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!I.I 

6/.lel 1.1 (3.0 rl~U'W'W) 

u u 
c,,, c:l c::,; CV 2JQ.J Q.J 

b 'Vl7 b"11J weJ fl\17 n w r111m 11 'Ue:i.;ima m n eJ'Llbba :::vta.;J'utJ1'1eJ.;Jr,1.;iu1n nur11tJ 

nn1n11br1~ eJ'U~'l 'U bb tn'LleJw 

.6.t = L rns Go 
1; srn 80 

i,r; fl r:i ~ l:J (i1 u.;i b en n, n'w (,1 .;i t!ti ~\L~=-2-,,_,-2 -s;-, n-e~oi 

b) ~1;1~tl11 A1Lw = 6rnv 
" 

1, btiu.;i-;;ir1nnr111116utii'Llmn~.;i hJ(i1e:i.;ir11'W.;iD ·1Bmr6'1,~~;nn bb1.;i 1 ull~1.;i 

2. Bmra~-;;i1mbntivtll'W hlb1J~c.1'Ll Lllbll'Ll\ilm'8.;i11mrn,'.]1:::uu (bte:if\vrrnu:;iv-1vr11tJ) 
', 'f C 'f 

u 

vii!.;i-;;i1nfl11'uwll76'1 m nii'uv10'1 bb?l:::Al'LlVllJ'Wflii'UVWlb'u'LlntJ ~.;iu\; 
q 

Fr5t = mv - ( -rnv) = 2mv 

s,~1 2 bbwl'Vl7,'.JU71tl~11lln71 JcrnvJ = muf 

b~'i:lbbV!'LlA7 Jcm = 1
1
2 1HL2 oJ:::1v1 l\JLw = 6?n:1.; Vl~eJ \k = 61 
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c) Vl1A 11~i~'W'Llfi"lJeJ,.nJ161 ni bbsl~ Nl 

bl ff1 ~'U el~ b 'V'l1b ~ fl 1 v1J b '\'17 flU bli:71~ Al'WVlll'W 
q 

Elt = 280 = Lc~s80 
w vsm80 

Full Solution (~n<ilih1-~16'l'Wbfl~) 

A7W'17ll7'H'JVl:l.J'W 1~vimmutJnel'W~llln ni ~~6/l'W~Ui:'ntJ~fl;l~Vlt~ ba'W1/17~fl1'HA~el'l.J~'UB~ 1 'V'l1b~ fl 1 v1J b'U'W) 
q 

,,; 
b li:711/IA1 'W'VlJJ'W 

q 



2/ 

6LJe) 1.2 (4.0 rl~bb'W'W) 

(X) ,(X) 

= E10:2 I)r1r2)n + E2r10:2 L(71·1r2)
11 

n=O n=O 

oc 

= (E10:2 + E2r1 a2) ~ (r1 r2J'1 
n=O 

. 1 
= (E1a2 +E2r1a2)--­

l - r 1 r 2 

E10:2 + E2(l - a1)02 

1 - (1 - a 1)(1- 0:2) 

E10:2 + E2a2 - E2a1 a:2 

0:1 + Q2 - Cl:1G2 

E2(a1 + a:2 -a:1a:2)- (E1a:2 + E20:2 -E20:10:2) 

C\'1 + 0'.2 - C\:1 0'.2 

E2G1 - E1 C\:2 

Ql + 0'.2 - Cl:1 Ct2 

c- CJT.4 n, c- CJ'T4 0: '---2 2 c..c1 - -1 1 2 

C\'1 + 0:2 - Cl:1 C\:2 

E1 E2CJT24 - E1 E2CJT{ 

E1+E2-E1E2 

V 
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Q_ - mL - E 4 - E 2~•'h t - -t- - - net" - - net 11 ' 

rnL 
t=---­

-Enet2n-rh 

_ rnL(E 1 +2 2-2 12 2 ) 

- 21rrh2 1 E 2 CJ(Tt-T:J) 

rnL 

(0.5)(336 X 103 )(0.08 + 0.08- 0.08 X 0.08) 

271(0.03)(0.2)(0.08)(0.08)(5.670373 X lQ-8 )((273 + 25) 4 - 2734 ) 

= 5.39307 x 105 s = 6.24 days 

V 

Alternative Solutions 6UeJ 1.2 a) bb~~ b) 

E1H 

~ 

Em ... 

V 
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1: E12 = E1EH1 + (1- G1)E21 

2: E21 = (1 - o:2)E12 

V 

bln?1l!n11vn E 2c lb~::: E 1H 

E12 = E1Em + (1 - 0:1)(1 - 0:2)E12 

£ 12 (1 - (1 - a 1)(1- o:2)) = c1Em 

E - E1Em E1Em 
12 

- (1- (1- 0:1)(1- 0:2)) 0:1 + 0:2 -0:10:2 

0:2E1EH1 
E2c = 0:2E12 = -------

0:1 + 0:2 - 0:1 0:2 

~ _ .. _. . · . _o:1(1-o:2)s1Em 
.DlH - 0:1 E21 - 01 (1 - 0:2)E12 - -------

0:1 + 0:2 - 0:1 0:2 

V 
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E 1 H Atn'1A~~7tFil1 niJJtJun~ Q n~ \91n~'W nAu b\91c.J ~·mei mei~ bb~~ b ~ei~-;;i1 nm1:l-.l6'1:l-.l:l-.l'lmt1ei~i'.k~ m b 'i7~~ 

6'11:l-.11'is76'l'iDl11116'1:l-.l n7'i'V'J;;l·~~1'W -;;i 1n~1 l 'W~~ f1\91\91 n~'W b\91 cJ ~l l 'Wihu bb 'U'Uflii' le.I fl'W Ael 
q 'U 'U 'U 
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Enet = EiH - E2c 

~€) 1.3 (3.0 rl~bb'W'W) 

et1 E2 o:2E1 

0:1 + 0:2 - 0:1 0:2 0:1 + 0:2 - 0:10:2 

E2a-Tfo:1 - E1aT;o:2 

0:1 + 0:2 - 0'.1 0'.2 

E 1 E 2 crTf - E 1 E 2 er T; 

E1 + E2 - E1 E2 

Fl1bb'WW'1L'Wbb'Wl~'16Uel'1-;;J\91 cm y - LsinB 
' - 2 ,, 

6U'W1\91Al1rni~'Uel'1 cm b'VltJtJfl'U'W'W ay = ½ aL cos 0 

r111mi-1b~-1~~6UeM'VleJ'W1ir a = ~~ 

V 

Solution 6lfeJ 1 
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[0.3 \ol~bb'W'W] 

C 

lun1'~r11mrun1~'i1~tl b~T~~1;i:1~n1~vie11n T = !~ bdeJ L b'Uti1rn~'W\ilrn~-1~me1u~V1'i1~'W [0.1 l°l~bb'W'W] 
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d 1v .C:. 
21 

cv i;:f, v = ~v 
bb'U'U'VI 1. '?i~®'W:-16ZJB'WO'UU£11tl A b'U'W~r1el1-:Jel-:J \]::; bVI 

~e:i{n (\11nt1TWUn'?Jel-:J'Vlel'W\if) T = J.\fg L c~s 0 

n7dbU~cJ'W1rn:utJrXrnil-:i:u:u (mdvi:ume:iu cm + n7dbf1~el'W~'?Jel-:J cm) 
q q 

d 1 V d d d1 2/ CV i;:f, V = 1 V 

bb'U'U'VI 2. '?i~®'Vlbl°lf\Bli'Vl U'W'aB'J.JO'lJUflJc) A bU'W~r1e)1-:Je)-:J \)::; br1 

11J7 7/9 

[0.2 l°l~bb'W'W] 

[0.4 l°l~bb'W'W] 

~r1el1-:JB-:J11f111:lJb~-:J ax,A = 0: t sine v111vi'bi1r1bbd-:Jb'VlcJ:lJ F = jJ ax.A 1uvn-:J'?Jl1~el 

vmfo (\11mhvitfn'?JeJ-:J'VleJ'W1ir + bbd-:Jb'Vlt.1:U) 

T = AJgLcis 0 + F½sine = .TifgLc~se + Alo:½sinB½sine 

n7dbtJ~c1'W1rn:utJrXrnil-:i:u:u (n1JVi1,Jme:iutJmcJ A) 
q ' 

~~ = ½Ivf L2 a 
d 1V .::::. 2J CV .d 12/ W: :U = \AV 

bb'U'U'VI 3. '?J~®'.Ll:!l61/Bt!01.l,q® B (M0£11:-1 ~) b'U'W~r1el1-:Jel-:J \I::: llYI 

~eJ1n (bbd-:itJl]n~cJ7\11n~'i-J) T = "\TL cis 0 11Y1t.1~ N = l11g - ]\f aY 

T = (]\Jg _ ]\fa L cis 0) L cis 0 

d 1v d d d1 2/ Q..I i;:f, V = ~V 

bb'U'U'VI 4. '?J§j®'Vlbl°li3Btl1~ U:W'Hl~O'lJ B biJ'Ll~~m-:ie:i-:i \I::: 6\YI 

1Jbbd-:Jb'Vlt.1:U F = l\1 ay m:::v111'Wvifltuuu 1\T = 1\19 - F = ~\J(g - a
1
J 

~e:i{n (bbJ-:J'Ui]fl~tJ1\11n'l~'W) T = J\T L cis 0 

T = Af (g _ a L cis 0) L cis 0 

n7db tJ~ cJ'W 1rn:utJrXrnil-:i:u:u (f71dVl:lJ'Wdel'U cm) 
q q 

dL = .1_ .~f L2a 
dt 12 ~ 

·l1 4 bb'U'Ui:17JJ1df!~\,1~'Ui:1:!Jfl1d T = ~f l~ 
Algf cos e = (/2 Al L 2 + ¼ "U L2 cos2 8)0: 

a _ 2.,2. cos 0 
- L (1+3 cos 2 0) 

~1'U 
f111JJd-:J'lJel-:J~r1 A b'V11fl'U a A = 0 

. ' ' ,,., L 0 3 cos 2 0 
f111JJ6J-:J'/Jel-:J~\YI S b'Vl1nU QB = Q 2 COS = g 1+3 cos2 e 

m1:i .. wi-:i'lJeJ-:J-;;J1Y1 c bvi1nu ac = aL cos 0 = g 1 ~ ~
082 f 0 \ TC~ 

[0.4 l°l~bb'W'W] 

[0.2 l°l~bb'W'W] 

[0.4 l°l~bb'W'W] 

'i 

111 

I 
[0.4 l°l~bb'WtJ] I 

i 
I 

[0.2 1°1:;bb'W'U] ! 

[0.2 A:;bbtJ'W] 

[0.1 19:;bb'W'W] 

[0.2 l°l~bb'U'W] 

[0.2 l°l~bb'W'W] 
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' ,., 
c) ~\91 C nm1:ub':i-:imn'Vl?l\?1 v1'1t!tlb~eln'VlflbG1tl~~Vl8eltH17 

s s s 

d) 

6 cos 2 0 < 
ac = g 1+3cos2 0 g 

V11~1~~b~elnV1cle:iti~~mmG1ti cos 0 < ~ Vl1el 0 > cos- 1 
( ~) ~ 54.7° 

(bA~eJ~V1mt1\0e:i-:idJti 0 > 54. 7° V11n 1fri~'UbA~eJ-:iV1mt1'1Je:i-:i~1-:i~~ 11i1#i'A~bbtltl 0.1) 
s 

611Vl5'U:U161 2 

m1m':i-:J~\?1 B bvl7f7U aB = g 1!~~:2S 0 zj-:J~elt1n11 g b?l:Uel 
,., ' ' 

vr~trw :u'"JG'l'Vl~,nnub~eln'Vl~\91 B ~~nr1r1:Ub';j-'.Jbvl717U g (MnB?i";i'~) 

6'11Vl'~\J:U161 3 

[0.2 A~bb'W'W] 

[0.1 A~bb'W'W] 

[0.1 A~bb'W'W] 

mru 0 < 54. 7° b~eln C ~~~-:Jbb~lm~~~nH~tJ~7tJ C ~~nm1:ud~~-:immnn11 g b";i'71'17Al7&-Jb';j-:J~\#i' 

\17nn111~\l11ru1 n11 bA~ Dtl~'1Je:i-:i1 Mfl v1-:i1tJ 
s 'IJ 

rn 

7777777777777 7 7 7 77 7 77 

d 1V .a! 2,/ QJ c:;;; V .:::::. 1" 
bb'UU'Vl 1. 6U~©'lJ..:J621€l:WO'UlJ©1cJ A btlti~\91el7-:Jel~ ~~ \91 

vm{n (~1nJ1vrt!n'1JeJ-:J'Vlt1'W1JJ + J1vrt!n;e:imrrn) 

T = Afg Leise+ mgL cos 0 [0.3 A~bb'W'W] 

(fl71Vl:U'W6Uel'11elU cm 6Uel-:J AI + fl71bA~eltl~6Utl-:J cm 6Uel-:J lvl + fl71bfl~el'W~'1Jel-:J m) s 

~~ = /2 Af L2 a + Jlvi L c~s 
0 

L cis 
8 a + m(aL cos 0)( L cos 0) [0.4 A~bb'W'W) 1 
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cl '/ V cl cl cit 21 '-' C, V = 1 V 

bb'U'U'VI 2. b'/1~®'Vlbrl0el'W'Vl 'U'Y'J'.Hl:WO'U'Ufl1~ A bUtl~\91B1'1eN ~::; \91 

~\91B7'1~--1:wr111rni--1 a:c,A = a½ sin (J :Wbb'a'1b'VlcJJJ'Vl'lflu lvl bbn::; m hJV11--1'/n1:wei 

vmfo ('<il1ml11,,11-!n'/Jei--1'Vieiti1JJ + bb1'1b'VlcJ:lJ) 

T = lvlgLc~se + (2\Ja½sin8)½sin8 + (rno:½sin0)(l + Lsin0) 
[0.3 fl~bb'W'W] 

(n111,,1ljmeiuumcJ A+ n11br1~eiu~hJV11--1bbnti x bbn::; y 'iJB--1 rri) 

~7 = ½AJL2 o: + rn(a½sin0)(l + Lsin0) + m(aLcos0)(Lcos0) 
[0.4 fl~bb'W'W] 

, _ 2iL ( 1+ 211L J cos e 
0: - L (1+3cos2 8+12'.,:}cos2 8) [0.1 l°l~bb'W'W] 

[0.1 fl~bb'W'W] 

**************************************************** 
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Solution 6lleJ 2 

f = qv x IJ 

b~el'V1sJ1'H1.l1bi:J'V'l1~'/J'Ll1\91'/Jel -'.l bb l-'.l b l1sJ ~l01 

----; lpl 
V = IEld = 7211rN = 211rNBru 

Vl~elsJ ~ 1; n{]'/Jel-'.l'v11l1 b\91~ nl0i' bb~ \olel-'.J11\91 ~1i1vifon7lrl 1'Ll1'Ll'V1~ n~1 vi'i\91 bsJ'W 

V = I- d<f>BI = 211r1VB dz= 211rNB u dt r dt r 

z(t) = (1.00 mn1)sin (211ft) 1\9\tJ~ f = 12.5 Hz 

u(t) = i(t) = 211f (1.00 mm)cos (211ft) 

~nnm1~~vh vi'm b l7b;tJ'LlA17d-J~7-'.lAntJ10i' 

V(t) = (400.0 1nV)cos (21rft) 

b~el 1 ;r111d-Jim~'Lltl'~10i'sJ 1 n;eJneJ'Llviu1 

(400.0 111V) = 211r1\TBr211f(l.00 mn1) 

B 
400.0 1nV 

r = ---------------- = 0.081 T 
211 x 0.10 m x 100 x 0.001 m x 211(12.5 Hz) 

11u1 113 

[1.0 l°l~bb'W'W] 

[1.0 l°l~bb'W'W] 

[ 1.5 l°l~bb'W'W] 
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2.4 

2.5 

2.6 

2.7 

[1.0 l°l~bb'W'W] 

bbJ'1bb~b~~nhh~1 m1~~7fl F = IL x B = -IN21rrBri 

nig = IN21rrBr 

1.928 A x 100 x 21r x 0.10 111 x 0.081 T k 
rn = ----------------- = 1.0 g 

9.8122567 rn/s2 

~7fl rng = IN21rrBr 

!!!:11-l 
V - u 

IV m=­
ug 

V = AJ ~ ~:JJ1cJA11:1J11 a = 1, b = 1 bb6'1~ c = -1 

B= k h 
eHTTI 

b~Btl11 tJ bb '\ll'WA71 'WG'1:!J fl7J 

B h 
R = enL = k e2 nLWH 

[1.0 l°l~bb'W'W] 

[1.0 l°l~bb'W'W] 

[2.0 l°l~bb'W'W] 

bb~ L VVH ABtJ~mm'iJB'11J11tl11 ~~1 v1'1t!ti nL VvH ~'1b'vi1ntJ~1ti1tiBb~rnwrnti 1ti1J11'l111 ~~1 Ne 

(zj'1 b tJtitJ~mru~1~i1iJ&i) G'1r1vf 1 m J7~~ 1~ 
q 
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u111°lntJ1c1mrfm7-.-rJ.i 28 w.f'I. - 1 iJ.tJ. 61 11u1 3/3 

2.8 [1.0 l°l~bb'W'W] 

·'inn 

2.9 

m= VI 
vg 

m ex fihh 
vg 

c5m - = 1.2 X 10-8 + 2 X 1.0 X 10-15 + 4.4 X 10-9 + 1.7 X 10-9 

ni 

c5m - = 1.8 X 10-8 

m 

[0.5 A~bb'W'W] 

~ ~ b ~'W11ri1r111~ rim vi bA~ eJ'W~mlVl56iJ eJ"lmi;1~M~1n\911i"l bb~ b vi~ n 1 'rlv11t!'W ~1m1b1~~tir eJcJ n11A1r111~ 

AmAbA~el'W6iJeNmi;7 !PK 1~ 

**************************************************** 
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JJ'Jl/7?'/l//:17/REJliJc!,fo/J 28 W.f'J. - 1 n.cl. 61 TTu11/3 

3.1 

'<il1f1 

~:::1#i' 

' bbrwi..:i11 

bba:::; 

"" 'V\'je) 

3.2 

'<il1f1 

~:::1#i' 

' bb?lvi..:i11 

bba::; 

3.3 

3.4 

'<il1f1 

(b) 

Solution 6llel 3 

.s!:._ p = -p sf.:_ V 
dx O dt 

kP171 cos(kx - wt+ <pp) = wp0 vm cos(kx - wt) 

<pp= 0 

kP m = WPoVm = ckpovm 
p 

z = ....::....:m. = Poe 
Vm 

d d o 
dt p + Po dx V = 
-wpm cos(kx - wt+ ¢p) + p0 kvm cos(kx - wt) = 0 

¢p = 0 

Em. = fu 
Vrn. C 

_£m,_ 
~ - -2!.m.... - c2 - l!..:m. -
Pm. 

p 
p = -=-t p 'Y 

Po 

P = ~ [p0 + Pm sin(kx - wt)]"f = Pa [1 + £.m.sin(kx - wt)] 'Y 
P0 Po 

P ~ Pa [ 1 + ,tsin(kx - wt)] 
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3.5 

3.6 

(c) 

p =,~ 
m Po 

P -vP 2 ....:-....:ill.=~= C 
Pm Po 

C= fJE., v-;;; 

I<v = ½(Po + Pm sin( kx - wt+¢ p) )v~ sin2 
( kx - wt+¢ p) 

Kv ~ ½p0 v~ sin2 (kx - wt+ ¢p) 

K r - 1 2 
v - 4PoVm 

Pv = pv = p0 vm sm(kx - wt) + PmVm sm2 (kx - wt) 

(a) Pv = ½Pm Vm = ½PoV~j C 

Cb) Pv = ~Kv 

.c:i ~ 0 I Cl.I 

\91B'W C: fol6'l'Wbm.Hm6'l~u~,rn~~'Vl1\9le:J1\91~ 

3.7 

~nn P = Pa +Pm sin(kx - wt)+ B sin2 (kx - wt) 

~~1"1 lx P = kP m cos(kx - wt)+ 2kB sin(kx - wt) cos(kx - wt) 

-p fft v = wp
0 
vm cos(kx - wt)+ wpm sin(kx - wt)vm cos(kx - wt) 
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3.8 

3.9 

pm= 2Po 

V = .Bi_ 
O Poe 

- p2 
F = (P - P )a= ....:...S]_a 

a Poc2 

20 log( 20 : 10_6 ) = 120 

P = 20 x 10-5 x 106 = 20 Pa m 

E _ Pia _ 400 _ 2 9 1 o-3 N/ 2 
a - PoC 2 - 138720 - . X ill 

**************************************************** 

Solution 6lfeJ 3 

jl/U'J3/3 


