5($&5$07$125=1$&"4&:-F::&M%&. " MROBESIHLRRB6 G&?" @E&O= (¢
($2585123*4$1&+*&1$C=+1$8&5"&4+1*5& (HER. SR 2BBHESBE 1 2+*$&+5+&,
5$07$125=1$A&B,GAK<7#2+3&("@&)"=1823*@$1&*=77"15*&5($&,"35$35+"3,
0"1$&$44$,549%-

+ By =467W +150W =617W.,

P>k g3h" @ =md T B +4-"5-1-",."+*'653.-"453+C-";+X*>X-9";+"5-3,;+C",5-"T3,-1]
Q =me#T = (0.800kg)(4186J/kg"iC)(30.QC) =1.00! 10° J"
gPh"*"9- -1G;+-",5-"5-3,"1-M:;1-9B-""G:.,"G->," 5-";4-B"..;+CQ = mL, B"3+9" 5-+"

399" 5-"5-3,"1-M:;1-9" *'13; =" 5-" -G6-13,:1-"%2"G->,-9",4-" ;+@'=md T B".*"
53,"Q=mlL, +mc' T =(0.800kg)(334 10° J/kg)+1.003 10° J=3.68! 10° J"
g4h"'5-";4-": "G:45"G*1-"-22-4,;X-"+"3P *1P;+C"5-3,"P-43:.-"; @:]"P-"G-> -OB"
T5;45"1-M:;1-."3">* "*2"-+-1C<B", 5-+";,"(B"5-3,",53,", 5-"T3,-1"3> *'T*:>9/"
'5-"2:1.,"2.67) 10° J*2"5-3,";.".-9" *'G->," 5-";4-B" 5-+"; "3P *1P." 5-"
1.00! 10° J*2"5-3," 53,",5-"T3,-1"3P *1P"/

IZK'
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-

)y

#KT

)y

2" @&023)QUPR"4&,"44$$&0=*5&$]27" 1253841 "0&DS: 88" A& YBNBEXSR2EIRE
HEE($&,"44$$&49TB.C &' U5 CALC'=802)82+=0$&5($&, "44$$&(2+&5($8*203
5($102#871"7$15+$+*&2*&@25$1&238&5(2585($8&2$12%:$&($2ERABNBPIHH2B
2#P%G-&BC"=802)&3$%6#$, 585($&, (23%$&+3802+&" 4&5($&, "44$$&2*&+5&, " H
23*@$L85(258+*&*H+%6(5H)&H21%$IR5(238,"11$,5-G

'5-"5-3,"C3;+-9";+"-X36*13,;+C",5-"4*22--"-M:3> " 5-"5-3,">-3X;+C",5-"4*22--"3+
*'>¥T-1%,.",-G6-13,:1-B".*",53,ML, =m.,! T +mc,! T,"T5-1-"M ".",5-"G3.."*2"
4*22--" 53,"-X36*13,-./")*>X;+C"2%1" 5-"-X36%13,-9"4*22--"C; X-.7

_ #T(mc, +myc,)

= N

_(95.GC" 45.0C)
560cal/g

M

1[(3500)(1.00cal/g! { C) + (100g)(0.20cal/g! | C)] = 33.0g

&*,;/4-" 53 "T-"9;9" 5-"61*P>-G";+"43>*1;- "3+9"C13G.B".;+4-" 5-"5R;M3."C; X-+"
4" 5% BU349" 5-"1-.1> "T-"T3+,-9"T3."+"C13G./"[-"4*:>9"53X-"9*+-" 5"
61*P>-G";+",,3+9319":+;,.B"3+9" 5-+"4*+X-1,-9"P34\" *"C13G." *'C-,",5-".3G-"3%

Q48)"=8&7"=1&:-:9::&MPO&I CED 25$18."35" & 24 DFRGM L 48+ $&B@ (+,(&+*883
| 15.0,C G.&@ (25&+*&5($&4+324#&5$07$125=1$A&C"=&02)&2**=0$&5(25&5($
127+8#)&5(258$44$,5+&"4&5($&*=11"=38+3%* & 1$&3$Yo#+%o+6#$-

'5-"5-3,"C3;+-9"P<" 5-"4-"-M:3> " 5-"5-3,">* "P<" 5-"T3 -1/"); +4-"T-"9*"+* "\+*T"
5-"2;43>". 3,-"*2" 5-"T3,-1i:4-"4*GP;+3,*+B"T-"2;1.,"+--9" *'4*G631-" 5-"5-3,"
+--9-9" *'13; " 5-"14-" *" 0;C'3+9" 5"5-3,"3X3;>3P>-"21*G" 5-"T3PIL,B"T-"+--9"
F'4354:>3 BTG AB-3, " T*>9"P-"1-M:;1-9" *"13;.-5-" -G6-13,:1-"+2" 5-":4-" *"
0iCT'Q,. = ma#T = (1.20kg)(2090J/kg"i C)(15C) = 3.762! 10" J"

ice

&*TB"T-"+--9" *"43>4.>3,-"5*T"G:45"5-3,";."CK*22" *">*T-1",5-"T3,-1",0,C7
Q =md T, = (0.0100kg)(4186)/kg! | C)(20.GC) =837.23"

);+4-"5;." ">- " B53+" 5-"5-3,"1-M:;1-9" *"5-3," 5-";4-B"T-"+--9" *"43>4:>3,-"5*T"
G:45"5-3,";."C;X-+"22" *"4*+X-1," 5-"T3,-1" *";4-7

IZH"
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Q, =mL, =(0.0100kg)(334! 10° J/kg)=3.340 10° J"

l5:.B ll,5_||’*’3>II3G*:+’II*2II5_3’IIC;X_+II*ZQI’I:1+ll’5_IIT3’_1II’*II;4_"3’IOi C7II

Qe =4.177110° . ™

);+4_llQ|ce > QwaterB'r'_HSBX_llg_’_lG;+_9||,53’||’5_"2;+3>||.,3,_!I*2||,5_||T3,_1i;4_";.ll;4_ll3’ll
*G-"-G6-13,:1-"P->*T" 0jC/"&*TB"T-"+--9" *'43>4:>3 -" 5-"2;+3>" -G6-13,:1-/'[-

._’ ll’5_"5_3’ll>*.,ll21*Gll’5_llT3’_1ll_M:3> ll’5_ll5_3’IIC3;+_9llP<ll’5_II;4_BIIT5_1_IIT_II+*TII
\+*T" 53,",5-"2;+3>",3,-";.";4-"3T" <0;CT

Qlost by water = gainedbyice, or mNateerater#TZO! 0 + mNaterLf + rn/v.sltercice#TO! ? = rnce(-:'ice:/:'t-r"15! ?

):P.,;,:,;+C"2*1" 5-"453+C-";+",-G6-13,:1-."gP-;+C"431-2:>"15B;}."3>T3<."6*.;,;X-I
3+9".1G6>12<+C"Conel Craer(2010)+ Ly +(Goe) 0! T,)] =M, ! (! 15iC)]

(20| C) + Lf ] I rT\cecl
(mNater + mce)cice

A5iC) ..

ce

JSX+C 241" 5-"21+35" -G6-13,:1-"CrXem Mt Cue

3+9".*ll2;+3>$<Bll

_ (0.0100kg)[(4186J/kg"{C) (20 C) + 334#10° J/kg]

B (0.0100kg +1.20kg)(20903/kg";C)

| (1.20kg)(20900/kg"iC)(15C) .
(0.0100kg +1.20kg)(2090J/kg"{ C)

=113.3C

14.5 CONDUCTION

=E/ 180238&.,"3*=0$*&D:::&M, 2#&"4&4™"88+38&"3$&82).&,"3)$ 15+ T80 EIB2E3G6"
5$07$125=1$-& QA& ($&H# *$*&(2#A&5(+*&$3$1%)&6)8$I27"125+3%& @ 25$1&!
*@$25+3%G.&(" @&023)&M+#"%120*8"48 @258 1&$I27"125$A

T;

V40)
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)y

=N/

)y

@.-"Q =mL,B"T5-1*Q = %3000kca| andL, s, , = 580kcal/kg,™

Q _ 1500kcal - 2.50kg"

=m ! m= - -
Q=mlygyc, Liarc) 580kcallkg ——

1"0721 $&5($&125$&"4&($258,"38=,5+"3&5(1"=90( &M@ 2##&5(25&(2*&23
10.0m2@38&28&5($102#8&.,"38=,5+J+5)85@+,$85(258"48%H2*+&@"" #E&@ +5(&
"38=,5+"3&5(1"=%6(&28@+38"@&5(25&+*&:-0S:&,085(+,M&2388&5(Z5QMRIR.Z:
2++=0+3%8&5($8*20$&5$07$125=1$&8+44$1$3, $&Z, 1"**8$2,(-&

|
@._II’5_II13’_*2||5_3’||,13+.2_1IIP<II4*+9:4,;*%& kA(TZd. Tl) B"3+9||,3\_||,5_||13’;*ll*2ll

,5-"T3>>"*" 5-"T,+9*T/"5-",-G6-13,:1-"9;22-1-+4-"2*1",5-"T3>>"3+9",5-"T, #P;>"
p-",5-".3G-7"

(Q/t)wall - I‘(wall'A\/\/alldwindow
(Q/t)window kwindv:>w A\Nindowdwall
(2! 0.042J/s"'m"{C)(10.0m?)(0.750 10"* m),,
(0.84J/s"'m"{C)(2.00m?)(13.0! 10" m)
=0.0288wall: window,or 35:1window: wall

)T H9*T."4*49:4,"G*1-"5-3," 53+ T3>> /"5;.". 5%:>0" --G"1-3.*+3P>-B".;+4-";+",5
Ti#,-1",5-"T;+9*T."2-->"4*>9-1" 53+",5-"T3%>./

14.6 CONVECTION

Kz!

b3$&@+35$1&82).&5($& #+025$&,"351"#&*)*5$0&"4&28#21%$&=3+I$1*+5)&
02#4=3,5+"3*-&/*&28&1BOOMR 4&$<,$**&, "#8&2+1&+*&61"=%(5&+3&$2,(&0+3

125%$&+3&M+#"@255*&0=*5&($25&5123*4$1&",,=1&5" & GRI0R 5 (25&2+ 1865 &6
5($&2+1&5"&1"0&5$07$12%=1$GA

IZN'
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)y

t
motT _ #verT _ (1.29kg/m* [500m* [7219/kg"iC)(10.G.C)
t ot t 60.0s
=7.75 10* W = 77.5kW.

@.-Q=md T +"4*GP+3,*+'T; 55-"“M:3,7+." P = 2'349'm = /v "*'C-,7"
P= 9 =

14.7 RADIATION

KN/

)y

B2G&!2#,=#25%$&5($&125$&"4&($25&5123*4$1&6)&128+25+"3&4110C& ' &1
50.0iC &3J+1"30$35.&+4&5($&128+25"1&(2*&23&$0+**+]+5)&"'28:-ML& 2388
*=142,$&21$2-&B6G&Q*&5(+*&2&*+%3+4+,235&412,5+"3&"4&5($&($25&512¢
$3%+3%A&I"&23*@$1&S5(+*.&2**=0$&2&("1*$7" @$1&"4&E : &(7&B9I-S&MNG&
2=5"0"6+#$&$3%+3RP8IF-&

g3h"@.;+C" 5-"236*>,bG3++">3T"*2"139;3 B"63\;+C".:1-",*"4*+X-1,",5-"
-GB-13,:1-."+ ¥+, 2" F->X;+B" 5-"13,-"2"5-3,",13+.2-1";.7

% = $eA(T24 ! T14) "

= (5.67#10' J/s"m? "K *)(0.750)(120 mz)[(323K)4 ! (383K)4] =1 543W

gPh"A..:G;+C"3+"3: *G*P;>-"-+C;+#ZZ"5*1.-6*T-1"3+9",5-"-22,4;-+4<"32AC3 . *>; +-

4G MK B 5 A G- G__..200horsepower= 800’5+ .-6*T-1":+"*19-1"
25%
'C-+-13,-",5-"#Z7"5*1.-6*T-1/"5-1-2*1-BNZ5*1.-6*T-1";.">*, "9:-" *"

5-3,;+C/");+4-"1"56"k"OEH"[B",5-"139;3,*1",13+543W ! % =0.728hp"

21*G"139;3,;*+B"T5;45";."+*,"3".;C+, 22434, ,*+"P-43:.-",5-"5-3,",."61;G31;><"
,13+.2-11-9"21*G",5-"139;3,*1"P<"*,5-1"G*3+./

IZU"
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HKY

)y

ozl

B2G&/&*(+15#$+*&1+8$1&=38$182& +1,=*&5$35&4$$#*&5($&($25& 128+25+3
"4&5($85$35-&12#, =#25$&5($&5$07$125=1$8"485($&5$35&., 23] @B BHBL " 3.
+34"1025+"3U&I($&*(+15#$*&1+8$1V*&*M+ 3855 0TC EBBERER BRE$0+*++]+5
-TO:-&I($E&$<7"*$8&21$2&" A& IVAKRN* B 2$& 15, $+I$+& 128+25+"3&25&5($& 1
N] (2#48@(258)'=8&@"=#8&,2#,=#253$&+ASHSARITHLBBE(+08& @ 2*&("5-&I($:
5($&*=11"=38+3%*820868075-&B6GE = &(" @&5(+*&*+5=25+"3&@"=#8&, (2
*=3H+58*+8$8"485($&5$35& @2*&3$21#)&7=1$&@ (+5$&238&+48&5($&1+8$1.
5=3+&

g3h"@.5-"),- 236*>,bG3++3T"*2"139;3,;*+7

9 = {é* 4 4
. 09. 2+(|'2 ) T),

L _& Qi +T4#“4 _&2(Ql1)
2" ge(A12) T 0eA
_& 2(20.0W)

$(5.67( 10°° J/s' m? ' K*)(0.970)(0400m?)
= 321.63K = 48.5C

#1/4
|

+T*

14

+(307K)*

gm"A"A-"T5;,-"*PQ-4,"1-2>-AG*1-"*2" 5-"139;3+,"-+-1C<",53,"5;,."; B".*",5-"T5; -
-+, " T*>9"61-X-+,"G*1-"+2" 5-".:4>;C5,"21*G"5-3,;+C":6",5-";+.,9-"*2" 5-" -+ E
3+9"5-"T5;,-", 1+;4"T*:>9"61-X-+,53,"139;3+,"-+-1C<";+.;95-" -+,"21*G"
5-3,;+C" 5-"1;9-1/"5-1-2*1-B"T; 5"3"T5;,-",-+,B" 5-" -G6-13,:1-"T*:>9"P-">*T-
53+"48 5 CB"3+9" 5-"13,-"2"139;3+,"5-3,",13+.2-11-9" *" 5-"1;9-1"T*:>Q"P-"
53+"#Z/Z"[/"

0(/%1")/%2+3#(. % B2 G&L=77"*$&)"=&*5215&2& @"1M"=5&"3&2&L 52+102*5$1
7" @$182585($&*20$8125$8.2*& #+06+3%899Z8*52+1*&7$1&0+3=5$-&/**=04
M%&238&)"=18$44+ ZBOBHE (" @ &H" 3% & @ +HH#&+5852M$&A"18)"=1&6"8)&5S
1+*98001G & A& 2H##&"5($1&4"10%&"4&($25&5123*4$18+38238&"=5&"48&)"=1&6'
B6G&Q*&5(+*&, " 3*+*5$358 @+5(8)"'=18$<7$1+$3,$8+38%$55+3%& @2108@

nz"
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)*>%+ " g3h"c*:"61*9:4-"6*T-1"3,"3"13,-"*2"HNK"[B"3+9".;+4-"<*:"31-"#Z0"-22;4;*6,B"<
F)produced — 685W
efficiency  0.20

53X-"C-+-13,-97P

gene rated

=3425W/™

82" +><"HNK"["*2"6*T-1"T3.":.-2:>B",5-"6*T-1"3X3;>3P>-"*"5-3," 5-"P*9<"; "
P =3425W " 685W =2.740! 10° W/"

wasted

grTRp  =Q9-MdT

wasted — t - t

ma#T _ (76.0kg)(35000/kg"iC)(1.00C) _
P

wasted

, 93,

t= 7.1s"

2.74 10° W

gPh"5;.".3<." 53,"; " 3\-."3P*:,"3"G; +:,-"3+9"83>2" *'C-+-13,-"-+*:C5"5-3," *'13;.-"
5-" -G6-13,:1-"+2"<*:1"P*9<"PY .00 CB"T5;45" --G."M:;,-"1-3.*+3P>-/"
R-+-13>><B"T;,5;+"2;X-"G;+:,- 2" T*1\;+C"*: "J43RLG3.,-1B"<*"9-2;+;,-><"2--
T31G"3+9"61P3P><"31-" T-3,+C" *"\--6"<BA<"21*G"*X-15-3,:#C

OH/ 4("%) &H#()5*%+6%& BBG&N(25& +*&5($&5$07$125=1$8+3,1$2*$& " 4823&F -:&
"3*=0$*&ES:: &M, 2#&"4&4™""8&+3&."3$8.8F) QBARE($E&$3$1%)&5123*4$11$88:
5"&5($86"8)A&BEGE&N(258+*&=31$2*"32 GHBRIABHTIRB, GEAN(+,(&71$0+*$&"
2%+=075+"38+*& 1$*7"3*BBHSA

)*>:,;*+

g3lR =mc' T,sothat T = Q. (0.950)(280kcal)
mc (80 0kg)(0.83cal/kg! C)

'5;.".3<." 53," 5-",-G6-13,:1-"+2" 5-"6-1.*+";." 37;C+36;C = 73{C!"

gPM+<",-G6-13,:1-";+41-3.-"C1-3,-1",53+"3P*3{C T*>9"P-":+1-3.*+3P><">31C~,
8+",5;."43." 5-"2;+3>",-G6-13,:1-"*2" 5-"6-1.*+"T*:>9"1;.-TZ C (163 F)/"

g4h"'5-"3..:G6,*+" 53," 5-"6-1.5+"1-,3;+."UK0"*2" 5-"-+-1C<"3."P*9<"5-3,";."

+1-3543P>-/"L*,,"*2" 5-"2**9" 4*+,:G-9"*+"3"93<";."4*+X-1,-9" P*9<"5-3,B"
>*;+C"+-1C<"P<".T-3,;+C"3+9"P1-3,5,+CB"-,4/
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$JA0'(Y"IK7"](YL%Ic &ALS8$)!

!/ll

)y

or

)y

N(258+*&5($&,(23%$&+38&+35$132#&$3$1%)&" 48 2& B RHL KNS BT~ BHRBFR+ 3!
523MA&I($8$3$1%)&,"35$358 " 48 IR B HHB G- &/ ##8."5($18&42,5"1*.&*= (&2*¢
,21V*&5$07$125=1$.821$&,"3*5235-

@.;+C",5'"'+'1C<“4*+;'+,"*2"3"C3>>*+"*2"C3.3.>:He& J/galB",S""+'1C<”-,*1_9F:'
/Z"C3>>*+"*2"C3.*>+,7= (1.3 10° J/gal)(1Dgal)=1.6! 10° J."5-1-2*1-B",5-"
+,-1+3>"+-1C<"*2" 5-"431";+41-3.-."P<"5;."-+-1C<B"*J531.6! 10° J."

B2G&N(25&+*&5($82I$12%$80$526" #+,&125$8+38@255*8"48280238.@ ("&
"484""8&$3$1IBR 338 82) A&BBGEN(258+*&5($&02<+0=0820"=358"48@"1M&
8"8&@+5("=5&61$2M+3%&8"@38&425.82**=0+3%8&2802<+0=0&$44+,+$3,)&" 4
(+*&@"1M&"=57=58@+5(&5($882+#)&"=BIeBLERVRIFD $1G&0"581-

g3h"5-"G-,3P*>:4"13," 5-"6*T-1B".*" 53,7

_Q_10500kJ, 1000J,  1day

! ! =122W"
t l1lday 1kJ 8.64 10°s ~—

gPh"(22;4;-+4<";_"9-2;+-9"’*"P-"’5-"13,;*“*2“T53,"T-"C-’",*"T53’”T-“_6-+98"*1"
Eff = Eﬂ'B".*"T-"43+"9-,-1G;+-",5-"T*1\"9*+-B"\+*T;+C",5-“-22;4;-+"4<7
W = Eff "E, =0.200(1050kJ)! % =2.10 10° J"

g4h"*"4*G631-"T;,5"3"Z/#KZ"56"G* *1B"T-"+--9" *\+*T"5*T"G:45"T*1\",5-"G*,*1'

g "



$*>>-C-"05<.;4. ),:9-+,")*>1 %+ "L3+:3> " $536,-1"IK'

746W  8.64! 10*s

O*. ":4"*4+_"93<7\W\ = Pt = (0 Zsmp)(ldayy | =1.61 107 J."
1hp lday
" 7
)*B",5-“GB+V."T*1\"*:,6:,";.7'Wm°‘°’ Lo 106J =7.67! "O/HO";G-.">-..",53+"
W 2.10'10°J

man

,9-"G**1/"5:.",5-"G*,*1"61*9:4-."O/HO",;G-.",5-"T*1\"9*+-"P<5-"G3+/"

15.2 THE FIRST LAW OF THERMODYNAMICS AND SOME SIMPLE

PROCESSES

1 I8 (SH+=(I-+HH$B&E") &6 24H 38 (2*&28Y%62=2$& T1$**=1$&"4&:-E:&250&2388&.2
2" @&0=,(&%1$25$1&++85($&+35$13248$3$1%6)&"4&5($&(S#+=08+38&5($&62
258>$862=%$&71$*&1$A

)15+ DL, B T-"GL,"3..:G-",53,", 5-"X*>:G-"1-G3; +."4%+.,3+,B".*" 53/ =\/,B"T5-1-". 3,-"
I".",53,"3,"R, = 0.200atm+ P, = 0.200atm+1.00atm=1.20atmB3+9".,3,-"#";.",53,"3,
P2 :1.00atm/“&*TB"T—"43+"43>4:>3’—"’5—";+7—1+3>"—+—1&"?@::—G";+"_,3’—"#"

+CNS-"- M3, % +"U :g NkTB".;+4-"5->;:G";,."3"G*+3,*G;4"'C3.7

U, = SNKT = S0a2Y Ber = 3 py
2 28KT # 2

'=1.521 10° J

5 (3
_Bgpaty 1012 10°N/m* %, o 100 m* S
2 latm #
&-_,B"T-"43+".-",5-",9-3>"C3.">3TB"; +"4*GP;+3,;*+5/8M:3,*+'U = g NKT",*"
C-,"3+"-_61-.;*+"2*1), 7

U, 3/2NKT N, PV/KT _P
U, 3/2NkT N, PV/kT P,
:]S ' 1.20atm

u, %ﬁ# té/jmi(mzl 10° J)=182! 10° J
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3+9ll.*ll’5_";+’_1+3>II_+_1C<II;+.;9_",5_"P3>>**€+||;.7

Ul n U2 - 182! 103 J_152! 103 J e 300JBIIG3’_1II’53+II;,IIT*:>9llP_ll3,llb_l*llCB:C_ll
61-..:1-/"

15.3 INTRODUCTION TO THE SECOND LAW OF THERMODYNAMICS: HEAT

ENGINES AND THEIR EFFICIENCY

#I N+5(&.56! 10° J&4&($2585123*4$1&+35"&5(+*&$3%+3$.&28&%+I$3&,) #+,2#&
"3#)&.50! 10° J&4&@"1M-&B2G&N(25&+*&5($&$3%+3$V*&$44+,+$3,)A&B6GE
5123*4$1&5"&5($&$3J+1"30$35&52M1$*& 7#2,$A

Je>: k" g3h™M5-"-22;4:+A4LB- T\ "9:X;9-9"P<" 5-"5-3," 47

!
Eff = W - lSO—J'OBJ =0.0586 or 5386%"

gPh"5-"T*1\"*:,6:,"." 5-"9;22-1-+4-"P- T--+" 5-"5-3,";+6:,"3+9" 5-"T3.,-9"5-3,B" *"
21*G" 5-"2;1.,">3T"*2" 5-1G*9<+3G;4.7

W=Q, "Q# Q. =Q,"W=256! 10° J" 150! 10° J=241! 10° J"

15.5 APPLICATIONS OF THERMODYNAMICS: HEAT PUMPS AND

REFRIGERATORS

E#/ B2G&N(258+*&5($&6$*5&, "$44+ +$358&"4&7$14"1023,$84"18&281$41+%$1 2!
$3J+1"30$358258.0i C38&(2*&($2585123*4$1&5"&23"5($1&$3]+ HB0H3B&2
B6G&?"@&0=,(&@"1M&+3&\"=#$*&0="SBEHR 7B 23*4$1&" 4&[IF Z&MQ&4
"#88$3J+1"30$35A&B, G&N(25& +*&5($&,"*5&" 488" +3%&5(+*&+485($&@" 1N
3.60! 10° JB2&M+#"@2ABA&BSG&?" @&023)&Mg&"48&($2585123*4$1&", =1
@210&$3J+1"30$35A&BS$GE&N ++, =& @ (258&5) 7$&"4&1$41+%$125"18&0+%(5.
5($*$&5$07$125=R%*-

g "
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)*>:’;*+ ! n n n Q 1 n n n n n n
g3h"@.;+C",5-"-M:3,;80P,, :WCZCOF?]p! 1,"3+9"2*1",5-"P-.,"4*-22;4;-+,"*2

6-12*1G3+4-B",53,"G-3+."G3\-",5-"$31+*,"..P.,;,:,;*+B"1-G-GP-1;+C"*',5-"
3P.*>:,-",-G6-13,:1-.7"

coref=%=coe,p!1= L= Th g
W Eff. = T,!T, )
_TI@IT)_ T 243K

= =324
T, ! T, T,!' T, 318K! 243K

gPhun@.;w > — %Bn3c3;+Bn3+9ll.*>X_n2*1ll,5_|IT*1\119*+_IIQ3(E{OOOkcaI:u

cop. =2, w=_Q _1000kcal
W coP 324

ref

= 3086 kcal = 309kcal"

g4hlll5_ll4*.,ll;.||2*:+9||P<ll4*+x_1’;+Cll’5_ll:+;’.II*2||_+_1C<II;+’*II:+;,.ll*2ll4_+’.7

cost= (3086 kealff o0 1006 #_ 55q;.
Silkcal "0B60' 10° J7

ggh”['"T3+,",*"9','1G;+'“ Qh ,"-*”:.;+C"W - Qh | chc;x_.ly

W = Qh ) Qc (
Q, =W +Q, =309kcal+1000kcal =1309kcal=130%kcal' § '11502;‘] = 5479k
0

g-h"5-";+.;9-"*2",5,."121;C-13,*1"g34,:3>><"21--b-1h"228"(! 30.GC),.*",5;."
61*P3P><";."3"4*GG-14,3>"G-3,"634\;+C"21--b-1/"5-"-_53:.,";."C-+-13>><"
’*ll’5_ll*:,.;9_BII.*ll3.II,*II+*’II5_3’II’5_IIP:;>9;+Cll’**llG:45/I

15.6 ENTROPY AND THE SECOND LAW OF THERMODYNAMICS:

DISORDER AND THE UNAVAILABILITY OF ENERGY

EO/ B2G&b3&2&@+35$1&82).82&,$152+ B0 TEA 8B8E$2585"85($&"'=5++8$8&B2
S:1.&W5=G-&N(258+*&5($&5"524&, (23%$&+38$351"7)&8=$8&5"&5(+*&($258
2++=0+396&23&2J$12%$8+38""185$07$ 229 CERIB&23&2I$12%6$&"=58""1&

K"
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)y

K=

)y

5$07$125=1$&308i CA&B6G&I(+*&#23%$&+3&$351"7)&+07#+$*&28#21%$&?2
$3$1%)&(2*&6%,"0$&=32J2+#26#$&5"&8"&@"1M-&N($1$&8"8&@$&4+38&0"1$
$3$1%)&+*&H#"*585"&=*A

g3t@."1 S= %",*"43>4:>3,-",5-"453+C-";+"-+,1*6<B"1-G-GP-1;+C",*":.-"
-G6-13,:1- "+ F->X;#7

(Q . Q ' 1 3 4

152 Q% el 1% (5001 10 =978! 10 JIK "

T, T ka( ( )%ﬂ ( Soax Y —

gPh"8+"19-1" *'C3:+"G*1-"-+-1C<B"T-"G:.,"C-+-13,-";,"21*G",5:+C."T;,5:+" 5-"5
>\-"3"5-3,"6:G6B"5:G3+"P*0:- B"3+9"* 5-1"3864: ["A."<*"\+*¥TB"T-": -"3">* "
*2"_+_1C<II,*II\__6"*:1"5*:._.||T31Gll;+ll’5_IIT;+’_1BIIP_43:._ll*2"’5_ll>*..||*2||5_3’II,*II
,5-"*:,.;9-/ "

N(25&+*&5($&8%,1$2*$&+3&$351"7)&"4&ES-:&%&"4&@25$1&5(25&,"38$3*$*
0+11"1&25&28&5%$07$12533.88482**=0+3%&3"&,(23%$&+3&5$07$125=1$&23:
#25%$35&($25&"4&J27"1+>25+"3&5"&6S&E[S:&MgPM%A

[5-+"T3,-1"4*+9-+.-.B";,".5*:>9".--G"1-3.*+3P>-",53,";,."-+,1*6<"9-41-3.-.B".; +4-"
,5-"T3,-1"C-,."*19-1-9B".*

4ooQ_ !l ML, _! (250" 107 kg)(2450" 10° J/kg) _
TOT 308K

=1199J/K"

5"t 16<"2" 5-"T3,-1"9-41-3 - "P<"IUU"NIF"T5-+";,"4*+9-+ .-/

15.7 STATISTICAL INTERPRETATION OF ENTROPY AND THE SECOND LAW

OF THERMODYNAMICS: THE UNDERLYING EXPLANATION

KU/

B2G&Q4&5"**+3%&9::&,"+3*.&("@&023)&@2)*&B0+,1"*525$*G&21$&5($1$&5
#+M$#)&02,1"*525$*&"4&[T&($28*&238&S9&52+#*.&S:&($28*&238&S:&52+#*

IH"
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[T&52+#*A&BEGEN(258&7$1,$35&" 4&5($&5"52#& 7" +6-+#+ 5 8% SGBB+A&B!

)*>:.,;*+" g3h"D1*GP>-"IK/B"T-"43+",3P:>3,-",5-"+:GP-1"*2"T3<."*2"C-,,;+C",5-",51--"G*.,
>\-><"G:;41*.,3,-'7

1"t &2
EU K!" 99! 10%®
KZ KZ 1.0!10®"
KI" EU 991107

*3>"k"2.98! 10°° =3.0! 10°"

gPh"5-"*3>"+:GP-1"*2"T3<.1,27! 10*°B".*",5-"6-14-+,"1-61-.-+,-9"P<",5-" 51--"
G*.,">\-><"G;41*.,3,-.";,.7

_ total#of waystoget3macrostate_ 3.0! 10*
total#of ways 1.27! 10*

% =0.236=24%"

no-
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$]A0'(Y"IH7"%)$8WWA'%Y c"L%'8Y8&" A
[AJ() "

16.1 HOOKE’S LAW: STRESS AND STRAIN REVISITED

#I'

)y

Q5&+*8 @058 4"1&5($38#", 2FGABARIL=66)&5520-&|($&625(1""08* 2#$&=
2GR SHHY0+6++5)&, 2386388+, 1+6$886)8 2" MSV*&#2 @& 2388+*&8ST1$*
02<+0=08&#"28&"4&9E:&M%-&B2G & RTAS@WE5LH A4S, 5+I$8*71+3%&,"3*5235
7#2)$18&*5238+&"3&5($&* 2#$*& 2388857 1$*$*&+586)&:-[F&,0-&Q*&($&S$H+%
=38$IFSM%&5$ZA

g3@.;+C5-"-M:3,;*+" F =1 kx, wherem=120kg andx = 0.750" 10'* m'C;X-.7

k=" E =" m_g =" (120kg)(980r2n/52) =1.57 105 N/m"
X X "0.750 10 “m

'5-"2*14-"4*+,,3+,"G..,"P-"3"6*.;,;X-"+:GP-1/"

gPh F =1 kx

| kx _! (157" 10° Nim)(0.0048m) "

mg=!kx# m= =76.90kg =77k
g g | 9.80m/s 9=114

C—_B"5—"; .II_>;C;P>_II’*IIw|3<

N($38&23&F:3M%&023&*5238*&"38 287" %" &*5+ M.&5($&*71+3%8+*&, "MBREES
N(258+*&5($84"1,$&,"3*5235&"4&5($&*71+3%A&BEGEN+H#85($&*71+3%&6:
@ ($36&("7*&8" @3&5($&1R8A

>+ g3t@.;+C5-"-M:3,;*+" F =1 kx, wherem=80kg andx =!0.120m'C;X-.7

mg _,, (80.0 kg)9.80m/<)

=6.53 10° N/m"
X " 0.120m -

o F o
X

IIN"
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gPh"C—_B"T5—+"’5—"G3+“;_"3’“5;.">*T—_’“6*;+’“;+“5;."5*66;+C”’5—"_61;+C"T;>>"P—”
4*G61-..-9",5-"G*., ["

16.2 PERIOD AND FREQUENCY IN OSCILLATIONS

or N(258&+*&5($&7$1+BRROME '$#$,51+,2#& 7" @S 1A

)L " " . o
@.;+C5-"-M:3,;*+" f = =3 T51 f =60.0Hz =60.0s *'C;X-.7

T=<= = =1671107s= 167m¢

16.3 SIMPLE HARMONIC MOTION: A SPECIAL PERIODIC MOTION

IR 1&:-S:: ;M%&02*:&7$38$8&41"0&2&*71+3%&"*,+##25$*& @ +5(&2&7$1+"8&"4&
02**&0=*5&6$&288$8&5"&5($&"6\$,5&5"&,(23%$&5($& 7$14+"8&5"&E-:&*A

>
) @.;+C5'”'M:3;;*+"T - 2/ m '2*1”'345“G3-:T - 2! ﬂ,T - 2./ ﬂ,u
k ! k'? k

*ll 53’“’5 ll13”*ll*2ll ll6 1 *9II4-3+IIP IITl”’ +ll +ll 1G ll*2ll 5 1IIG3 7

it -\/7 %If %2—1&2(0 500kg)"

94.50s"

'5-"2;+3>"G3.."G;+:..",5-";+;,;3>"G3.."C; X-.",5-"G3..",53,"G:.,"P-"399-97
'm=m,! m =0.889%g! 0.500kg =0.389%g"

16.4 THE SIMPLE PENDULUM

nu"
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HET N(25&++&5($&7$1+"8&" 4R EBY& 7$3I8=HEDA

)*>:,;*+ " L
@.-"5-"-M:3,;*+" T = 2/ \/: B"T5-1-L =1.00m7
g

T =2/ L =2/ ﬂ =2.01s
g ~Vosomig =

=7r B2G&N(25&+*&5(38$44%$,5&"3&5($87$1+"8&" 4&28& 7$38=H#=08+4 &P EGCERNC2
5($8$44%$,58"385($&7$1+"8&"4&28 7$38=#=08+4&)"=&8%$, 1 T2 RRA5*&H#S$3%5(

*>:,;*+ "
) g3h"@,5-"2*>>*T;+C"-M:3,;*¥"= 2/ \/E B"3+9"T1,,-",5-"+-T"6-1;*9";+",-1G."*2",5-
g

*>9"6-1,*9B"T5-181=2L 7T

T':2'\/7 NP, # JET
A gz

The periodincreasedy afactor/2.

gPh"5;.";G-BY =0950L g s 53 7=y (9O0L _ oenr — g7 5
" g

16.5 ENERGY AND THE SIMPLE HARMONIC OSCILLATOR

=H" O(L1'(%%" (1+,--* )/#( &$21&5($85"7&"4&5($&!+5+%1"=7&I$35$18&6=+#8+3%:
14+5).85($1$&+*&23&"6\$, 5& @ +5ARMP 1P &§ &3&*7 1+3%*&5(25&(2]$8&28\=*52¢
4"1,$83*5235*-8Q5*&4=3,5+"38+*&5" & B2 (HISAENER 3 ##25+"3% 8" 485($&6=+4
"% 425+ 3068 25&5(38*20$841$C=$3,)&2*&5($86=+#8+ P ERBBEISYHEI L)
5123*4$11$885"85(38"6\5,5.&@ (+,(&"*, +##25$*&+3*5$288&"485($&$35+1$8.6:
$48,5+I$84"1,$&,"3*52358*("=H#B&5($&* T 1+3%*&(2I$&5"&02M$&S5($&."6\$,5&"
7$1+"8&"4&E-::&*A&BBGEN(25&$3$1%)8&+*&*5" 1$8&+3&5 (KB F 14392 B05 382

®Z"
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41"0&$C=+#+61&=0A

)y
g3h"@.;4%"-M:3,;*+"T =2/ % T5-1-"m=4.00! 10° kgandT =2.00sB"C;X".7

_4"’m_ 41%(4.00 10° kg)

K
T2 (2.00s)

=3.95 10° N/m
gPh"@.;+C",5-"-M:3,;PE, = % kx?B"T5-1-% = 2.00mBC; X-.7

PE: = %kxz = % (3.95! 10° N/m)(2.00m)® =7.90! 10° J"

16.6 UNIFORM CIRCULAR MOTION AND SIMPLE HARMONIC MOTION

=0/ B28(258+*&5($&02<+0=08J$#" +5)&" 4QABETH1 " 3&6"=3,+3%&"'3828&625(1""
(23+3%8&284"1,$&,"3*52B5Q140° N/m.&+4&5($8207#+5=8$8"485($&6"=3,$&+
B6&I (258+*&5($&02<+0=08$3$1%)&*5"1$8&+3&5($&*71+3%A

)y K
G3M@.4\5-"-M:3,* +'Vmax = | X B +4-" 5-"6-1 ¥+"P¥:+4- " 4" :G6>-"531G*+;4"
m

G*,*+B"T5-1-"X =0.200' 10'> m:"

ra \/1.50! 10° N/m
Vmax = . [—X =

(0.2000 10> m) = 0.266m/s
m 85.0kg -

QPFPE:%kXZ :%(1.50! 10° N/m)(0.200! 10'2 m)’ =3.00J

&

I# "
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16.8 FORCED OSCILLATIONS AND RESONANCE

EKY L=77"$8)"=&(2]$82&:-BBN&"6\$, 58" 38 2& (" 1+>"352#&*=142,$&,"33$,5$885"¢
5(258(2*8284"1,$&,"3*5235&"4&9S:&_P0O-&I($1$8&+*&*+07#$&A1+,5+"386$5@
*=142 $8@+5(8&28*525+,8,"$44+,+$358 48 A06:BBARE?" @&421&,23&5($8*7:
+51$5,($8&@+5("=5&0"J+3%&5($802**A&BEGE&QA&S5($8"6\$, 58 +*&*$58+35"§
207#+5=8$&5@+,$&5($&8+*523,$&4"=388+38&72158B2G.&2388&5($&M+3$5+,
b =0.085(. 8@ (25&5"524#8&8+*523%BHEERISHEO$4" 1$&*5" T 7+3%A&/*=0$&+E
5($&02<+0=0&207#+5%8%-

J¥>1,5+ " g3h [\ T",53,",5-1-"31-", T*"2*14-,"34,;+C"*+",5-"G3;#" 5-"5*1;b*+,3>"0; 1-4, "+
netF = N ! kx=0,'T5-1-"x".",5-"9;.,3+4-",5-".61+C";.", 1- 4B/ [-\+*T"
53,41, =010 m=0.750kg, k =150N/m,3+9".+4-"5-"G3..";."*+"3"5*1;b*+ 3:
:1234-BN = mg/"[ -"43+,5-+"*>X-"2* K T

= KMy _ (0.100)(0750kg)(9.80m/s")

=4.90"10° m"
k 150N/m

)*B",5-"G3_;G:G"9;.,3+4-",5-".61;+C"43+"P-".,1-,45-9"T; ,5*.,"G*X;+C",5-"G3..
;."4.90"10° m."

gPh"D1*G3G6>-"IH/B"

(1/ 2)k(2x)* _ 0.5(150N/m)(9.80" 10'° m)®
H.mg (0.0850)(0750kg)(9.80m/s”)

=1.15"10'> m&

16.9 WAVES

?"@&023)&5+0$*&28&0+3=5%$&8"$*&28&6"25&6"6&=7&238&8"@3&"3&",$23&@.

KZ @2I$#HP3YBE:-:&08&238&28&71"72%25+"3&*7$$8&"4&85-::&0P*A

)>Lk+" @.-75-"- M3,y = 1T

!# n
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v, =71 f :V—W:—5'00(;n/3:o.125Hz"

&*T",53,"T-"\+*T",5-"21-M:-+4<B"T-"43+"43>4:>3,-" 5-"+.GP-1"*2"*.4,>33 ;*+7

N = ft = (0.125Hz)(60.0s) = 7.50 times"

KK/ C'=18$218+*&, 272 BIHRABRS35+25+3%8&*"=38*85(258211+I$&2585($&$218&)\=
N(25&+*&5($&0+3+0=0&8+*523,$&6$5@$$3&5@"8&*7$2M$1*&5(25&71"8=,$&
2583"5+ $26#)&8+44$1$3585+0$+&"3&2882)&@ ($3&5($&*7$$8& " 4&*"=38&+*

St @.-",5-"9-2;+;,;*+"*2':x*4;,<3z':%, CiX-+",5-"T3X-"X->*4;,<"3+9" 5" :5-7

d =v,t =(340m/s)(1.00 10°s)=0.340m = 34.0cm"

'5-1-2*1-B"*PQ-4,.",53,"31-"=E/Z2"4G"3§]11'231,5-1h"T;>>"61*9:4-".*:+9." 53,",5-"
5:G3+"-31"43+"9;.,;+C:;.5/

16.10 SUPERPOSITION AND INTERFERENCE

H#/ [(1$$&8\2,$35&M$)*&"3&2&7+23'@BR &FB8& G&21$&*51=,M&*+0=#523%"=*#
71"8=,+3%&41$C=$3,+$*&"4&D[T.&D0O:.&238&DTE&?>-&N(25&6$25&41$C=$
6)&5(+*&8+*,"18235&,"06+325+"3A

)> k" 51T >>"P-" 51--"9;22-1-+,"P-3,"21-M:-+4;-."P-43..-"* 2" 5,-134,;*+."P-, T--+"
,5-",51--"9;22-1-+,"21-M:-+4;-/

@.;+C5-"-M:3,;*+" fy =|f, 1 f,|'CX-7
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fe, =[370Hz ! 349HZ| = 21Hz,
"fg, =[392Hz! 370Hz| = 22Hz &
fo; =[392Hz! 349HzZ = 43Hz

16.11 ENERGY IN WAVES: INTENSITY

o

)y

062 )+ —* ) B2GEN(25&+*&5($8+3598/MBIA82&H#2*$1&6$5208=*$88&5"8
2@2)&,23,$1"=*&5+*=$&5(25.&@ ($3&T:-:0&26*"16$8.&7=5*8S::&g& " 48$3$1¢
*7"5&E-1:8008+388+20$5$18+38&]-::&*A&BBGE M+, =&(" @&5(+*&+35$3*+5)&
2J$12%$&+35$3*+5)&"4&*=3H+ b (BABABRIRBES ($&+07#+,25+"3*85(25&@" =1
5($&#2*$186$20&$35$1$88&)"=1&$)$-&_"5$&("@&)"=1&23*@$1&8$7$38*&"38
8=125+"3&"485($&$<T"*=1$-

93h"@.4%"-M:3,;*+." | = ;'3+9"P = VTVB"T"'---",53,"

W = Pt = (0.9001A)t = 0.9001 # °t, sothat:
SE L 00 = 1.1 10" W/m?
0.9004 % 0,900 (2.001 10°° m)’ (4.00s)

gPhlll5_ll;+’_+.;,<II*2II3II>3._1II;.||3P104II’;G_.ll’53’ll*2“,5_ll.:+BII.*II4>_31><II>3._1.ll43+|
X-1<"93G3C;+C";2",5-<"+,-1"<*:1"-<-N"5;."G-3+.",53,".,3L,;+C";+,*"3">3.-1";
ARG MM X3+, 31, +C 3, B 2R L5 T, 5%, P>+ +C

IH#E"
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$]A0'(Y"107"0]c)8%$)"%D"|(AY8&R

!/ll

)y

or

)y

N($3&7"M$8&6)&2&*7$21.&23&"7$125+,&*"7123"&#$5? &R BRIARMBIR N[ +5*&
@2I$#$3%5(&+4&S5($&* 7$$8&"4&*"'=38&+*&D[S&OP*A

@.-,5-"-M:3,;*+"v,, = f/ "B"T5-1-'f =1200Hz'3+9'y,, =345m/s:"

N'#T(+3*&02M$&*"'=38*&+3&2+1&2388&@25$1-&N(25& +*&5($&125+"&"4&5($&
*'=38&+38&2+1&5"&+5*&@2I$#$3%5(&+3&*$2@25$1A&/*=0$ LD &5807$12

'B-"T3X->-+C,5."*2" *:+9."+"3;1"3+9"T3,-1"31-"0;22-1-+,"P-43: .-" 5-1G*2" *:+9"
19:22-1-+"4"3;1"3+9" T3 -1/"[-"\+* T =1540m/s'g21*G3P>-"10/h"3+9"

seawater

V,,, =343m/s'3,"20.0;C'21*GO1*P>-G " IO/B"*"214G6-"-M:3,*+ ", = f/ "T-"\+*T"

Vseawater: f'lseawate|3+9"\|/ajr = f'/ajrB"'*"T'"43+"9"'1G;+'“,5'"13’;*"*2"’5'“T3X'>'+C:'5
Ve _ ar | "ar _ 343m/s _ 0.222"
Vseawater "seawater "seawater 1540m/ S

17.3 SOUND INTENSITY AND SOUND LEVEL

I=/"

I($8@213+3%852%8&"3828#2 @ 380" @$18&*525$*&5(258+5871"8=,$*&3"+*$&
N(258+*&5(+*&+3&@255*& TEE20$8H1 &

I#K"
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)*>:’;*+ " | /
’ =2L0|0§110%1#8"T5-1-"|0 =10 W/m?B".*" 53,1 =1,10""*°B"3+9"
0 L]
| =(1.00" 10'** W/m?)10°*%**° =1.26" 10'* W/m*"
g*"43>4:>3,-"3+"-_6*+-+,",53,",."+* "3+" +,-C-1B":.-" - S-<"*+"<*:1"43>4:>3,*1/h
#/" '$"THSE @+5(8%""88&($21+3%&,23& 7$1,$+I$&*"=3BSERHER BV IR 5& 2&
41$C=$3,)&"4&D:::&?>-&N(25& + 58B{$&YB 485 (+*&*"=388+38&@255*& 7$1&O0:

*C=21%$8A

)*>:,;*+ " 0
I = 10Ioéll—§osothat
0

| = Iolo) /10 = (loon lo' 12 W/mZ)lo' 8.00/10.0 - 1.58" 10' 13 W/m2

#OJ B2G&K21&51=07$5*&@$1$&3$I$18I$1)&,"00"3.86=5&5(3)&8+8&2+8&7$" TH
6)8%25($1+3%&*"=388"1$1&2&#21%$&21$2&2388&,"3,$35125+3%&+5&"3&5(
$2181=0-&N(2588%, +6$#8+3,1$2*$88"$*8238$21&51=07$5&71"8=,$&+48&+5*
21$R*800cM> 238&5($821$28"485($8$210 BEIRATEL6=585($&51=07$5&"3#)
238$44+,+$3,)&"48S-::d&+38&5123*0+55+3%&5($&*'=3885"85($&$2181=0A&!
—*$4=H#3$&"4&5 (388, +6$#8+3,1$2*$84"=38&+3& 72158 B2G-

V2T gahr@. a8 M3+l = P 530417 50 366 T-182 = A gy
A L A
2
KIzZo"-22:4;-+4dy = 2 = (00500)@0emT) _ g,
L, A 0.500cm

&*TB":.;+C,5-"-M:3,:*+" * (dB) :10Ioglo%f8"3+9"l-G-GP-1;+C",53,"
0 n

logA! logB = Iogg,T-".--",53,7 "

#H"
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(.' (. :10|Og%f' 10|Og§/:—tf:10|o%f:10log(90):19.54dB=19.5dB"

gPh"5;.";+41-3.-"*2"3661* _;G3,-><"#Z7"9™";+41-3.-.",5-".*:+9"*2"3"+*1G3>"
4*+X-1.3,;%+" *" 63,"*2"3">*:9"139,;*"*1"4>3..1**G">-4:1-"3P>-"I0/#"D*1"
FG-*+-"TE5*"43++*,"5-31"3,"3>>B",5;."T;>>"+*,"P-"5->62:>B"P:,"2*1" *G-*+-"T
,31,;+C" F>* - 54 1"3P;>; <" *"56-31B";,"G3<"5->6/"@+2*1,:+3,-><B"-31",1.G
X-1<"4:GP-1.*G-B".*"-X-+",5*:C5",5-<"4*:>9"5->6B",5-"; +4*+ X-+;-+4-"G3\-."
,5-G"13,5-1",G6134,;43>/

17.4 DOPPLER EFFECT AND SONIC BOOMS

==f 18&*7%$,525"1825&28& 7 AH28$8$*&23&PPR5"3$&41"0823&"3,"0+3%&51=07$5$1¢
7#2)+3%8&23&FRR3"5$-&/58 @ (25&* 7$$8&+*&5($&0="+,+23&2771"2,(+3%&+4¢
#=38&+*&DDF&AP*A

Je>s, k" v, .

v, !V,

3661*345;+C“,*”9','1G;+'",5'".6"9“*2“,5'"G:.;4;3+"g,5'”-*:14'hB"C;X'+"
f s = 888Hz, f, =880Hz,andv,, = 338m/s:"

[_II43+II:._ ll’5_ll_M:3’;*+ll fObS — fs IgT;,5"’5_IIG+:.II.;C+IIP_43:._II,5_II.*:14_II;.II

V,, (Toss! To) _ (338m/s)(888Hz ! 880Hz)

V. = w\ "obs *
® f 888Hz

=3.05m/s"

obs

17.5 SOUND INTERFERENCE AND RESONANCE: STANDING WAVES IN AIR

COLUMNS

N(25&6$25841$C=$3,+$*& AL $#E3BI&B2G &Q4&5($&0=*+,2#8&3"5$*&/&238&!&
5"%%$5($1&B41$C=%$3,+$*&"4&EE:&238&EZ[&?>GA&B6G&Q4&"&238&R&21$¢
B41$C=$3,+$*&"4&ETO&238&DSE&?>GA&B,G&QA4&2##&A48& 1&21$& T#2)$8&

I#O"
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YL g3t@ . +CB--M:B = [ f | T fy e =|f, ! | =|264Hz! 220HZ) = 44Hz"
gPhP, - =|f, ! f,|=[352Hz! 297HZ =55Hz"

g4n"C-,"P-3,."21*G"-X-1<"4*GP;+3,;*+"*2"21-M:-+4;- B" *";+"399; ,;*+" *" 5-" T*"
P-3,."3P*X-B"T-"3>.*"53X-7

fgrea =352Hz! 220Hz =132Hz
forec =352Hz! 264Hz=88Hz;, |
fepec =297Hz! 264Hz = 33Hz,
fopea =297Hz! 220Hz=77Hz

EX" 2" @&H#"3%80=*58284#=5386$8+3&"18$185"&(2)$8&284=382 EAERAEETIR] =4
41$C=9$3,)&,"11$*7"38*85"&0+88#$&1&"385($&$I$3#)&5$07$1$8&, (1"025+,&*
@($382+185$07$1 252 DIREN&KQ5&+*&"7$38 258685 (8&$38*-

)*> , ,*+ "
[\+*T" 53" 5-"21-M:-+4<"2%1"3" :P-"*6-+"3 "P* 5"-+9." 77

_ &V _
f, = ng‘/&—l_ffor n=123...

82",5-"2:+93G+,3>"21-M:-Hht1)3." f, = 262Hz BT-"43+"9--1G;+-",5-">-+C,57"

f, = V—VIV_ I L= V—VfV/"[-"+--9",*"9-,-1G;+-",5-".6--9"*2".*:+98"21*G" ,5-"-M:3,;*+"
1
v, = (331m/s) T(K) B".;+4-"T-"31-"*>9" 5-"3:66-13,:1-7"
273K
v, = (331m/s;)‘/m = (331m/s)‘/% =342.9m/s
273K 273K "
'5-1-2*1-BL = 342.9m/s _ 0.654m = 65.4cm.”
2(262Hz)

I#N"
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KI/" 12#, =#25$85($&4+1*5&"I$15"38+3823&$218&,232#.8@ (+,(& 1510325396851
H*$88258"3$8$38.86)852M+3%82+1&5$0 FR LIRS 1GQEGEHIRL5E, =#21#)&
*$3*45+I$&5"&*=,(&2841$C=$3,)A&BI($81$*'323,$*&"4&5($8&$21&,232#8&21$!
3"3=3+4"10&*(27$.8.@ (+,(& @$&* (2H##&+%3"1$-G

)y
D;1.,B"T-"+--9"*"9- -1G;+-",5-".6--9"*2" *:1+9"3,'37.0; CB":.;+C5-"-M:3,;*+""

v, = (331m/s”T (K _ (331m/s)‘/% =352.7m/s. "
273K 273K

&‘_,B"2*1",:P'.“4>*-'9"3,“*+'"'+97n - n%#for n= ]-,3,5...IBI'I'_II43+II9_’_1G;+_II’5_II
(y "

21-M:-+4<"2" 5-"2;1. ,"*X-l,*-(H": 3)"

f,=3021M/S 4 401 10% Hz = 11.0kHZ/"
4(0.024m)

531" " 631, 4:> 3L X" X B "2 1-Mi-+4<B" X T-"9%+V "5-31"X -1, *+-."9:-
1 5-1-31"43+3%/

17.6 HEARING

K@ N(25&21$&5(3& #"*$*5&41$C=$3,+$*&5"&S::&?>&5(258&2382I$12%$&T$1*"3¢
8+*5+3%6=+*(82*&6$+3%688+44$1$35&+3841$C=$3,)&41"0&S::&?>ARMSSSE:
*+0=#5233"="§)-

Jes1 kb [ \HET 53" T-"43+"9:. 41:G+3,-"P-, T-+" T*" %49 " 2" 5.:1"21-M:-+4:-."9:22-1"P
3,">-3.,"Z/=0B" *" 5-"4>* - "21-M:-+4:- " *'KZZ'b" 53,"T-"43+"9:. :+C::.5"31-
f = (500Hz)(1+0.003)= 498.5Hz and 501.5Hz/"

I#U"
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H¥" N(25&+*&5($&2771"<+025$&*35F3&+5)&#$I$#&+3&8$, +6$1PE&BERRA: A& +5& (.
#'=83$**&"4&E:&7("3*A&Q4&+5&(2*&2&#"=83$**&"4&O:&7("3*A

J¥>1,5+ " DL*G'D;C:1-"10/=FI3 HZZ 0", ¥+-"3,"3">%: 9+~ "2 #Z "65%+."53."3" #1+9">-X->"*2"
#="9'B"T5;>-"3"HZZ'|b" *+-"3,"3">*:0+- " BORE."53."3" *+9">-X->"*2"3P*QZ"
or

HY' 1&7$1*'38(2*828($21+3%&5(1$*("#889:&8W&26"I$8&3"102#8&2589::&?7>&238&
3"102#825&]:::87>-&?"@&0=,(80"1$8+35$3*$& 0= BEIR IS 6$&5(23828&.
5"3$&+4&5(3)821$&6"5(8621$#)&2=8+6H#SERES(+*&7$1*"3A

)*>:,%+" DI*GD;C:1-"IO/=Bl' 5-"Z"65%+.">;+-"; "+*1G3>"5-31;+C/")*B" 5;."6-1.*+"43+"P31-
3"1ZZ"0" *:+9"3,"12"9 "3P*X-"+*1G3>B"1-M:;1;:+C"3"EQ"9 ™" *:+9 b WD "3 EZZ
Jb"*:+9B" 5;."6-1.5+"1-M:;1-."KZ"9 "3P*X-"+*1G3>B EL"8"" *:+9">-X->Ig h", *"P-"
3:9,P>-/")*B",5-"1ZZ 0" *+-"G:.,"P-"E"9""5;C5-1",53+",5-"EZZZ " [b" *:+9/"*"
43>4:>3," 5-"9;22-1-+4-"+" +,-+.; <B/5"M:3,;*+

(." (, :10Iog%f' 10Iog%f: 10Iog%f('3+9"4*+x-1,",5-"9;22-1—+4-";+"9-4;P
o " o " 7P

3113, 2"+ -+ - ) P +CY Y B3> 121G 3P X-"C X

10I098/I L §: 47dB! 43dB=4dB, or'—1 =10"°=2.5"

2 I, o

)= 5-"1ZZ"|h" *+-"Ge, P-"#K ;G- "G* 1"+ -+ " 53+" 5-"EZZZ"|b" *:+9" *"P-"
3:9;P>-"P<" 5;."6-1.%¥/

17.7 ULTRASOUND

oo B2G&I2#,=#25$85($&0+3+0=0841$C=$3,)&"4&=#512*"=388&5(258 @ +HH& 21"
2*&*02##82*&:-ES:&008&+38&(=023&5+**=$-&B6GEN(25&+*&5($&$44$,5+I$&8
=388 +*&$A4$, 5+I$&2*&288+2%3 "85+ &T1"6$A
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J>1,i5+ " g3h"DIABP>-"10/B",5-" 6--9%2" 49" 4", . v, =1540m/s,.*".+C",, = f/ B"
T-"2;+0" 5-"G;+,G:G"21-M:-+4<" ¥ 1- *>X-"ZI#KZ"GG"9-,3;>.";.7
foVu o 1540MS 646 108 gt
| 0.2500 10° m

P -"\+*T" 53," 5-"344-6,-9"1:>-"+2" 5:GP";." 53,"<*:"43+"-22-4,;X-><" 43+" *'3"
9-6,5"%2"3P*:,"500/ ;+,*",;..-B" *" 5-"-22-4,:X-" 43+"9-6,5";.7
500%=500(0.2501 10°° m)=0.125m =12.5cm"

N+ 1&8+2%3"*5+ &=#512*"=388%, ("&+*&1$4#$,5$8841"0&0" I IBEIB R EBRLDEL &,
41$C=$3,)&S::&?7>&(+%($185(23&+5*&" 1+%6+32H&E-1:&X ?>-&N(25&+*&5($&J!
B/**=0$&5(2585($&41$C=$3,)8"4&E-:&X?>8+*&2, =125$&5"8&*$I$3&*+%3+44
S:&?>&+*&2,,=125$85"&5(1$$&*+%3+4+&35&4+%=1$*-G

)*>nx+ " 561 P>GL-M:; - T -6.7"91h"9-,-1G;+-",5-"21-M:-+4<" 5-"P>**9"1-4-; X-."
gT5;45",."5-"21-M:-+4<" 53,";,."1-2>-4,-9hB",5-+"g#h"9-,-1G;+-",5-"2%" \d3;#H6-"
A3++-1"1-4-,X-./"A,"2;1.,B",5-"P>**9", 'BE*X;+C"*P.-1X-1B"3%9-M:3,;*+

v, +V, ' " " "
fs%rt;x--"ﬁ-?l-l\ﬂZ-+4<";,"1-4-;X-."gT;,5",5-"6>:.' 5 C+".-9"P-43:.-
A) V f

+
5-"P>*Q"; "3661+345;+ChT= fs%\’w Yo [T 1y, K'P>*9"X->%4: A B 5"
A) VW ]
21-M:-+4<";."1-2>-4,-9"21*G" 5-"P>**9B"T5;45"+*T"34, "3."3"G*X; +C’5:14-/"

M3, x4 f = fSHT#"gT;,5",5-"G;+:."".;C+":.-9"P-43:.-",5-"P>**9";.".,;>>
WW " VS "

3661*345;+Ch"C;X-.",5-"21-M:-+4<"1-4-;X-9"P<",5-".43++-17

w

)¥>X;+C"2%1" 5-".6--9"+2"P>**9"C; X-.7
o oy o e B (1540m/s)(500Hz)
PWEF +f 4 (2.000 10° Hz +500Hz) +2.00! 10° Hz

=0.192m/s"
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'5-"P>*9V.".6--9";."IU#AGI./"



$*>>-C-"05<.;4. ),:9-+,")*>1 %+ "L3+:3> " $536,-1"IN'

$JA0'(Y"INT"(W($'Y8S$"S]AYR("A&I"
(W($'Y8$"D8(WI

18.1 STATIC ELECTRICITY AND CHARGE: CONSERVATION OF CHARGE

1" 1"00"38&*525+,&$#$,51+,+5)&+3J #I$*&, (21%$*&123%+3%8&41"08&323","=#"06"
0+,1""=#"06*-&B2G&?" @&023)&$#$,51"3*&21$&3$$8$885" 84" 1 AR 28, R ARHE
2" @&023)&$#$,51"3*&0=*586$&1$0"I$8&41"08283$=512#&"6\$,5&5"&#$2]$:
0.5004C A

)*>:’;*+ n g3h;+4_ll*+_n_>_4’1*+||53.n453lc_lltgll: | 1.6" 10' 19 C'BT'"43+"9','1G;+'",5'“
+:GP-1"*2"->-4, 1%+ ,"+-4-..31<" *"C-+-13,-"3",* 3>"4531 @27 "+$"P<"..;+C",5
Q _"200!'10°C

-M:3,:*+"Ng= QB".*",53,N = < = _ =1.25! 10" electron<"
=Q q. "160!10%°C

gPNG;>31><"T-"43+"9- -1G;+-" 5-"+:GP-1"*2"->-4,1*+."1-G*X-9"21*G"3"+-:,13>
*PQ—4’"’*">—3X—“3"4531C0m0l£I*2"4531C—".*"’53I,7

n I " 6
N = 0.500! 1(..)19 C_ 3.13! 10" electron&
"1.60!10 7 C

18.2 CONDUCTORS AND INSULATORS

or 1&S:-:&%&62##8&"4&," T7$1&(2*&2& 352 (A UB-ENGRD &412,5+"3&"4&5($&," 77$
$#$,51"3*&(2*&6$$3&1$0"I$BA&BK2,(&,"77$1&25"0&(2*&ET&71"5"3*.&238&,"
25"0+,&02**&"4&Z[&S-G

)15+ Y-43>>" 53, AX*C391*V."+:GPN,;= 6.02! 107"3,*G.iG*>-/ "&*T"T-"+--9" *"
9-,-1G;+-",5-"+:GP-1"*2"G*>-."*2"4*66-1",53,"31-"61-.-H,/-"9*")5;.".;+C",5-"
G3.."3+9" 5-"3,*G;4"G3.7h =1 = 5009 .

A 63.5g/mol

) +4-" 5-1-"31-"#U"61* *+."6-1"3,*G"T-"43+"9-,-1G;+-",5-"+.GP-1"*2"61*,*+.B



$*>>-C-"05<.;4. ),19-4,")* >0 5+ "L3+:3> $536,-1"IN'
N, BR21*G7

N, =nN, ! 29protons/abm

50.0gm $8/5 02! 10* atomsp, 29protons_
35g/mol48° mol #' cuatom

=1.375! 10”° protons

) 44" 5-1-"." 5" 3G-"+:GP-1"2"->-4, 1%+."3."6 1% *+.";+"3"+-:, 13>"3 *GB"P-2*1-"
1-G*X-" B-"->-4 1%+ " *'C;X-" 5-"4*66-1"3"+-,"4531C-B"T-"BRX7H 10°°"->-4,1%+/"

& ,"T-"+--9"*'0- -1G;+-",5-"+:GP-1"*2"->-4,1*+."T-"L G*X-9" *">-3X-"3"+- "
4531C_l'*2'00;£/|[ _||+__9||’*"1_G*X_ll ! 2'00AC"*—2"4531C_B".*||’5_||+:GP_1||*2||
4,154 PTG X9, Ci X+

Q _"200!10°C

e,removed:_ T o A "0 o~ —1 25' 1013“ >- 4 1*+ "1 G*X 9‘/

N '19
g "160110%C

D;+3>><"T-"43+"43>4:>3,-",5-"2134,;*+"*2"4*66-1V."->-4, 1*+"P<",3\;+C" 5-"13,;
+:GP-1"2"->-4,1*+."1-G*X-9" *" 5-"+:GP-1"*2"->-4,1*+."*1,C;+3>><"61-.-+,7

Ne,removed _ 1-25" 1013

= = =9.09"10"&
Nejway ~ 1-375" 10

18.3 COULOMB’S LAW

.
‘

I=/" |@"&7"+35&,(21%$*&21$&61"=%(5& #"*$1 &5, PEB5(BL&S5($&4"1,$&6$5@$$3&
2842 ,5"1&"4&ES-&W)&@(25&42,5"1&@2*&5($+1&*$72825+"3&8%$,1$2*$8A

J> 6
@.;+C5_II_M:3’;*+H Fl - k1_22BIIT_II.__II’53’"’5_"2*14_H;.II;+X_1._><II61*6*1,;*+3>II’*II
rl
-6313,7++"9;.,3+4-"M:31-9B" * 53 = K 3% 3r9'F, = gk G+
r.l r.2

).+4 IIT ll\+*Tll 5 ll13’;*ll*2" 5 ll2*14 llT ll43+II9_ _1G;+_II’5_II13,;*II*2ll,5_ll._6313,;*+II
9;.,3+4-. 7+ h- "*" 53, “— = 5=
F, /g " F,

'5-".-6313,;*+"9-41-3.-9"P<"3"234,*1"K2&

I=E"



$*>>-C-"05<.;4. )10+, "Y*>0, k4 "L34:3> $536,-1"IN'

471 B2G&!"00"38123*721$35&527$&6$,"0$*&, (21%$88@ ($3&7=1#$8&41"08 288+
7+$, $&H*&TH2,$8&26"1$823"5($1.85($&1ST=#H+I$&A4"1,$&,2386$8%61$25&$:
5"7&7+$,SV*&@$+%(5-&/**=0+3%&$C=2#&7"+35&,(21%$*&B"3#)&2382771"<
5($802%3+5=8FHDE., (21%$&+48SH#$,51"4525+,&4" 1, $8&+*&%1$25&$3"=%(&5"
@$+%(5&"48289:-:80%&7+$,$8"4&527$&($#88&9-1:&,0826"I$&23"5($1-&B6G
5($802%3+5=8$&"4&5(+*&,(21%$&+*&,"3*+*5$358 @ +5(& @ (258&+*85) THE2H&

it g3IB2" 5-5-4,1%,,3,:4"2%14-", " * 66%1 " 5-"T-;C5,"*2"1Z/Z"GC"6;-4-"*2" 36-B";,"G
P-"3"2%14-"-M:3>" *" 5-"C13X;,3,;*+3>"2*14-"*+" 5" BG4 " 5-"-M:3, ;*+""

F =k 2% 5190503 :G6,:*4",53," 5-"6%+,"4531C-."31-"-M:3>B"T-"43+".-,"
1

->-4,1*.,3,;4"2*14-"-M:3>" *"C13X;,3,;*+3>"2*14-/

2m 1/2
F:kqlqzzki:mgo q—g mg
r2 r? k

*
*
+

((0.0100m)*(10.0" 10'° kg)(9 som/s? )%
a (9.00" 10° N)m?/C?) %

=1.04"10°C.

gPh5;."4531C-",."3661*_;G3,-><"I"+$B"T5;45",."4*+.;.,+,"T;,5",5-"G3C+;,:9-"*2"
4531C#2"<6:43>"..3,:4"->-4,1: 48 </

#K "'+35&,(21%3$* B0 nC&38& 3.00 UC&1$&7#2,$8&:-ES:&0&27215-&B2G&N($]
5(+18&,(21%3$&6$&7#2,$8&*"&5(25&5($&3$5&4"1,$&"3&+5&+*&>F1"A&B6G&
7"*+5+JB8A

YLk g3\ T 53, +4-",5-"+-C3,;X-"4531C-";.".G3>>"H",5;19"4531C-".5*:>9"P-"
6>34-9" *" 5-"1;C52% 5-"+-C3,;X-"4531(2" 5-"+- "2*14-"*+"; " *"P-"h 15" 2"T-"
T3+,"F o = F +F, =0BT-"43+".-"5-"-M:3,;*+ "F, = k%—?z *'T1;,-",5-"2%14-"

r

+1,-1G."*2"9;.,3+4-7

Kq1q2+ Ka,g _Kq% qu 0B"1".1+4-t, = 0.250m+d"3+9%, = dB"
W

l 2

n | 6 n ! 6
>'107°C 37107 wpuy - \E(o.zsom)+\/§d".*",53,"

(0.250m+d) d’

I=K"



$*>>-C-"05<.;4. )i 04, "Y¥>: kL3413 $536,-1"IN

4_J3 \F (0.250m)
d%{ \f '=Y°(0.250m)3+9"2;+3*<B 12~ =0.850m"
% V5° V3

1 —
5

'5-"4531C-"G:.,"P-"6>34-9"3,"3"9;.,3+4-"*2"Z/NKU"G",*",5-"231",B-*¥Z3,; X-"
4531CH

gPh5;." ;G-"T-"\+*T" 53," 5-"4531C-"G:.,"P-"6>34-9"P-, T--+" 5-" T*"6*.;,:X-"
4531C-."3+9"4>* -1"5"" 3 C"4531C-"2*1" 5-"+-"2*14-" *"P-"p ) 2" T-"T3+,"

Foo = F, +F, =0BT-"43+"3C3;+": 4%, =k BJ2 %71, " 5.10%14. " 4" 1G."*2"
r

9;.,3+4- 7,,Kq1q2+ qzq Kq% qu 0"
r2 n

5'10°C _3"10°

= "B
(0250 r,} 1’

%1".;+44; = 0.250m! r,

=g(0.250m! r,),orr, = \/g (0.250m! r,)B3+9"2;+3>><"

\F (0.250m)
=¥5 - 0109m"

r, =
1+\/§
5

'5-"4531C-"G:.,"P-"6>34-9"3,"3"9;.,3+4-"*2"Z/1ZUG"23*&@' 1/ C"4531C4&

18.4 ELECTRIC FIELD: CONCEPT OF A FIELD REVISITED

=#l' B2G&R+38&5($&8+1$,5+"3&238&02%3+5=8$&"4&23&$#$,51 4,80+ EQBE25¢
@$*5@218&4"1,$&"3&23&$#$,51"3-&B6G&N(25&02%3+5=8$&238&8+1$,5+"
$<$15&"3&2&71'&%"3A

)*>:,;*+ " 93‘@-;+C5""M:3;;*+ uF - qE"T'"43+"2;+9“,5'“'>'4,1;4"2;‘>9"43:.'9"P<"3"C;X'+”2
*+"3"C; X-+"4531¢,3\;+C"-3., T31D®;1-4,;*+" *"P-"6*.;,; X-H7
F_"480'10"C

E=—=—"— "~ =300N/C(eas)"
g "160110°C —

!:Hll
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gPIrS_II2*14_H.5*:>9llP_ll_M:3>ll’*’5_ll2*14_II*+II’5_II_>_4’1*+II*+><II;+ll’5_ll*66*. ; ,_ll
9;1_4’;*_'_/"@+CIF - qE "T'"C‘,"
F = gE = (1.60" 10'** C[300N/C) = 4.80" 10'*" N (eastBR."T-"-_6-4,-9 /&

18.5 ELECTRIC FIELD LINES: MULTIPLE CHARGES

==/ B2G&LMS$5, (&5($&$H#S$, 51+ 84+$#B&H+3$*& 3$ M- RBOCIBELAIBASED$E4"1&.2
,(21%%$8.3.00q &
)*>1,%+ " g3h T

=E’ LM$5,(&5($&$#$,51+,&4+$#8&#+3$*&2&#"3%8&8+*523,$&41"0&5($&,(21%$&E
R+%=1$&9B26&238&B6G-

)*>:’;*+ n g3hu

I=0"
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gPh
field of m
two opposite
charges @

&*"+-,"4531C-";." —-+"21*G"231"3T3</

18.7 CONDUCTORS AND ELECTRIC FIELDS IN STATIC EQUILIBRIUM

=0/ LM$5,(&5($&SHS, 51+, &A+SHBEH+3$*&+385($&I+,+3+5)BI4A&S($& O FHHBI S-S S
A+$HB @28 1+%+324#)8&=3+4"10&2388& 72 1 2##SHE5"&5($&"6\$,5V*&#"3%&
02483521 85($EH" 3% S{HBSBIBIERA

)y

'5-"2;->9">:+-."9-X;3,-"21*G",5-;1"*1;C;+3>"5*1;b*+,3>"9;1-4,;*+"P-43: -" 5-"453]
T;,5;+",5-"*PQ-4,"1-3113+C5"2;->9">+-."T;>>"4*G-";+*" 5-"*PQ-4,"6-16-+9;4:>
5-".:1234-"3+9"T;>>">-3%""* 5-1".;9-"%2" 5."*PQ-4,"6-16-+9;4:>31" *",5-".:1234-/
C-. B",5-"2;->9",.".G3>>-1"+-31",5-">*+C" ;9-"*2" 5-"*BQ:4'/X;9-+,"P-43:.-",5-1-"
31-"2-T-1"2;->9">;+-."+-31",5-">*+C",;9-"*2" 5-"*PQ-4,"3+9"5-1-"31-"G*1-"2;->9'
+-31",5-"6%;+,"2" 5*P Q-4

EE/ B2G&R+38&5($&5"52#&!"=#"06&4"1,$&"3&2&,(21%$&"A&EX ZB1B0L R BIHRE 25
R+%=1$&9B66=&%+J$3§5(2DR UC-&B6G&R+38&5(EHL3&258 @ (+,(&5($&$#S
4+$H#88&+*E&>B & +3&E IBE6G=

)*>%+ " g3R44*19;+C" PiC:1-"IN/KB5-"6*;+,"4531C-."31-"C; X-+"P<"
g, =!2.00Cat x=1.00cm;q, = +1.00 «Cat x=5.00cm;
gs =3.00 Cat x=8.00cmandg,, =! 1.00 /Cat x=14.0cm

82"2'nC"4531C-",."6>34-9"8~ 4.00cm,",5-"2*14-";,"2-->."21*G"*,5-1"4531C-."

I=N"



$*>>-C-"05<.;4.

' 2
gPh 5842140, 0.0400m) i rs 1 s 35054 1.0 59"4%:59"P-"- 1", "P- T--

),i9-+,")<>1 ik ML 3+:3> " $536,-1"IN'

2%4+9"21*G5-"-M:3,*+" F = _qulq [5x4 " 5K -4, ¥1"390); 4" B
r.1

2%14-"9:-" *".345"6%;+,"4531C-B"P:," ;+4-" 5-"6%;+,"4531C-."31-"3>>"3>3-C",

3 ;.B"5-"2¥14-."399">)\-"+:GP-1.a",5.." 5-"+-,"2*14-"; "C; X*+"P<

F _ quq 1 Kqu 1 Kqu 1 Kq14q —_ K ql 1 %l %I %fn
-2 2 2 2 2 2 2 2

rl r5 r8 I’14 /61 r'5 r8

*" 5-"1,C5,B"+*,;4-",53,",5-" -1GFX*>X;+C",5-"483"q, '53." 5-"*66*.;,-".;C+"

P-43:.-";,"6:>>.";+" 5-"*66*.;,-"9;1-4,;*+" 53+" 5-"* 5-1" 51--"4531C".

f
r'14

)P, +C" 4", 5-"X3>:-.""C X4+ 7

F

_.9.00( 10° N.m?
- 2

i’(z.OO( 10° )

%(0.0400m' 0.0100m)*>  (0.0500m' 0.0400m)’ (0.0800m' 0.0400m)’
" $  r100(10°C

& '200(10°C 1.00(10°C | 300(10°C  #
|
!
!
l n

K/ZZ' RPN rose-0-2088! todhelelb"4>* - "4531C-."41-3,-"2%14- B4 "
4531C-"+"*66*.;,-"9;1-4,*+)*",63,",.", 5-"*+><"1-C;*+"T-"T;>>"4*+ ., @1/, 5-"
*,3>"->-4,1,4"2;->9" *'P-"p-1*"P-,T--+"K/ZZ"3+9"N/ZIZ"43B",53,7"

E= K(211+ Ko | K(g8 | K(i14 _o"

2
rl r.5 r8 I’.14

|;X;9;+C P<"4*GG*+"234,%1."3+9",C+*1;+CY;, ' 1-G-GP-1,+ @53, "3+, 2"
AGHBT-"43+"C-,"3" ;G6>;2;-9"_61-..;*+7"
gcy: "2 + 1 3 ‘1 3:#
0% (x'17 (x'5f (x' 87 (x'14f«

[-"43+"C1365",5;."2:+4,*#B+C"3"C1365;+C"43>4:>3,*1"*1"C1365;+C'BI*C1
9-,-1G;+-",5-"X3>1-."*2¥' 53 "<;->0Y = 0/

'5-1-2*1-",5-" *,3>"->-4,1,4"2;->9";."b-1X3; 6.07cm/"

1=y



$*>>-C-"05<.;4. )10+, "Y*>0, k4 "L34:3> $536,-1"IN'

Kzt B2G&R+38&5($&$#S$,51+,&4+$#8&25&5($8, $35$18"4&5($&51+23%=#218&.,"3¢
R+96=1$&OR%+I$385(258& 2.50 nC .&, = 800 nC.&238% = +1.50nC-&B6GE&Q*
5($1$&23)&,"06+325+"38"4&,(21%$*.&"5(G1&5Q 38 q, .&5(25& @+##8&71"8=,$&
*51$3%5(8$#$,51+,84+$#882585($&, $35$1 & "485($851+2R6=#21&,"34+%=1

J>iit+ " g3N--1G;+-"5-">-4,1,4"2->9'3," 5-"4-+,- 1B T 211, "G, "9+, -1Gi +-",6-"9;. 3+
21*G"-345"*2" 5-"4531C-." *",5-"4-+,-1"%2" 5." 1:3+C>-/");+4-",5-"1;3+C>-";
M:;>3,-135B"5-"4-2%2" 5. 1,3+ C>-"T;>>"PTBRA41* " 5-"P3.-"3+"lj="%2"
5-"T3<":6",5-"5-;C5,/"*"9-,-1G;+-",5-"5-;C5,":.-" 5-"0<,53C*1-3+",5-*1-GB"*1
5-"5-,C5,";."C;X-+"Pi |/ (25.0cm)’ | (125cm)? = 21.7 cm/y*" 5-"9;.,3+4-"
21*G"-345"4531C-" *" 5-"4-+,-1"*2" 5-",1;3+C>-", "#i=""*2GHOL"

= % (21.7 cm) =14.4cm.SincekE = kgz
;

q_22(9 00' 10° N (m?*/C? gi 10* F =1085N/C'3,"3'90; :3+C>-"

P >*T",5-"5*1;b*+,3>B

1 (9
kqb —(9.00' 10° N)m?/C? 800" 10 C# 3472N/C3 '3'30; :3+C>-"
%o (0.144mY’

P->*T" 5-"5*1;b*+,388+9

9
:kq—Z‘(900 10° N(m?/C? 150" 10" C # 6810N/C3 '3'30; 3+C>-"
r $5(0.144m)?

3P*X-",5-"5*1;b*+,3>/"A99;8"X-4,*1."P<"4*G6*+-+,.' C;XZ‘

E, =E,coq! 90;)+E, coq! 30j)+ E, cos30;

E, = 0N/C+3472N/C(0.860)+ 6810 N/C(0.8660) = 3597N/C

E, = E,sin(! 90;)+E, sin(! 30j)+ E, sin30;

E, =! 1085N/C-3472N/C(0.5000) + 681N/C(0.5000) = ! 2481IN/C

)" 53," 5-"->-4,1;4"2;->9";"C;X-¥"P<
E=E’+E, =/(3597N/C)’ +(1 248IN/C)’ = 4370N/C,3+9"
" 2481IN/C

. E ) !
#=tan'—L =tan 1m ="34.6j,0rE =4.37! 10° N/C,34.6; "

P->*T" 5-"5%1;0%+,3%/
gPB*B" 5-1-"31-"+*"4*GP;+3,*+."%,5-1" 53" = @, = (|53, T;>>"61*9:4-"3"

IEZ"
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b-1*".,1-+C,5"2;->9"3," 5-"4-+,-1"%2" 5-" 1;3+C:>31"4*+2;C:13,*+"P-43:.-"*2",
X-4,51"+3,:1-"42" 5-"->-4,1;4"2;->9/"$*+.;9-1" 5-" T*"43.-. 7"gIh"3>>"4531C-."5
3G-";C+"3+9"g#h"+-"4531C-"53X-"3"9;22-1-+,".;C+",53+",5-"* BEI*|TA3 -"
g'hB".<GG-,1<"9;4,3,-",53," 5-"4531C-."G..,"P-"3>>" 5-".3G-"G3C+;,:9-B"; 2"
4531C-";."+*," ¥2->"3"2*14-"3," 5-"4-+,-1"*2" 5." 1:3+C>-/"D*1"43.-"g#hB"3"!
-.,"4531C-"T*:>9"2-->"3"2%14-" *T319." 5-"+-C3,;X-"4531C-g.h"3+9"3T35"21
6*.;,;X-"4531C-g h5-1-2*1-",5-1-";."+*"4*GP;+3,;*+",53,"T*:>9"61*9:4-"3"b-1*"
1-+C,5"->-4,1;4"2;->9"3," 5-"4-+,-1"*2" 5", 1, C>-/

18.8 APPLICATIONS OF ELECTROSTATICS

KH/

)y

HKY

)y

N(25&,23&)"=8*2)&26"=585@"&, (A LB, .&+A&5(SESH#S, 51+ &M SABLEIS(
@2)&41"08%" &), &*E&>SBA

82",5-"->-4,1,4"2;->9";,."bAL21*G",5-"T3<"*2),"3+9'q, B5-+"T-"\+*T" 21*G,5-"
2
M3+ E =k 23 =1 KO = Kl w53 % - (BX) g
r x* (3x) g X

'5-"4531C-, ";."U" ;G-.">31C-1", 58"

A("%)&H()5+%+6%E& BEGEI @"&:-S::&%&12+381"7*&+38285(=38$ W KRBEDATR:
@($385($)&$2,(&2,C=+1$&9-::&0!&,(21%$*-&R+38&5($+1&2, $#$125+"3-&B6!
=31$2*"326#$&26"=585(+*&1$*=H#5A&B,G&N(+,(&71$0+*$&"182**=075-8 3&+*

g3N"+"0- -1G;+-",5-"344->-13 *+B": 81T *+p."W3T,"3+%5-"-M:3,;*+ F = k L2 7+
r

kq1q2 #

F=ma= 5

(0,001 10° N'm?/c? JLo01 107 Cf

mr? (0.5001 0% kg )(0.02.00m)*

=1.80! 10" m/s?

gPh"5-"1-.:>,;+C"344->-13,*+",."+1-3.4+3P><">31C-a",5-"13;+91*6. " T*:>9"+*,"
*C-5-1/"

g4h™5-"3..:G-9"4531C-"*2:00mC+."G:45",**"C1-3,a",<6;43>".,3,;4"->-4,1,4,;,<";."
,5-"*19-1"*21 L C™*1">- 1"

IEN"



$*>>-C-"05<.;4. ),:9-+,")*>1 %+ "L3+:3> " $536,-1"IU'

$JA0 (Y "IUT"(W($'Y8$"0%' (& SAWRA!
(W($'Y8$"D8(WI

19.1 ELECTRIC POTENTIAL ENERGY: POTENTIAL DIFFERENCE

Hr 0(/%1")/%2+3#(.% B2 G &N (258+*&5($82I$1 2V S BT GES UL 2& ($21588$4+61+#
5(2588+**+725$*&[::8&0& " 48$3$1%)&+3&9:-:&0*A&B6G&!" 3 F SR HARYEHISB. &
8"$*3V585($&8$4+61+##25"1871"8= $&*$&+"=*&6=13*A

>0k g3NE-"6*T-1"." 5-"T*1\"9;X;9-9"P<" 5-";G-B" *" 5-"3X-13C-"6*T-1";.7

gPIR"9-2;P1;>>3, *1"0%- "+ "43: =" - 1;%: "P11+."P-43..-" 5-"\;+"4*+9:4, "->-4,1:4; <
T->>"3,"5;C5"X*>,3C-.B">\-",5*.-":.-@-2'P1;>>3 FB-" C-%.-9"3;9.";+" 5-"
13+.2-1"%2"+-1C<" *" 5-"P*9<B"3+9" 5-"\;+"9%- +V/,"3P *IP-5C<B"P:,"
13,5-1B">-,."; "63.." 51*C5" *" 5-"5-31,/

19.2 ELECTRIC POTENTIAL IN A UNIFORM ELECTRIC FIELD

Neok B2G&N+##&5($&$HS,51+,&4+$#8&*51$3%5(&6$5@$$3&5@" &7 21 2##$H#&.,"38
61$2M8"@3&*51$3%5(& B D% 261N G&+4&5($&TH25$+*&21$&*$72125$886)8
287"5$35+2#8&8+44$15DBAAY &*&27TH#+$BAEBEGE?" @&, # *$&5"%$5($1&, 2
6358 @+5(&5(+*&27 TH#+$8&I " #52%$A

)*>:’;*+ " n 1 n n V L1} n n " n n n n
g3h"@.;4&"-M:3,;*+" E :fB T-"43+"9-,-1G;+-",5-"->-4,1;4"2;->9",,1-+C,5

61*0:4-9"P- T--+" T*'6313>>->"6>3,-." :+4-"T-"\+*T" 5-;1" -6313,;*+"9;., 3+4-"

IE#"



$*>>-C-"05<.;4. )10+, "Y*>0, k4 "L34:3> $536,-1"1U'

3+9" 5-"6* -+,;3>"0;22-1-+4-"341*.." 5-"6>3-.7

|
_ Ve _ 5.0 103_3\/ =25!10° V/m<3! 10°v/m."
d 2.0010°m

&*B"5-"2;->9".,1-+C 5",.".G3>>-1" 53+" 5-"P1-3\0*T+", 1'¥T8;1/

E

gPh"@.;+%"-M:3,;*+" E = \% B"T-"43+"+*T".*>X-"2*1",5-".-6313,;*+"9;.,3+4-B"C;.
,5-"6%,-+,;3>"9;22-1-+4-"3+9",5-"G3_,;G:G"->-4,1;4"2;->9",,1-+C,57

1 103
\ — >.0! 1? v =1.67!10°m=17mm"
E 3.0/ 10° V/Im

)*B",5-"6>3,-."G.., "+*,"P-"4>* -1", 53+"1/0"GG" *"3X*;3--9;+C",5-"P1-3\9*T+"

d=

.,1-+C,5™2"3;1/

13&$#$,51"3&+*&5"&6$&2, $#$125$8&+38&2&=3+4"10&$#$,51+,&4+$#B&(2J+3

#=I
2.00! 10° V/m-&B2G&N(258$3$1%)&+38&M$e&+*&%+I$3&5"&5($&$#$,51"3&+
5(1"=%(&:-[::&0A&B6G&bIP1 8@ EZRIE& @ "=#8&+5&(2J$&5"&6$5&2,,$#$125$8&
+5*&$3%$1%)&6)&S:-:& $eA
)*> , ,*+ "

g3t@.;+C5-"-M:3,;*+" | KE =¢! V BT-"43+"C-,"3+"-_61-..;*+"2*1",5-"453+C-";+"
-+-1C<",-1G."*2",5-"6%,-+,;3>"9;22-1-+4-"3+9";,."4531C-/"A> *B"T-"\+*TR1*G

M:3, 754" E = VA8 753 "T"4347_B1- " 5-"6% +,:35"9;22-1-+4-"1+" 5" -1G."2"
5-"->-4,1;4"2;->9".,1-+C,5"3+9",5-"9;.,3+4-",13X->-9B" . *" 53,7"

(KE=qV,; =qEd
leV 1lkeV
=(1.60' 10*° C)(2.00' 10° V/m)(0.400m & fﬁ‘ f"
( A X )324.60' 10 J"54000eV *

=800keV
8+"% 5-1"T*19.B5-"->-4, 1%+ " T*:>9"C3;+"NZZN\*2"-+-1C<";2"344->-93*X-1"3"
9;.,3+4-"%2"Z|EZZ"G/

IE="
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gPI@.;+C",5-".3G-"-_61-..;*+";+"631,"g3hB"T-"43+"+*T" . *>X-"2*1",5-"9;.,3+4-",13

_ _ .0! e .60!
4= (KE _ (50.0! 10° eV) '1.60! 10° J$
gE  (1.60! 10*°C)(2.00! 10° vim) & 1eV 4

=2.50" 10* m = 25.0km "

)*B",5-"->-4,1*+"G..,"P-"344-%3,-9"*X-1"3"9;.,3+4-"*2"#K/Z"\G",*"C3;+"KZ[Z"F
*2"-+-1C</

19.3 ELECTRIC POTENTIAL DUE TO A POINT CHARGE

#U! Q4&5($&7"5$35+2#&8=$&5"&2& 7"+R08Q), (PPHIR58L&8+*523,$&"4&9S-:&0.&@
5($&*+%3&238&02%3+5=8%$&"4&5&&,(21%$A

)*>:);*+ ! 1 n " kQ " n n " n n " n
R;X-+5-"-M:3,;*+"V = —=BT-"43+"9-,-1G;+-",5-"4531CC; X-+",5-"6*,-+,;3>"3+9
r
,5'“-'6313,;*+“9;.,3+4'7Q = M — (15-0 m)(SOOV)

AT =833"107 C"
k  9.00"10° N#m?/C

'5-"4531C-";,."6*.;,;X-"P-43:.-",5-"6%,-+,;3>",."6*.;,;X-]

19.4 EQUIPOTENTIAL LINES

=N/ R+%=1$&I F(HDELS (S8.5#$, 51+ &A+SHB&H+3$*&3$21 6, TB0 & RI(ERE+158,(2.
2802%3+5=8$84"=1&5+0$*&5(25&"4&5($8&*$,"38-&LM$5, (&5($&SC=+7"5$35+
5@"&,(21%$*.&2388+38+,25$385($&8+1$,5+"3&"4&+3, 182*+3%& 7"5$35+2#-

JE>1 " %1913 T B-"-M:; 6% -+,;3>">14-.B"1-G-GP-1",53," 5-<"3bT3<."6-16-+9;4:>31" *"
->-4,1,4"2;->9."> 4 ["5-"6* -+,;3>"; "C1-3,-.,"gG*.,"6*.;, ;X-h"+-31" 5-"6*.;,;X-"453;
0, "3+9">-3.,"gG*.,"+-C3,;X-h"+-31",5-"+-C3,;X-"4534,C8B"*,5-1"T*19.B",5-"

IEE"
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6*,-+,;3>"+41-3.-."3.""G*X-"*,"21*G",5-"4531C-{, "3+9";,";+41-3.-."3."<*"G*X-'
,*T319."5-"4531C4, "

19.5 CAPACITORS AND DIELETRICS

EH" N(25&,(21%%$&+*&*5"1$8BOP&EER72,+5"1& @ ($3&IE :&e&+*&27 T#&$B8&S5"&+5A

)15+ " @.+CB-"-M:3,5+" Q = CV B"T-"43+"9- -1G;+-",5-"4531C-"++"3"43634;,*1B"  +4-"
31-"CiX-+";,."43634;,3+4-"3+9";, "X*>3C-7
Q=Cv =(1.80! 10" Ff120V)=2.16! 10% =21.6 mC"

KZ" N(25&J"#52%%$&0=*5&6$&27 7#+$8EBRE FKIP-:+5"1&5"&*5"1$&:-97:&0!&"4&, (2:

>+ @.,+C5-"-M:3,, 54" Q = CV B"T-"43+"9-,-1G;+-",5-"X*>,3C-",53,"G:.,"P-"366>;-9" *
43634,;,*1B"C;X-+",5-"4531C-";,".,*1-."3+9";,."43634,,3+4-7

| "4
y=Q-1601107C _, 0110 v = 200KV "

C 800'10° F

19.6 CAPACITORS IN SERIES AND PARALLEL

IEK"
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KUY

)y

N(25&5"52#&,272,+523,$*&,23&)"=&02M$&6)&, " 3 T HOEREBE 2 BOO0 UF &
,272,+5"1&5"%$5E 1A

'5-1-"31-" T T3<."+"T5;45"<*"43+"4*++-4," T*43634; *1.7"+"6313>>->"3+9"; +
[5-+"4%+ +-4,-9"+".-1;- B",5-" * 3>"43634;,3+4-";."C; X-45PM:3,;*+""

1

= 4+
C,

1,1, o _CC _(5004F)©00uR)

=3.08uF(series"”

C, C, ° C+C, 500UF+8.00uF

3+9"T5-+"4*++-4,-9"+"6313>>->B" 5-" * 3>"43634;,3+4-";." COX-NIFB*+""

CP

=C,+C, =5.00pF+8.00uF =13.0pF(parallé) "

19.7 ENERGY STORED IN CAPACITORS

HH'

)y

L=77"*$&)"=&(2J$&2&T-::&e&625580DRRE2T2, +5"1.8 238 2QFE272,+5"1-&B2
R+38&5($&.,(21%$82388$3$1%)8*5"1$88+48&5($&,272,+5"1%8&21$&,"33$,5$88
*$1+$*-&BBGEN"&5($8*20$&4A" 1828 T2 1 24HEH&., "33$,5+"3-

g31B2",5-"43634;,1."31-"4*++-4,-9";+= " 5-;1",%,3>"43634;,3+47";.

1_1,1, - _CC _(200uF)(7.40uF)

— ==+ C =1.575uF."
C. C GC, C,+C, 9.40F

'5-+B" ;+4-"T-"\+*T" 5-"43634;,3+4-"3+9" 5-"X*> 3C-"*2" 5-"P3, -1<B"T-"43+"
5-"-M:3,7*+" Q = CV " *"9-,-1G;+-" 5-"4531C-". *1-9";+5-"43634;,*1.7

Q=CV =(1574" 10'° F)(9.00V) =1.42" 10'® C"

'5-+"9-,-1G;+-" 5-"-+-1C<", *1-9";+" 5-"43634; *1.B"+C" 5 M:3,;*+"

E - CV? _ (1.574'10° F)(9.00V)?
@ 2

=6.38" 10'° J/"

2
8- T"P<" 4C" 5241 GMEL M3, <+ E = Y

;+X*>X;+C"43634;,3+4-"3+9"

X*>3C-B"T-"43+"3X*;9"..;+C"*+-"*2" 5-"6313G-,-1.",53,"T-"43>4:>3,-9B"G; +;

IEH'
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*:1"453+C-"*2"61*63C3,;+C"3+"-11*1/

gPh"82",5-"43634;,*1."31-"4*++-4,-9"+"6313>>->B" 5-,1",*,3>"43634;,3+485"C;
-M:3,;*+"C, =C, +C, = 2.00uF+ 7.40uF = 9.40uF "

AC3;+B"T-":.55-"-M:3,;*+"Q =CV " *"9-,-1G;+-",5-"4531C-".,*1-9";+" 5-"
43634;,*1.79 =CV =(9.40" 10'° F)(9.00V) =8.46" 10'° C"

A+9"2;+3>><B"; 5+@*>>*T;+C"-M:3,;*3C3;+B"T-"43+"9-,-1G;+-",5-"-+-1C<"
,*1-9"+",5-"43634;,*1.7

_GV’ _(9.40'10° F)(9.00V)>

E
cap 2 2

=3.81"10*J"

IEC
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$JA0 (Y"#ZT(W($'Y8$"$@YY (&'B"
Y()8)'A&S(B"A&I"%]LV)"WA["

20.1 CURRENT

!/ll

)y

or

)y

N(258+*&5($&,=11$358+380+##+207$1$*&71"8=,$8&6)&5($8*"#218, $HH#*&"4
5(1"=%(&@ (+,(&[-:: & &(2RYS& T 2**$*&+3&[- B&(A

|
@.;+C" 5-"-M:3,;*H' =§B“T-"43+"43>4:>3,-",5-"4:11-+,"C;X-+";+“,5-"4531C-"3-

,,G-B"1-G-GP-1;+C",53 A =1C/s7

_(Q_400C, 1h $_, .78 10* A = 0.278mA"

(t  4.00h &3600s#

B2G&/&8$A+61+##25"1&*$IB*EPRIBEES(1"=%(&5($&, ($*5&"4828725+$3586):
9. :e&7"5$35+2#& REHIESE E-EN25&+*85($&1$++4523, $&"4&5($&T25(A&!
8$4-+61+##25"187288#$*802M$&,"352,5&@+5(&5($&725+$35&5(1"=96(&2&, ™
% 185#)&1$8=,$*&5($&725(&1$*+*523,$-& +* =*&5($&B+44+ =#5+$*&5(25&@
#21%$18J"#52%$& @$1$&=*$8&5"& 71"8=,$&5($&*20$&,=11$35&5(1"=96(&5 (¢
5($&725(&(2J+3%&7$1(27*8.S:&5+0$*&5($81$*+*523,$-&BP+35U&I($&,=11$3
*20$.8"82&(+%($18I"#52%$8@"=#8&+07H#)&%1$25$1& 7" @$1-8a*$&5(+*&$(
P=1’R-G

g3h"@.:+C" 5-"-M:3, 142 . B'T"43+"4354:>3 " 5-"1-.:. 3+4-"42" 5."63 5"C;X-+" !
R
4:11-+,"3+9" 5-"6* —+,:3>F'= \_é B".*" 53"

R=\—/ :M:LGG?! 10°! =1.67k! "

gPh"82"3"Kz",;G-.">31C-1"1-.;.,3+4-"-_;.,-9B"\--6;+C",5-"4:11-+,"3P*.,",5-".3G-B'

IEN'
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6*T-1"T*:>9"P-";+41-3.-9"P<"3"234,*1"*2"3P*:,"KZB"43:.;+C"G:45"G*1-"-+-1(
P-",13+.2-11-9"*" 5-"\;+B"T5;45"4*:>9"43:.-".-1;*.."P+.["5-"C->":.-9"1-9:4- "
,5-"1-.;.,3+4-B"3+9",5-1-2*1-"1-9:4-.",5-"6*T-1",13+.2-11-9" *" 5-".\;+/

I=/" 1&#21%$&,),#"51"3&8+1$,5*&288E2MWB~4&+&"35"&2&521%$5& @ +5(&2&6$20.
:-ES:&0/-&B2G&?" @ &0RAB)&B=#$+&7$1&*$,"38&+*&5(+*A&B6G&?" @ &#"3%&
9-::&!&5"&*51+M$&5($&521%$5A&B,G&?" @ &#"'3% & 654 " 1BE ¥ S8 FRF WE &5 (:
521%%$8&A

)L g3h");+4-"T-"\+*T",563,"FHe"" " *+"53."3"4531C-"*2",T;4-",5-"P3.;4":+;,"*2"4531C-B
43+"4*+X-1,",5-"4:11-+,B"T5;45"53,."*2"$i.B";+,*" 5-"+:GP-1*2"He " ; *+."6-1"
1He™
2(1.60" 10 C)

~4*+97'(2.50" 10'* C/9 =7.81" 10" He "nuclei/<"

|
gPh"@.;+C" 5-"-M:3, ;{4 # B"T-"43+"0- -1G;+-" 5;4G-";," 3\-." *" 13+.2-1"1/ZZ$"

|
*2"4531C-B".;+4-"T-"\+*T",5-"4:11-HE |_? B".*",53,"

g4h"@.;+C",5-"1-.:>,"21*G"631,"9g3hB"T-"43+"9-,-1G;+-",5-",,G-";,",3\-." ,*",13+.2-
G*>"*2He " w*+."P<"4*+X1,;+C":+;,.7

| 23 ¢
REERLL Pe—— ) TR
mol #&7.81! 10 He**ions#

(1.00mol He**)%’

20.2 OHM’S LAW: RESISTANCE AND SIMPLE CIRCUITS

/" 12#, =#25$85($&$44$, 5+I$&1$*+*523,$&" 4828 7" M$5&, 24, =#2 5 EUBEI 5K (P827
5(1"=%(&@ (+,(&:-E::&0/&4HED*-

IEU
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)*>:,;*+ ! n " V " " " " " " " n n n
@.;+C5-"-M:3,;*+" | :EB &:+",5-"X*>,3C-"3+9",5-"4:11BF-"43+"9-,-1G;+-",5-

1-.;.,3+4-T| = %B".*”,SS,R =Y. ﬂ =6.75! 10°! =6.75k! "

20.3 RESISTANCE AND RESISTIVITY

#Kr |($&8+20$5$1&862=%6$&.,"T7$1&@+1$&+*&F-ESE&D0-&R+38&5($& 1$MEB23
#$3%5UR* =, (&@+1$&=*$884"1&7" @$18&5123*0+**+"3-

/
)*>:,;*+ n [_II\+*TIIT_IIT3+’II,*II:._ll ’5_II_M:3’;*+II R — % BII.*IIT_II+__9II’*"9_,_1G;+_ll’5_ll139;:.ll
2+1/5-"41%.S-4,%+3>"31-F2 A = | 1 2/");+4-"T-"\+*T" 5-"9;3G-,-1"*2" 5-"T;1-";."
N/#K#'GGB"T-"43+"9-,-1G;+-" 5-"139;:."*2" 5-"T;1-7"

1] |3
=9 -8BZI0M _ 4156010 mr

[-"3> *\+*T"21*G" '3P>-"#Z/1'53," 5-"1-...,:X;,<"*2"4*66-1"1.72" 10'® Im /"5-.-"
% _ (172! 10" "m)(1.00! 10° m)

X3>:-'C;X3"1-,.,3+4-"* IR =
A $(4.126! 10” m)?

=0.322! &

=" b4&@(25&025$1+2#&+*&2&1$*+*5"1&028%$& +4&+5*&1$*+*52 3 BEHEHH(23&TA
20.0iCA&

JF>1+ " [A34 - "BMES R TR = R(L+ 7] T)*9-,-1G;+-",5-",-G6-13,:1-"4%-22;4;+,"
M- X, <" 5"G3,-1;35/"5-+B"P<"-_3G: 8BRS "#Z/B"T-"43+"9- -1G +-" 5-"
<6-"+2"G3,-1;3>".-9"*"G3\-",5-"1-.;.,¥1/");+4-R = R, (1+ "1 T) =1.400R,, 21"3"
-G6-13,:1-"453+C-"*280.0; CB"T-"439" -1G;+-" / 7

0400 _ 0.400

"T 800;C

9% T =1.40081# %= =5.00! 10% /;C"

)*B"P3.-9"*+" 5-"X3>:- "2 BP>-"#Z/B",5-"1-.;.,*1",."G39-"*2"; 1*+/

IKZ"
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=Q" B2G& +06+524#&0$8+,2#&5($10"0$5$1*&8$5$10+3$&5$07$125=1$86)80$2*=
"4828*$0+,"38=,5"1&8$]+ $& 25(EARZE" 1&B@ (+,(§(2*! 0.0600/ | C G&@($3&+
2585($&*20$&5$07$125=1$&2*&5($&725+$35-&N (258 +*&2&725+$35V*&5$0"
5($10+*5"1V*&1$*+*523,$82585(2585$07$125=1$8+*&FE-: 8R4 € EB3LATZHEBE
6"8)&5$07$125=1$6B&RE&3$%25+]$8 I 2#-BRYEIHE6$802+352+3$88&4"18.J¢
5$07$125=1$*-8&"\+* =& @ ()&238&@ ($5($1&5(+*&+*&5($&, 2*$&($1$-&B?+35
63$,"0$&3$%25+18-G

)*>1,%+ " g3tR=R, [L+” (T! 37.0; C)] = 0.820R,, where ” =1 0.600/;C.

1;X;9;+C"PR;,1+ “ (T | 37.0; C) = 0.82(B*",53, 0.180=! " (T! 37.0; C)B"
1 0.180_ ! 0.180
" 100600/;iC

CX;+CT'! 37.0;C) = =3.00; C."

D;+3>2*FB-37.0; C+3.0G C=400; C"

gPIB2" *."+-C3,;X-"3,">*T" -G6-13,:1-.B",5-+",5-" -1q'+ " (T | 370; C)|'43+"
P-4*G-"+-C3,;X-B"T5;45",G6>;-.",53,",5-"1-.;.,3+4-"53.",5-"*66*.;,-".;C+"*2" 5-
413> 0 34" B " 53 P-AA G- - C 3, X" A" R P> KB 3X
+-C3,;X-"1-.;.,3+4-B" 5" -G6-13,:1-"4%-22:4;-+,"*2"1- ;. X;, <"43++* "1-G3;+"
1

+-C3,;X-"¥">*T",-G6-13,:1-./"8+",5;,."-_3G635-"G3C+,,:9-",."# " ——————"
370iC!'T

=U/ 4("%)&#()5*%+6%& BEC&I"&@(25&5$07$125=1$&0=*5&)"=&12+*$&2&1$*+*5
,"3*523523&5"&8"=6#$&+5*&1$*+*523,$.&2**=0+3%&2&,"3*5235&5$07$125=1
1$*+*5+J+5)A&B6G&I"&,=5&+5&+3&(2#4A&B,G&N(25&+*&=31$2*"326#$&26"
N(+,(&2**=075+"3*&21$&=3BRB#$.&"1&@ (+,(&71$0+*$*&21$&+3,"3*+*5$35A

)*>1,%4+ " g3H@.;+GB-"- M:3,;*+"R= R, (1+ "1 T)"3+9".-,,;+C" 5-"1-.;.,3+4-"-M:3>" *" T;4-" 5."
413> 0, 3+4-B T-"43+" *>X-"2%1" 5-"2;+3>" -G6-13,:1-7"

R=R(1+$' T)=2R, # &' T=$(T! T,)=1. (T, =20;C)"

)*,5-"2;+3>",-G6-13,:1-T;>>"P-7
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gPh"AC3;+B":.;+C"J@3,*+"R= R (1+ ” T)B"T-"43+" *>X-"2%1" 5-"2;+3>",-G6-13
T5-+"5-"1-.;.,3+4-";."53>2" 5-"+;,:3>"1- ;. 3+4-7"

R=R,(L+" $T) :%# (T T,) =! %B".*",5-“2;+3>",-G6-13,:1-"T;>>"P-7

Tep o 05

0= == 25! 10°jCorT =" 25! 10° jC."
2110°/iC —_—

g4h"8+"631,"g3hB",5-",-G6-13,:1-";."3P*X-",5-"G->,;+C"6%;+,"*2"3+<"G-,3>/"8+"€
-G6-13,:1-";."231"P->*TD K B"T5;45";.",G6*..;P2-/

gOh"'5-"3..:G6,;*+",53,",5-"1-.;.,;X;,<"2*1 4%+, 34,3+ T;>>"1-G3;+"4%+.,3+,*X-1",
9-1;X-9":G6-13,:1-"13+C-.";+"631,"g3h"3+9"gPh"3P*X-";."T1*+C/"D*1">31C-
-G6-13,:1-"453+C-.Bl' 'G3<"X31<B"*1"3SM31"-M:3,;*+"G3<"P-"+--9-9" *"
2;+9 [+

20.4 ELECTRIC POWER AND ENERGY

EX" e$1+4)&5(25&5($8=3+5*§20FSEIREL $8 @ 255*.82*&+07#+$8&6) &5 B&PT=25-

P> ),31,4+C ;55" M:3,:%+"P = [V B"T-"43+"C-,"3+"-_61-..;*+"2*1"3"T3,,";+" -1G."*.
4:11-+,"3+9"X*> 34 = WB[IV] = A.V = (C/9(J/Q) = J/s= WB".*",53,"3"T3,,";."
-M:3>" *'3+"3G6-18X*> ]

KK 1&,2=5%$1+>$1.&=*$8&5"&*5"7&6#$$8+3%&+3&*=1%%$1).&7=5*&"=5&E-::&0/&2
+*&+5*&7"@$1&"=57=5A&B6G&N(25&+*&5($&1$*+*823,$&"4&5($&725(A

>+ " g3h'@. ;48 -M:3,%+" P = IV B"T-"43+"9-,-1G;+-",5-"1G."6*T-1"C; X-+",5-"4:11-+,"
3+9",5-"X*>,3C-7

P=IV =(2.00! 10°° A)(150! 10° V) =300 W"
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gPh"&*TB":.;+C",5-"-M:3,;*}= \F/Q Br-"43+"*>X-"2*1"5-"1-.;.,3+8"'T;,5*.,"..;+C" 5-"
| 4
1-.:>,"21*G531,"d9'l = \—/ " R= \i = (1'50'—10#3\/) =750! 10°! =7.50M! "
R | 2.00!10™ A

&*,-B",5;."3..:G-",5-"43:,-1;b-1"*P-<."%5Gp.">3TB"T5;45"T;>>"P-",1:-"2*1"*5(
G3,-1,3>.">;\-"C**9"4*+9:4 *1"/

KU' 0(/%1")/%2+3#(. %8488 I27" 1 +>$1*& 72**&28&,=11$3585(1"=%(&@25$1.&$J21
@+5(&"3#)&28&*0211#8&+3,1$2*$8+3&5$07$125=1$-&b3$&*=, (&("0$&8$I+,$&+
2388=5+#+>$*&IE:8e&/I&@+5(&TS-:d&$44+,+$3,)-&B2G&N(25&+*&5($8J27"
7$180+3=5$A&B6G&?" @B &0=*58)"=& 7=5&+35"&5($&J27"1+>$1&4"1&F-
"J$13+9%(58"7$125+"3ARBYUSIE S G

)*>:,;~k+ n
g3h"D14B-"-M:3,*+ "P = IV B"T-"43+"9-,-1G;+-" 5-"6*T-1"C-+-13,-9"P<" 5-"
X36*1;b-1P = IV = (350A)(120V) = 420J/s= 0.420kJ/s'3+9".;+4-",5-"X36%b-1"
53."3+"-22;4;-+4<"*2"UKBZB-"5-3," 53,";." 43P >-"*2"X36*1;b;+C" 5-"T3,"1";.
Q=(0.950 Pt/"5;."5-3,"X36*1;b-." 5-"T3,-1"344%19;+C" 52"-M:3,;*+"
Q=mL,, T5-1-" L, = 2256kJ/kgB"21*GP>-"IE/#B"*" 53,(0.950 Pt = mL, B"1

-~ (0.950Pt _ (0.950(0.420kJ/5(60.05)
L, 2256kJ/Kg

=0.0106kg! 10.6g/min"

gPh"82",5-"X36*1;b-1";." *"1:4"2*1"N/ZZ"5*:1."B"T-"+--9",*"43>4:>3,-",5-"G3.."*2
T3,-1"P<"4*+X-1,;+C":+;,.7

Myequreq = (106 g/Min)(8.0 h)g/?%i =5,09! 10°g = 5.09kg"

8+"% 5-1"T*19.B"G3\;+C":.-"*2P>-"ll/l "*'C- " 5-"9-+,; <"*2"T3 -1B"; "1-M:;1-.

3
5.09kg! 10Tk ! 10,,5 _=5.09L "2"T3,-1" *"1:+"*X-1+,C5,/
g m
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HK" 0(/%1")/%2+3#(. % d&H+%{R+#&,"00=5$1&512+38812 @*&Z D SR ARFE5 1 +,+E
@($382,,$#$125+3%-&B2G&N(258+*&+5*& 7" @$1&,"3*=075+"38&125$&+3&M-
8"$*8+5852M$&5"&1$2,(&E:-:&OP*&*5215+3%8&41"0&1$*5&+BB05 M RBBSE&(
2++=0+3%&T@R$44+,+$3,)82388&,"3*5235& 7" @$1A&B, G&R+388+5*&2J$12%¢
Apx =R ("DE5($82, $HP125+"38) =84 =388 4" NP HEHI AR, "0721$*85"&@
0+%6(5&6$85)7+,2#8&4"1&2382-&"0"6+#$-

)y
g3h"'@.;48"-M:3,;*+ "P = IV B"T-"439" -1G;+-",5-"6*T-1"C-+-13,-97"
P = IV = (630A)(650V) = 410! 10°W = 410kwW"™

gPh");+4-" 5-"-22;4;-+4%JK/Z0B" 5-"-22-4,;X-"6*T-1";."
P,....=(0.950P = 3890 KW/"5-+"T-"43+"43>4:>3 -" 5-"T*1\"9*+-"P<" 5"

effective
A34TW = (P )t/")-,,; +C",53,"-M:3>" *" 5-"453+C-"; 42,4 +-1CLC; X-."."3+"
- 61-..;*+"2*1" 5-";G-";, ", 3\-." *"1-345"#Z/Z2"Gi."21*G"1-,7

W =%mv2 ! %mvoz = (P, )tB".*",53,"

oW 2mv’ " (1/2)my’ _ 0.5(5.30! 10* kg)(20.0m/s)*

- =27.255=27.3s"
>y 3.890! 1° W
g4lp"-"1-43>>" 5@= v, + at,sothata = ~ = 200MS_ . 734mis
27.25s

g9h"A" <6:43>"3: *G*P;>-"43+"C*"21*G"Z" *"HZ"G65";+"1Z".-4*+9.B" . *" 53" "
344->-13.%+"F = v _ 60 mi/hr | lhr , 1609m _ 27 m/2"
T 10s  3600s  mi '

'5:.B"3">;CH3;>",13;+"344->-13,-."G:45". >*T-1" 53+"3"431B"P:,";,"43+"1-34!
6--9.".:P.,3+,,3>><"23,,-1",53+"3"431"43+"..,3;+/")*B" <6;43>88:>1(154\."31
X-1<">*+C"3+9",,13,C5,B" *'3>>*T" 5-GA5"53-"23.,-1"2;+3>".6--9."T; 5*,"
9-4->-13,;+C"31%:+9".5316" 1%/
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20.5 ALTERNATING CURRENT VERSUS DIRECT CURRENT

oF'

)y

ouv

)y

N+

)y

1$152+3&($2J)&+38=*51+2#&$C=+70$35&="$*&/1& 7" @$1&5(25&(2*&2&7$2M:
N(25&+*&5($&10*8.J " H#B2%$A

@.;+C5-"-M:3,;*+"V, = % B"T-"43+"9-,-1G;+-",5-"1G."X*>,3C-B"C;X-+",5-"6-3\'

x+>3Cy, =0 =87V _ g0y

N(25&+*&5($&7$2M&E 7" @$1&,"3*=075+"FRMELRKIE @2I$&"I$3&5(25&812@*
A&

@ +C5-"-M:3,*+ P

ave —

X3>:-."2*1",5-"4:11-+,"3+9"X*>, F- /= |

| _V_ B'T-"43+"43>4:>3,-" 5-"3X-13C-"6*T-1"C;X-+",5-"
= (10.0A)(120V) =1.20KW"

rmsvrms
&-_B"+4-" 5-"6-3\"6*T-1",." 5-"6-3\"4:11-+," ;G-." 5-"6-3\"X*> 3C-7
P=IV,= 2(% |V,) = 2P, = 2.40kW"

R+38&5($&5+0$&2468DEH3&5($&+3*523523%"=*&J"#5298S& /18474 1*5&1$2, ($*
4"#H" @+3%8&I2H=V V2 BBBERB, G& -

g3h"D1*5-"-M:3,;*+"V =V, sin2/ft B"T-"\+*T"5*T" 5-"X*>,3C-"453+C-."T;,5",;G-"

2*1"3+"3>,-1+3¥:11-+gASH)*B";2"T-"T3+,",5-"X*>,3C-"*"P-"-M :3>\%'B"T-"

H
Sln (0'5) . );+4_IIT_II
2/f n
53X-"3"21-M:-+4<"2"HZ"|bB"T-"43+".*>%~"2/&"",53,",5;."2;1.,"*44:1."
g1-G-GP-1;+C" *"53X-"<*:1"43>4:>3,*1";+"139;3+.h7

\+*T"’53,llll\% kVO Sin 2'/ft IBII.*II’SS,EIn 2.,ft — %BII*IIIz
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{= 0.5236rad

= 2290 21,391 10°s=1.39ms "
2# (60Hz)

gPh");,G;>31><B'2NI; 1V =V, sin2/ft =V,B" *",53,
t_sin"ll_ #/2rad
2#  2#(60Hz)

=417'103%s=417mg"

g4h"D;+3>><B"2TL"V =V, sin2/ft =0'B".*",563,2/ft =0,/ , 2/ ,....."*1"2*1",5-"2;1.,"
1G-"32,-1t =0: 24t = # ort =—~_ =8.331 10°°s=8.33mg"
2(60Hz)

20.6 ELECTRIC HAZARDS AND THE HUMAN BODY

R™#+*(#)&51)+3%&5"&4+*(&2&6=13+3%&7+$,$&"4&61$28&41"0&2&5"2*5$1&

Y M3+4%$.&2&023&,"0$*&832,B& @ +5(&@MR/1-&?$&8"$*&3"5&$I$3&A$$H&+5&*+3
($&+*&@$21+3%& 1 HEHBBL ("$*-&N(25&+*&5($&0+3+0=08&1$*+*523,$&"485(3&
,=11$35&4"##" @*&5(1"=%(&5($&7$1*"3A

)y

D1*G3P>-"#Z/B"T-"\+*T" 53," 5-" 51-.5¥>9"2" -+ 3 :*+": I'=1.00mA /"’5-"
Gi+,G:G"1-.;.,3+4-"2%1" 5" B*4\" #'4% "P-12-> "T:>>"*44:1"TG-4"-M:3>" *" 5; "
X3>:-/")¥B" .+ 05 M3, 4+ =\—|;'BT-"43+"9-,-1G;+-",5-"G;+;G:G"1-.;.,3+4-"2*1"

#Z7"J"A$"4:11-+'R = V__ 120V =1.20! 10°! "
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$]A0' (Y"#!7" $8Y$@8")B" 8% (W($YEB"
A&I"I$"88)'Y @L(&')

21.1 RESISTORS IN SERIES AND PARALLEL

1" B2G&N(258+*&5($&81$*+*52325&14 5385 1*&,"33$,5$88+38*$1+$*AKB6G&G
>0 g3MII*G'S-"-M:3,;*+" R =R + R, + R, + ... T-"\+*T",53,"1-.;., *1.";+".-1;-."3997
R=R+R,+R +...... +R, =(275! )(10)=2.75k! "

gPMD1*G)5-"-M:3,;*+" 1 = 1 + 1 +...B"T-"\+*T",53,"1-.;.,*1.";+".-1;-."399">\7
R, R R

b = (10) 4’364 10/ »

1

R, Ry 273
N T 3 _ n
)*",63,"R, = %764(10)2 | =275

or H$4$11+3%&5"&5($&$<207#$&,"06+3+3%&*$1+$*&2388& 7 2 R2#H#H SURAZ)=AS*&
2, =#25PE8 3&5($&4 " #H#" @+3%&5@"&8+44$1$35&@2)*U&B2G &4 1" ORZFHEM

|,i&B6G&=*+3%&b(0V*&R2ERABZERS (& 7215*€$<T#+,+5#)&*(" @&("@&)"=&A"
+385($8HS0; L " #I+3%&L51255%+$*&4" 18 L $1+$+82388 2BHHSHEHS* +*5"1*

> 1%-+<55-"4,14:;,"9;3C13G",."913T+D4C 1-"#!/1A
1%-+>P;+91, [

%-+2Y-.0 * 1" R, 3+9'R,"31-",+"6313>>->/"5-+B"1-. R " +".- 1;-."T;,5",5-"
4*GP;+3,*+" 2R, 3+9'R, /"

1%-+@=

IKO'
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Bh"W*\;+C"3," 5-"6%+,"T5-1-",5-"T; 1-"4*G-.";+,*", 5-"6313>>->"4*GP;+3, Ry ™2"
3+9"R,"B"T--",53,",5-"4:11-+,"4*G;+C";H 7."-M:3>" *" 5-"4:11-+,"C*+C"*.,"
1,"3+9" ;"B"*" 53l = |, +1,*1"l, =11, =235A1 1.61A =0.74A"

PH@.;+C"%5GV.">3TR;R"3+9"X*>,3C-"2*1",5-"4*GP;+3,*R*2+9"R,'B"2*:+9";+'

Vv
( 3G6>"#1/BT-"43+"9- 1G4 5-"4:11-+ 7= -2 = 2OV _ 7408
R, 130!
Y-+ AB-" 1> " 13 4 3P>-"P-43:. - M G3>>-1", 53+ 5-":+4*G: +C"4:11-BB"

3+9"P*5"G-,5+0."61*9:4-",5-".3G-"3+.T-1/"

21.2 ELECTROMOTIVE FORCE: TERMINAL VOLTAGE

IK/" 1216"3;>+3,881)&, $##*&B* 0$5+0$*& 15451 1 STEMNL+QIRB $H#* G & (2582385
0.823885($)&21$871"8=,$882*&*+30H#$E&, $HH*&"1&+3&I21+"=*&,"06+325+"3*
J'#52%$*-&B2G&?" @ &02DB.$8f*&21$8.3$$8$8&5"&02M$S&5 (S8 BEP3EFL)&
=*$BEABEB)&H02HH#&SHS,51"3+, &85+, $*AGBEGEN (258 +*&5($82,5=2#&$04&."4
2771"<+025$#)886255$1)A8B, G& M+, =& ("@&+35$132#81$*+*523,$&+3&5({
"4& SHH*& @ +HH&244$,5&5($85$10+32#8.) #5206 $& " 48 BE&B2IBEE)<+025$#) &

JE>1 k" Bh9- J1G:+-"5-"+:GP-1".;G6><"9;X;9-" 5-QIP<" 5-"-G2"+2"-345"41>>7
9V OL54V =5.84! 6"
PHB2".;_"91<"4->>."31546:-1;-."B" 5-"34,:3>"-G21.54V | 6=9.24V"

g4h"8+,-1+3>"1-.;.,3+4-"T;>>"9-41-3.-" 5-",-1G;+3>"X*> 3C-"P-43:.-" 5-1-"T;>>"F
917%6."341%.." 5-";+,-1+3>"1-.;. 3+4-" 53,"T;>>"+%,"P-"-2:>" +",5-"%6-13, *+"*2'
US"P3,,-1</

=7 4("%)&#()5*%+6%& BEG&N(258+*&5($&+35$132#81$*+*5 2RH 1 8LRRR (258
*=77H+$*&9-:&N& 487" @$1BS8 BRAHOALBOEGEN(258+*8=31$2*"3264$826"=!
1$*=#5A&B,G&N(+,(82**=075+"3*821$&=31$2*"326#$&"18+3,"3*+*5$35A

IKN'
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)y
g3h"@.4&"-M:3,;*+"P = | °R, wehavel = g = 11:%\'/\/ =0.258A/")*"..;+C"

%5GV.IV"'3+9V =E! Ir "T-"53X-"

V=E! Ir:IR,or:r:E! R= 1.54V

115.00 =19.04! "
I 0.258A

gPh"c*:"43#* "53X-"+-C3,;X-"1-.;.,3+4/

g4h™"5-"X*> 3C-" 5+:>0"P-">- " 53+" 5-"-G2"*2" 5-"P3, -1<a"* 5-1T;.-",5-"+,-1+3>
1-.;.,3+4-"4%G- "% "+-C3,: X-/""5-1-2%1-B" 5-"6*T-1"9->:X-1-9";." **">31C-"2*1"
CiX-+"1-.;.,3+4-B">-39;+C" *'3"4:11-+," 53,";." **"$31C-/

21.3 KIRCHHOFF’S RULES

=" [T7#)&5($&H" T &1=#HP&E"&H"" 7 &26,8B4YN2EHIEEES

)L+ @5+ CY5-">FE " 1>-"2% 1> 6" 3P49-2E 8 # I HKC X-. T

PR+ BV 1on + g1 + 151, - B, =0"

=0/ [TT#)&5($&H" T &1=#HP&E"&H#"' 1 &2 MFESB)62&%B& SE

JE>1R " @ +CT B SHHE L> 2> 6 3\>-94PBIE L /KIC X-. T

E,- L -LR + LR +1-E + |R = 0"

21.4 DC VOLTMETERS AND AMMETERS

EE/ R+388&5($&1$*+*523,$85(2580=*5&6$& 7#2,$88+ G HIL B RHARBEITE 1 8(2)+3
280.0-uA &$3*+5+J+5)&B5($&*20$&2*&5($&"3$&8+* =+*$88+3&5($&5$<5G &S5’
2+&28&J"#50$5$18 @+5(&BEAGHRHSE1$28+@%-

IKU'
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>+ [F"31-"CoX-+"r =25.01 ,V =0.200V, andl =50.0 A . "

)itd-" 51 * B <1 B B 3> - . 34+4-"251" 5"XR> G-, - 1" 4BFP<"
L +C'R =R +R, + R, +../")*B".;+C"%5GV.">3T"T-"43+"2;+9" 5-"1-.;. R¥A-"

\Y, 0.100V

Rtot:R+r:\|—/,SOthatR:|—! r:m! 250! =1975! =198k! "

Kz! L=77"*$&)"=&0$2*=1$&5($&5$10+32#&J"#52 % S &EMKAEBH SBER , $## & (2] +3%0&:
+35$132#&1$*+*528 30N &B) & 7#2,+3U8IK Kk | &"#50$5$1&2,1"**&+5*&5$10+
BR+%=1$&HGE&B2G&N(25&,=11$35&4#" @*A&B6G&R+38&5($&5$10+32#&J"A
H*$&5($&0$2*=1$8&5$10+32#8&J"#52%$&+*&5"&5($&$04.&, 2#&=#25$&5($+1

k> kg N
. g3H Y,

7

[
E
R*,+C"4*.4,-14>*4\T;.-"31*:+9" 5-">**g";+C" ,5-">**6"1.>-"C; X-.7

#E + Ir + IR=0,0r

| =_E -, 1883V =15848 10° A =1.58! 10° A
R+ r (L00!10°" )+0.100"

gPh5-",-1G;+3>"X*>,3C-";."C;X-48P<M:3,;*+"V = E ! Ir T
V =E#Ir =1585V #(1.5848' 10° AJ0.100! )=1.5848V"
&*-T"5-"3+.T-1"."1-6%1,-9" *'K";C+;2;43+,"2;C:1-."*".~",5-"9;22-1-+4-/
g4h™*'43>4:>3,-" 5-"13,*B"9;X;9-",5-",-1G;+3>"X*>,3C-"P<",5-"-G27

V _ 15848V
E 1585V

= 0.9999C"
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21.5 NULL MEASUREMENTS

KN/ 12#,=#H253& 56381 "AR&81)& $##E&A"1& @ (+,(&2&7"5$35+"0$5$1&+*&62#23,$8&
R, =1.200! .&@(+#$&23&2#M2#+3$&*5238218& ,$#H#&@+5(&23&$04&"4&9-Z.
R=1.247! &"&62#23,$&5($&7"5$35+"@H5$1-

y>L+" W T "E, = IR, andE, = IR, *",53,"

E LR ge _E%fé 1.600V) ﬁlzﬂ# 1,540V "
7

ES IS & ' "

21.6 DC CIRCUITS CONTAINING RESISTORS AND CAPACITORS

H=/ [($&5+0+3%&8$J+,$&+3&23&2=5"0"6+#$V*&+35$10+55$35& @ +7$1&FRGEO&
5+0$&,"3*5235&238&=5+2:500&FB272,+5"1&238&28&J21+26#$&1$*+*5"1-&bJ.
123%%$&0-&$&028$&5"&J21)&5"&2,(+$I$&5+0%$&,"3*5235*&41"0&E&:&5"&9

Je>: 5" DI*GI5-"-M:3,*+" | = RC, «T-"\+*T" 53,7"
R=t=—2995  _,6010°1 andR=—=— 1295 _300v 1071

'5-1-2*1-B",5-"13+C-"28%.7 4.00" 10° | #3.00" 10"! =4.00t030.0M! &

HUY 18($21588$4+61+##25"1&6$+3%8&=*$8&"3& 28R CH-HEHE,(B3*G23BL " 489 - &0*&
5"&5($&1$*+*523,$8"485($&725+$35823885($&,272,+523,$&"4&5($88$4+614
8$4+61+##25"1 & (@ RRIEE272,+523,$.8@ (25&+*&5($81$*+*523,$&"4&5($&72
5($&725+$35A&BC"=&02)&3$%#$, 5 BABHZ 7RH($& 725+$358&238&5($&1$*+*5
834+61+##25"1-GE&BBGRQA&S($8+3+5+2#&1" #52%$&+*&IE-&Me.&(" @&H#"3¢
6.00 10 V A&

>+ " g3h'@. 48 "-M:3, %+ " = RCT-"43+"43>4:>3,-",5-"1-.;.,3+%-
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I n #2
R=-=200"107S o5 1081 =105k
C 800"10°F
QPI+CI5-"-M:3, "V = V,e RC 'T-"43+"43>4:>3,-" 5-",,G-";," 3\-."2+1",5-"
X*>,3C-",*'91*6"21*C2.0kV t0600V :"

oV B
! = 'RC Ing 1]
Vo #
=) (L25! 10°( )(8.00! 10° F)ingg 2%V $-5 9961 102 s=300ms
&l.201 10°V #

OF/ 0(/%1")/%2+3#(.%EBA&)"=8@+*(&5"8&52M$&28& 7+ 5=1$&"4& 28 6=##$5&512]$
28 J$1)&61+$4&AH*(&" 4&H+%(58. 7 1TE BORDLDAR 5 (1"=%(& 28 4H#2*(&5=6%$8&,
6#=11+3%-&/**=0+3%&9-::800&"480"5+"3&8RIGBBBIRE &2, $7526#%$.8238
%+JI$3&5(2585($&AH2*(8+*&BE00HBEBI22E" 1. 8@ (25&+*&5($&1$+*523, $&+:

5=6%4&

ke kg M
T @.;+C¢'=?X ort = X"84975-"M:3,*+"2%1" 5" :G-"4*+. 3+ H-"43+"T1;,-" 5-",;G-"
\Y

4*+.3+,"3."/ = RCB".*"C-, ;+C" 5-.-" T*" ;G-."-M:3>"C; X-."3+"-_61-..*+"21*G"T5;

T-"43+" *>X-"2*1",5-"1-M:;1-9"1-.;.,3+4-7

P13
K:RC,orR:i: 1.00°10 m|4 =3.33'10%1 "
v vC (500m/s)(6.00 10 “ F)
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$JAO0' (Y"##7"LAR&('S)L "

22.4 MAGNETIC FIELD STRENGTH: FORCE ON A MOVING CHARGE IN A

MAGNETIC FIELD

!/ll

)y

or

)y

N(258+*&5($&B+1$,5+"38"485($802%3$5+,84" 1, $&" 3828 7" *+5+I$&, (21 %$&E
+38$2,(&"485($8*+<&, 2*$*EIR@ B S&L MRS

@.-",5-"1;C5,"53+9"13¥:*" *>X-" 5,."6 1*P>-G¢*:1"1;,C5,", 5:GP";." +" 5-"9; 1-4, *+"*
X->*4;,<B"<*:1"2;+C-1."6%+,"+",5-"0;1-4,;*+"*2"G3C+-,;4"2;->9B"3+9", 5-+"<*: 1"
B%;+,." ", 5-"0; 1-4,;*+"*2" G3C+-,;4"2* 14/

g3h"c*:1"1,C5,",5:GP".5*:>9"P-"234,+C"9*T+B"<*:1"2;+C-1."*:,"*2",5-"63C-B"3+¢
’5—"63>G“*2“<*:1”53+9"6*;+'."’*"’5'—'2,"El|—_,W"

gPh"c*:1"1,C5,",5:GP".5*:>9"6*;+,":6B"<*:1"2;+C-1.".5*:>9"6*;+,",*",5-"1;C5,B"3+
’5_||63>Gll*2u<*:1ll53+9u6*;_'_;’_l_|:*||,5_"63C-/n

g4h"c*:1"1;C5,", 5:GP".5%:>9"6* +," *" 5-"1,C5,B"<*:1"2;+C-1.".5*:>9"6* +,"+,*",5-
3+9||’5_+ll’5_ll63>Gll*2||<*:1||53+9ll6*;_]6:l~t"&*1’5 1

gghlll5_llx_>*4; ’<II3+9"’5_HG3C+_’ ;4"2;_>9II3$M_3P>_>BII.*II,5_1+I*\::2*14lII

g-h"c*:1"1;C5," 5:GP" 5*:>9"6%;+,%45-"63C-B"<*1"2;+C-1." 5*:>9"6*+,":6B"3+9"
5-+",5-"63>G"*2"<*:1"53+9"6%;+,." *", BC5,"g(3./h

g2h"c*:1"1;C5," 5:GP".5%:>9"6%;+,":,"*2" 5-"63C-B"<* 1"2;+C-1." 5*:>9"6%;+," *",E
>_2’BII3+9II’5_+II’5_||63>Gl|*2ll<*:1“53+9||&-f¥’_|_|“

N(25&+5&&02<+0=0&4"1,$&"3&23&2#=0+3=0&1"ERIQOHEEL2 1 % $&5(25&)"=¢
72**&6$5@$P3&5($& 7 "#$*& " YBIEAER3$35802%3$5&25&2&*7$$8&"4&S-: &0F
@(25&8+1%$,5+"3&+*&5(8&4"1,$A

(_3G;+;+G5-"-M:3,;*+ "F = quBsin/ ,T-".--",53,",5-"G3_;G:G"2*14-"*44:1."T5-+"
sin/ =1B"*"53/F, ., = qvB=(0.100" 10'° C)(5.00m/s)(1.50T) = 7.50" 10'" N.,
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22.5 FORCE ON A MOVING CHARGE IN A MAGNETIC FIELD: EXAMPLES

AND APPLICATIONS

I=/" 1&71"5"3&0"I$*&ZABO! 10" m/s&$17$38+,=#21&5"&2802%3$5+,&4+$#8-&I($&<
5($&71"5"3&5"&512I$#&+3&2&,+1,=#21&725(&"4&128+=*&:-F::&0-&N(25&+*&

* - kg M
) >.,! + @.;+C5_II_M:3’;*+ llr = %/, "T'"43+”-*>X'"2*1",5'"G3C+',;4"2;'>9".,1'+C,5"+'4'..3:
q
F'GHFX-", 5-"61% *+"+"3"4,14>-"%2"139;:."ZINZZ"G7
| " 27 | 7
B = mv_ (1.67' 10 |fg)(7.50. 10" m/s) - 0.979T"
qr (1.60! 10 ~ C)(0.800m)

- B2G&/5&@(25&*7$$8& @ +##&2&71"5"3&0"I$&+3&2&,+1,=#21&725(&"4&5($&
$#$,51"3&83&1, +*$LEARBO6G&N(25&@"=#8&5($&128+=*&"4&5($& 725(&6$&
5($&*20$&*7$$8H2P&S#$,51"3A&B,G&N(25& @"=#8&5($&128+=*&6$&+4&5($«
*20$&M+3$5+,&$3$1%)&2*&5($&$#$,51"3A&BBG&I($&* H$&0"0$35=0A

)y

g3h");+4-"T\*T" r = %/,'3+9“T-"T3+,",5-"139;:."*2",5-"61*,*+",*"-M:3>",5-“139;:.
q

*Q" B> TR LA B THABH T L] =" B-"X->%4; <"*2" B-"6 1% *+"+" -1C
*Q" 54261 G3, A4 T-"\+*T"3P*: " 5-"->-4, 1%+7

=qur=qu :)n Ve§= meve
m, m goBy m, .

_ (9.11 10 kg) (7.50! 10° m/s) _
1.67! 10* kg

Vo

4.09! 10° m/s

gPhu&*Tal_l'_Cur — %/, T'"43+“.*>X'"2*1",5'"139;:."*2",5'"61*,*"'";2",5"'X'>*4;,<“
q n
-M:3>." 5-"X->*4; <"*2" 5-"->-4 1*+7

| " 27 | 6
(= my, _ (1.67! 10 ngkg)(7.50. 10”5m/s): 7 83 10° m"
gB (1.60'10~C)(1.000 20°T) —

g4hIID;1.’BIIT_II+__9H’*II9_’_1G;+_II,5_II.6__9"*2"’5_"61*,*+II;2H’5_"\;+_’;4II_+_1C;_.IIT_1_|
LU II1 1 1 n n Ll
53672 my,” = > myv,*'B".*",53,
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| "31
v, =v, |™ = (7550 10° m/s)\/w =1.75 10° m/s”
m, 67! g

B+ 1 +C'r = %’ , T-"43+"9-,-1G;+-5-"139;:.7
q n

| " 27 5
oMy _(167!10 "1|9<g) (1.752 1qsm/s): 183 107 m"
g8 (160! 10°C)(L00! 10°T) — —

gghllD;ll’BIIT_II+__9H’*II9_’_1G;+_||,5_".6__9"*2"’5_"61*,*+||;2"’5_IIG*G_+,:G.II31_II’5_II
3G-7"m.v, =myv,B"*",53,

! ' | (31
v, = V{.Z%%: (7.50 10° mispf- 2 10~ KIB_ 4 001 10° e
#

"8.671 107 kg ¢

B+ +C r = %’ , T-"43+"9-,-1G+-",5-"139;:.7
q n

_mv_ (167! 10 kg)4.092 10° mis) _ , o .
g8 (160 10™CfLo0r 10°T) T

22.6 THE HALL EFFECT

#KT

)y

#U!

1&3"30%,(23+,2#&@25%$1&0$5$1&,"=#8&=5+#+>$&5($& ?2##&$44$,5&6)&27 T#
2,1"**&2&0$52#&7+7$&2388&0$2*=1+3%&5($&PPBHPBHERIZEE +*&5($&2I$1 2"
4#=+8&JI$#",+5)&+38R&320$5$1& 7+7$.& +4& PRA-H#8&2,1"**&+5&,1$25H82 8
P2##&J"#52805A

@.;+C5-"-M:3,;*+ "E = Blv,nT-"43+"9-,-1G;+-",5-"3X-13C-"X->*4; <"*2" 5-"2>::9/"8§
53,",5-"T:9,5":."34,:3>><" 5-"9:3G-,-1":+",5:."43.-7
E 60.01 103V

Vv=— = =4.00m/s"
Bl  (0.500T)(0.0300m)

L("@&5(25&5($&?2##8&J"#52%$&2,1"**&@+1$*&028$&"4&5($&*20$&025$1+2
,=11$35*.&238&*=6\$,5$8&5"&5($&*20$&02%3$5+,&4+$#8&+*&+3I$1*$#)& 71
8+20$5$1B&+35U&!"3*+8$1&("@&81+45&I$#",+5)&8$7$38*&"3&@+1$&8+20¢
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)y*>L+ " @.5+C5-"-M:3,,*+ "E = Blv, 15-1-",5-"T;9,5",.",T;4-",5-"139;:.BT = 2r B"3+9"..;+C
’5_||_M:3,;*+ III - nC]A\é B"T'”43+"C',“3+"'_61'--;*+"2*1"$|::'2,"X'>*4;','<7

Vy=—= 'B".*".:P.,;,:,;+C";+*E = Blv,'C;X-T
ngA nglq?
E=B"2r" | 5= 21B ! 1! 1
nqg!'q® nqlqr r d

)*B",5-"]3>>"X*> 3C-",.";+X-1.-><"61*6*1,,*+3>" *" 5-"9;3G-,-1"*2",5-"T;1-/

22.7 MAGNETIC FORCE ON A CURRENT-CARRYING CONDUCTOR

=HY N(258"1,$8+*8$<$15$8&"3&5($8 @ 25$1&+3&23&X P &8 1+] R SH-POSSEARRT
+48&9;/8,=11$35&+*&72**$88&2,1"**&5($85=6$&5(25&+*&7$17$30 R G2ABE5E2
A+ SHBALBI(SELSH25+ISH)&H*024HE* +>$8 485 (+*&4" 1, $&+38+,25$*&5 (383488
238802%3$5+,84+$#8*&5"&02M$&712,5+,2#&X P &81+I$*-G

Y1k @.+CF = IIBsinl B'T5-14%."5-"9:3G-,-1"*2" 5-" :P-B"T-"43+"2;+9" 5-"2*14-"*+" 5
T3,-17F =1IBsin = (100A) (0.250m)(2.00T) (1) = 50.0N"

22.8 TORQUE ON A CURRENT LOOP: MOTORS AND METERS

E#T B2G&N(25&+*&5($&02<+0=0&5"1C=$8~I8REKOS21$&#"'7&"4& @ +1$&IF-:&,0¢
5(25&,211+$*&28&,;=11$35&+3& 28B4 $#BA&BO6G&N(25&+*&5($&S5! & @ (¢
10.9; ?&

)>L+ " g3, +C5-"-M:3, %+ " = NIABsin/ 'T-".--",563,",5-"G3_;G:G", *IM:-"*44:1."
T5-+"sin/ =1B".*",5-"G3_;G:G",*1M:-";.7
# = NIABsin" = (150)(50.0A) (0.180m)? (1.60T) (1) = 389N I m"
gPh"&*TB"::~" . = NIABsin/ B"3+9".-)' = 20.0; B*",53,",5-" *1M:-",.7

#= NIABsin” = (150)(50.0A) (0.180m)? (1.60T) sin10.9 = 73.5N!m"
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ENY B2G&/&E=13&,+1,=#218#""7&"4&128+=*&S:-:&,0&+*8&I$15+,2#.& @ +5@$55&
#+3$-8/8&,=11$35&8"489::8/&,+1,=#25$*& #" M@+*$&+3&5($&H#" 7&@ ($3&I+$!(
|($&K215(V*&4+$#8&($1$8+*&8=$&3"15(.& 721 2##$H#&5"&5($& Y BARS.&@+5(
3.00" 10'° T-&N(25&21$&5($&8+1$,5+"3&2388&02%3+5=8%$&"4&5($&5"1C=$&"
NG 5(+*&8$J+,$&(2)$&23)& 712, 5+, 2#&2 T T#+,25+"31&2*&2&0"5

)*>:,;*+ " — T
7 |
B
W E
s/ v
g3h"'5-",*l|\/|:-B':--;."4>*4\T;.-'3.".--+"21*G"9;l-4,><"3P*X-".;+4-",5-">**6"T;>>"1*,:
4>*A\T;.-"3.".--+"21*G"9;1-4,><"3P*X@";+C5-"-M: 3, *+" " wax = NIABsin/ B"T-"

2;49" 5-"G3_;G:G" *1IM:-" *"P7
" = NIAB = (200)(100A) ! (0.500m)? (3.00" 10" T) = 0.47IN!m"

gPh"82" 5-">*6"T3."4%++-4,-9" *'3'T;1-B",5,.";."3+"-_3G6>-"2"3".;G6>-"G* *1"g
D;C:1-"##/="[5-+"4:11-+,";,."63..-9",51%:C5",5-">**6.B" 5-"G3C+-,;4"2;->9"
- 1,3 MIMi-" 5446, B T5;45"1%,3/8".532, /" (>-4,1;43>"-+-1C<";. "4+ X1
"G-453+;43F *1\";+" 5-"61*4-../"

22.10 MAGNETIC FORCE BETWEEN TWO PARALLEL CONDUCTORS

Kz! B2G&I($&("5&238&3$=512#&@+1$*&*=77#)+3% &N & T2&H4K B &2BELEBABH3&
F::&/&238&21$&*$72125%$8&6)&0S-:&,0-&N(25&+*&5($&02%3+5=8$&238&8+
4"1,$&6$5 @8RS -:&0&"4&5($*$& @ +1$*A&BOG&N+*,=**&5($& 712 ,5+,2#&,"3*$(
4"1,$.&+48&8&3)-

*>:,;*+ "
) g3t@.;+C5-"-M:3,;*+ |_F = —”20/'1' 2 B"T-"43+"43>4:>3,-" 5-"2*14-"*+" 5-"T'1-.7
r

T (50.0(4! " 107 T1m/A)(800A)* _ 8 5aN"
2Hr 21 (0.750m) E—

'5-"2*14-",."1-6:>.;X-P-43:.-",5-"4:11-+, ."31-";+"*66*.;,-"9;1-4,;*+.I'

gPh"5;."2%14-"; "1-6:>;X-"3+9" 5-1-2%1-" 5-1-",."+-X-1"3"1;.\",53," 5-" T*'T;1-."T;
*45"3+9" 5%1 ,"4;14:;1
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KHY R+38&5($&8+1$,5+"3&238&02%3+5=8$&"4&5($&4"1,$&5(25&$2 (& @HDS&SE
EE-SB2G&6)&=*+3%&I$85'3-£8-

*> L A
gt ® 5.00A
10.0 A 20.0 A
® ®
B C

%66*.;,-."1-6->B">\3,,134,B" *'T-"+--9" *"4*+ ;9-1345"T;1-V."1->3,;*+.5,6"T;,5"
5-"% 51" T*'T;1-./"W-, 49-+%,-"2%14-"6-1"1+;,">-+C,5B" 5-+"P<"

f = Hohlo
28r
o _ #1207 T"m/A)(5.004)(10.08)
AB 2! (0.100m)
. (a1 1 20" T"m/A)(10.0A)(20.0A)
Be 2! (0.1200m)
(411207 T"m/A)(5.00A)(20.0A)
A 2! (0.100m)

=1.00! 10" N/m

=4.00! 10" N/m = 4f,,

=2.00! 10" N/m = 2f,,

W3, 345" T;1-".-6313,->%
[1-"A"

IHN'
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D*1"T;1-"A7
fa, = fag SIN30j ( T, SIN30;

= (f,5 ( 2f,5 ) siN30;j = ( f,5 (cOS30;)=(0.500 10* N/m
fpy = Tag COS30j ( foe COS0;j = (g ( 2f,g ) COS30;

= (3f,; (c0s30;) = 2.60" 10 N/m

Fo =4/ f2+ 12 =2.65 10 N/m

f
) :tan(lgf’J?:lO.gi
A) Ay L

D* 1T
fox = fac ( fap COSBO;

=4.00' 10 N/m( (1.00' 10 N/m)cos6q = 3.50' 100 N/m
fa, = ( T, SIN60; = ((L.00' 10¢ N/m)sin60; = (0.866' 10'* N/m"

Fp = f2 + f2, =3.61' 10" N/m

f
)s = tan‘l§%fBX|?: 13.9i
/0 By n

f

B x

‘ 1:B
FB y n

D*1"[;1-"$7

IHU'
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foy = fac €COS60; ( foc
= (2.00' 10¢“ N/m)sin60; ( 4.00' 10 N/m =3.00' 10" N/m
foy = (facSiNG0; ( foc

(
((2.00 10* N/m)sin60; ( 4.00' 10 N/m = (1.73' 10¢* N/m-

Fo =4 &+ & =3.46' 10¢ N/m
f

)e= tan<1§ﬂr= 30.0j
Ofo

n

22.11 MORE APPLICATIONS OF MAGNETISM

oo/ 0(/%1")/%2+3#(.%- 82 G &a*+3%&5($&I2#=$*&%+I$3&4" 1 &2 BEA PN &G RAIGE L
238&2**=0+3%&5($&4"1,$&+*&=3+4"10#)&27 T#+$8&5"&5($&4#=+8.&,2#,=#2¢
, 1525388 NIE? B6G&Q*&5(+*&28&*+%3+4+,2358412,5+"3&"8&23&250"7($1$

K kg
V> g3t ep = %B"T1'43+"43>4:>3,-",5-"61-..:1"-7

F _ 50.0N

P= =
“r* 1(0.125m)

~=1.02! 10° N/m*"

>

gP@Bls;.";.II+*’|I3H.;C+;2;43+’ll2134’;*+"*2"3+||3,G*.65_1_/

P _ 1.02! 10°N/m?
P, 1013 10°N/m?

=1.01%"

N=/ 0(/%1")/%2+3#(.%-EB2G&N(258+*&5($&8+1%$,5+"38"485($&4"1, $&"38&28@+1$
8=$&$2*5&+3828#" 25+"3&@ ($1$85($&K215(V*&A+#88+*&8=$&3"15(A&W"
0%1"=38-&B6G&I2#, =#25$&5($84"1,$&7$1&0$5$18+4&5($8@+1$&,211+$*&E
*51$39%5(&08" 10'° T-8&B,G&N(25&8+20$5$18,"77$18@+1$8@"=#8&(2I$&+!
*=77"15$88&6)&5(+*&4" 1, $A&BEG&I2#, =#25$&85($& 1$*+*523,$& 7$180$5$182°
0$5$1&3$$8%3-
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yoet N

A

B

.

g3h"@.-",5-"1,C5,"53+9'3%:,"<*:1"1,C5,",5:GP" *",5- 3.,"3+9"<*:1"2;+C-1.",*",5-
+1,5B",5-+"<*:1"63>G"6*;+,.";+",5-"9;1-4,;*+"*2" 5-"2*14@821'G,5-"C1*:+9"
g*:,"*2",5-"63C-H/

gPI@.;+CF = 1IBsin/ BI5-1-"/ =90; ,sothatF =1IB sin/ B"*1

|E = IBsin# = (20.0A)(3.00" 10'° T)(1) = 6.00" 10'* N/m"

g4h

mg
[-'T3+," 5-"2%14-"2" 5-"G3C+-,;4"2;->9" *'P3>3+4-" 5-"T-;C5,"2*14FB% thg/"

&*TB"*"43>4:>3,-",5-"G3.1B43>3"= Vm B"T5-1-",5-"X*>:G-";,."V =/ r* LB*"

m=/V =1/" r’L"3+9'F = /" r’LgB"&

[F/L 6.00" 10'* N/m " s
= = =4.71"'10
"7 5% \/ (8.80" 10° kg/m® (! )(0.80m/s*) i

# d=2r=9.41"10°m

L = —L,T5-1-" 73" 5-"1-1.,0K,,<T
A 2

gI1I*GR =
Ir

11081
5: ) _ 1.72110°I.m — 2 47Ym "

#1° (470 10° mf

A> B +C5-"-M:3, 5+ 7| = \é B'T-"2;+9" 53,

Ay
L

—|x

=(20.0A)(2.47Ym )= 49.4v/m"
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NU/

)y

4("%)&#()5*%+6%& TR&=1J$)"1&9::&0841"0&2&#"3%&*51 2MEBEET" @ $1&H+7
*=*7$ 5*&5(25&8+5*&02%3$5+,&4+$#8&02)&$C=2#&5(25& "4&5($&K215(&238¢
1$28+3%*-&B2G&!2#,=#25$&5($&,=11$35&+3&5($& @ +1$B.BH$ALBEE R+ H3E
2585(+*&8+*523,$-&B6G&N(25& +*&=31$2*"326#$826"=5&5(+*&1$*=#5A&B,C
71$0+*$&+*&1$*7"3*&6H#SA

93@.;+C5-"-M:3,;*+ "B = _50'  T-"43+"43>4:>3,-" 5-"4:11-+,"1-M9" *"C-," 5-"
Ir

9-.;1-9"G3C+-,42;->9",,1-+C,57

(2#r)B _ 2! (100m)(5.00 10°° T)

I = :
Uy 4110 T.m/A

=2.501 10* A =25.0kA"

gPh"5;."4:11-+," "+1-3 *+3P><"5;C5/"8,";G6> -, "BXT,AL9-> X-1<";+",5-"> 4142
P=1V =(25.00 10° A)(200! 10° V)=50.0! 10° W =50.0GW, T 5;45";."G:45"
U5, CE"2%1"., 3+9319",13+.G;.. 54> - /

g4h"IZZ"G-,-1.",."3">*+C"9;,, 3+4-" *"*P 3 #18M:;1-9"2;->9" . 1-+C 5/"A> *'4*3_;3>
A43P>-"31-"1.-9"21", 13+.G;.. F+"> -, " ¥ 53" 51" "X 1,135 ><"+412;-59" 241"
6*T-1">+-.B"P-43:.-"%2"43+4->>3,*+"21G"*66%.;+C"4: 11+, /"5-" :1X-<*1V."
A5+4-1+."31-"4% "3"61P>-G"2*1"5; "G3C+-,;4"2;->9"G-3.# -
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$JAO' (Y "#=7"(W($'Y%LARE('8$"
8&1@$'8%BAS"$8YS@8')B"A&I"
(W($'YSSAW" ($]& YW BAR'

23.1 INDUCED EMF AND MAGNETIC FLUX

" N(25&+*&5($&I2#=$&"4&5($&02%3$5+,&4H#E<ER2ERL EHHBEFREZ &, "+#&IA

P>+ " @.+65-"-M:3,;*+" | = BAcos/ B'T-"43+"43>4:>3,-",5-"2>_" 51*:C5"4*;>"#B".;+4
4*:>."31-"6-16-+9;4:>31 72 BAcoy = BAc0s9( =0"

23.2 FARADAY CS LAW OF INDUCTION: LENZ CS LAW

or e$1+4)&5(25&5($&=3+5R " UR1$&J"#5*-&I(25&+*.&*("@IH(B58s =1V -

)*>:,;*+ " |5_":+;’.||*2|| % T;>>IIPI_7

IE/™ 1&#+%(53+3%&6"#5&71"8=,$*&28&127+8#)&J21)+3%&02%3$5+,&4+$#8-&Q4é&
J$15+,2##)&2388&2,5*&#+M$&2&,=11$35&+3&2&#"3%&*512+%(5&@+1$.&+5
#"'7 &2#+%3$8&#+ MIR (2 RDEBB BN (25&J"#52%$ & +* & +38=,$ 8 BIBHZD5S
#"7&S:-:&0&41"0T)! 10 A &+%(53+3%&*51+M$.&+4&5($&,=11$35&42##
25.0usA&B6BEE**&,+1,=0*523,$*&=38$1&@ (+,(&*=,(&2&J"#52%$& @"=#8& 71
3"5+,$26#$&,"3*$C=$3,$*-

)*>:1;*+ ! L] gl n NI ' 1 " " " n " " " 1] n n
g3h"[-"\+*T "E, =" TR T5-1-",5-"G;+..",,C+"G-3+.",63,",5-"-G2"41-3,-.",5-

4:11-+,"3+9"G3C+-,;4"2;->9",53,"*66*.-.",5-"453+C-";+"2>: 'B"3BA= (!r 2)B"/"
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);+4-",5-"5+><" 5:+C",53,"X31;-."+" 5-"G3C+-,;4"2>:_",.",5-"G3C+-,;4"2;->9B’

5-+".3<,53,"1 | = "r? B/'&TB". +4'B = é‘/('j "5-"453+C-";+"G3C+-,:4"2;->9"

*44:1 "P-43:.-"*2"3"453+C-"+" 5-"4:11-+ BB = %/"D;+3>><B".:P.,;,:,;+C"

11
5"+ ¥ B M3, By = —Nl't' CiX-7

_a N1l _ L g Nr#sl
0 29d$t 2d$t
_. (498 107 T #vA)1)(0.500m) (" 2.001 10° A)

- 2(50.0m)(2.50! 10° )

=251V

gPh"A+"-_3G6>-".",5-"3>,-1+3,*1";+"<*:1"431/"82"<*"T-1-"91;X;+C"9:1;+C"3">;
¥1G"3+9" 5,.">31C-"P*>,"*2">/C5,+;+C"5;,"3,"KZ/Z"G"3T3<B";,";."6%...P>-" *
3>,-1+3,*1"2"<*:1"P3,,-1<"P-43:.-"*2" 5;.">31C-"X*>,3C-".:1C-/"8+"399;, 3+
3," 5-"P3AV*2"<H 1" +-4\"T*:>0" 3+9"*+"-+9"P-43:.-";,"P-4*G-.".,3,;43>><"
4531C-9"

23.3 MOTIONAL EMF

IH/" Q4&2&,=11$3584#" @*&+3&5($&L25$##+ 5 IRABHEA S RRIR&RBR1282)V*&#2@
Y$3>V*E&#2@.&233&ABA (" @&5(2585($1$&+*&28&02%BHFEFH(BASHH($1&+385($
8+13$,5+"3&"77"*+5$&5"&+5*&I$#",+5)-

)>k+ " 512> " B1*C5",5-">**6"g;+,*",5-"63C-h";.";+41-3.;+C"P-43..-",5-">**6";."C-,,;+C
>31C-1"3+9"-+4>* :+C"G*1-"G3C+-,:4"2:->9/

return path
X X

\;

tether

ship

'5:.B"3"G3C+-,;4"2;->9"g*Z",5-"63C-h";."+0:4-9" *"*66* " 5-"453+C-";+"2>:_"21*
5-"*1;C;+3>"2; 4@ +C Y BBB*+,'<*:1"2;+C-1."%:,"*2" 5-"63C-"T; 5;+",5-">**6B"
S-+"<H 1" BIGP 6Y +,. 4" 5 %+ - LAY ANT; -"9; 1-4, ¥+ "31*: 40" 5-">*6B" ¥, 5"
+0:4-9"G3CH+-,;4"2;->9",."61*99IP<" 5" 4014, *+"+2"3" 4% +,- LAANT; -"4:1 1+ +"
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5-"4;14:;,"D;+3>><B":.;+C3FB:,,+C"<*:1"1;C5," 5:GP";+",5-"9;1-4,*+"*2" 5-"
4:11-+,"3+9"<*1"2;+C-1."+,*" 5-"63C-"g;+",5-"9;1-4,;+"*2" 5-"G3C+-, WB259'
63>G 6%+, " 5-">-B" " 5-"GC+-,;4" 2% 14-"4+" 5-"T; 1", ¥" 5.">.2 "qj; 4", 5.
O;1-4,+"466%.;, ", ", "X->*4;, <H/

23.4 EDDY CURRENTS AND MAGNETIC DAMPING

#OII

1&,"+#8&+*&0"I$8&5(1"=%(&2&02%3$5+,&4+$# F&V & HEHEHIE A+ $#B & +*&=3
+3*+83&5($&1$,523%#$& 23B&FEEN (25&+*&5($&8+1$,5+"3&"4&5($&+38=,$¢
@(25&+*&5($&8+1$,5+"3&"4&5($&02%3$5+,&4"1,$&"3&5($&,"+#&25882 (& 7"

J¥>1,%+ " g3N"5-"G3CH+-,;4"2;->9",."b-1%"3+9"+* "453+C;+CB" *{5 411" +/3+9",5-1-2*1-"

+*¥12*14%+" 5-"4*; S5

gPh"5-"G3C+-,;4"2;->9";.":+41-3.;+C"*:,"*2" 5-"63C-B" *" 5-":+9:4-9"G3C+-,;4"2;-
+,*" 5-"63C-B"41-3,-9"P<"3+"+Q: 449\ T;.-"4:11-+["'5;."4:11-+,"41-3,-."3"
2*14_“’*“,5_II>_2:

04h™5-"G3C+-,;4"2;->9",."+*"453+C;+CB".*",5214'11-+,3+9" 5-12*1-"+*"2*14*~
*+||,5_||4*;>|,

g9h"'5-"G3C+-,;4"2;->9";."9-41-3 ;+C"*: "*2" 5-"63C-B" *" 5-";+9:4-9"G3C+-,;4"2;-
*: Q" 5"63C-B"41-3,-9"P<"3+"+0:48% -14>*A\T;.-"4:11-+ /"5;."4:11-+"
41-3,-"32*14-" *" 5-"1:CB,

g_hIIIS_IIG3C+_’;4"2;_>9ll;.Ilb_l*ll3+9ll+*,"453+C;+CBII.*II,_5,\;IM!IJ_I_+;3+9II,5_1_2*1_||
+*II2*14I_Ik+II’5_ll4*;>lll

23.5 ELECTRIC GENERATORS

:! /II

)y

N(25&+*&5($&7$2ME&$04&%$3$125$8&6)&2&:-ES: EBUBRZ HAZKISE1"525$8& "
4"=15(&"4&2&1$J"#=5+"3&+3&[-DOEIPH##) & (2J+3%&+5*& T#23$&7$17$38+,=#.
=3+4"10&02%3%$5+,&4+$#8-&BI(+*& & &Z:&1$IP*-G

@.;+C",5-"+2*1G3, ¥+ "Ci X" ;- =T

" 9= % rev= %(2$ rad)and" t = 4.17! 10" s,

N =50Q A= $r? = $(0.250m)’; andB = 0.425T,
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E, = NAB# = (500" )(0.250m)?(0.425T)(3767 rad/9 =1.57! 10* V =15.7kV "

23.6 BACK EMF

=U" L=77"*$&2&0"5"1&,"33$,5$8&5"&2&9IE :&e&*"'=1,$& 81 ZYIRB:+BIL+1*5&*5215
N(25&+*&+5*&1$*+*523,$A&B6ALBRRBIG*A+58&812 @ &25&+5*&3"102#&"7$1
@ ($3&+5&8$I$#"7*&289::&e&62ME&S04A

)y \4

G3N'@. 3B M35+ = BT-"43+"9- -1G;+-'CiX-+" 5-"X*>,3C-"3+9" 5-"4:1 14+,
VY _120V oo
|  20.0A —
Vv

GP'ACS; +B": L€ BT-"43+"+4T"9- -1G; +-" 5-"4:11-+,"CiX-+",83,",5-"+-,"X*>3C
" 5-"9:22-1-+4-"P- T--+" 5-" *:14-"X*> 3C-"3+9" 5-"P34\"-G27

E" 1($80"5"18+38285")&,21&+*& 7" @$1$8&6)&4"=18&6255$1+$*8+38&*$1+$*.&@ (-
$04&"487-1:86-&I($&0"5" 18812 @*&D-1:&/&238&8$I$H# 7*&2&]-S:&e8&62, M&$O
*7$$8-8K2,(&6255$1)& (@R &35$132#81$*+*523,$-&N(25&+*&5($&1$++452
0"5“1%

PES R ) A 5 XL B LA AL BT\ B K B+ 143515, 3+4-"42" 5P 3, -1
."R=4(0.100! )/"5-1-2*1-B

| ! !
| = E! V",sothatR+ R":_E' v # R'= 6.00v! 4.50v ! 4(0.100! )=0.100! !
R+R I 3.00A

23.7 TRANSFORMERS
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EH"

)y

1&,2**$5538,"18$1&=*$*&2& FB&H1 23*4"10$1&5"&,"3I$15&9E : &e&5"&IE-:&e. ¢
02<+0=0&,=11$35&"=57=5&"4&E::&0/-&B2G&N(25&+*&5($&,=11$35&+37=5A
7"@%$1&+37=5A&B,G&Q*&5(+*&20"=35&"4& 7" @$1&1$2*"326#$&4 & &2&*02#1

|
g3h'@. 345" M:3,++. Vs = NsmygVe 1o prigging. 1G4 561:G31<"
p NP Vp IS
| V,
4 11_+’7_p =_F :_p’ * ’53’
IS S VS
Y
|, = %sﬁ: (0. 200A)o12 OV$— 2.00! 10* A = 20.0mA"
s #

gPR, =1V, =(0.200A 120V = 2.40W"

g4le=. B",5;."3G*:+,"*2"6*T-1";."M:;,-"1-3.*+3P>-"2*1"3".G3>>"366>;3+4-/

23.9 INDUCTANCE

KK

)y

H!/M

)y

|@"&,"+#*8&21$&TH2,$8&, #*$&5"%$5($18+38 287 ()*+ *&#26&5"&8$0"3*5125%:
+38=,5+"3-8/&,=11$35&"4&S-::&/&+3&"3$&+*&* @+5,($8&"448+389-::&0* . &+3
+38&5($&"5($1-&N(25&++8&5($+18&0=5=2#&+38=,523,$A

@.;+C5-"-M:3,;*+"E, ="M - Itl T5-1-",5-"G;+..",;C+",."3+"-_61-..;*+"*2"W-+bV."
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.00l 10”5

1
M=E,- :(9.oov)( = 00A

_It =1.80mH"

184#21%$81$*$21, (&*"#$3"+8&(2+8B&TIRI S " 4&ES-:&?-&B2GENEBRE038.

"TT$*&H(=55+3%&+5&" 448 @ ($389::&/8"48,=11$35&5(1"=%(&+5&+*&* @+5, (
2" @&0=,(8&$3$1%)&+*&*5"1$8&+38&5($&+38=,5"182584=##&,=11$35A&B,G&/
0=*58$3$1%)&6$&8+**+725$8&5"8*@+5,(&5($&,=11$35&" 448 $ERE 4 &DIPEB
23*@$185"85($&H2*5&T215.8+*&+5&*=171+*+3%&5(25&*(=55+3%8+58& @

|
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" (100A) ’
E=L—=(25.0H =3.125 10" V =31.3kV
"t ( )18.00! 107 s)

gPh"@. 4", = % L2 = ;é/Lo]:G"G(ZS.OH)@OOA)Z =1.25! 10° J"
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|
GHD+C5-"-M:3,*+" P =~ = BT-"53X."
n 5
p-_E- 125'—102J =1.563 10° W =1.56MW"
"t 8.00!10°%s

QomR*B";,";."+*,".:1161,.;+C".;+4-",5,."6*T-1",."X-1<"5,C5/

HN' 4("%)&#()5*%+6% & RES-:&?&+38=,5"1&(2*&9::&/&"4&,=11$35&5=13$8&"44&
N(25&J"#52%$&+*&+38=,$8&5"&"77"*$&5(+* REBSEBAN326#$&26"=5&5(+*& 1.
B,G&N(+,(&2**=075+"3&"1&71$0+*$&+*& 1Lt 7"3*+6H#SA

)*>:,;*+ " " I

g3HE| = Lo = (25.0H) (100A)

——— /=250 10° V"
1.000 10®s
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3+"-_,1-G-><"5*1," ;G-

23.10 RL CIRCUITS

HY' Q4&)"'=&@235&2&,(212,5$1+*5+,&HY &5+0$&,"3*5235&"4&9-:: &500R 3B&)+=&(2
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P @ s M = 1 TWT L= /R=(1.008)5001 )= 500H"
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i X VP Rt =|o§}' e /( Pep-43:.-" 5-"61P>-G'3<.B'82,-1",5-"4;14:; ", "
0
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0

'_:I‘}é! e/($-11 ¢'3 =09502"
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23.11 REACTANCE, INDUCTIVE AND CAPACITIVE

NI/ N(25&,272,+523,$&*("=#8&6$&=*$8&5"& 712D MR 28 $2,523,$&25& Z:-:&&>A

)*>:1;*+ ! n n 1 " n n n n 1
@.;+C5-"-M:3,;*+" X :%,T- 43+"9-,-1G;+-",5-"+-4-..31<"43634;,3+4-7

1 1

C= =
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7$1*"32#&,"07=5$1&+*&7#2,$8&+3&*$1+$*&@+5(&5($&,"07=5$1-&N(25&0+3-
*("=#8&+5&(2J$&5"&71"82 FA2&&A$2,523,$&4"1&9S-:&M?>&3"+*$A&BEHE&N (2
1$2,523,$&25&7:-:8R>A

)*>:’;~k+ " g3hll@.;l_\_E_II_M:3’;*+ uXL — 2./fLB"

X = 2L 0r L= XL (2.00 10°" )
24 2 (150! 10° Hz)

=2.1221 10> H=21.2mH"

gPIC3;+".;+X =2/fLB

X, =2"flL.=2"(60.0Hz)(2.122 10% H)=8.00! "

23.12 RLC SERIES AC CIRCUITS

UK [53,";.",5-"1-%43+,"21-M:-+4<"*2"3"ZIKZZ"G]";+9:4,*1"4*++-4,-9" *4B).0 1"
43634;,*1&

o]V



$*>>-C-"05<.;4. ),:9-+,")*> x4 "L3+:3> " $536,-1"#2

)*>:,;*+ " l

@.;+C5-"-M:3,;*+" f, = ——
° 2rJLC

1 1
2"JLC  2"/5.00 10* H)4.00! 10° F)

B"T-"43+"9-,-1G;+-",5-"1-*+3+,"21-M:-+4<"2*1" !

4;14:,7f, = =1.125 10° Hz=1.13kHz"

1ZI " [B&HYI&*$1+$%&, +1,=+5REDIE BB +*5"1. 408 H &38=,5"1.&238HBELF &
272,+5"1-&B2G&R+38&5($&, +1,=+5V*8&+07$823,$&2589E :&?>-8&B6G&R+384
258S-::&M?>-&B,G&QA&S5($8]" #52BG L EI6H8( B @ (258+* 5852, (&
41$C=$3,)A&BBG&N(25&+*&5(3&1$*'3235841$C=$3,)&"485($&, ], REA&BH

1$*"323,$4&
YL g3MB-"-Mi3, " X = 2/fL'C X-.",5-",+9:4,X-"1-34,3+4-7

X, =2"fL=2"(120Hz){1.00! 10* H)=7.540! 10?1 "

'5-"M:3, 4+ "X :—lefC 'C;X-."5-"43634;,;X-"1-34,3+4-7

1 1

= = _ | "
Xe=241C 21 (120n2)B00"10°F) 0

D;+3>88B-M:3,*+"Z = /R + (X, | X, )? 'C;X-.",5-":G6-93+4-"+2" 5-"YW$"
4,14:,7"
Z=R+(X_ ! X.) = J(2.50! )2+ (7541021 11658 | =16.71 "

gPWIC3;+BK, = 2/fLC;X-.",5-",+9:4,:X-"1-34,3+4-7
X, =2"(5.00! 10° Hz)L.00! 10* H)=3.142! "

1

¢ 2/fC

C;X-.",5-"43634;,;X-"1-34,3+4-7

1

= = 1Al
Xe = 2 b0 10 Hfgoor 107 /)0

A+9Z = \[R? +(X_ | X_)? CX-" 5-",G6-93+4-7

z=y/(250! ' +(3.1420 " 39791101 | =371 "

INZ'
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g4h"'5-"1G " 4:11-+,";. 2% 49" #B-"-M:3, ;4" | = %/"D*lf =120HzB"

|rms=Vrms = 560V _ 4 336a
Z  16.69 "

3+9"2*f =5.00kHzB, = 560V _ 1 514"

37120

1
gON"'5-"1- *+3+ "21-M:-+4<"; "2*:+Q" -4B"-M:3,*+" f =~ T
° 2rJLC

1 1

fo = = =5.63! 10* Hz =56.3kHz"
> 2"Jic  27JlLoor 107 H)8.00! 10° F)

g-h"A"1-*+3+4-B = X B"*" 537 = R"3+9", = \% 1-9:4-"* T

INI
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$JA0' (Y"#E7'(W($'Y%LAR&('S$"[AI( )"

24.1 MAXWELL’S EQUATIONS: ELECTROMAGNETIC WAVES PREDICTED

AND OBSERVED

K e$1+4)85(2585($&,"11$,58I2#=$&4"1&5($& TLIBIBBEHIEGE ($3&3=0$1+,24
J2H#=$*8A4"185($&T$10$26+#+5)8238&7$10+55+]+ B8 BB $S&INB&&35$1$8

5($&$C=25+38 1 &

VH! o

VLT[ N\ERTE3" g, =48 107 Tim/ A,"3+9"21*G-4,;*+"IU/! B"T-"\+*T",53,"
" =8.858 10" F/m,"*",563,"5-"-M:3,;*+"P-4*G-.7"

c= 1 =2.998 10° m/s=3.00! 10° m/s"

Jl4$1 107 T"m/ A)8.8542 10% F/m)

'B5-", TFIN'3 23S T.T

Ch «/T!lﬂ ) \/TA!\F ) \/ (N !s/C!Cr:TIS" ()~ \/Ij!!r; ) \/(NN! 23”” = \/g =m/s"

24.3 THE ELECTROMAGNETIC SPECTRUM

N7 /8&128+"&*525+"3&=5+#+>$*841$C=$3,+$*&6$5@$$3&,"00$1, +2#&/X&238&R
41$C=$3,)&"4828&99:GF2I$#$3%5(&, (23BBHA

Y1 @ +CB M, e = f, T A3+ >X-"251" BI M- +A<" -+ 4-"T-"\+T" 5", 6--9"
*2">,C5,"3+9"31-"C;X-+",5-"T3X->*C,5a

2.998 10° m/s

f= E =
# 11.2m

=2.696 10" s =26.96MHz"

10" Q4&5($&L=38*=88$3#)&5=13$8&"44.& @$&@"=#8&3"5&M3" @&+5&=35+#&+E
2" @&H"3%E&@"=#885(2586%.8%+I$385(25Q5 (HE) FER@RA

IN#"
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)*>:,;*+ " " 11} n d n 11} 1) " n " " n n n n 11}
[ -"\+*T",53, V:T’3+9 GH4-"T-"\HT B-".6--9"*2">:C5,"3+9" 5-"9:.,3+4-"21*G" k
| 1
.:+ll’*"’5_||_31,5BIIT_II43+||43>4:>3,_||’5_II’;G_i 9 - 1-50- 101 m - 5008"
c 3.0010°m/s —
=/ B2G&N(25&+*&5($841$C=$3,)& A6HEGAT D "#$5& 128+25+3ZHI$BRE.S)$&

*=1%%$1)A&B6G&/**=0+3%&5($&2,,=12,)&@+5(&@ (+,(&5(+*&KX&128+25+"3&
" 13$28&+*&8+1$,5#)&71"7"15+"32#&5"&@2I$#$3%5(.&("@&0=,(&0"1$&2,,=12
6$&5(23&5($&*("15$*5&J+*+6#$& @ 2I$H# S 305(&"4&H#+%(5A

)<>1 %+ g3h"@. 4B -M:3, 5+ " = / 'T-"43+"43>4:>3 -" 5-"21-M:-+4<"C;X-+" 5" 6--9"*2">
3+9",5-"T3X->-+C,5"*2" 5-"139;3,,*+7
_c_3.00!'10°m/s _

f=—=—"—"————=155 10*°s* =1.55! 10" Hz"
# 19310 m

m n * " g - e« n, w_ n "'/M'Si 380nm
gPh™5-".5*1,-.,"T3X->-+C,5"*2"X;.;P>-">;C5,";."=NZ"+GB""- 55437
I,y 193nm

8+"*,5-1"T*19.B",5-"@J"139;3,;*+";."U00"G*1-"344:13,-",53+",5-".5*1,-.,"
T3X->-+C,5"*2"X;.;P>-">,C5,B"1"3>G*.,",T;4-"3."344:13,-

24.4 ENERGY IN ELECTROMAGNETIC WAVES

=1.97"

=" R+38&5($&+35$3*+5)&"4&23&$#$,51"02%3$5+,&@2J$&(21+3%8&2&7$2M8&D?2
"48.00" 10° T-&

*>:,;*+ n 2

: @.;+C5-"-M:3,7*+ "1 = cB, "T-".--",63,7"

2H,

.8’ _(30010° migf4.00'10° T

2
, ) =1.91" 10'° W/m?"
24, 24 " 107 T#m/A)

‘5", THLN'B. 254 T T

= (miT> _TIA _(N/AIm)A) _ N _ J/im _W,
TIm/A s S s.m slm m?

IN="
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=HY Y2*$1*&,2386%$&,"3*51=,5$88&5(25&71"8=,$&23&$<51$0$#)& (+%6(&+35$3*+5)&
@2J$84" 182861 +PAQBHOBL T=H#*$88H2*$1*-&1($)&21$&=*$8&5"&+%63+5$&3=
$<207#$-&L=,(&28#2*$1802)&71"8=,$8238$#$,51"02%3$5+,& @2I$8&@+5(&2
4+888&*51$3%5(QAMEL0™ V / m&"18285+0$8"489-::&3*-&B2G&N (25&+*85($&0;
02%3$5+,&4+$#8&*51$3%5(&+38&5($&@2I$A&BEGEN (258+*&5($&+35$3*+5)
$3$1%)8&8"$*&+5&85#+ 1508 REFR1$24&

V2R gah@. 483, ;*+"g = CB"T-"43+"9- -1G;+-" 5-"G3_;G:G"G3C+-,;4"2;->9"
1-+C 5"C;X-+",5-"G3_;G:G"->-4,1;4"2;->9". 1-4C,57

I 1
B, = 5 = —1'00' 10°N/IC =333T,"1-43>>;+C",53,""JiG"k""&i$/
c 30010°m/s —

/ 2
gPh"@. 718" M:3, 7+ "], =~ °2E° BT-"43+"43>4:>3 " 5"+, -+.;,<"T; 5%, " +C" 5-

1-.:>,"21*G"63y3NH7
_CHE;
2

(3.001 10° m/s)f8.851 102 C2/N"m)1.00! 10" N/C)f
2

=1.33 10" W/m?

QAR"-"43+"C- "3+"_61-..;*+"2%1" 5GFT-1"+" -1G. 2" 5"+, -+, R A, "3+9"
21*G,5-"-M:3,7*+"E = Pt B"T-"43+"-_61-..",5-"-+-1C<";+" -1G."*2" 5-"6*T-1"
61*X;9-9/");+4-"T-"31-" *>Q" 5" :G-"*2" 5-">3.-1"6:> -B"T-"43+"43>4:>3 -" 5-"
~+-1C<"9->;X-1-9" **B00OMM? "31-3"6-1"6:>.-7

E=P(t=IA(t
 1Im $2
=11.328 10'° W/m? J1.00mm? b« 1.00! 10° s)"
( X Miooomme ¢ )
=1.33 10* J=13.3kJ

EZ! 0(/%1")/%2+3#(.%-88(25&,272,+523 $ BSSE$88+38*$1+$*& (BODEAI& 38=,5"1§
5"84"1082&,+1,=+585(258128+25$*& 28 @2J$#8BY%5(& " 4&9TZ&OA

)*>:,;*+ " 1

@.;+CB-"-M:3,;*+ " f, = 'T-"43+"2;+9" 5-"43634;,3+4-";+",-1G."*2" 5-"
2/ \JLC

INE'
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L P+ CI2A T 521 M 4SBT M3,

/2

1-*+3+,"21-M:-+4<T =

0

2
A (196m) =1.35 10" F=13.5pF"
4#°L.c? 412(8.000 10" H)3.00! 10° m/s] —

c=f/'CX-TC=

B TANB s> T[] = =S =8 oS- S _AS_bo_p

EE/ 0(/%1")/%2+3#(.%-2&4$,51"02%3$5+,& 1 28+25+"3& 41" OBIRES* $1 & +*&,"3,$3512
"3&2&00- MM’ @1$2-&B2G&N(25&+*&5($8+ BN AB)RBGEL =77"*$8ZELE25+ ¢
(21%$&+*&+38&5($86$20-&N(25&++&5($802<+0=0&$#$,51+,84"1, $&+5&$<7$
*525+ & (21%$8&0"I$*&25&[::&0P*.&@ (25802<+0=0802% ZERHELARSEA

*>:,;*+ " I "3
) g3n"DI*E-M:3, 7+ | = - BT+ 777 = F = M =5.00! 10° W/m?*"
A A 1.000 10°m

| 2
gPh"@.;48"-M:3,;%+ "l . = % BT -"43+" #>X-"2%1" 5-"G3_;G:G"->-4,1;4"2:->9]

2(5.00 10° W/m?)

o= |2 : ) =194110°N/C"
cl, (300! 10° m/s)(885! 107 C?/N"m?)
J/B:+CB-"- M3, 4 'E = T-"434+743>4:>3 " 512X 14-" "3 HIZZ"+$"4531C
q

F =qE, =(2.00" 10° C)f1.94" 10° N/IC)=3.88" 10'° N"

g4h"@.;%%&"-M:3,;*+. "F = qvBsin/ 3+9"§ = cBr-"43+"T1;,-",5-"G3_;G:G"

G3C+-,,4"2%14-"+" -1G."2" 5-"->-4,1;4"2;->0B" ;+4-" 5-"->-4,1:4"3+9"G3C+-,
31-"1->3,-9"2*1"->-4,1*G3C+-,;4"139;3,*+7

=5.18'10*’ N"

' 19 " 2
Fas = V8, = 000 = (2.00 10 c)fa00m/gr. 94 10° NiC)

3.00" 10° m/s

)< 5-"->-4,1;4"2%14-"; "3661* ;G3,-><"H"*19-1."2"G3C+;,:9-"., 1*+C-1" 53+",
G3C+-,;4"2*14"/

INK'
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KZ! A("%)&#()5*%+6%& ZB&LC &+1,=+58&,"352+3+3%EDRA;272,+5"1&"* +##25$*&2
2841$C=$3,)&5(25&+58128+2533Q2EB2H$3%5(-&B2G&N (25& +*&5($&+38=,
+1,=+5A&BB6G&N(25&+*&=31$2*"326#$BIH"FRALB, G&N(+,(&2**=075+"3*&2;
=31$2*"326#$&"1&+3,"3*+*&$35A

VPR G3h@. 48 M3, 1, = E 340 = £/ BUT-"434" #5X-"251" 5-"40:4,344-
21 JLC
c_ 1
f=C= 53
YN
V1A 7 e P
& (3.00' 107 m} 5310 Ph"

L= =
4#°Cc”  412(1.00" 10 2F)3.00" 10°m/sf
gPh™"5;.;49:4,3+4-";.":+1-3.*+3P%".G3>3/
g4h"5-"T3X->-+C,5"." **".G3>>/

INH'
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$JA0'(Y"#K7'R(%L('Y8$"%0'8$)

L L=77"*$8280238&*5238*8+3&41"35&"4&2&0+1 1" FRIE&HSEBIL PBEES) $*&21$&S
0826"I$85($84#""1.823885($85"7&" 4&(+*&($288+*&:-9D&O&(+%($1-&R+38&
418" 485($85"7&238&6"55"0&" 4&5($&*024H$*580+11"18&+38@ (+,(8($&, 236
(+*8($2882388 (+*&4$$5-&?" @ &+*&5(+*&8+*52 3RARHPRH S GG

)*>;,;*+ " 0.13 mT_ —
\
h S L
N
1.65 m
P

D1*G"133134;+C"3+9" 5-">3T"*2"1-2>-4,*+B"T-"\+*T",53,",5-"3+C>-"*2";+4,9-+4

-M:3>" *" 5-"3+C>-"*2"1-2>-4,;*+B" " 5-"*6"*2" 5-"G;11*1"G:.,"-_,-+9",*"3,">-3.,"

53>2T3<"P-, T--+"5;."-<-."3+9" 5-",*6"*2"5;."5-30B-"P*, *G"G..,"C*"9*T+" *"

53>2T3<"P- F+"5;."-<-."3+9" 5-"25**1/"5; "1-.:>," +9-6-+0-+,"*2"5+T"231"5-"
0.13m 1.65m

3402176 5-"T3>>]"5-1-2*16 == = 0.065mEb =~ = 0.625m'3+9"
L=165m+0.13m! a! b=1.78m! 23M, 1'6§m -0.89m"

1 5_IIP*’ ’*GII; .II b — 0.825ml21*G:5_ll2>**1II3+9II’5_II’*6H; .II
b+L=0.825m+0.89m = 1.715m"21*G;5-"2>**1/

25.3 THE LAW OF REFRACTION

a" 12#,=#25$&5($&+38$<&"4&1$412,5+"3&4"1&2&0$8+=0&+3&@ (+,(&5($&* 7$$8
2.012! 10° m/s.&238&+8%$35+4)&5($&0"*5&#+M$#)&*=6*5 2 HEMIHBL "3&

x>0 !
) @."5--M:3, 4 = S = 299N A0S _ ) yopy g aGaps k/Br 5P 344"
v 20120 10fmis T

6*><.,<1-+"

INO
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= L=77"*$&)"=&(2J$&23&=3M3"@3&,#$21&*=6*523,$&+00$1*$8&+3&@25%$1.&2
+8%$35+4)&+58&6)&4+38+3%&+5*&+38%$<&"4&1$412,5+"3-&C"=&21123%F$&5"&(
+5&258238&23%BHE #B38&)"=&"6*$1I$&5($&23%#$&"4&1$4 KA (E3;"FH Kbt *&
5($&+38%$<&"4&1$412,5+"3&"4&5($&*=6*523,$&238&+F &H#+M$#)&+8$35+5)A

YL @.5+C5-"-M:3, %+ "y sin/, =n, sin/ BUT-"43+" 4> X-"25 1", 5"\ T+, +9-_"2"
_sin/, _ (1.33)(sin45.0j)
sin/, sin40.3

1-2134,*+@, =n, =1.46"

D1*G'3P>-"#! B",5-"G*.,>;\-><" *>;9".:P.,3+4-"2:.-9"M:31,8"

25.4 TOTAL INTERNAL REFLECTION

H#H" 13&"75+,2#8&4+6$1&=*$*&4#+35&%0#2** &, #28&@+5(&,1" @ 3&Yo#2**-&N&5&+*

)y
@.;+C5-"-M:3,;*+ " = sin‘l%f’3+9",5-";+9;4-."*2"1-2134,;*+"21se5-"#</! 'C;X-."

n

3'41;,:43>"3+C81 2 sin'lyf: sin"§22f - 66.3; "
8, 94.66"

25.5 DISPERSION: THE RAINBOW AND PRISMS

=" 1812)&"4879:&308#+%6(58%"$*&41"08&2+18+35"84=*$8&C=215>& 25B.03&+3&
@(25&+3,+8$35823%#$80=*5& [ O BIRERAMIE5 &YH2** 85" &(2I$&5($&*20$&:
1$412,5+"8A

)L+ @+C)+->>V.">3TB T-"A8KY | = n,sin/, andn', sin/ ', =n', sin/ ', /T-"43+".-" 1.,"
-M:3>"*1 JB"P-43:.-",56-"3+C>-."*2"1-2134,;*+"31-"-M:3>/"$*GP;+;+C",5-"-M:3,;*+
nsin/, _n'sin/’
n2 B n'2
21*G"3;1/'DI*&P>-"#K/B"T-"2;+9",5-"HIZ"+G">;C5,",+"2:.-9"M:31,h;531'45€"3+9"
,5-"EOQZ"+G">;C5,"+"2>/+,"C>9,"53.684/"[-"43+" *>X-"2*1",5-",+4,9-+,"3+CHT

C;X"

1/I['"\+*T”,53," nl - n|1:1.OOIP'43:-'",5'">;C5,";-“'+,'1;+C“

i, ) L &1)esd) . o #
= ALUERY g 55.Q1 = 71.
,=sin . >y sin 1( sin _456)(1)sm Q 3

INN'
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25.6 IMAGE FORMATION BY LENSES

=y"

)y

E¥"

)y

EU

)y

C"=&3"5$&5(258&)"=1&71$*, 1+75+"3&4"183$ @ ) SV REEED + #H&5($+18+
#$3%5(&BBA

@.;+C5-"-M:3,;*+"P = %, T-"43+" *>X-"2*1",5-"2*43>">-+C,5"*2"<*:1"-<-C>3..-.E

1-43>>;+C",33)'=1/m7

?"@&4218&41"0&28&7+$,$&"4&727$1&0=*5&)"=& ("#8&)"=1&425($1V*&E-ES&"&
51)&5"&6=13&2&("#$&2IRDLIR +5(&*=3#&+ % (5A

@.;+C5-"-M:3,;*+"P = %B"T-"43+".*>X-"2*1",5-"2*43>">-+C,5"2*1"<*:1"23,5-1V.
C>3..-.7f = 1 = L =0.444m = 44.4cm."8&"*19-1" *"P:1+"3"5*>-";+",5-"636-1B
P 225D -

<F"T3+,",*53X-",5-"C>3..-."-_34,><"*+-"2*43»C ,5"21*G",5-"636-1B".*",5-"C>3..-
.5*>9"P-"EE/E"4G"21*G",5-"636-1/

QI&207#$ SRS ($&02%3+4+,25+"3&"4&28&6"" ME&($#8&O-S:&,0841"0&2&9:-:¢
#$3*&@2*&4"=388&5"&6$&D-::-&B2G&R+38&5($&02%3+4+,25+"3&4"1&5($&6"
,0841"0&5($&02%3+4+$1-&B6G&N"&5($&*20$84"1&@ ($3&+5&+*&($#B8&T-S:&
02%3+4+$1-&B,G&!"00$35&"3&5($&51$38&+3&0&2*&5($&"6\$,5&8+*523,$&+:
S@"&,2#,=#25+&3*-

g3t@ . +C5-"-M:3,*+ "di " di - %,'T-"43+"2;1.,"9-,-1G;+,—5-";G3C-"9;.,3+4-7"
1 1% Ty 1§
d =gt =7 =y | 1 5667cm "5+ T-"43+"9- -1G+-"
% d.% &oocm 850cmy
5-"G3C+2;43, " +C" 5-"-M:3,++"m=1 G = 5667Cm _ ¢ o
d, 850cm
C 1 1 g

gP1@.;+C5;."-M:3,;*+"3C3;+"C; X-d "= % !

! =1190cm "
0.0cm 9.50cm#

INU'
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A+9"3'G3C+:2:43,*#g=1 J =190CM _ oy o

d 95cm

(o]

g4tB-"G3C+;2;43,;*+BIB"+41-3.-."136;9><"3."<*"+41-3.-" 5-"*PQ-4,"9;.,3+4-" *
5-"2*43>">-+C;5

25.7 IMAGE FORMATION BY MIRRORS

KQ@'

)y

N(258&+*&5($8&4", 2H#&H$3%5(&"4&2&02M$=7&0+11"1&5(25&71"8=,$*&28&02%2
@($3&2&7$1*"3V*&A42 $&+*EIE-:&, 082 @2)AGK<TH#+, +5#)8*("@&(" @&)"=8&A4"}
'"1"64#$0; L"#J+3%&L51255% &M i

L5$7&I8G3C-"2¥1G3, *+"P<"3"G; 1 HX*>X-9/

),-6"#7"113T" 5-"61*P>-G" -, ":6"T5-+"6*..;P>

LEST"@.-",5-", 5;+">-+."-M:3,;*+." ¥" *>X-" 5: "61*P3-G/

L5$7&"D;+g &

L5$78%"R; X-+ih=1.50,d, =0.120m."

L5$7&"&*"13<",134;+C";."+--9-0/

L5$-&J7"@.;'|"',6-"-MI3,;*+ um - | 3_| , "T‘"\+*T",53,"

o

d =!'md, =! (L50)(0.120m) =! 0.180m." 5-+B".;+C5-"-M:3,;*+ "di+

(o]

i 1 uT "
d f
1

43+"9-,-1G;+-",5-"2*43>">-+C,151'§ f ¢ 1, 1 ¥ _o30m
d,* 9 0.180m 0.120m"

L5$TE");+4-" 5-"2*43>">-+C 5";."C1-3,-1" 53+" 5-"*PQ-4,"9;.,3+4-B"T-"31-"9-3>;
43.-'%"D*1"43.-"#B"T-" 5*:>9"53X-"3"X;1,:3>";G3C-B"3"+-C3,;X-";G3C-"9;.,3+4-'
6*.;,;X-"gC1-3,-1" 53+"*+-"G3C+;2:43,*+/"%:1"3+.T-1";."4*+ ;. -+ ,"T;,5" 5-.-"

- 6-4,-9"61%6-1,;-.B".*";,";."1-3.*+3P>/

iz
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$]A0'(Y"#H7I8)8%&"A&I"%0'SSAW"
88)'Y@L(&') "

26.1 PHYSICS OF THE EYE

#" 12#,=#25$&5($& 7" @$1&"4&5($383)$& @ ($3&I+$@ +3%&238. 685,58 D-1:8082@.

)*>:’;*+ ! . " " n " n " n m 1 1
@.;+C",5-">-§F 3 -,,+3"9;.,3+4-"*2"#/2Z"4G"359"-M:3,;*+ P:d—+d—"T-"43+"

o 1

9-,-1G;+-",5-"6*T-1"3,"3+"*PQ-4,"9;.,3+4-"*2"=/Z2Z"GT"

1 1 1 1
P=—+"—"_= + =
d, d 3.00m 0.0200m

+50.3D"

(o]

26.2 VISION CORRECTION

1z N(25&@2*&5($&71$I+"=*&421&7"+35&"4&28&725+$358& @ ("&(28&#2*$1 &I +*+"
1$8=,$8&5($&7"@$1&"4&($1&$)$&6)&0O-::&".&71"8=GH3 BB ADPH&3&4' & & ($1

JESLRE " )iHA 1G>0, 34, XK.+ BB T-1*2"KZIZ Y 3G6>-"#HMB+9" 5-">3.-1"X;.;*+'
4*11-4,;*+"1-9:4-9" 5-"6*T-1"*2"5-1"-<-"P<ZINB".5-"*1,C;+3>><"539"3"6*T-1"*2"!
I'[ -"43+"9--1G;+-"5-1"*1;C;+3>"231"6%;+,"/;;+C"

1

"1
=L 2( o, =§ 1T =&roo 2 F -01a3m”
i Y

od dro o 0.0200m"

o, C;+3B¥ 5*.,"4*11-4,;X-">-+.- B".5-"4*:>9"*+><" --";G3C-."IE/="4G"g*1"4>* -1
5_1||_<_/n

IE/" 18&)"'=3%8&@"0238&@+5(&3"102#8&8+*52358)+*+"3&(2*&289:-:0&26+#+5)&5"&2
+*.&+3,1$2*$G&5($&7" @$1&"4&($18$) S+ BB TR CREER* ($&, 238+ $$&, 185 21#,

>+ " DGl _3G6>-"#HB",5-"+*1G3>"6*T-1"31,3+,"X;.;*+",."KZ/Z"I[*D",5;." T*G3+B"

"
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. +4-".5-"53."3"1Z/20"3P;>;,<",*"344*GG*93,-B"5-1"G3_;G:G"6*T-1";.

P =(110)(500D)=550D/"5:.".;+C" 5-"-M:3,+" P =+ + 1 B"T."43+"

9-,-1G;+-",5-"+-31-.,"*PQ-4,".5-"43+".--"4>-31><".;+4-"T-"\+*T",5-";G3C-"9;.,3+4-
G:..,"P-" 5-">-+.S*9-,:+3"0:. ,3+4 QU7 ZAGT"
1 1 #1
= +_ d =%pP' =0.200m=20.0cm"
d, d, g d r % 0 0200 =

[o]

26.5 TELESCOPES

=0/ 1&7.5! &+3",=#21&71"8=,$*&23&23%=#21&02%3+4¥,30:&3BAB0&H#+MP&2&
5$#%*,"7$-&BX+11"1*&21$&=*$8&5"&02M$&5($&+02%$&=71+%(5-G&Q4&5($
"6\$,5+I$&H#$I*$* & @ +5(&2&0S-:&,08&4"  2#&#$3%5(.& @ (25& +*&5($&4", 2#&#$
HE3TA

)*>:!;*+ ! . n . . " f " n " n n " " " " "
@.;+C5-"-M:3,;*+ "M =! -2 B"T-"43+"9-,-1G;+-",5-"2*43>">-+C,5"*2" 5-"-<-6;-4-

e

SHA-"T-"\HT" 5-"G3C+;2;43,;*+"3+9" 5-"2*43>">-+C,5"*2" 5-"*PQ-4,;X-7

26.6 ABERRATIONS

=Uy 0(/%1")/%2+3#(. % EB2 G & =1+3%&H#2*$18J+*+"3&,"11$,5+"3.8 286 1+$4&6=1*5
=#512J+" #S5&H#+%(58+*&T71"\$,5$8&"35"&5($&,"13$28&"4&5($& 725+$35-&Q5&
8+20$5$1&238&8$7"*+5*&:-S::&00&"48$3$1%)-&! 2#, =#25$&5($&B$75(&"4&5 (!
20+=0+396&5($&," 1 3P2HERR. (2*&5($&*20$& 71" 7$15+$*82* & @25$1&238&+*&+7
34.0{C-&I($&5+*=$V*&5$07$125=1$8+*&+A NG EIBRRI7"125$88 @+5("=56
4=15($1&5$07$125=1$&+3RARERS*8)"=1&23* @$1&+07H#)&5(25&5($&*(27$&
"13$2823&6$84+3%#)&,"351"HH#$SA

Je>1 %+ g3l "43+"C- "3+ 1o 25" 5153, 13+, 2-H" -1G. 2" 5-"G3.. 2" 1. "
3P>3,-9D=md T +mL, =m(c! T +L,)B"T5-1-",5-"5-3,"43634;,<";."C;X-+";+
'3P>-"IE/IBE = 4186J/kg! j CB"3+9",5-">3,+,"5-3,"*2"X36* 113, "'C; X-+", 8P >-"
IE/#BL, = 2256 10° J/kg/")*>X+C2*1" 5-"G3.."C;X-7

IU#"
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m=— 2
cPT +L,
_ (5.00" 10'* J)
(4186J/kg# C)(10G C! 34.0j C) +2.256" 10° J/kg

=1.975" 10" kg

&*TB".;+4-" 5-"4*1+-3>" ; :-"53." 5-".3G-"61*6-1,;-."3."T3,-1B";,."9-+.;,<";."
1000Kg/m®7");+4-T-"\+*T" 5-"9;3G-,-1"*2" 5-".6%B"T-"43+"9-,-1G;+-" 5-"

5\t "52"5-">3<-1"3P>3,-972 1 = pran 5317

Vork
~m 1.975#10*° kg B s .
t= =2515#10% 1m=0.251m

/r2" " 1 (5.00#10% m)?(1000kg/m?)

gPle:. B",5;.",5;4\+-..",53,",5-".536-"*2",5-"4*1+-3"43+"P-"X-1<"2;+-><"4*+,1*>>-C
61*9:4;+C"+*1G3>"9;.,3X%;\, *+",+"G*1-",53+"UZ0"*2"63,,;-+./
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$]A0'(Y"#O7] AJ("%0'8$)"

" L"@&5(25&@ ($3&#+%(5&72**$*&41"0&2+1&5"&@25$1.&+5*&@2I$#$3%5(&
5+0$*&+5*&"1+%+328& I 2#=$-

*r kg M /
V20" @aCs M3, 1 = L BT 1347435453, 51 T3X->+C,57%2">:C5, " +"T3,-1/"
n

' 5-"T3X->-+C,5"*2">;C5,";+"T3,-ZJOKZ",;G-.",5-"T3X->-+C,5";+"£3;1/

27.3 YOUNG’S DOUBLE SLIT EXPERIMENT

or 124, =#25$85($823%#$&4"1 & S(B/BELAB+0=08&"4&308@2I$#$3%5 (&) $#H#" @&
A24#+3%8&." 388" =6HS& #+5+&*$72125$8885)&:-9::&00-

>+t @.+CH5-"-M3*d sin” =m/ form=01,2,3,.....T-"43+"43>4:>3,-" 5-"3+C>-"2*1'
m=3B"C;X-+",5-"T3%~+C,5"3+9"" 5-".>: ".-6313,7*+
-/ * '107
o=siti™ 7 :Sm_lg(s)(s.so 10 m)
d % 1.00° 10° m

#
| =0.997;"

I=/" N(25&+*&5($&(+9pHBS1&02<+0=08&4"1&BO&H#+%0(5&42##+3%& "3&8"=6#$&*#+!
6)&25.0 um A&

Y1k @.+C5-"-M:3,: 4+ "d sin ” = m/ B'T-"+*:4-" 53," 5-"5;C5-.,"*19-1"*44:1."T5-+"
| "5
sin/ =1B"*" 5-"5;C5-.#19-1": Tm=J = M = 625"
# 4.00 107 m

);+4-"0 'G:.,"P-"3+";+,-C-1B",5-"5,;C5-.,"*19-1",.",5-8'&H#/

IUE'
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-

)y

a*+3%&5($&1$*=#5&"4&5($&71"6#$0&26"I$.&, 2#,=#25$&5($&8+*523,$&6$5@
30&#+%(5&42##+3%8&"3&8"=6#$&* #+5*&*$72125$8&6)&:-:F::&00.&#",25$8&D
2*&+B&N-E&D-S&

DI*G[_-14;.- #K/INB"T-"53X-"3+"-_61-..;*+"2*1" 5-"B#4-"P- T--+" 5-"21;+C-."B" ¥
_x$_(3.00m)6.33! 10" m)
d 8.00 10°m

53,7"y =2.37! 10" m=2.37cm"

27.4 MULTIPLE SLIT DIFFRACTION

#KT

)y

)y

12#,=#253&5($&@2I$#$3%5(&"4&#+%(5&5(25& (BEHEDIRL$036& 258 &2 ($3&
42##+3%8&"3&2&8+4412,5+"3&%125+3%&5(25& (2* & S::: &#& 3$*& 7$1&,$35+0$

'5-".-4*+9"*19-1"G3_;G:G";."4*+.,1:4,;X-";+,-12-1-+4-B" 2*1"9;22134,;*+"C13,]+C
- "5-"-M:3,*+"dsin” =m/ form=0.1,2,3,..T5-1-",5-".-4*+9"*19-1"G3_;G.G"
53."'m=2/&-_,B"T-"+--9"*'9--1G;+-",5-".>;,".-6313,;*+"P<"..;+C",5-"234,",53," 5-

31-KZZZ'> 4614, GFl == T _p00n10'¢

5000slits/cm 100cm

)*B".;+4«/ =450; B"T-"43+"9-,-1G3-",5-"T3X->-+C,5"*2",5-">,C5,

_dsin# _ (2,001 10°® m)(sin45.0;)
m 2

8 =7.07!' 10 m=707nm"

L("@&5(25&2&8+4412,5+"3&%125+3%&,233"5& 71, "8 8 HRAR* S+ (BE& 4" 1&2 &%
@2J$#$3%5(&"4&#+%(5&=3#F 1BHHRORLFB=0& +*&25&23&23%#$&BP*&5 (21

'5-">31C-.,"6%..;P>-".-4*+9"*19-1"44:1."T56in/ , = 1/"@.;+(5-"-M:3,;+""
dsin”_ =m/,T-".-"53," 5-"X3>:-"2%1" 5-">;,".-6313,;*+"3+9"T3X->-+C,5"31-",5-
3G-"2%1" 5-"2:1.,"3+94*+9"*19-1"G3_;G:G.B".*" 53T

in/
dsin”, =/"3+9dsin", =2/ B".*",53,7$.'L _ 1.
' ? sin/, 2

&*TB".;+4-"T-"\+*T",5-'G3_;G:G"X3>:-"2*%In/ ,B"T-"43+" *>X-"2*1",5-"G3_;G.G"

18 Ak
X3>:-"2*VIT(, = sin% sin 253" (Lmax = SIS = 30.0{"
1 (1 ég (2# (1, gﬂ YU.V)|

IUK'
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=0/

)y

El"

)y

B2G&L("@&5(25&28B+33$1,$35+0$5$1&%125+3%& @ +H##&3"5&71"8=,$&2&C
JH+BHSEH+Y0(5-&BEGEN(258+*85($&H 3% $*58@ 2I$#$3%5(84"1&@ (F IBHES
02<+0=0A&B,G&N(25&+*&5($8%1$25$*5&3=06$1&"48#+3$*87$1&,$35+0$54
06125+3%8&,23&(2J$8238871"8=,$&28&,"07#$AB815,*38,51=084"18J+*+ 618 &H-

Bh'D;1.,"T-"+--9%'43>4:>3,-" 5-".>;," -6313, T+

g=tine_  line , Im _3439 197 m=33330m"
N 30,00dines/cm 100cm

&-_,B!;+C"5-"-M:3,;*+"dsin” =m/ B"T-".--",53,",5-">*+C-.,"T3X->-+C,5"T;>>"
2*18in/ =1landm =1B".*";+",53,"43.-8= / =3333nmB"T5;45";,."+*,"X;.;P>-/

Ph"D1*G"631,"g3hB " T-"\+*T",53," 5-">*+C-.,"T3X->-+C,5"."-M:3>" *" 5" >: " 6!
* ":::"+G"

GH*"C-," 5-">31C5"+:GP-1"*2">+-."6-BG"3+9".,;>>"61*9!8"4*G6>-,-".6-4,1:GB"
T-"T3+,",5-".G3>>-.,".>;,".-6313,;*+",53,"3>>*T." 5-">*+C-,,"T3X->-+C,5"*2"X;
>;C5," *'61*9:4-"3".-4*+9"*19-1"G3_;G:GB".*" =760nm'g-" (_3G6>-"#Oh!
D*1",5-1" *"P-"3" -4*+9"¥19-1".6-4,1:GBm = 2andsin/ =1,"*"
d=2#_ =2(760nm)=1.52"10'° m™

&*T B"..;+C",5-",-45+;M:-";+". -6"dBH+><"1+X-1.-T

N = Line _ 1“”‘9_6 | M 6581 10° lines/cr”
d 152! 10° m 100cm

4("%)&H#()5*%+6%& BES &N (258 J+*+6#$& @ 2 I$H$3%5 (& (Z1B$FEDL<4GL0825
23823%H#$5K & ($3&71"\$,5$8&"382&EB+3%$1,$35+0$5$188+4412,5+"3&%
B6G&N(258+*&=31$2*"3264#$826"=585(+*&1$*=#5A&B,G&N(+,(&2**=075+"3*
"18&+3,"3*+*5$85A

BhD*1"9;22134,*+"C13,;+C:B"T5-"-M:3,;*+ "d'sin* = m/, for m=01,2,34,...
T5-1-",5-"2%:1,5"19-1"G3;G:G"53..m = 4/-"2;1.,"+--9" *"9- -1G;+-" 5-".>; "
~6313,;*+"P<";.;+C" 5-"234," 53," 5-1-"31-"#KBZZZ">; #-46:G",-1 T

= 1 « M 4007107 m”
25,000lines/cm 100cm

J¥B".+4-1 = 250; B'T-"43+"9- -1G;+-",5-"T3X->-+C,5"*2" 5-">'C5,7
g=dsin# _ (4.001 107 m)sin25.0;)
m 4

=4.226! 10® m=42.3nm"

IUH'
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dPh"'5;."T3X->-+C,5"+* ";+",5-"X;.;P>-".6-4,1:G/

Gh"5-"+GP-1"2" 2" +",5,."9;22134,;*+"C13,;+C";.", **">31C-/"(45:+C13,-9"
4;145,"43+"P"R " 1B K5 R IKZ G B >, -6313, 5+ 2 E BT (5"
5-">;G;,"*2"T53, " T-"43+"9*" *93</"'5;."> +-".634;+C",." *".G3>>",*"61*9:4-"
9;22134,;*+"%2">/C5,/

27.5 SINGLE SLIT DIFFRACTION

EN/

)y

KE/

)y

KKY

12# =#25$85($& @ 2I$H$3%5(8. " 48#+%(5&5(25871"8=,$*&+5*&4+1*5&0 BB &
@ ($3842##+3%&."3828*+ 3% HSEL DOGRNAE. @+85(&

@.;+C5-"-M:3,;*+" Dsin” =m/ B"T5-1-D".",5-".>;,"T;9,5B"T-"43+"9-,-1G;+-",5-"
T3X->-+C,5"2*5-"2;1.,"G;+,G:GB

_Dsin# _(1.00! 10°° m)sin36.9;)
m 1

& =6.004! 10 ' m=600nm"

/&8 "=6H#$& H+58T1"8= $*&288+4412 5+"387255$1385(258+*&28.,"06+325+"3¢
*#+58+35$14$1$3,$-&R+3885($&125+"8"485($& @+85(&"4&5($&*#+5*&5"&5(
5($0.8&+485($&4A+1*580+3+0=08&"485($&*+ 3% HBE QI DR SBEHUHLED2<+0=08&
8'=6H#$&*#+587255$13-&BI(+*&@ +HHE&Y1$25#)& 1$8=,$&5($8+35$3*+B)&"4&!

B 1HP>-G" "3\ +C " KD 40" 513 A (] MD* M 5 4O >t BRI
-M:3,7%+"Dsin” = n/ B"T-"53Xn =1/ D*1" 5-"9%P>-" 3 +C" 5-"-M:3, 4
dsin” =m/ «gP-43:.-"T-"53X-"3"G3_:G:GBT-"53X-"m = 5/1:X;9:+C" 5", +C>-" > "
CM:3,4"P<"O* P> > M3 BETE-1-" 5-"3+C>-"@ T 3X->-+C 5"31-" 5-" 3G-"
cxrP="_1 D_g500

d m 5 d

B 5-">: ".-6313,X+"."2:X-" :G-." 5-".>: " T:9,5/
0(/%1")/%2+3#(.%4& @2588.61$2M&25&5($&$35123,$&5"&2&(216"18&, "3*+*5+&
6211+$1&@+5(&DEB+8$&"7$3+3%-&b,$23&@ 2I$*BRABEISHSI%5(&2771"2, (¢

"7$3+3%&*512+%(58"3-&/5&@ (25&23%#$&5"85($&+3,+8$35&8+1$,5+"3&214
(216"1&0"*5&71"5%,5$882%2+ 3382 G2 BA

{v]e)
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)y

["31-">*\+C"2*1" 5-"2;1.,"G;+,G:G"2*1",;+C>-".>;,"9;22134,*+"P-43:.-",5-"KZ/Z
T;9-"*6-++C"34,."3."3".+C>-".>; ["@5+EM:3,;*+ "Dsin* = m/ B"T5-1-m=1BT-"
43+"9-,-1G+-",5-"3+C>-"2*1"2;1.,"G;+,G:G7

/ =sin s ) 2 gy BUR00M)E_ o

=236i"
+D ( % 500m *

)i+4-" 5-"G3;+"6-3\"2* 1" +C>-"8;22134,*+",." 5-"G3;+"6 1*PB G P*3," +",5-"
531P*1"3,"3+"3+C>-"C1-3,-1" 53+" 5,."2;1.,"9;22134,*+"G;+;G:G"T;>>"2->".G3;
A" 5-"-4*+9"G;+,G:GB" 5-"P*3,"T;>>"#?;"322-4,-9"P<",5-"T3X-."3,"B>>

/ :Sin'l*m_') :sin'lg(z)(zao m)i#: 53.13; =53.1;"
+D ( % 500m "

27.6 LIMITS OF RESOLUTION: THE RAYLEIGH CRITERION

H#/

)y

|($&H+0+585"&5($&S)$V*&2,=+5)8+*&2, 5=2##)& 1$#25$8&5"&8+4412,5+"3&6)
5($&23%#$&6$5@$$ I8 B RII2BHSE 7" +35*& " 48#+% (5800 LBRROB5$ 187 =7+
2++=0+3%&2382]$12%$& @ 2I$#$3%5(&"48SS:&30A&BEG&I2M$&)"'=18& 1 $#&H
#+0+584"1&5(383)$-&N(258+*&5($&%1$25$*5& 7"+ 6#$&8++523,$828,21&,2
2381 #I$&+5*&5@"&($28#+%(5* &Y%+I$3&5($)821$&9-D:&0&27215A&B,G
6$5@$$385@" RAS*THI26H#$& 7" +35*&($#882582BRTHBYRER F::80G &A1 "08)BARS
B8G&?" @&8"$*&)"=1&23*@$1&5"&B,G&,"0721$&5"&8$52+#+&)"=&3"102##)&!
+1,=0*523,$*4&

BH@.;+0r3<>-;C5V."$1;,- B*F-"43+"9-,-1G;+-" 5-"3+C>-"g;+"139;3+.h",53,";."Q:.
" 19 0,
1-.*>X3P>1'*7:1.22)—:(1.22 >°0 10_3m =2237" 10 * rad=2.24" 10"* rad"
D 3.00"10°m

(PH5-9;.,3+4-" §'P T-+", T**PQ-4, B"3"9;.,3+4+ "3T3<B".-6313,-9"P<"3+"3+L5-
szt =S= 1M _ge0p 108 m=581km"
“ " 2237110 rad

g4"@.;+C",5-".3GM:3,*+"3."+"631,"gPh7
s=r#=(0.800m)(2.237! 10 rad)=1.789! 10" m=0.179mm"
PH*>9;+C"3"1:3"3,"31GV.">-+BI5*"43+"-3,;><" --" 5-"G;>>;G-,-1"9; X;.;+.2" *'<

43+"1-*>X-"9-,3;>."l/2"GG"3631,/"5-1-2*¢*B61*P3P><"43+"1-.*>X-"9-,3;>."2
GG"3631,"3,"31GV.">-+C,5/

IUN'
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27.7 THIN FILM INTERFERENCE

o=/

)y

our/

)y

R+38&5($&0+3+0=085(+,M3$**&"4&28*"27&6=664#$&5(258277$21*&1$88@ ({
@ (+5$8#+%(5&7$17$38+,=#218&5"&+5+8&*=142,$-&I2M$&5($& @ 2 REER65(&5
2++=0$&5($&+20$8+38$<&"481$412,5+"38&2*& @25$1-

'5-"Gi+ GG 5 A\+-. T >>"*44: 1" T5-+" 5-1-": "*+-"653,-"453+C-B" *"2*1">:C5,"
/ /
H419-+"6-16-+9,4>31><B 4+ 1, X4, -12-1+4-21 1, AL LA G AR =
n
B +C" 5-"40-_"2"1-2134, *+"2*1" TG BP>-"#K/T

"7
(=7 2080010 M _) oog 107 m=128nm"
4an  (4)1.33) E—

R+%=13&E&(* @*&5@" &Yo#2**&* #+8F* &+##=0+3 2 6B IB)RIN B A +% (5&+3,+8
7$17$38+,=#21#)-&I($&5"7&*#+8$&5"=,($*&5($&6"55"0&*#+8$&25& "3$&$38&-
:-9:1 ;00 ;8+20$5$1&(2+1&25&5($&"5($1&$38.&4"10+3%&2& @ $8%$&"4&2+1-
213&5($&821M&6ABB(RE*#+83$*&21$&0-S: &,08&#" 3BRR2BO& HEH*&=*$8A&B6(
23)&8+44%$13$3,$&+4&5($&*#+8$*&21$&0283$&41"0&,1" @ 3&" 1 &&#H+35&%0#2**A

g3|’ R 0.10D mm
g |4, “3k_

X

7.50cm

-
-

T*"39Q34-+,"931\"P3+9."T;>>"53X-",5;4\+-.."9;22-1;+C"P<"*+-"T3X->-BC,5B

- - 1 (4
#=d,1 d,, andtan” = N2rdiameter, ., _ . 00" 107 m¥_ 4 176304 p

slidelength % 0.075m =

)*B"_;+4-'Xtan" - d2 #dl — ! BIIT_III__II’53,II
_$ _ 589110"m
X = =
tan# tan(0.076394)

=4.418 10 * m=0.442mm"

Ph"'5-"G3,-1;3>"G3\-16"2" 5-".>9-."; " 11->-X3+,"P-43":",5-"63,5"9;22-1-+4-";+'
5-"3;1"P-, T--+" 5-">;9-." 53,"C;X-."1;.-" *"s+,-12-1-+2-/

V]v)
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27.8 POLARIZATION

NH/ Q4&)"=8&(2J$&, "OTHSESH)& T #21+>$88H#+% (AS I DI RI@ENG8. @ +HHE&+5*8+3
6$&245$1872%*+3%&5(1"=%6(82&.7"#21+>+3%&4+#5% B} BEUHEIRT S5 ERBE
7"#21+>25+"388+1$85+"3A

)*>:’;~k+ " @.;+C5_II_M:3’;*+II I - IO C0§ / BIIT_II43+II@>3’_ll’5_ll;+,_+.;’<T

| =1, cos #=(150W/m?)cos*(89.0;) = 4.57! 10'> W/m? =457 mW/m?"

u#/ N(25&+*&W1$@*5$1V*&23%#$&4"1&#+8Q(BBHILZIEHBY6&IBA#S,5$8&41"0&,]
YoH2*EA

dr kg M
)yt @.;+C5-"-M:3,;*+ "tan/ :%B'I'S-l-" n,.."2*1"41*T+"C>3.."3%."2*1"T3,-1"g"

'3P>"#K/IhB"1-T.,-1V."3+C>{",."= tan 1%1#: tan 1§‘1'—521_#: 4875 = 48.8;"
U 4.333"

A"488i'g'1-T.,- 1V."3+C>-h",5-"1-2>-4,-9"¥€%;6>-,-><"6*>31;b-9/

#77



$*>>-C-"05<.;4. ),:9-+,")*>1 %+ "L3+:3> " $536,-1"#N

$]A0'(Y"#N7")0($SAW[WA'8J8'L

" B2G&N(25&848= 0.250c A&B6GEIBO0C A

>+ " g3h'@.;+C",5-"9-2;+;, R TS-1-V =0.25Cc T

'1/2

2 % 2#' 1/2
R -g 05T~ 10p0e
A) C n
gPh"AC3;+"..,;+C",5-"9-2;+;,,*"B"+*T"T5-1-V = 0.500c 7
. 2 #' 1/2
(=g @! =1.1547=1.15
/o C " n

&*-"53," /" "4 >- B"3+9" 5-"1- 1>, "31-"1-6%1,-9" *" 51--"9;C;,." *" 5*T" 5-"
9;22-1-+4-"21*G"I":+"-345"43 -/

Hr 1&3$=51"3&#+I$*&T::&*&@ ($3&25&1$*5&1$#25+]$&5"&23&"6*$1J$1-&?" @ &+
0"J+3%&1$#25+J$&5"&23&"6*$1J$1& @ ("&0$2*F2 JESH+ B EHEHATLE A

YL+ . 2$1/2
@.;+Q"t = 1t,B"T5-1-] = % Br-".--",53,7"
)= (t = 206% _ =2.2944= _2$!1/2 "
(t, 900s % '
v $!1 _c

YM:31;+C",5-"-M:3,;*+"C; X{(* = 8/: ==
c? # clv

c?
_2

$1*.. $5:>,,6><;+C"C; %% " v* = — B"89".*>X;+C"2*1".6--9"2;+3>><"C;X-.7

#Z!1"
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e

)y

2 ) * #1/2
v= o2 & =cq izg ;‘l (22;44 =0.9000% = 0.90Q"
: %

4("%)&H()5* %6+ 6% 8 BBRGE R+388 5($& JZHASRE BEBE 4" ##" @+3%8& *+5=25+"3-
6"=38& "6*$1J$1& 0$2*=1$*8& ED-T& (& 5"& (2J$& 72**$8& @ (+H#$& *+ V6B EE]
*72,$& 71"6$& +38+,25$&2BQBE2ISE 72+*$88& "3& 6"218-& B6G& N(25& +*& =31
26"=585(+*&1$*=#5A&B, GEN(+,(&2**=075+"3*8&21$&=31$3*13BGA5R"18+3

g3h"@.;+C",5-"-M:3,;H4"= 1 t,, T-"43+" *>X-"2*1'T"
"= = 2270 - 09958= 0.996"

gPH"43++% "P-">- " 53+"l]

g4h™5-"-31,5P*:+9"*P.-1X-1"G:.,"G-3.:1-"3">*+C-1",;G+",5-"*P.-1X-1p."1-.,"213G
,53+",5-".5:6"P*:+9"*P.-1X-1"5-"3..:G6,;*+" 53,",:G-"..">*+C-1";+" 5-"GX;+C"
5:6"."+1-3.%+3P>-/

28.3 LENGTH CONTRACTION

IE/"

)y

B2G&?"@&421&8"$*&5($&K=2BE#B&EBD2I$#&2,,"18+3%&5" &5 ($&2A%(
"6*$1I$1A&B6G&?"@&421&8"$*&+5&512I$#&2*&I+$@$8&6)&23&"6*$1I$1&!
)'=1&,2#,=#25+"3&"3&+5*&I$#",+5)&1$#25+I$&5"&5($&K215(&238&5($&5+0¢
B,G&e$1+4)&5(25&5($*$&5@" &8+*523FBEANSEAHEZS3%5(&, "35112:53 " 2&&
@.;+C",5-"X3>:-."C; X-H; BG6>-"#N/T

g3, =V't = (0.95()(4.87! 10° ) )
= (0.950)(2.998! 10° m/9(4.87! 107 s)=1.386 10° m =1.39km

gPH, = V't =(0.950c)(2.998! 10° m/s)(1.52! 10* s) = 4.329! 10° m = 0.433km"

3
g4m:i—w—433' 10° m= 0433km

HZH#
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28.4 RELATIVISTIC ADDITION OF VELOCITIES

#H#/'

)y

#N/

)y

)y

Q4&2&*72,$*(+7&+*&2771"2,(+3%&5(BARA EEBELER 0$**2% P&, 2 7T*=#P&+*&*
5"@218&+3RPHE: & $#25+I$&5"&5($&K215(.&@ (25&+*&5($&*7$$B&"4&5($&,2
5($&*(+®A

|
@.+CB"-M3, U= L BIT4347399" 5-"1-53,.X;., 14" X->44; -, 7"
1+ (wl/c?)
v+ul! 0.10Cc +0.100c

us= = 1=0.198"
1+(w!/c?) 1+/0.10C@)(0.10Cx)/c?| —

N($3&2& 0+ +#$&++8*("58&41"0&"3$&* T2, $*(+ 785" @218*&23"5($1.&+5&#$2J¢
0.950c 238827712, ($5($&"5($18&DFBC -&N (258 +*&5($&1$H#25+I$&ISH" +5)&"
*(+7*&

[["31-"C;X-+7U =0.750c"3+9'u! = 0.95Cc /"[-"T3+,",*"2;+9"vB".,31,;+C"T;,5",5-"

|
-M:3,;*+"u = L/"D;l.,"G:Z;6><"P*,5".;9-."P<",5-"9-+*G;+3,*l7"
1+ (wu!/c?)

|
U+VE =y 4 B! 5+ S X +C RATX-.T
c

| |
y=_Utu 0.950c ! o.750:2_ 1 0606
(uu"/c?)! 1 [(0.750)(0.95@)/c?]! 1 ’

'B-"X->*4: <y " 5-".6--9"G-3 .:1-9"P<" 5-".-4*+9".634-.5;:6B".*" . 5-"G:+:.".:.C+"
;+9;43,-.",5-".5;6."31-"G*X;+C"3631,"21*G"-345"* »1"¢+",5-"*66*.;,-"9;1-4,;*+"3."
uht

B2G&/HH#&B=585(3& H# *$*58%62#2<+$*821$81$,$8+3%841"08"=1&" @3&X+#M)&
120! 10° ly 2@2)&+*&1$,$8+3%&41' 0668 FB6& @ (25&J$H" +5)81$#25+I$85"&:
*$388238$<TH#"125"1)&71"6$85"&2771"2,(&5($&"5(SQQURHR2&DE2*=1$8841"08
5(258%2#2<)A&B6GE?" @E&H 3% @+H&+5&52M$&5($&71"6$85"& 152, (&5($&"
41"0&5($&K215(ARR)&2*+=0$85(25&5($&IH" +5)&"485($8"5($1&%62#2<)&1$02+
B,G&?" @&H#"3%&@ +HHH8+585($3&52M$&4 " 1828 128+"&*+%6324&5"&6$86$20$8.
7143, +7#$.86=583"5& 7R, 5+,2#-G

&*-",53,3>>"3+.T-1."*" 5,."61*P>-G"31-"1-6*1¥K".;C+;2;43+,"2;C:1-.B" *"
9;.,;+Ci;.5" 5-"1-.1>, /"

#HZ=
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g3h"[-"31-"C;X-#'=10.900c"3+9'u = 0.99(c/"),31,;+C"T;,85-"-M:3,;*+"

|
- V+ u- 2 BIIT_II+*TIIT3+,II’*II.*>X_II2*]]II/ID;1.,IIG:>’;6><IIP*’5II.;9_.IIP<II,5_II
1+ (wl/c?)

9-+*G;+3,*17'u +u! u_;/ =v+ula",5-+*>X;+C"2*1",5-"61*P-V.".6--9"C/X-.7
C

_ulv 099! (!0.90()
11 (uv/c?) 1! [(0.99Q)(! 0.90Qx) /2]

=0.9994¢"

gPh"[5-+" 5-"61*P-"1-345" 5-"*, 5-1"C3>3_<B";,"T;>>"53X-",13X->-9"3"9;.,3+4-"(
*+"(31,5h™2)' = x, +vt P-43' " B-"C3>3_<":. "G*X;BIT3<"21*G" ["A." —+"21*G'
XO +Vt m

(31,581 =0.999%B".*t =
u. u!

' ©]
u# v 0. 9994?: 0. 900: 1ly

=1.2064 10 y"

g4h™5-"139;*" :C+3>" 13X->."3," 5-".6--9"%2">;C5,B" *" 5-"1-, .14 "G:X-+"P<

t!= d_X*v ,3..:G;+ C",5-",;,C+3>".",13+.G;,,-9"3.".**+"3.",5-"6 1*P-345-."

Cc C
5-"% 5-1"C3>3_</'@C",5-"+:GP-1.B"T-"43+"9- -1G;+-",5-",;G"7
1.200 10 Iy +(0.900c)(12064 10 y)

C

28.5 RELATIVISTIC MOMENTUM

=U/ N(25&+*&5($&ISH" +5)&"4&238$#$,51"385(258(2*& 2800AS 36 2DRY /AL _"5$
5(25&)"=&0=*5&,2#,=#25$&5($&ISH" +5)&5"&25&H#$2*58 4" =188 +Yo+5+&5" &%

t"= =1.2058 10 y"

V> mu
-Ci+++C'T;,85-"-M:3,;*+ " p = 'MU= - "T-"43+" *>X-"2*1",5-".6--l /"

e (u/e))?
D;1.,"41*%5:>,;6><"3+9".M:31-"P*,5".:9-.B"C; XH&— = —u "
p’
1 _ p2 N

'5-+B".*>X;+C"28E'C; X-'u? = =
B Crt (m?/p?)+(c?) m2+(p?/c?)

#HZE
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D;+3>%8B+C",5-". M:31-"1** "C;Xu = P r
Jm? +(p?/c?)

' 3\;+C",5-"X3>:-."2*1" 5-"G3.."*2" 5-"->-4 1*+"34+9",5-".6--9"*2">:C5," *"2: X-"..C+
2:C:1-."C: X-7

3.04! 10%* kg (m/s

u 1/2

_ ;;;9.1094! 10 kg) +[(3.34! 10* kg (m/s)/(2.9979 10° kg)2]2§
0

=2.988 10° m/s

28.6 RELATIVISTIC ENERGY

EN/ B2G&a*+3%&8252RAIEO& &), 2#,=#25$&5($&02**&,"3J$15$88&5"&$3$1%)&6) &E
9-::&M%&"4&=123+=0-&B6G&N(25&+*&5($&125+"&"4&02**&8%$*51") $8&5"&5 (!
I m/ mA&

)¥>1%+ " g3MD1*G'3P>-"0/B" 5-"-+-1C<"1->-3.-9"21*G",5-"+:4>-31"2;..;*+"*2"1/ZZ"\C"*2":1:
;" E =8.0! 10° J/")*BY E; = E yeneeq= ! M B"T-"C-,
. _"E_ (s0110J)
m=—-=

2

#
¢®  (3.000 10° m/sf

=8.89! 10* kg =0.89g"

gPM"43>4:>3,-" 5-"13,*B".,;G6><"9;X;9-"PLLE!+3>"G3..7

#m _ (8.89" 10" kg)
m  (1.00kg)’

=8.89"10*=8.9"10""

K#T &7 ;0$*"3&+*&28& 7215+, #$&5(25&8%,2)*&+35"&2&0="3&238&2&02**#$**& 721"
0$*"3&(2*&2&1$*5&02**&$3$1%)& "4 &BZP-FERE ($&0="3&(2*&2&1$*5&02**&$3
9:S-0&%e-&L=77"*$&5($R$*"3&+*&25&1$*5&238&2##&"4&5($&0+**E3BB BB (S
0="3V*&M+3$5+,&$3$1%)-&?"@&42*5& @ +##&B($&0="3&0"I$A

)*>L% " @.+C",5-"-M:3,*KE , = | M B"T-"43+"9-,-1G;+-",5-"\;+-,;4"-+-1C<"*2" 5-"G:*+"
P<"9--1G;++C",5-"G;...+C"G3.RE ,, = $mc” = (m, #m),)c* = ("#1)m,c*"

)*>X+C"211T;>>"C;X-".."3"T3<"*2"43>4:>3,;+C" 5-".6--9"*2" 5-"G:*+/"DI*G",5

#ZK
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KN/

)y

HE/

)y

-M:3,;*+"3P*X-B"T-".--",53,7

#= e p? My oM _139.6MeV._ ) 550727
m, m, m, 105.7MeV
*TR" _" Y72 xquqn v 1 "k
gxTB .- =1 (2/c?)] 2 S0

v=c (1! 12 =c (1! ;:O.GSBZJ"
" (1.320727

R+38&5($&M+3$5+,&$38E%) 88 3&3$=51"38 @ +5(8&2&0$2*=1$88#+4$&*7238&"
+5+&1$*58$3$1%)&+*&F B IBBRAS SEH+AS&* T2 BAET 2%

D1*G[_-14;.-"#N/B"T-"\+*T",53," K'#/#UEEB"T-"43+"9-,-1G;+-",5-"\;+-,;4"-+-1C<"
*¥2" 5"+ T T'KE , = (! )mc® = (2.29441 1)(939.6MeV) =1216MeV."

B2G&!2#,=#25$&5($&$3$1%) & 1$#$2*$8&6)&5($&8$*NHBIIBRAREBEGE?
023)&M+#'06120*&.,"=#8&6$&H#+45$8&5"&2&9:-: &MO&($+%6(586)&5(+8820"=35

g3h"@.;+C" 5-"-M:3, /B mc?B"T-"43+"43>4:>3 -" 5-"1-. "G3.."-+-1C<"*2"3"/ZZ"
G3../"5;."1-.,"G3.."-+-1C<";." 5-"-+-1C<"1->-3.-9"P<" 5-"0-. 1:4, *+"*2" 53 "
3G*+,"*2"G3..7
E enea= ME = (1.00kg)(2.998 10° m/s)=8.988 10'° J=8.99! 10'° J™

gPh"@.;+C",5-"-M:3,;PE = mghB"T-"43+"9-,-1G;+-"5*T"G:45"G3.."43+"P-"13;.-9"

| 6
3'5C5,"2"12/2"Giftt= "o = 890 107
gh (9.80m/s’ J10.0! 10° m

) =9.17! 10" kg"

#ZH
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$]A0'(Y"#U7"8&'Y %I @B8%& "' %"
2@A& @L"0]c)8%)!

29.1 QUANTIZATION OF ENERGY

I J&Y +W1&O"#S, =HS&"* +##25$*& @ +5(&2 Q4B OFIBIEEBLG AN (258+*&5($88+4
+38$3$1%)8+38$&6$5@$$IL2HH" @SB +##25"1&*525$*A&BEGEN(25&+
"48 &"18&28*525$&(2]+3%823&$3$1 Y68 "4&9-: &$eA

)*>1,5+ " g3IBE = hf =(6.63" 103 J#s)L.7" 10°s'})=1.127" 10 J"

#53,"(1.127" 10'%° J%%": 7.04"10%eV=7.0"102eV"

gPh"@.;""'E”'M:S,;*"'" E - nhf BT'”43+".*>X'“2*HJ'T

(LoeV)L60" 10 3/eN) 1 _. .o . .
(6.63“ 103 J¢SX17" 108 ¢ 1) ! 5 =137=14

29.2 THE PHOTOELECTRIC EFFECT

or 124, =#25$85($86+38+3%8$351%6)&+38$& " 4&SH#S, 51"3* &+ 3& 2H=B 3315398
7("5"385(258,238%$\$,5&5($0&+*&R:[&30-

E. 1
n=—1 ==
hf 2

)1, " B> C, "TBX->-+C, 5 4511, 6%+9." " 5" 551 - "21-M:-+4<B"*1" 5-". G3>>-.,"
~+-1C</'5-1-2*1-B",5-".G3>>-.,"+-1C<"5F" 5-"\;+-,;4"-+-1C<";."b-1*/ DG",5-"
-M:3,;*+"KE = hf | BE = OBT-"43+"43>4:>3,-",5-"P;+9;+C"-+T;+C,5-"
21-M:-+4<"+",-1G."2",5-"T3X-E:6h7"

BE = hf = 1'°)
+

oz he_ (6.63 10 J(s)(?i.g)o"loB mis .
+ (3.04 107 m)

3 § 10008V #_ 1 hgev
04.60 103" —

=6.543 10"°

#20



$*>>-CO5<.;4" )10+, "Y*>0, k4 "L34:3> $536,-1"#0

I=/" R+3885($8@2J$#$3%5(&"4&7("5"3*&5(25 &MES5EB;91"3*841"0& 7"52*+=0.8%
5(25&5($&6+38+3%&$3$1%)&+*8E-E[8&$e-8/1$&5($*$& 7 ("5"3* 8 I+++BHSA

V> @05 M 3,44 "KE = hf | BE"3+9% = /f "T-" " 53," hf _h—C_BE+KE L
53 "T-"43+"43>4:>3,-" 5-"T3X->-+C, 5" 265 *+ "+" _1G."*2"+-1C:-. 7"

he _(6.63 10 3(s)3.00 10°mys) - 1.000ev
BE+KE 2.24eV+0.100eV  &1.60 10 Iy

=5.313 10" m=531nm.

* =

c-. B5-.-"65**+."31-"X;.;P>-I

/" 4("%)&#()5*%+6%& BEG&N(258+*&5($86+38+3%8&$3$1%)&"4&$#$,51"3*85"§
@(+,(&[-::;$e&$#$,51"3*&21$8$\$, 5$SEB &KX & 128+25+"3A&B6GE&N(25&+*&
=31$2*"326#$&26"=58Bk**85A&B,G&N(+,(&2**=075+"3*&21$&=31$2*"326#$&
+3,"3*+*5$38A

Y>>+ g3l -"T3+,",*L-"5-"-M3,*+" KE = hf | BE",*"9-,-1G;+-",5-"P;+9;+C"-+-1(&*"
T-"2;1.,"+--9"*"9- -1G;+-"3+"-_61-..;*+"*2hf /'@;+CE = hf B"T-"\+*T7

o = e _ (6626 107 3(s)f2.998 10° m/
* 4.00' 107 m
lev

H1602 107 )

3+9".;+4-KE =hf | BE7BE=hf! KE =3.100eV! 4.00eV=! 0.90eV"

= (4.966 10 I f 3.100eV

gPh5-"P;+9;+C"-+-1C<";." #81C-"2*1" 5-"C; X-+"65* *+"-~+{1C<

ANS-"->-4, 1%+ "\ +-,;4"+-1C<";." *">31C-"2*1",5-"C;X-+"65%,*+"-+-1C<a";,"43
C1-3,-1" 53+" 5-"65* *+"-+-1C¥/

29.3 PHOTON ENERGIES AND THE ELECTROMAGNETIC SPECTRUM

" B2G&R+3885($&$3$1%) &+ 3 ARB2BER 3&128+"8@2]$*&41"0823&RX&*5
(2*&2&T::X?>&61"28,2*5841$C=$3,)-&B6G&N(2588"$*&5(+*&+07#)&26"=5&5!
7("5"3*&7$1&*$,"388&5(2585($&128+"&*525+"380=*5&61"28,2*5A
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)y

#ET

)y

)y

g3h"@.;4&"-M:3,;*+" E = hf "T-"43+"9-,-1G;+-",5-"-+-1C<"*2"65* *.7'

E =hf =(6.63' 10'* J/5)9.00" 10° s'*)=5.97" 10 J

=5.97102 38— %373107ev

"1.60'10%° J$

gPh"5;.",G6>;-." 53,"3",1-G-+9*.."+:GP-1"*2"65%*+."G..,"P-"P1*3943.,"6-1".-4*}¢
8"*¥19-1",*"53X-"3"P1*3043.,"6*T-1"*2B".3<"KZ/Z"\[B";,"T*:>9", 3\

5.00! 10* J/s
5.97! 10 * J/photon

=8.38 10*° photon/se"

N'&5($&=3+5&,"3J$1*+"3*&3%,$**21)&5"&* (WCEBA2G&/ | nm .&2*&*525$8&+38&5(
5<B

@.;+C" 54%+X-1.;*+"2*1"Q*:>-." *"'->-4 1*+"X*> ."3+9"G-,-1." *"+3+*G-,-1."C} X-.7

9
¢ = (6.63 10 315)3.00( 10° m/ghp M L 00e\{9 $ ~1240eV! nm"
2% 1m #&1 60( 10 B—

B2G&QA&S5($&7" @$18"=57 B ABIIFASE *525+"38+*&S - &MN.&(" @&023)&7(
*$,"38821$871"8=,$8A&B6GAQ4I&5($8128+"8&@2)$*821$861"28,2*5&=3+4"1I
4+38@B.3=06$1&"487("5"3*&7$18*$,"38& 7$1&*C=21$80$5$18258 28&8+*523 ¢
[*=0$&3"&1$4#3$,5+"3841"085($&%1"=38&"1&26*"175+83&6)&5($&2+1-

931" -"43+"2;1.,"43>4:>3 " 5-"+-1C<"*2"-345"65* *+7
E, =hf =(6.63' 10* J§(6.50' 10°s'*)=4.31' 10 % J"

'5-+": :+C" 5-"234," 53 ,/5-"P1*3943.,;+C"6*T-1",."KZ\[B"T-"43+"43>4:>3,-" 5-'
+:GP-1"%2"65* *+."6-1".-4*+97

_ 5.00 10* J/s
4.31! 10'*® J/photon

=1.16! 10** photon/s=1.16! 10°* photon/<"

gPh*"'43>4:>3,-",5-"2>:_"*2"65* *F.83...G-",53,",5-"P1*3943.,";."+;2*1G";+"3>>"
9;1-4,*+.B".*",5-"31-3";." 5-".:1234-"31-3"*2"3".65-1-"C;X;+C7
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1 2
"= N . _116'10° photor;s/s: 9.23' 10?° photons/$ém?"
ar® 400 10°m)

29.4 PHOTON MOMENTUM

EZ! B2G&N (25&+*&5($8@2I$#$3%65(&" 48287 ("5"385(25&(2* ERBM" ABIEROLIHEAS
B6G&R+388&+5*&$3$R)&+38&$e-

dr kg M
) >-’, + g3hll@.;l_\_5_ II_M:3’;*+II p :9BIIT_II43+II.*>X_||2*1II,5_IIT3X_>_+C’5II*2II,5_II65*’*+7

| #34
| = h__663 ig Js 1.326 10® m=13.3tm"
p 5.00! 10**° kg"m/s —

gPI®;+C)5-"-M:3,;*+" p = E B"F'43+".*>X-"2*1",5-"-+-1C<"3+9",5-+"4*+X-1,",5-"
C

>4, 1K T

E = pc=(5.001 10%° kg (m/s)3.00! 10° m/s)

© o leV  $ _
=1.50 102J! g =9.38 102 eV
A 60 107 34

EHY 12M$&5($8125+"8 " 4815#25+]+*5+,88 $*FRGIREYB) 1$#25+]+*5+,80"0$35=0.
P = Imu .&238&*(" @&5(25&+38&5($&H+0+58&5(25&02++&2771"2, ($*&FF = 8)8=&

*>:’;*+ " / 2
) \_C;++;+CIIT;,5"’5_II’T*II_M:3’;*+.IIE e '/m(J_Zl3+9Bb = !mulc; _.|E - . m02 - C_II
p /mu u

A.",5-"G3.."*2"5-"631,,4*3661*345-."b-1*B."X->*4, U & ;>>"3661*345"*",53,",5-"

2
13,4527 +-1C<" "' G*G+,:G"3661°345lim , , = = O = C'BT545"."4%+ 1.+
0T
T;,5" 5-"-M:3, 4" p = = "2%1"65% 54/
Cc

29.6 THE WAVE NATURE OF MATTER
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KE/ K<7$1+0$35*&21$&7$14"10$8&@+5(&=#512,"#8&3$=51" S XIX BARIBHX* &
OP*-&B2G&N(25&+*&5($&@2I$#$3%5(&"4&*=,(&2&3$=51"3A&B6G&N(25&+*¢

$e&
)*>:’;*+ " n n 11} h 1 11} n 11} 11} 11} 11}
g3h"@.;3% "“M:3,;*+." p=—"3+9"p = mv'T-"43+"43>4:>3,-" 5-"T3X->-+C,552
o1, 147"
| h_ h _ 6.63 1 0#34 J"s

l=—=— = =3.956/ 10" m = 396nm"
gPIE;+C\5- "“M:3,*+"KE = % MV T-"43+"43>4:>3,-" 5"\ -, %4 -1 C<"*25-"
o IR
1 1 n ' 127 2
KE=Zmv =2 (1.675' 10'?" kg){L.00m/s)

-8.375'10'% J" &—4" 5.23' 10° eV

*1.602' 10 ° J$

29.7 PROBABILITY: THE HEISENBERG UNCERTAINTY PRINCIPLE

HH/ 1&1$#25+I$#) 84+ 3%BE&P<,+5$8&*525$&"4&23&25"0&(2*&2&#+4$5+0$& "4&D-::
0+3+0=0&=3,$152+35)&+3&+5*&$3$1%)A

)*>:’;*+ " n n h n ! n n n n n 11}
@.;+C5-"-M:3,;*+"" E"t:4—/BT- 43+'9-,-1G;+-",5-"G;+,G:G":+4-1,3;+,<"2*1";,.
+-1C<7 '

h _6.63'10*J)s _ . b
= 5 =1.759'10'% " &7‘4 1.10' 10 eVv"
4"t 4(3.0010°%s) "1.60'10° 3%

29.8 THE PARTICLE-WAVE DUALITY REVIEWED

o#l 0(/%1")/%2+3#(. %-B&S[- ; $e&$#S$,51"38 £3&7#S&E §29828:-9ZB0&
@2J$4#$3%5(-8 QA& =, (&$#$,51"3*&21 $&72**$8&5(1"=%(&2&8"=6H$&*#+5823
02<+0=08&25823&23% 258 4&@ (258 +*&5($&*#+5&* KT B&25+"3&
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)y

ON/

)y

N=/

)y

@;+C\5-"-M:3,;*+"dsin” =m/,m=012...B"T-"43+" *>X-"2*1" 5-".>;,".-6313,;*+"
T5-+"m=1"2*1",5-"2;1.,"*19-1"G&:G7"'d = m = (1)((?.167nm) =0.395nm"
sin/ sin25.0j

0(/%1")/%2+3#(. % B2 G &N (258 &4 &28& 71"5"3&(2]+3%&23&$3$ 1 V38 A& -1 &I
71"8=,$886)&5($&R$10+#26&2, $#$125"1 A&BB6G&R+38&+5*&0"0$35=0-&B, G
71"5"3V*&@2J$H$3865(A

g3@;+C;5-"-M:3,;*+" E = ImCB"T-"43+"2;%92*1"1/2Z"-J"61* *+T

4o E _ [L00110%ev)i60! 107 J/eV)
mc* (16726 107 kg)3.00! 10° /<)

> =1.063 10°* =1.06! 10°"

n 2 1 -19
gpm — @ne= E _ (.00 10t eV)(1.60'10 J/eV): 5.33" 101 kg!m/s
c 3.00' 10° m/s .

04i@;+C)5-"-M:3,;*+" p = ? B"T-"43+"43>4:>3,-",5-"61*,*+p."T3X->-#C,5

" 134
%= h _ 6.63" 10! 16 kg#n/s:1.24,, 10 m"
p 533'10"kg#n/s —

0(/%1")/%2+3#(. % EB$& 7 1"6#$0& @+5(8<&12)*&+*&5(25&5($)&21$&3"5&*$3*
5($85$07$125=1$&+3,1$2*$&"4&281$*$21,($18$<7"*$8&+382843@&*$,"38*¢
2, +8$352#8&8"*$&"48<&12)*&=38$185($&A" #H" @+3%&, "38+5+"3*-&UBRG3$10
7("5"3*&+*&E::$V&238800! 10°84&5($0821$826*"16$887$1&M+#"%1208. "4&E
*7$,+4+,8($25&"48@ O:489K8al/kg! | C-&B_"5$&5(25&0$8+,2#&8+2% )&+ &<
02,(+3$*&3++* &1"8=,$8238+35HBFH(+*8%1825-G

HGP-1"%2"65% *+.",:G-.", 5-"-+-1C<"-345"+-"4311<B" *7
' (19
Q=NE, = (400" 10°)200 10° evE-O0 107 ¥4 ogye
% leV o

gt = Q = 1.282] ) o
5-3,-97"#t = —< = a0l 1
e (1.00kg)(0.830kcal/kg"j C)(4186/kca) 3.69! 10 iC

#i#"
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$]A0'(Y"=Z7"A'%L8$"0c)8$) !

K a*+3%85($&Y%+I$3& F20D8$E 125+ &4 " 1&$#$,51"3*8238&71"5"3* &238&M3" G
02%63+5=8$*&"4&5($+1&,(21%$*821$8$C=2#.& @ (258+*&5($&125+"8"4&5($8
$#$,51"3V*A&B_"5$&5(258*+3,$&5HDLPIRARS+"+ 821 $& Y+ I$385" & SHPRBERS
2,=12,).8)"=18&23*@$1&02)&8+44$1841"085($&2, $75$88&125+"&+3&5($84" =,

Yo [A3+743>4:53," 5-"13,%"42" 5."G3. - "P<" 3\ +C",5-"13,;*"*2" 5-"4531C-" *'G3..
13,;%"C;X-+71- =1.76! 10" C/kg "3+9" -1 = 9,571 107 C/kg, .*" 53,
m, m

p
m, _qg/m, _176! 10" Clkg

P =1839=1.84! 10° ."
m, g/m, 9.57!10" C/kg

m | " 27
5.134,:35'G3, 113, 7oe = LOT2OI0° K _ o301 gg) g8, anwn 5p.
m  9.1094! 10" kg .

9,C;,.B",5-"G3.13,;*",."4*11-4,/

30.3 BOHR’S THEORY OF THE HYDROGEN ATOM

I#/" 1&()81"%$3&25"0&+3&23&$<,+5$8&*525%$&,23&6$&+"3+>$8& @ +5(&#$**&$3$.
+5*&%1"=38&*525%$-& M(@5E&X2&()81"%$3&25"0&+4&:-FS:&$e&"4&$3$1%)& 23

V>R 1 13.6eV
2

n

1 1 /12
. 13.6eV:§L 13.6ev1_t£ _40= 4"
E, % 0.85eV"

gY-G-GP-1",53'nG:.,"P-"3+";+,-C-1/h

@.;+CE, = B"T-"43+"9-,-1G;+-",5-"X3>:-"20B"C; X-+",5-";*+;b3,;*+"-+-1C

#1="
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IN/" B2G&N(+,(&#+3$&+3&5($&W2#0$1&*$1+$*&+*&5($&A+1*5&"3$&+3&5(HREAEE
?"@&023)&W2#0$18&*$1 +$*&#+35*&21 P& +3 &5 (PRSI FRFR, R 28D &023) ¢
213&+3&5($&aeA

>0k g3h [T 53," 5-"@J"13+C-";."21¥G=10nm,*"3661* :G3,->¥ =380nm.@.;+C

,5-"-M:3,;*+ % = Rgiz izfﬂE{TS-l-" n, =2"2%1",5-"3>G-1".-1;-.B"T-"43+".*>X
A

ni ]
1 _nnf
2*¥11 I'D;+9;+C"3"4*GG*+"9-+*G;+3,*1"C )Xo = 2f , *".53,"
"R nn
2.2 — 1 2 2\ *qn —_ "R 1] nny, [ nT. n nyxqn N & n
n‘nS ="R(n°! n7),*1'n =n, R nf2/ 5-"2;1.,">;+-"T;>>"P-"2*1"5-">*T- |

+-1C<"65* *+B"3+9" 5-1-2*1-" 5-">31C-.,"T3X->-+C,5B" *" .+, #B80nm"
Coxh = |_(380#107 m)(L097#10" m™)
B (3.80#10 7 m)(LO97#10'm™) " 4

=994! n =10T;>>"P-"5-"2;1./

gPh%),;+C"/ =760nm:3>>*T.".." *"43>4:>3,-",5-".G3>>-,,"X3>:-12*¥",5-"X;.;P>-"

(7.60#10 7 m)(LO97#10" m™)
(7.60#10" m)(L.097#10'm™)" 4
X;.:P>-B El">;+131-"+" 5-X.:P>"13+CE

13+C-H =2\/ =277!" n =3"*"n =3t0931-"

gatB-".G3>>-.,"/ "+" 5-"3>G-1".-1;-"T*>9"P-"2*}{' = | BT5;45"4*11-.6*+9." *"3"

X3>1-27"

0, 2
lopgl)y LR 2o % 565107 m=365nmBT545"
* & n R 1097/ 10’ m

L B> 13X R [5-1-251-B" 5-1-"Bl 42+, -+ GP-1"2" 3> G- 1">  +-." 4"
>, 13X *>FA>>">+-. 214G 10to! "23>>"+",5-":>,13X;*>-, "B 5-".6-4,1:G/"

2
N 0529' 10" m&++39%85($&
4z mke;
2771"2,(&*525$8&+385($E5$<5-8I(258+* &SC=25$85($&!"=#'068238&,$351+
5($38:+3*$158.238$<71$*+"38.4"1&IBH#",+5)841"085($&,"38+5+"38.4"1823%=;
C=235+>25&'3-

2
#=r o e$1+4)&KC:25m"3*%—aB&38&B =

#IE"
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)y

kZ VZ "okn " kZ kZ 1 m
@';+G:coulomb= Fcemripeta! 2(f = m ) .93, r,= CE = 02 o
r r m.v m, v
/2 2,2
AT, =N B P 2L B>, <G X+ pk2d 4 mr,
rne n 2162
2/ m, n°h
.*II,53’IIr =n_2 h2 =n_2a lr-|-5_1_||a - h2 .III
"TZ4mkq? Z ° ° 4 Pmke?

30.4 X RAYS: ATOMIC ORIGINS AND APPLICATIONS

#H! 1&,"#"1&5$HSI+*+"385=6$82#*" 8% $3$125$*8*"0$& <& 12)*& @ ($38+5*&$#$,51
* 1$$3-&N(258+*&5($&*(" 15$*5& BRABHED ($+$8.<812)*. & MBRTTBS35+2H8+*&
5"82, $#$125$85($8$H#$,51"3*A&B_"5$&5(25&16*&(2I$&*(+$#8+3%&5"&71$I$
$<7"*+3%&I+S@H1*-G

ks sk M
V20" @.4C" 5-M:3,*#E = qV andE = ?'C;X-.'E =qV = hTCB"T5;45"3>>*T.":.",*"

43>4:>3,-",5-"T3X->-+C57

g2 N _ (662610 J15}2.998' 10° nvg

qv  (1.602'10'*° C)3.00" 10" V)

= 4.13'10"m"

30.5 APPLICATIONS OF ATOMIC EXCITATIONS AND DE-EXCITATIONS

—= B2G&N(25&$3$1%)&7("5"3*&,23&7=074&,(1"0+=0825"0*&+38&2&1=6)&#2*$18&4
*525$&5"8+5+8*$,"38&23885(+188$<, +5$88*525$* A&BEGEN(25821$85(38.@
7("5"3*A&e$1+4)85(2585($) 821 J&+ORMEE2158"485($&*8$,51=0-

)<>1 %+ " g3IDI*GD;Ci1-"=Z/HBE-".--" 53, "T*:>0" 3\-"#/="-J"65* *+." *'6:G6"451*G:G"
3’*G.II;+’*II ’5_ II._4*+9"__4;’_9".’3’_/");G;>31><BII;,IIT*:>9ll’3\_":/ZII_\]II65*’*+.ll’*ll
6:G6"451*G;:G"3,*G." +,*" 5-"5;19"-_4;-9".,3 -/
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hc _1.24! 10 eV"m

gPhg, = — = =5.39! 10" m= 5.4! 10? nmB"T5;45";."<->:8T
E 2.3eV B
Cl__+/ll
| #6 n
g =NC_L12M 107 eVIM _ ) 131 10¢ m= 4.11 10° nmB"T5:45"."P:S¢*>- !

E 3.0eV

30.8 QUANTUM NUMBERS AND RULES

EZ/ B2G&N(25&+*&5($&02%3+5=8%$&"4&5($&23%=#21&01C$BS#B&A BRRABE G &
12#,=#25$&5($&02%3+5=8$&"4&5($&$#$,51"3V*&*7+3&23%=#21&0"0$35=0-§
125+"&"4&5($3%6=#21&0"0$3RA

K kg
V2 3@+ €5 M3,k L= (1 +1) ZL/B"T-"43+“43>4:>3,-",5-"3+C:>31"G*G-+,:G

, h 6.626" 10> J1s% ., .
3+1 =1n>-4,1%+7L = /I (! +1) 2—*=\/1(2) %i o é:1.49 103 J1s

gPI@.;+C5-"-M:3,*+" S = \/s(s+1) ZL/BT-"43+"9-,-1G;+-",5-"->-4,1*+V.".6;+"

3+C:>31"G*G-+,:GB".;+4s'= %

h _ 6.626'10**J!s
=Js(s+) —=_|= 440
2% \2"2% 2%

=90.13"10%® JIs"

o +1/2/

=1.63"

gan: =
S

Vs(s+1) /2/ \/7 o

KK7 0(/%1")/%2+3#(.%d&#,=#25$&5($&IS#",+5)&"4&2&*521&0" I+3%&1$#25+I$&5
"6*$1J$&2&@2I$#$3%5(&"4&T9-:&30&4"1&+"3+>$8&()81"%$3&,275=1+3%&2
+35"&5($&#" @$*5&"16+52#& B5(25& V8% 28.&"1&28&Y)023&*$1+$*&518*+5+"

#IH"
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P> [T 5MB, Y "E = E, | Ew*'9-,-1G;+-",5-".6--9"+2" 5", 31B".;+4-"T-"
31-"C;X-+",5-"*P.-1X-9"T3X->-+C,5/"[-"2;1.,"+--9" 5-" *:14-"T3X->-+C,57"

he - ZZ * ZZ * &12

.E=E E-—-;]; § ¥ = E§ (136eV)| =136eVB

, b 1
153G = hc _124"10°eV! "M _ 91.2nm."5-1-2¢1-B".;+C™ = " 1+v/c,
HE 13.6eV 1! vic
/2

Toggx Lt V/C = Zobs wan g3 vy Yo (—b§1 V{319 5: B

1" vic [/ c (2% c"
v_#2 A1 _(91.0nm/91.2nm)? ! 1 _ 19105 103"
c A J#+1 (9L0nm/91.2nm)*+1 '

)*BY=("2.195 10 °)(2.998 10° m/9 =" 6.58! 10° m/¢/");+4-"v."+-C3,;X-B",5-".,31
;."G*X;+C",*T319",5-"-31,5"3,"3".6--9"@58! 10° m/s."

KUY 0(/%1")/%2+3#(. %R+ 3885 ($8J 24+ SREABR. 16+ 52#8&23%=#21&0"0$35=0&C=2:
3=06$1.84"1&5($&0""3&21"=3885($&$215(-&I($E&S<51$0$#)&#21%$&I2H=S&."
5(25&+5&+*&+07"*+BH$85"&ESHHE
02,1"* "7+.8"6\$,5+&

R HPB

BB 2HB35&C=235+>$8&"16+5*&

)<> R+ " . d .. i~ e W
D1*G" 5-"9-2:+; :*+"*2 X->*4;)FB—B T-"43+"C-,"3+"-_61-..;*+"2*1" 5-"X->*4; <"1

1GDN BLG-] QRN K B kDN B MGak g ?/ 5.+B"21*Q" = |/ 2*1"3"6%+'
*PQ-4,"T-"C-," 5-"3+C:>31"G*G-GT'L = |/ =mR/ = mRZ% = MRV/"):P..:,:,:+C"

2517 5" X->44 < 3G A CMIBE 1 (4 0) 1 CX-.7

L:mVR—2 mR2 =!I +1)—/)+41“'>31(;%_"'_B o

422 MR _ 4#2 (7.35! 102 kg )(3.84! 10° m)?

= : - =273110°
Th (2.36! 10°5)(6.63 10°* J.5)

#O"
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HH/ 0(/%1")/%2+3H#(. Y& T=#*21&+*828127+8#)&*7+33+3%&1$032358"4828*=7$
"3&+5*&2<+* &*@$$7+3%& ()81 %$3&2#"3%8 @ +5(&+5&*" 8BRS BYLI IFEL "
5" @2188=*&2*842*5&2*&S:-:&MOP*.& @ (+#$85(258"385($&"5($1&*+8$80" IS
S:-:&MOP*-&I(+*8&0$23*&5(2585($&K X8 128+25+" 38 @$& LS, $+I$8 @ +H#&6$8’
123%$&3480.0 km/s-&N(25&123%$&"4& @ 2I$#$3%5(*8 @ +H#8. @ $&"6* § BIBL4
#+3$8+385($&Y)023&+$1+$+8"4&()81"%SIA&BL=, (&#+3$861"28$3+3%8&+*&."
71"J+8$*&7215&"4&5($&$I+8$3,$&4" 1812 B+8&1"525+"3-G

<>+ [T > 5-"1R66>-11.5;2,"-M: 3, 24,19 - 16+, 5-"*P - 1X-9"T3X->-+C,5."2*1"
5-"1*66>-1".5;2,-9"5<91*C-+'+-/"D;1.,B"2*1",5-"5<91*C-+"G*X;+C"3T3<"21*G":.
=" u=+50.0km/s,.*",53,7"

4
, = (9120nm) \/1+(5.00! 10° m/s/2.998 10° m/g)

# 7 =91.22 nm
1" (5.00! 10" m/s/2.998 10° m/s] .

'5-+B"2*1",5-"5<91*C-+"G*X;+C",*T319."..B"T-"u-=+ ! 50.0 km/s.*",53,7"

n 4
, = (9120nm) \/1 (5.00! 10° m/s/2.998 10° m/g)

# Z =91.18 nm
1+(5.00! 10 m/s/2.998 10° m/s] ;

' 5-"13+C-"*2"T3X->-+C,5.";."219€1 8 nmto91.22nm"

#IN"
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$JA0'(Y"=17"YAIS%ASSIS CA&I"
&@$W(AY"0]c)8%)

31.2 RADIATION DETECTION AND DETECTORS

" [($&$3$1%)&"4&EV.&*&1$C=+1$8&5"&+"3+>$&2&0"#$,=#$&"4&5($&%2* &+3*
5($1$6)&71"8=,+3%&23&+"3&72+1-&L=77"*$&28& 7215+ #$&"4&+"3+>+3%&1 2!
X$e&"4&$3%$1%)&+3&5(+*& $+%$1&5=6$-&N(25&02<+0=0&3=06$1&"4&+"3&

Y 435453, 54 GP-1"2"63;1."41-3 -9B".;G6><"9; X;9-" 5" * 3>"-+-1C<"P<"+-
(0.500MeV)(1.00! 10° eV/MeV)
30.0eV/pair
5-"G3_G:G"+:GP-1"2"++"63;1."P-43..-"; "3..:G-."3>>" 5-"-+-1C<"C*-." *'41-3, 4

*463;1."3+9" 53," 5-1-"31-"++"+-1C<">* - /"

31.3 SUBSTRUCTURE OF THE NUCLEUS

ur B2G&!2#,=#25%$&5($& 1 ZBNF &' IBL "4&5($&0"*5&5+% (5#)&6"=38&*526#$&3=#
+*&5($&125+"&"4&5($& P2BH &' & A58 F8a. & "3$& " 4&5($&#21%$*5& 3= #$+&3
_"5$&5(25&5($&128+=*&"4&5($&#21%$*5& 3= #$=*&+*&*5+## &BX K ESB2AERBE
25"0_ n

+--9-9"6-1"63;1 B pairs= =1.67' 10° pairs/"5;.",."

V> g3ht@.+C" 5--M:3, s 1 A T-"43+73661%_;G3,-",5-"130;: <8N 7
e = 1A = (121 10" m)(58)% = 4.6 10" m = 4.6fm"

gPh"ACE;+":+C",5;."-M:3, 4™ 5, ", :G-"T-"43+"3661%_;G3,-",5-" 1392 ¥R{7"
fvo = (L2 10 m)258% =7.61 10 m=7.6fm."

#U"
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IK/"

)y

. | " 15
D;+3>><B",3\;+C“,5'"13,Ni"*,2“ HajC,X-?ni — 4645 10 m

——=061t01&
., 7.63910%m

N(258+*&5($8125+"8 " 485($EIBES+5YEHIB: &2)&5"85(25&"48R3R5+ H&@+5(:
*20$8M+3$5+,8$3$1%6)A&I(+*&*("=#88&, "3U+LBEBIBFR 0=, (842*5$ 18 HBIR3&
@($3&1$#25+J+5)8+*&52M$3&+35"&,"3*+8$1 2644 3- S BIREHBRE*" &

[_II\+*TII,53’||,5_||\;+_,;4||_+_1C<ll2*1||3ll1_>’y;.’;4"631’;4>_ll;.IIC;X_+IIP<II’5_II_M:3’;*+ll
, > dl V2
KE, =("! l)mCZB"3+9",53,".;+4("= ! V—le B"T-"43+"C-,"3+"-_61-..;*+"2*1",5-"
C#

D*1",5-7 '631,;4>-KE =5.00MeV =("! 1)(0.511MeV) B".*",53,(" ! 1) =9.78E*1"
'l e 10.785/"'5:.B"’5—"X—>*4;,<“2*1"’5L“'631’;4>—";.7"

Ve =c 1" £ =(2908! 10° mys) 1" ;2 =2.985! 10° m/s"
2 (10.785

D*1",5-7 "631,;4>-KE =5.00MeV = ((' l)(4.0026u)6§;w1¢02.*",53,"
(4} c "

'I e 1.00134/II|5: .BII’5_IIX_>*4; ’<ll2*1ll’5_l"631, ;4>_II; .7"

v, =(29981 10° mys) [1" L =15511 107 m/s/"D+3>><B" 5-"13,#"2" 5"
(1.00134
|
Xe>d e X p gz 298910 g 540
v. 155!10"m/s

8+ 5-1"T*19.B"T5-+" 5t "3+9/ '631,4>-."53X-",5-".3G-"\;+-,;4"-+-1C<"B" /5"
631,;4>-"."3661* ;G3,-><"IU",;G-."23.,-1",53+F 5631,;4>"/

31.4 NUCLEAR DECAY AND CONSERVATION LAWS

HHZ'
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#H#/'

)y

#N/

)y

)y

K#$,51"3&,275=15&6M8&

Y-2-11;+C"*" 5-"->-4,1*+"436,:1-"-M:3,*$B" +€'! Y, ., +V B T-"+-9"*"
43>4:>3,-",5-"X3>:-.""2"3+9'N ["D1*G",5-"6-1;*9;4",3P>-"T-"\+*T" 53,";+9;:G"53."
Z =49'3+9",5-"->-G-+,"T;,5"Z = 48"."439G;:G/"@.;+C",5-"-M:3,;*A= N + Z"T-"
\+*T"53," N = A-Z=106-49=57"2*1";+9;:G"3+IN =58'2*1"439G;:G/"0:,,;+C",5;."3:
*C-,5-1"C;X-"wIn,, +e | *0oCd., +V,."

! 8%$,2)&71"8=,+3%8b-&I($&721$3583= #+8$&+*&+385($&8%,2)&*$1+F*XM '8
5($&"3#)8325=124##)&.", =11+3%&+*"5"7$&4&5("1+=0-

) HA-"T-"\H¥T" 53, 208Pp 1, " 5-"61%0:4,"2" 3+ 1Q-43<BIX | 5.3Y,.,+iHe,"->>."
.",53," Al 4=208B"3+9".;+4Z'! 2=8221*G",5-"6-1,*9;4",3P>-B"T-",5-+"\+*T",52
N! 2=208! 82=126.)*"2*1",5-"631-+,"+:4>-.."T-"53X-A = 212 Z =843+9"

N =128 /"5-1-2*1-"21*G",5-"6-1;*9;4",3P>-",5-"631-+,"+:4>-1."1?P0"3+9",5-"
9'43<";-IQ§§P0128! ZgSPbl26+‘2‘He2 h

1&121$&8$,2)80"8$&(2*&6$$38."6*$1I$88 LERABOIG* &IL 8=, #$=*-&B2G&I($6
8%$,2)&$C=25+"3%3R&" * X +* C-8Q8$35+4)&5($&IH-EMBC &R +3885($8$3$1
$0+55$88+385($&8%,2)-&I($& TP RUBE EEE-:9SDSD&=-

A=222! 14=208;Z =88! 6=82"3+9'N = A! Z =208! 82=126,"*"21*G",5-"
6-1;*9;4",3P>-" 5-"->-G+,";.">-39"34922%ph,

H#H#"
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gPH m=m(*2Ra,,,)) m(*%Pb,,)) m(%c,)
" =2220153531) 207.976627u) 14.003241u = 3.5485 102%u"

2
E=(mc = (35485 107 W0 oMEVIC 2 - 33 05Mev
/0 u n

=4 B2G&N1+5$85($&, "OT#HEHR) &$C=25+"38AL&BEG&I2#, =#25$85($8$3$1%)&

5($&8%,2)-&1($802$*&'¢@ 384 B £1$899-:99[DD&2388&99-:TD:S&=.&
1$*7$,5+I$%)-

1k BN @K ! LAY, AT+, B+9" 5-"6-1;%9;4" 3P>-"T-"43+"C-," 5-"4*G6>- -"
9-43<"-M:3,*+74C, 1 UB + "* +y, "

gPN"43>4:>3,-"5-"-+-1C<"-G;,,-9"T-"2;1.,"+--9"*"43>4:>3,-",5-"453+C-";+"G3../"
453+C-";+"G3..";,.",5-"G3.."*2" 5-"631-+,"G;+..",5-"G3.."*2",5-"93:C5,-1"3+9",5-
6*.;,1*+";,"41-3,-9/"5-"G3.."C;X-+"2*1",5-"631-+,"3+9",5-"93:C5,-1B"5*T-X-1B'
C;X-+"2*B-"+-,13>"3,*G./")*",5-"431P*+"53."*+-"399;,;*+3>"->-4,1*+" 53+" ,5-"
P*1*+"3+9"T-"G:.,".:P,134,"3+"399;,;*+3>"G3.."*2",5-"->-4,1*+" *"C-" 5-"4*11-.
453+C-";+"G3."/

#m=m("c)t [m(B)+2m|
=11.011433u! [11.009305 +2(0.0005485&)] =1.031" 10'° u

2 n
E=(m¢ = (1031 10° uff S TOMEVIC 2 - o 9602mev
A) u n

31.5 HALF-LIFE AND ACTIVITY

EH/ B2G&!2#,=#25$&5($& IR I85)&+$+&" 489 - BRI BBOGE +* =*8@ ()&)"=18&23
3"5&$<2,5#)&9-1:&1+.&%+I$385(25&5($&, =1+ $&@2*& " 1+%6+324#) &*=TT"*$8&
2,5+J+5)&"4&28&%120&"4&128+=0-

HHH!
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)*>:*+" g3h"D;1.,"T-"G:.,"9-,-1G;+-",5-"+:GP-1"*2"3,*G."2*1"139;.G/"[-":.-",5-"G*>31"G3..

] | 23
*2"HH"CIG*>" *CAT= (1.00g )i r;g' ¥6.022 10 | AloMS_ 5 6646 107 atome”
J# mo

069N
t
%

'5-+".,+C",5-"-M:3,;*+" R=

B"T5-1-"T-"\+*T",5-"53>2">;2-%#9g".

16! 10° yB

21
(0.693(2.66426 10 )-jf,‘ 1Y #_366 10°8q
16'10°y 98.156 10’ s* .

& Ci _ .
50 10° qu 0.988Ci

gPh"'5-"53>2">;22%R" "G*1-"344:13,-><"\+¥T+",53+";,"T3." T5-+" 5-"$;"+;,"T3."

-.,3P>:.5-9/
K#l S0y &2*&"3$&"4&5($&#"3%$*5&M3" @ 3& 128+ 21IPITROREPL &8 +44+,=#5&$<T7$.
1$*$21,($1&4"=38&5(258&5($&2,5+]+5)&" 4R L& FoQ IR C-&N (258 +*E&DLHRA
)$21* &
)R>+ 0.693N

@.;+C",5-"-M:3,;*HR =

B'T-"43+"T1;,-" 5-"34,:X;,<";+" -1G."*2" 5-S-B"
i

,5-"G*>31"G3..B/1 B"3+9",5-"G3.."*2",5-".3G6>AB7"

. 069N _ (0.693[(6.02! 10 atomsmol) / M]m

by by

D1*G",5-"6-1;*9;4",3P>NB'=50.94g/molB".*

_ (0.693(6.02! 10”® atomgmol)(1000g)
o (50.94g/mol)(1.75Bq)

' ly $
=4.681 10* s% =1.48! 10~
&5.156! 10" s# ey

#H#='
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KNJ [($& "' &215+,#$*&$0+55$88+3&5($&BHERIA B =0G&+35$12,5& @+5(80258$:
#+9%(5&+3&2&IHIB2 LM&$<+5&*+%3-&/5&5($&5+0$&"'4&023=42,5=1$.&*=,(&
9S-:&!+&*48-&B2G&N(258+*&5($&02**&"4&5($&51+5+=0A&B6G&N (25&+*&+E
023=42,5=1%A

i @.;+C",5-"-M:3,;*R = 069N
t
%

,5-"3,*G;4"G3..BM 3+9"',5-"G3.."*2",5-".3G6> 7"

B'T-"43+"T1;,-" 5-"34,,X;,<";+",-1G."*2" 5-S2B"

garr = 209N (0693mym )/'"5-"3,*G;4"G3.."*2",1;,;:G"gz1*@66-+9;_"m";."

by 'y
127
M = 301605&§?1 66051 10 kgé 5.0082' 10 %" kg/atomB"3+9",5-"552-".
u

I#/=="<"g21*@66-+9; "hB"*T-"43+"9--1G;+-" 5-"*1;C;+3>"G3.."*2G"

— RE/ZM *

~ 0.693

_ (150Ci)(12.33y)(5.0082! 10'*' kg)M 0,3 70! 10° B 3.156! 10’ s
0.693 L ci @y

=1.56! 10¢° kg =1.56 mg

gPrR:ROe' (1 :Roexg 6 T: 150C|)exr§' 0693(500”1# 11.3Ci
%/0 ty | Y% 1233y o §

2

31.6 BINDING ENERGY

o 29Bj &*&5($&($2I+$*5&*526#$8& 3=, #+ TR IBREEB* @ &,"0721$88& @ +5(&0$8+=
02**&3=,#+8%$*-&!2#,=HBEPA .&5($&6+38+3%8&$3$1%)&7$18&3LIH' @IBR1&
"0721$8+5&@+5(&5($&2771"<+025$& J2#=$& "652+3$8&4 1FOSS(TEWART (8+7

)e>0+ " X9;+CBE = {Zm(*H)+ Nm ]! m(AX Jc?P<'A'C;X-.",5-"P;+9;+C"-+-1C<"6-1"

H#HHE'
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44> 7BE _ [er(lH)+ Nm, ! m(zggBi 126)JC2 o
A A

[["\+*T",53," Z=83"921*G",5-"6-1,*9;4",3P>MB"A! Z =126"3+9",5-"G3.."*2",5-"
209Bj"+:4>;9-";."#ZN/UZN=0OE":"g2B%*9; "A".*" 53,7

BE _ [83(L.0078251) +1261.008665)' 208980374u] §9315 MeV/c? fio
" A 209 % "o

=7.848 MeV/nucleon

'5;."P;+9;+C"-+-1C<"6-1"+:4>-*+",."3661*_;G3,-><",5-"X3>+"&,26-"C1365/

OH/ A("%)&#()5*%+6%& BRE2 15+ #S&T()*+,+*588+* "I$1*&2&3$=512#8 7215+ #$&(
E-:EODD&=&5(25&($82**=0$*&+*&5@"&3$=51"3*&6"=388&5"%$5(31-&B2G&R
$3$1%)-&B6G&N(258+*8=31$2*"3264#$826"=5&5(+*& 1 $*=#5ALB LRNEL 582+
=31$2*"326#$&"1&+3,"3*+*8$35A

)y

1 2
g3MBE =[2m, | m(particld]c? =[2(L.008665) ! 2.02733 u]§315MeV/ C 2
u o g
=1 9.315 MeV

gPh"5-"P;+9;+C"-+-1C<"43++*,"P-"+-C3,;X-a",5-"+:4>-*+ "T*:>9"+* " 3<" *C-,5-!

g4h"'5-"631,:4>-"43++* "P-"G39-"21+G" T*"+-:,1*+./

31.7 TUNNELING

ON/ 0(/%1")/%2+3#( . %d&E-:: :1802%3$5+ &4+ $HBE+*& 2T TH+$8&TS17$38+,=#21&F
(21%$8& 7215+ #$*8+382&6=66#$&,(206$1-&N(258&+*&5($&128+=*&"4&,=1J:
289:8X$e&71"5"38+3&5(+*&A+SHBAL_$YoH$,5&23)& " @ B3%& 24" 3%&+5*&T.

V2™ @+Cr B3, = %’ B'T-"439- -1G;+",5-"139;:."2"3"G*X;+C"4531C-";+"3"
q

G3C+-,;4"2;->9/"D;1.,B"T-"+--9",*"9- -1G;+-",5-"X->*4; <"*2" 5-"61* *+/"),+4-",5-"

##K
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-+-1C<"2" 5-"61* *+"glZ/Z"L-Jh";.".:P.,3+,;3>><">- " 53+",5-"1-.,"G3.."-+-1C<"*Z

61*,*+"gU=N"L-JnB"T-"\+*T" 5-"X->*4; &*+3->3,:X;.,;4"3+9" 5§ = 1 mv:/"
'5-1-2*1-B'

V2, 2
is .
v=ofER _gp 2000MeV - 1 160(2998 107 mys).Sa
gm#  £93827MeV/c? 4 y

1.6726! 10% 377! 10°
p =My (16726 10 kg)(1.377 10 M'S) 6.228m = 22.8 cm
qB (1.602! 10™° C)(2.00T)

H#HH
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$]A0'(Y"=#T7"L(I83AWAOOWS$A'8%&,)"%D"

&@SW(AY"0]c)8%)

!/ll

)y

Hr

)y

| 8$=51"8$3$1258$R3& &"'=1,$.8=,( &*&28+=0%"%"06218%H$1)##+8.
+38=,+3BH $2,5+"3%le +°Bel  *C+n-&=,(8$=51"8"=1,$*Q 1 R2## &I 2W&
*1=] $* &1&WIH"'=1,$*8 &($)&*$LH#=5"3+=0"Q$B($& *-82#,=#255(3%$3$198)
"=57=B4&($$2,5+'& I $e-, &

@.;+€E = ! m&B"T-"43+"9-,-1G;+-",5-"-+-1C<"*:,6:,"*2",5-"1-34,;*+"P<"43>4:>3,;
,5-"453+C-",+"G3.."*2",5-"4*+.;,:-+,.";+",5-"1-34,;*+B"T5-1-",5-"G3..-."31-"2*:+9"
-1,5-1";+A66-+9;_"A1"3P>-"=I/#T

E=(m! m)c? ;
=(4.002603+9.02182 12.000000 1.00866%(9315MeV) =5.701MeV

1($&2,5+J+5+$*&14883887°| &*$88+3&5()1"+8&*,23*&21$8 A6 I$BLHBERE6S&S &
2380 pCi.&1$*7$,5+I$#)-&R+38&238&,"0721$85($ &P 2 $8E AR 3& *=,(&*,23*
%-+J$385($+1&1$*7$, SHIGRR2 $&F-:[88&238&9D-E&(-&I($&02**$*&21$&*"'&
5($&128+"+"8+3$&+*&=*=2##)&0+<$88&@+5(&*526#$&+"8+3$&2* AR 2&1+$ 1.
,($0+*51)&238&8+*51+6=5+"38&+3&5($&6"8)-

0.693N _ (0.693(m/M )N
G3.."%2",5-";*Q;+-", * ¥6- B"T5-1-",5-"3,*G;4"G3..-."3+9",5-"53>2">;X-."31-"C; X-+"
,5-"366-+9;4-.7"

\_C;++;+C"T;,55—"—M:3’;*+ "R: A IT_II43+II.*>X_||2*1||,5_||

##0O
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m, = RMb, _ (60" 10'° Ci)(3.70" 10" Bg/Ci)(13091g/mol)(8.040d)(864Ms/d)
o 0.693N, (0.693(6.02" 10%)

=40"10"g

m, = RMi, _ (70" 10'° Ci)(3.70" 10" Bg/Ci) (12291 g/mol)(13.2 h)(36s/h)
2 069N, (0.693(6.02" 10%)

=36"10"g

32.2 BIOLOGICAL EFFECTS OF IONIZING RADIATION

17/ 2" @&023)& )& "48$<7"*=1$8+*&3$$8$BE5" 8% +I$&2&,23,$1"=*&5=0"1& 288"
$<7"*$B&5!ER, 5+I+53A

)*>:’;~k+ " @.;+C5_II_M:3’;*+ IISV: Gy! RBEl3+9.3P>'":#/B"T'"\+*T”,53,IRBE = 20'2*1“

32.3 THERAPEUTIC USES OF IONIZING RADIATION

#I" Y21%$820"=35*@BER1$&71"8=,$8&+3&, " TT$18$<T"*$8&5"8.2, $#$125"1 &6
02,(+3+3%8&,"3520+325$88,,"77$1.82&87()*+,+*TRHOUEHFEZn -8 K2, (& Zn &
8$,2)8$0+5*8 238212 HBR$3$1%)8"4&:-SS:&X$e.&[-:&"4&@ (+,(8+*8&26*"]
5($8*,+$35+*5V*ADERS"S)-&N (2588 38.0LI&+*&, 2=*$88.6)&5(+*8+B8."3$&82)

Je>1,4 " DL, B T-"4--9" *9- -1G;+-",5-"+:GP-1"2"9-43<."6-1"93<7"
9-43<.i93<= (5.00! 10°° Ci)3.70! 10°° Bq/Ci)8.64! 10* s/d)=1.598 10" /d"

&-_,B"T-"43+"43>4:>3,-",5-"-+-1C<"P-43:.-"-345"9-43<"-G;,."3+"3X-13C-"*2"Z/Kl

*2"4-1C27
3 ! 0, " 113 70,
£/ day= g2 10" decay$h 4o k0550MeV %1.602" 10 39
d decay MeV

=5633'10'% J/d
'5-+B"9;X;9;+C"P<" 5-"G3.."¥2" ;..:-"C; X-." 5-"9* 1 7"

H#H#N



$*>>-C-"05<.;4. )10+, "Y*>0, k4 "L34:3> $536,-1"=#

(563310 J/d% 1rad

I*.-":+"130i9" = =7.51"10'"? rad/d"
&  750kg  $0.010Q0/kg

D;+3>><B"2RFG""=#/B"T-".--",53,",5-"Y ("."1"2*1"7 "139;3,;*+B".*7
mSv

rem/d= rad" RBE = (7.51" 10°* rad/d" (1)=7.51" 10 rem/d ">

=7.51"10"* mSv/d

'5;."9*.-",."3661*_;G3,-><2700mrem/yB"T5;45",.">31C-1",53+"P34\C1*:+9"139;3
*:14-.B"P:,".G3>>-1",53+"9*.-."C; X-+"23+4-1",1-3,G-+, ./

)y

)y

1($8$3$1%)&71"8=,$88&6)&5($84=*+"3& MEUBLD<5=1$&"488$=5$1+=08238&5:
4"=38&+38K<20ZH$8125+3%&K3$1%)8238&" @ $1 &ARITBFLEHTR5$H) & (" @&
023)&M+#'%120*8@"=#88&6$8&1$C=+1$88&5"&*=77#) 8B > IB=REBEB&H3+5$
L5255

D1*G'3P>-"O/B'T-"\+*T E =1.05! 10%° J'3+9"21*G" 3G6>-"=#/B"T-"\+*T" 53,"3"
ZZ\C'G: ,1-%2"0-: -1::G"3+9" 1;,::G"1->-3.-.3.37] 10" J*2"+-1C<B" *7""
b 100K B_ 5150107

M = (105! 10%° J kg"
( 8/5.37! 10" J# e U9

I($&7" @$1&"=57=5&"4&5($8=-BEHVE-&B2GEQA&T:d&" 4&5(+*&+*&*=TTHB8S
71"5"3&.,) #$.&("@&023)&71"5"3*&21$&,"3*=0$887$1&*$,"38A&B6G&?" @&O2:
7$1&*$,"38&*("=#88&5($1$86$87$1&*C=21$80$5$1& 25&5($&K215(841"0&5(+
3=06$18+*&+38+,25+]$&"4&("@&121$#)&283$=51+3"8+35$12,5+ &*+3, WEHE2:
I$1)84$@&7$18.82)-

g3M*:1'61*,*+."31-"+--9-9"2*1"-345"4<4>-" *"*44:1/"5-"-+-1C<"1->-3.-9"P<"3"&’
61*,*+"4<4>-26.7 MeV B".*",53,"
 Aprotonsg ~ 1MeV %

#protons/s= (0.90)\4! 10 J/s )
P ( )( & %67 MeV #&1.602 1023 3~

= 3! 10*® protons/s

gPID*1"-345"4<4>-B™#*,1;+*." 31-"41-3,-9"3+9"2*®1* *+."31-"9-.,1*<-9/"*"
9-,-1G;+-",5-"+:GP-1"*2*-:,1;+*."3,"( 31,5B"T-"+--9",*"0- -1G;+-",5-"+GP-1"

##U



$*>>-C-"05<.;4. ),:9-+,")*>1 %+ "L3+:3> " $536,-1"=#

*Q"4-r 154% ">-3X;+C", 529"3+9"9;X;9-",53,"P<",5-".:1234-"31-B*B5-1-"T;,5"
139;:."21*G" 5-"):+" *'(31,57

# _ # :(2ve/4protons)(3.37“ 10%protons/$_

=— . =6" 10" neutrinogh?!'s
area 4R 4#{1.50" 10 m)

EK/ B2G&!2#,=#25$85($8$3$1%)& 1 $#$2*$8&+ BRSLIRBHAE TS 3& 1 BR, 5+"
n+29pyul Sy +19B3 + 4nBYe+ISAEST) = 95.921750u238&

m(**°Ba) =139910581u-B6G&!"34+10&5(25&5($&5"52#&3=06$1&"4&3=#$"3*&
(21%$&21$&,"3*$1J$8&+3&5(+*&1$2,5+"3-

)*>L k4" g3h"*'43>4:>3,-" 5-"-+-1C<"1->-3.-9B"T"E = | mc2"*"43>4:>3,-",5-"9;22-1-+4-";-
-+-1C<"P-2*1-"3+9"32,-1",5-"1-34,“*+7
E:(mn +m(239Pu)! m(%Sr)! m(14oBa)! 4mh)c2
:(m(zsgPu)! m(%Sr)! m(l“OBa)! 3%)C2

=[239052157 95921750 139910581 (3)(1.008663|(9315MeV)
=1806 MeV

gPh"[1;,+C" 5-"-M:3,;*+"+"2:>>"2*1G" e3Py, | St +41n,"*"T-"43+"
9--1G;+-" 5-" * 3>"+:GP-1"*2"+:4>*+P-2*1-"3+9"32,-1" 5-"1-34, *#@' 5-"

*,3>"4531C-"P-2*1-"3+9"32,-1" 5-"1-34";*+7

A =1+230=240=96+140+4= A

Z, =0+94=94=56+38+4(0) = Z,
'5-1-2¢1-B"P* 5" 5-" * 3>"+:GP-1"*2"+:4>-*B+9" 5-" * 3>"4531C-"31-"4*1%-0&

32.7 NUCLEAR WEAPONS

K" R+38&5($&02**&,"3J$15$8&+35"&$3$1 %68l Y& ARIRE -

VL @.HEE = MBI T-"43+"43>4:>3,-",5-"G3.. 44 +X-1,-9"+, ' +-1C<"2* 1" 3" H/Z"\"P*(
- _E _{20kT)42! 107 3KT)
¢ (300 10° misf

=5.60! 10 * kg =0.56g"

#=7
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KOY [*=0$&"3$;4"=15(&"4&5($8)+$#8& 48285 NMIG2BRITHY6+ &6" 068, ALSOZA-+4++"3¢
1$2,5+"3*82J$12%+3% SE8R3BES5($81$02+38$1&41"084=*+"381$2,5+"3*&2J$:
X $e-&B2G&I2#,=#25$85($8&3=06$1&"4&4+**+"3+82388&5($&2771"<+025$&02**
T#=5"3+=0&4+**+"3$8.&52M+3%8&5($82J$12%$&25"0+,802**&5" &6 $& EHZB
4=*+"3*& 2388 2#, =#25$&5($&2771"<+025$&02**& " 48 A=*+"38A=$# &2**=0+3%
25"0+,802*+&"4&5($85@"& 3= #$+8+38$2,(&1$2,5+"385"86$8S-&B,G&!"3*+8$,
4"=38.88"$*8&+58*$$081$2*"326#$&5 (258" 0$&0++++#$*&, "=#8&,211)&9:8 @21
3"5+3%&5(25&5($8.3= #$218&A=$H&+*&"3H)&28& T 2158 " 485($802++&" 4828& @21

J¥>1* " BhRX-+",53,"251"2;. ;*+"1-34,;*+.B",5-"-+-1C<"61*9:4-9"L "HPE-1"2;..;*+B"T-"434
Ar4X-1," 51 42 =E\"<;->9" 4 NG P12 2, 4T

(1/4)(320KT)(4.2! 10* J/KT)

— = =1.1! 10** fissions"
(200MeV ffission)(1.60! 10" J/MeV)

#of fissions=

\ 1mol
'5-+B"m=1(1.1! 10°° nucleu\y 238g/mol)=4.35! 10° g = 4.3kg"
( ’86.022 102 nucleig g/mol) g=2~4

gPh");G;>31>3XBC53,"2*1"2:.;*+"1-34,;*+.B",5-"-+-1C<"61*9:4-9";."#Z"L-J"6-1"2:.;
T-"4*+X-1,",5-"3/4™2"=Z"\"<;->9";+*" 5-"+:GP-1"*2"2:.;*+7

2
#of fusions= ] 4)(3?Ok_T)(4'2! 10 ..‘1]3/kT) \ =3.2! 10°° fusions<"
(200MeV ffission)(1.60! 10 J/MeV)

547"

-\ 1mol i
m=(3.2! 10°® fusions 5g LiD fuel/mol)=2.66! 10° g=2.7kg"
( 786.022 107 nucleiz( g ) g=2.7Kg

g4h"'5-"+:4>-31"2:->" % 3> "+ ><"H\CB".*";,";."M:;,-"1-3.4+3P>-",53," *G-"G;..;>-."
1Z"*X-15-39./"5-"G3.."*2" 5-"2:->"T*:>9"*+><"P-"HZ"\C"3+9" 5-1-2*1-",5-"G3...
5-"1Z"T315-39.B"T-,C5;+8P*;, 1Z",;G-.",5-"+:4>-31"2:->B"T*:>9"P-"*+><"IKZZ
>P,5-"2:->"2*1" 5-"G;..;>-."T-;C5."K",;G-." 5" * 3>"T-;C5,"*2" 5-"T315-39.B"
G;..;>-"T*>0"T-;C5"3P*,,"UZZZ">P ¥ 1"E/K" *+./"5;.",."+* "3+":+1-3+3P>-"T-
2*1"3"G;..;>"
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$]A0'(Y"==7'DAY'8$W("0]c)89)

33.2 THE FOUR BASIC FORCES

Er B2G&R+3885($&125+"&"4&5($8&*51$3%5(*&"4&5($8@$2ME&2388$#$,51"02%
"18+321)&,+1,=0*523BBGEN(2588"$*&5(258125+"&6%$,"0$8=38$1&,+1,=0*52;
@(+,(85($84"1,$*&21$&=8c+4+$8A

>4+ " g3 1*G3P>-"==/B"T-"\+*T",53,",5-"13,;*"*2",5-"T-3\"2*14-" *" 5-"->-4,1*G3C+-, £
113

%140 " Weak _ :10|
Electromagetic 10'?
*19-1."%2"G3C+;,:9-"T-3\-1",53+" 5-"->-4, 1*G3C-+- ;4" 2*14-/

=10'1/'8+"* 5-1"T*19.B" 5-"T-3\"2*14-"; "II"

gPR"5-+" 5-"2*14- "31-"+;2;-9B" 5-":9-3";." 53," 5-"2%:1"2*14- "31-"Q:.,"9;22-1-+’
G3+;2-.,3,*+."%2" 5" 3G-"2*14-B" *":+9-1"4;14:G., 3+4-.";+"T5;45" 5-"2*14- "%
+:2;-9B" 5-"13, " P-4*G-I" *"1 ['g)--")-4,*+"==/HH

33.3 ACCELERATORS CREATE MATTER FROM ENERGY

of L=77"*$&28' 81$25$88+3&2&6=66#$&,(206$185- 608 10118 &N (25&8+*523,$&
8"$*&+5&0"I$&+3&5(+*&5+0$&+4&+5&+*&512I$#+3%8&25&:-T::;,A&L+3,$&5(+
02M$&28512,M.85($&71$*$3, 94" ERBEBHS&+34$11$8841"0&+5*&8%$,2)&71"8=

5(25B($&5+0$&+*&#"3%$185(238B(SEIATTSBD. 8@ (+, (&, 238:6$88=$&5"&5($8&
325=1$&"4&8%,2)&" 1&5+0$&B+#25+"3-

)L @.+C",5-"9-24;, K42 X->%4; <B"T-"43+"9-,-1G;+-",5-"9;.,3+4-", 13X->-O\R <8~
3"P:PP>-"453GP-17

d =vt = (0.900(3.00! 10° m/s)(5.00! 10'%°s)=1.35! 10°*® m=0.135fm&
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33.4 PARTICLES, PATTERNS, AND CONSERVATION LAWS

I=/"

)y

-

)y

(38 ° &*&+5*&" @38&235+7215+ #$&23888%,2)*&+385($&A " #¥4@ + 305 SRARFIH:
++85($&$3$1%)& 4882 &+ 48 BB 8258 1$*5& @ ($3&+5&8$,2)*A

82",5 °1."3,"1-.,"T5-+";,"9-43<B. " *,3>"-+-1C<",."Q:F'= mc/"); +4-";,."+;,;3>"
G*G-+,:G",."b-1*B"*345"/ "13<"T;>>"53X-"-M:3>"P:,"*66*.;,-"G*G-+,.G"",/-/
p, =0=p,,sothatp, +p, =0,0r p, =! p, .,);+4-"37.13<"."3"65* *+E, =|p,
'5-1-2*1-B".;+4-",5-"G*G-+,3'31-"-M:3>";+"G3C+;,:9-",5-"-+-1C;-."*2",8-13<."31-"
-M:3>TE, = E,/"5-+B"P<"4*+.-1X3,;*+"2"-+-1C<B" 5:3#'-+-1C<"*2" 3-0M:3> "
T;4-"5-"-+-1C<"™*2"*+#215-" | "13<. 7t ,¢* = 2E..D;+3>><B"23FG""==/B"T-"43+"
9-,-1G;+-",5-"1-.,"G3.."-+-1C<"*2",5-7 °B"3+9" 5-"-+-1C<"*2"-34F'3<",.7"

_m,c (135Mev/c? )c?

E = =67.5MeV&
2 2

c."

B2G&N(25&+*&5($8&=3,$152+35)&+385($&$3$1%)& 1 $#$2*$BEBIGREEIEBE(
#+4$5+0$ABEGEN(258412,5+"38."4&5($8&8%,2)&$3$1%)&+*&5(+*.&3"5+3%&
"]+ ] B&5(2582HHBISRE* & +*&8$*51")$BGA

g3t@. .+ CGHEHL " 411B“T-"43+"43>4:>3,-",5-":+4-1,3;+,<";+",5-"-+-1C<B"C;X-+",5-‘
>;2-,;G-"42", 51 0 21*G'3P>-==/#7"

_ h _ 663110%7J"s
498t 4948.4) 10% 9)

leV

=6.28'107°J1 — —" __ =
1.60! 10*° J

3.9eV"

gPh"5-"2134, *+"*2" 5"9-43<"-+-1C<";."0- -1G;+-9"P<"9;X;9;+C",5;."+4-1,3;+,<'
~+-1C<"P<" 5-"1-. "G3.."+-1C<"*2" BI"2%1 49" 43P > == /7"

#="



$*>>-C-"05<.;4. ),:9-+,")* >0 %+ "L3+:3>

$536,-1"==
HE 92566V 5
m.c? (135(3'9105?;//02)02 =29'10
$0 /||
)¥",5-"+4-1,3;+,<",."3661*_;G3,->219" 10'°6-14-+,*2",5-"1-.,"G3.."-+-1C</

33.5 QUARKS: IS THAT ALL THERE IS?

#Kr H$7$25&5($&71$I+"=*&71"64$0&4"1&5($&8$,2)8.0"8HK' -

JE>1 k" g3IDI*G3P>-"==/B T-"\+*T" 5-"M:31\"4*G6*.;, *+"*2"-345"%2" 5-"631 4>~ "1+ X*>]
+"5,."9-43<B" (ss9# " °(ud9 +K' (US)."5-+B" *"9-,-1G;+-",5-"453+C-";+"
13+C+-.B"T-"+--9" * :P, 134 " 5-":4; :3>"21*G" 5-"2;+3>". 13+C-+-..B"
1-G-GP-1;+C",53,"3".,13+C-"M:31\"53."3".,13+C-+-S72"

"S=§1§=[11+( D! (13 =+1"

gPh'@. 8D>-"==/B"TA+T" 53, "B, =& + T+ 1= 18"
0

3.‘.
B =% +1+

5 3" 3-- "8 3
., +C"3P>-"==/B",5-"4531C-",.7"

1.1 1 1 —
Q= zbg'é'éﬁsqe 'qe’ande—ZﬁLg'g'gi 8/?3':—32‘31 =1q.B"
4531C-";.";49--9"4*+ .-1X-9/"'5;."9-43<"9*- "+* " + X*>X-"3+<"->-4, 1 *+,"* 1"
+-:,1;+*.B".*"3>>">-6,*+"+.:GP-1."31-"b-1*"P-2*1-"3+9"32,-1B"3+9",5-">-6,*+"
+:GP-1."31-":+322-49"P<",5-"9-43</

04h"@.;BP>-"==/B"T-"43+"T1;,-",5-"-M:3,;*+";+" -1G."*2";,."4*+

e M3 T7"
(ss9! (ud9+(us)ors! u+u+d/);+4-"5-1-"."3"453+C-"+"M:31\"2>3X*1B"
T-3\"+:4>-31"2%14-": "1- 6*+.;P>-"2%1" 5."9-4B<

=" B2G&Q*&5(38852)& + &' &' +6#$&,"3*+8$1+306&85($&2771"71+25$&,"3*$1J2

L525%&@()&"18&@()&3"5-&B6G&N1+5$&5($&8$,2)&+38&5$10%&"4&5($&C=21N
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)y

=0/

)y

7215+ #$*-

g3MDI*G'3P>-"==/B"T-"\+*T" 5-"M: 31\ 4*GB*.;,;*+"*2"-345"42" 5-"631,;4>-. ", +X*>]
+",5-"9-43<H' (dd9) " n(udd) +$' (ud)/"'5-"4531C-";."4*+.-1X-9"33/"'5-"
P31<*+"+1GP-1"."4%+.-1X-9"3," KI/"A>>">-6,*+"+:GP-1."31-"4*+.-1X-9"3,"b-1
3+9"2;+3>><"5-"G3.."+;,;,3>><",.">31C-1",53+" 5-"2m3>3GB, #'m , ) B".*B"
<-.B"5,."9-43<";."6%..;P>-"P<" 5-"4*+.-1X3,;*+"33T /

gPh"@.;435'>-"==/B"T-"43+"T1;,-" 5-"-M:3,*+";+" -1G."*2": "4*+. -+ "M:31\.7"
dds! udd+udor s! u+u+d"

B2G&?"@&0=,(&$3$1%)&@"=#8&6$8 1$#$2*$8&+4&5($&71"5"388+888$,2)&.
1$2,5+"36! "0 + ' AB6G& +J$385(238BSR)* 85" 85@ "B 23885(2585( BB+
4+38823&$#$,51"385"8233+(+#25$.8&@ (2585 "52#&$3$1%6)&+*&=#5+025$#)&
8%$,2)A&B, GEN()&+*&5(++&$3$1%)&%1$25$185(23&5($&71"5"3V*&5"52#802*
$3$1%)GA

g3M5-"-+-1C<"1->-3.-9"21*G" 5-"1-34,*+"."0- -1G:+-9"P<" 5-"4G3%+" 5-"1-. "
G3.."-+-1C;-THE = (m&) | " (nc?), :(mp I'mgy ! m, )2

@.;+C3P>-"==/B"T-"43+" 5-+"9- -1G;+-",5,."9;22-1-+4-";+"1-.,"G3.."-+-1C!-.7"
"E=(9383MeV/c? | 1350MeV/c? | 0.511MeV/c? c> =8028MeV =803 MeV"

gPh"5-", T*7 "13<'T;>>"4311<"3" * 3>"-+-1C<"*2" 5-"1-.,"G3.."-+-1C</*9r"5-"
E0H# 294 | E :m$0c2 =1350MeV"

'5-"6%.;, L*H->-4, 154" 3++,5;>3, %+ T;>>"C; X-"*22" 5-GB.,"+-1C;-."*2",5-"
6%.;, 1%+ 3+9" 5-"->-4,1%47

e’ +e'# 2% | E. =2mc*=2(0511MeV) =1.022MeV "

)*B",5-"*3>"-+-1C<"T*:>9"P-",5-"..G"*2"3>>" 5-.-"-+-1C;-.7"
'En =!'E+!E, +!E, =9388MeV"
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g4h"-43:.-" 5-" * 3>"-+-1C<";+4>:9-." 5-"3++;5;>3,;*+"-+-1C<"*2"3+"-_,13"->-4,1’
5-"2:>>"1-34,*+".5*>0" p +e# ("0 +e")+e# 4/

33.6 GUTS: THE UNIFICATION OF FORCES

E=!

)y

EU/

)y

0(/%1")/%2+3#(.%-4B&+35$3*+5)&"4&, "*0+,&12)&128+25+"3&8$, 1$2*$*& 127+
+3,1$2*+3%&$3$1%).&6=5&5($1$&21$&",, 2*+"32##) &$<51$0$#)&$3$1%$5+, &
1$25$828*("@$18"4&128+25+"3841" 08 2#HH#&S($&T215+ #$* &SR8 32 3HR:B
5($&250"7($1$&2*&*$$38+385($&4+%6=1$8%+I$3&6SH" @-8L=T7"*$&2&,"*0-
(2J+3%8238$3$1ANE GRV & '3I$15*8+5*&$3$1%6)&+35"& 7215+ #$*8&@+5(&02
2J$12%+PBOMeV/c*-&B2GE&?" @&023)& 7215+ #$*&21$&, 1$25$8A&BEGEQAE
8"@3&"382R0- km?221$2 B@&023)& 7215+ #$*&21$85($1$87$1&*C221$80$5¢

g3M"9-,-1G;+-",5-"+:GP-1"*2"631,;4>-."41-3,-9B"9;X;9-",5-"4*.G;4"13<"631,;4>-"
-+-1C<"P<",5-"3X-13C-"-+-1C<"*2"-345"631,;4>-"41-3,-97"
cosmicrayenergy 10" GeV

: = 5 =5!10°"
energyparticlecreated (0.200GeV/c? ko

#of particlexreated-

gPh";X;9-",5-"+:GP-1"*2"631,;4>-."P<",5-"31-3",5-<"5;,7"

I 0 i
particleym?” = > %10(; Ogar;ldesz 51 10* particlegm? +
m

0(/%1")/%2+3H#(. Y47 7" $&) =821 $&B$*+063+3%8&2&71"5"388$,2) &$<7$1+0$
2388%$5$,5&S:87$1,$35&"4&5($&71"5"388$,2)*8+3&2&523M&"4&@25$1-&B2
M+#"%120*8"4&@25$1&@"=#8&)"=&3$$885"&*$$&"3$&8$,2)& 7$18&0"35(.&2*
"480° y A&BBGE&PIB)R, =6+,&0$5$1*8"4& @25$18&+*&5(+*A&B, G&QA&5($&2,5
10% v .&("@&H"3%&@"=#8&)"=8&(2I$&5"&@2+5&"3&23&2I$1 2% $85" &*$$&2&

g3M6+"3X-13C-B"*+-"61* *+"9-43<."-X2D¥"y =121 10°" month¢/)*"2*1"*+-"9-43<"
-X-1<"G*+,5B"<*"T*:>9"+--97"

=H
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G 1 % 1decay,
N ¢ =
#4921 10* months/deay§ month

N =12! 10* protons"

) H4-"<HO- -4, *+><"KZ0 2", 5-"34,:3>"9-43< B <*!"+--9" T;4-" 5;."+:GP-1"+2
B1* *+." *¥"*P -1X-"*+-"9-43<"6-1"G*+,5B"*N = 24! 10> protonsg/"&*TB"T-"
\+*T",53,"*+-" H,0"G*>-4:>-"53."1Z"61**+."g!"21*G"-345"5<91*C-+"6>.."N"2.
,5-"*_<C-+hB"*'T-"+--924! 10 H,0/"D;+3>><B".;+4-"T-"\+*T"5*T"G3+<"
G*>-4:>-"T-"+--9B"3+9"T-"\+*T",5-"G*>31"G3.."*2"T3,-1B"T-"43+"9-,-1G;+-",
+:GP-1"*2"\;>*C13G."*2"T3,-1"T-"+--9/"

J, 1mole $m0.018kg $

(24! 10* moleculesfs 5 Yo
&6.02! 10~ moleculesi® mole #

=7.2! 10° kg of watel

gPh"&*TB™"\+*T" ,5-"9-+.;,<"*2"T3,-1Bl =1000kg/m*B™"T-"43+"9-,-1G;+-",5-"
C1m® $
X*>:G-"*2"T3,-1"T-"+--97V = m( =(7.2! 10° k n=72110°m3"
( ( gkgﬁOOOkg# S
g4h"82"T-B3.21 10> m**2"T3,-1B"3+9",5-"34,:3>"9-43<"13,-"T¢>'y B"13,5-1",53+
10* yB"3"9-43<"T*:>9"*44:1"12Z",;G-.">-.."*2,-+B"3+9"T-"T*:>9"53X-" *"T3;,"
3X-13CiZZ"G*+,5."*" --"3"9-43</"
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$]A0'(Y"=E7"DY%&'8(Y%6D"0]c)8$)

" R+38&5($&2771"<+025$&02**&"4&5($&#=0+3"=*&0255$1&+3&5($&X+#M)&N:
(2*&2771"<+025$H)&&521*&"4&2I$12%$&02**&9-S&5+0$*&5(25&"4&"=1&L=3

J¥>1, " 513661 G3,-"G3.. 2" 5-">G 1. 3, -1+ 5-"L>\<"[3<"C3>3_<"43+"P-"2%+
P<"G:>,;6><;+C",5-"+:GP-1"2", 31.",;G-"IK",;G-." 5-"G3.."*2"*:1"}:+7

M = (10" JL5)m, = (10" |L.5)(1.99! 10® kg)=3! 10" kg"

of B2G&N(25&+*&5($&2771"<+025$&I$#",+5)&1$#25+I$&5"&=*&"4&2&%2#2<)&
M3"@3&=3+J$1*$.&*"'0$&9:& #)&2@2)A&B6G&N(25&412,5+"3&"4&5($&*7$$8
_"5$&5(25&@$&(2]$&"6*$1I$8&%2#2<+$*&0"I+3%&2@2)&41"0&—DLR5% %61

)>L+ " g3t@.+Gr = Hd '3+9",5-"]:PP>-"4*+,,3+,B"T-"43+"43>4:>3,-",5-"3661*_,G3,-"
X->*4; <"2" 5-"+-31"-9C-"*2" 5-"\+*T+"+;X-1"-7

v=H,d = (20km/s"Mly ){10! 10° Mly ) = 20! 10° km/s "

gPhlll*ll43>4:>3,_II’5_II2134’ ;*+"*2",5'“.6“9"*2">;C5, Bug;x;g_u’s; .IIX_>*4; ’<IIP<II’5_II.
(2.0! 10° km/s)(lo3 m/km)
300! 106 m/s

>;C5,¥"= =0.67,sothatv =0.67c"
c —

e 1381"0$828&%2#2<)&+*&5($&, #"*$*5&#21%$&%2#2<)&238&+*&I+*+6#$&5"&5(

+5+&61+06(53$ & 1$#25+I$&5"&5($&L=3.&2**=0+3% QO H2 OB B(TDELBRH (S
238&#+$*&EAXH) R @2)-
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)*>n%+ " '5-"1->3,;,X-"P1;C5,+-.."*2"3".,31",."C*;+C" *"Fe*@ L *+3>" *",5-"13,;*"*2".:1234-"
31-3.",;G-.",5-">:G;+*.;,<B".*7"

RelativeBrightness= (Iumlnosmb4 Mfgl

Andromeda Andromeda

D1*GA66-+9; "B"T-"\+*T"5-"3X-13C-"9;.,3+4-"*" 5-".:+"; 1.496! 10 mB"3+9"T-"
31-",*>9",5-"3X-13C-"9;.,3+4-" *"A+91*G-93B".*7

(102 )1.496" 10 mff
(2" 10° Iy 9.46" 10" myly )

RelativeBrightness= —6" 10/

& 7" 5.1, "3+ X -1-.,;G3 =" +4-" *G-"+2" 5-">:C5,"21*G"A%G03";."P>*4\-9"P<";,
*T+'C3."3+9"9:.,"4>*:9]

IK/" B2G&N(25&7=66#%$&,"3*5235&,"11$*7"38*&5"8238&2771"<+025$&2%$& "UEELS
YA&I"8&%$5&23&2771"<+025$8J2#=$.&2**=0$&5($&$<723*+"3&125$&+*&,"3*E
5($&*7$$8&25& @ (+,(&5@"&%2#2<+IB&NZ2ABB5"&6$&*$72125$8&6)&9I&XH)&
2J$12%$8&%2#2,5+,&*$72125+"3G & AR ARG BOGRURD+#21#).& @ (258 ?=66#3&
"11$*7"38*&5"&28&=3+J1$1*$&2771"<-P025$H)& "#8&

)*>1,%+ " g3h");+4-" 5-":PP>-"4%+, 3+,"53."+;, . *Riys! Mly B"T-"43+"43>4:>3 -";, " XBx"
4*+.;9-1;+C" 5-"3C-"*2" 5-"14+;X-1.-"3+9" 5-"3X-13C-"C3>34,;4".-6313, *+/"82'
X1 " 10031 FSOB B+ T >>" BEP<-31."251" 5-"C3>3_;-." *" 13X->"
L></"&*TB" *'9- -1G;+-",5-"X3>1-"2*1" 5-":PP>-"4*+, 3+ B"T-"Q:.,"+--9" *"
9-,-1G;+-",5-"3%-13C-"X->*4;, <"*2" 5-"C3>3_;-."21*G",5-"-M:3J;=W! t T

n 6 n 2
V:E,sothatvleoIy :1 100 ly . 946" 10%km, 1y — =30km/s.
t 10°y  10®y 1ly 3.156' 10" s i}
Thus,H, BOkm/S_so km/s! Mly

Mly

gPh"&*TB" 5-",;G-"21 10°<-31.B".*" 5-"X->*4;,<"P-4*G".7

#=U
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1My _1110°ly  946!10°km, 1y

V= = ! ! =15km/s.
2110°y 2110°y 1ly 3156! 10" s

'5:..B",5-":PP>-"4*+, 3+,"T*>0"P-"3661*_;G3,->41, = 15|\l</|T/S
y

=15km/s!Mly "

IH/" L("@&5(25&5($&JI$#",+5)&"4&2&*521&"16+5+3%&+5*&%02#2<)&+3&2&,+1,=#:
71"7"15+"32#&5"&5($&*C=21$&1""5&"4&+5*&"16+52#&128+=*.&2**=0+3%&5(
+3*+8$&+5*&"16+5&2,5*&#+MP&2&*+3%#P$&02**&258&5($&,$35$1&"4&5($&%0:
$C=25+"3&41"0&2&71$I+"=*&,(275$1&5"&*=77"15&)"=1&,"3,#=*+"3.&6=5& 8=
=*$&2388&8%$4+3$&2##&5$80*&=*$8-

<>+ " A", 31"*1P;,+CY;,."C3>3_<"+"3"4;14:>31"*1P;,"2-->." 5-"C13X;,3,;*+3>"2*14-"3/¢
,5-"4-+,-1B"T5;45";.",5-"4-+,1,6-,3>"2*14-"g\--6;+C",5-".,31"*1P;,;+C";+"3"4;14>-|
mM

21*GF =G—
r

B"T-"C-,"3+"-_61-..+"2* 18 13X;,3,;*+3>"2*14-"34,;+C"*+" 5"

2
3+9"21*G, = mv— B"T-"C-,"3+"-_61-..;*+"2*1" 5-"4-+,1;6-,3>"2*14-"\--6;+C",5-". !
r

GMm
I,2
,5-"G3.."*2",5-".,318V &",5-"G3.."*2",5-"C3>3 <"g3..:G-9" *"'P*44-+,13,-9"3,",5-"
4-+ -1"*2" 5-"1* 3,:*+hB"." 5-"C13X;,3,;*+3>"4*+  3#B" 5-"X->*4; <"*2" 5." 31B'

B"T5-1-m"."

C1P;+Ch B 14 ) 4 Ch 5 TH2414- " M35 G Y =
r

3+0't &" 5-"*1P;,3>"139;1./")*>X;+C",5-"-M:3,;*+"2¥ 1", 5-"X->*4;,<"C:X j.9—'M
r

,53,",5-"X->*4; <"*2"3",,31"*1P;,;+C";,."C3>3_<";+"3"4;14:339*AP#X-1.-><"
61*6*1,;*+3>"*" 5-".M:31-"1**"*2"; "*1P;,3>"139;../

HEZ



