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L.(553) W o~ TR ARy

AL s
s
P L mIs > % B ABCES I ) v pr
AT = I 2 misETE i ’Tﬁﬁ’f o =l » ?) e 4
1= 7.5 me (7% S BT g e e

FRTREED 0.255 [l 3 % SRATEfs - ’Tﬁiﬁ'fj/ Al T ﬁfﬁiﬁfﬁaﬁ» YRR, 27 2

(A)0.893m (B)1.564m (C)2.117m (D) 2.354 fE) 3.311 m

er

by

Ea

2 (A) -

[
[ ) :

T G RSB L 7 T

WA — R R R o

fupm
&
3

mx 981x 75xsin30" —mx 981xcos30 x 025x 75—-mx 981x 025x7
—mx 981x 025x L :%xmx 2° —%xmxl2

A 1 L=0.893 me
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2. (457) VRIS my % me 10 A~ B SMETE 1o SRR P
(AT B SMEEE ASRY e PR 2 h G G EREE TR

mA
2
B

(A) G% (B) G (C) GM (D) gMa~ Mg (E) G%

r2

4

EYRY (B -

—Tr

OF

Two masses, andmg are placed at a distancé&om one another. Because of their mutual
gravitational attraction, the magnitude of acceleraof sphere B as seen from sphere Ais given

by

My

@G @ ™ ()™M DT (F) MM
r r r r r

B

The force of gravity is specified by Newton’s Universal Law of Gravitation as

mympg

Fg = G rzl . {__‘._}
B/ A
The acceleration of B as seen by A is
apjq = Fpja = Fp —Fy. (4)
Now, substituting Eqs. (3) and (4) into Eqs. (1) and (2), we find
W4 .
A8 = M4Ty. (3)
2
LA .
_glATB = mpgig. (6)
2

We have replaced the distance between the particles, rg; 4, with r for convenience. Solving for the acceleration
of each point, we find

mp

fa=G-7. and Fp=-G—. (7)

Substituting the accelerations of each point into Eq. (4), we find

M 4 +m3) )

Fpia=—G ( 3
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3.(553) — TTEH m=0.15 kgiv.& sy AT - v 2
YR PR Jpﬁ@guﬁrg %&‘16\ WRAET o 20 B TJ
[t > ok BRI E RS [N R SN 10 e SRR A Iyl
AGPE o] £ Cqvo B 1 Cy= 2.1 kg/s R[4 (7 RIS % O
SRR R 2] 99% A3 Eifu e putIf o Z 9t oA
R PEEN(D) T (Y g=9.8m/<)

(A) 0.012) (B)0.024) (C)0.036] (D)0.048] (E) 0.06J

A metal ball with mass m = 0.15 kg is dropped from rest in a fluid. The magnitude ,,___.____Q:—:E--—-f
of the resistance due to the fluid is given by Czv, where Cy is a drag coefficient

and v is the ball’s speed. If Cy = 2.1 kg/s, determine-the-total-werk done on the

ball from the moment of release until the ball achieves 99% of terminal velocity.

Il
(by both gravity and I

Aran\ * O

Solution

Work-energy principle . T Fa
Uia=Ta-T11. (1)

The kinetic energies are

by il
—— 0

Ti=0 and T:= %mug, mg

where v, is 99% of the terminal velocity v,. Force law: Fyq = Cyv.

The terminal velocity of the ball is found with the following balance equation:

m
ZF},: mg—F;=0 = Cgve=mg = u::C_—g.
d

Eq. (1) becomes

0.99mg )3 e

‘ Uia = %m (

d
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4. (453) YIRErT. > Hifs s 100 N - Pl B ApERsfiopke] 0591% 27 2

(A)250 N (B)425N (C)550N (D)625N (E) 75D

. 100 N

B K °

- ﬁ :i (D) - 250 mm
[EJ%] :

L ERF I P - T

ZM :0 100 _ 100 N
»=0.100(250)- F,(40)=0

F,=625N

22-4



5. (657) IR > JRFVETELLL 150 kg SEEIiEAR T T A BEL 0.4
1L 0.2¢ G 1L PR DRSS Y R

(A) 844 N (B) 989 N (C) 1,021 N (D) 1,149 N (ER%6 N

liB%!l_

BYTL (A - N
(4]
: 150 mm

S AR A BRI B R 7
g - (/pq%lL Fr o

. ~ P
2 M, =0,
W(0.4sinf) - P(0.2+0.4co8) =0 sy |
P=Wsind=1021 N —~

— . 150 mm
R Sl i3 - I /-
9 FER'R- P ASB [n%h%; Iy’fgu AR 4 -
~ B
@3@-‘;‘1{1 ) y[[q%ﬂ: Fra. o ﬁ%ﬂb
2 F,=0.
: W=14715N
0.4N, +0.2N, cosf— N_sind+P=0
200 mm
ZFy:O- i/::—
N, +0.2N,singd+ N, cost-W=0 . =
mm —=
2 Mg =
0.4N, (0.4)+0.2N_(0.4)- P(0.2)=0 150 mm
SR T ' 0.4, \

Solving, A N,
P=844N
(NA:315 N NB:1480N) N,
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6.(453) T - Frlh B PUTTELAL 500 koo P28 A IUETEIL
150 kg 7 FfOfl]o ™ o % B | 5,000 N - -

[ R R PRI %) 2

(A)1.0m/$ (B)1.6m/8 (C)2.0m/é (D)2.4m/$
(E) 3.0 m/$ )

“qu%glyg% A FT?:E‘E“FE}I 1471.5-T =150a (1)
?V”FILT*T?J E ?E,EIEI[FE'; T +5000—4905=500a (1)
Solving

1471.5 N
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7.(557) [ ET Bl s R

Fﬁ’ézf)8000 N> (1120 mlfe

r ;%r&@pp@ﬂﬂ ° E?FEJJ:%FN e

AR B SR E 2.93 s IR I

201

PRI P R 5 e

‘]J,—’T%‘r'g, pJ/(?

" 20m
(A)200N (B)280N (C)360N (D)440N (E)5RD

LYRY (@)

[#i%]
[IHEIEEP R e

8000 N

~Lap —o0f2=1a.057
2

a=6.59 m & 3

R EVETEIPRD phg f%;ﬁriln : \\

8000sin4%- f =(8000/9.81)(6.59)
f=283N

il

i
2
<
8
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8.(577) — Wmim R EpvE i 400 m < VE

e GRS -

S T R TR 0.6 HIE T "z

TR 18 m R VAR L

!

HE

%7 9

B
2

(A) 10.8 km/h (B) 14.6 km/h (C)52.4km/h (D).63 km/h (E) 228.7 km/h

4

2H AL (O

T

[iz] :
1184 Hi l&ﬂfﬁ = g’ﬁiiﬁﬁﬁ@%ﬁ 7o EHEY

T il — (0.60)XEA)- oo D

Y FIRIS Eo=0

T S SS— (2)
g o

Wi [T ] (18— (0.60)X (W)X(LBM= 10,8 W --rvvvvverrerrr 3
T L R

Eot+W=E > 1

1. W_ o
108N =_X—X
2 =
EIV18 2119
7 Y

Vig =14.557m/s=52.4 km/h -
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9. (477) TTEl 1,000 kg [ 2 BRI U L

V—
: , 1,000 kg
NI e B T - -
e ) ‘ I
Hi5s AR )] 5,000 mis i vt £ iy

Hy o B 20 mis FOTE SIS o NI o )
PRUPVILRETEIR9EL 27D 2

(A)0.8kg (B)4kg (C)5kg (D)15kg (E) 20 kg

!

o
eF/

¥

% (B -

—Tr

[EJZj-] :
(MBI
(1000kg) x (20m/s)= mx (5000m/s)

..m = 4kg

22-9
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10. (553) Y/ TRl 3 kg UR B[ 274 @ R=0.3m ]

ST R Y S T U O

HBES k=300 N/me = PEt 232t o jisilie A R
(B ] B %14 Wik EL 4.6 miss FFRIEpOF e
W (RS 5915277

(A)0.42m (B)0.36m (C)0.63m (D)0.23m (EL6m

er

-t
L

E (A -

=TT

(7]
FETHEIOE RS Lo iy A~ B RO e 55

5R 8R 5R 2R
ha=— +R="—"—=08m : hg="—— =
AT 3 3 B~ 3

FLerngg{ PUHRE T A B ijtj, 0 08m—Lg : 7 B ijtj, 0 02m-Lg

A 8

pro:

_1 2 _ 2. 2
Ugp= 5 k (08— Lg)“ =150% (064—1.6Ly+ L) =96—240Ly+150L

_1 2 2. 2
USB—Ek(O.Z-LO) —15000.04-0.4Lg+LE) —6—60Lg+150LF -

NIV BRIV o RV S S
UgA= mghy = 3% 981x 0.8]=23.54J ; UgB = mghB= 3% 981x 0.21=5.89J
FIFTT=THIIRR 2 B R o= o0 S -
=0 Eyg = ;mvgzzxsx 4.621=31.74
I AU B S I
UsatUgatExa = Usgt Ugs+Exg ]
(96—240L+150L%) + 23.543+ 0= (6—60L+150L5) +5.893+31.74

L Lo= 0.42 me
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11. (53) &+ t=0 E?j > FLEL 16 m/s =i - I'JO.5t pugs v (g% BL g i) =R
SV HT G LT m/s ; Eﬁ [l t O s PIITH = i AR RS EE 2 0) 7

(A)15m (B)31m (C)62m (D)85m (E)100m

jf

-t
22

V

%+ (D) -

=TT

g B a= —0.50t > EpiBete™ - Uil 6-1 5. -

CERT Y A CFP P U R (S RIET 0 AV = —0.25¢°

LS ORIV B V= Vot AV = 16— 0.25t°  F BT s PS P Jpig 6-2 7 -
LII@IG -2 I/ngul/];[%% AL ﬁ VARAERE I;HEFFSIJ@;

HikTt=0>2s> 4s> 65> BSEﬁEI@F, T 16m/s> 15m/s> 12m/s> 7m/s> O > rﬁﬁl 6-3° q%q'Hl[

(= RS © S = 32mH-30mH- 24m+- 14m=100m

F PR 6-2 - [GR{ AL Y 647 o JIJO VR S, = 64m-e

PgE S 5 SpEiit §>8>5 fy 100m> S>64m

F”sr;p?[:gg ' (D) TE'_ETE[

<—4
i
I
7@

0.5

Eﬁ(s)

Il 6-1 E! 6-2 ﬁ%ﬂ 6-3 [ﬁl 6-4
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12, (553) i WRORE Jif PRy |- 4, 8 sy p; |
ol

G
SR SU I R AR P -
R ASEE 2D 2 (BT RVES £ G) _H‘f 4 b &
L
“IHITW=20Nb=16 cnv c= 3 cm i &) > p =02 T"*C"o—fz;ﬁ‘

g=9.8m/8

(A) 1.96 m/$ (B)1.84m/é§ (C)0.98m/5 (D)0.49m/§ (E)0.25m/5
2HEL (B)-

[
(%]
Solution: Assume that bottle tips before slipping
X =
m ] ; X
Ciuesses agy = | = Fp=1MN Mp=I1N Fo.=1N
&
) , W , =
Ciiven Fp={—lag Mp—W=1 1
th .
Fgh— Ngx =1 Frie = s Vg .
) :
_ Fg 3.75
Fg
. = Find|ag; . Fg, Ng, Fox) Ng |'=] 20 [N ag = .84 —
Ng : A &
; 1"m‘.:'c_
anr

If Fg=375N < Fpu

4 M then we have the correct answer.

If Fg=3T3N > Fu, = 4N then we know that slipping occurs first, If this 15 the case,

Fg = piy Vg
7 P Hl’ &
Citvien Fp=|—lag Mg—W=10 Fgh—Ngx=10
£

@iy

! m
Mg | = Find{ag.Ng,x) Ng=200N  x=320mm ags = 1.96—

2

x

As a check, we should have x = 32.0mm < ¢ = 30.0mm if slipping occurs first

; : , i
In either case, the answer 1s aG = T'EIII!{II‘.'I'G.‘I.'-,-I'.]'[;!} ag = 184 —

g
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13. (453) YUgET AR o LSRR WP IR AR T

%D 9

N

W5 ®, ©FF OMW Eaw

A

BYES () -

=TT

[#]
Solution

System (a) The FBD of the lower pulley is shown at the right. Summing forces in
the y direction and solving for the cable tension 7" provides

bottom pulley

T system (a)
T )

T = 2W for system (a). (1)

.
dh ™

" bottom pulley
Y

System (b) The FBD for the bottom pulley is shown at the right. Summing forces

T, system (b)
in the y direction and solving for the cable tension 75 provides T

- = l l L
W %%

Using the FBD at the right for the middle pulley, the tension 7" can be found in terms T System (b)
of T» as middle pulley
T = 2T>. (3) ’
L]
Knowing the tension 7> from Eq. (2), we obtain l l L.f'
; 2 15
T = 4W for system (b). & - (4)
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14.(555) Myt A BT~ 2% 2 2 NI RRRRA [ B U ot

EF1> my=30kg> mg =20 kg T?J;OH%\ r%‘“?ﬁ‘@m&\#

£ 25° 1 efs - g=9.81m/S AR B R @).
W 20kg
FJ: b F‘FH\ TWFJE[ A FI YN %Eﬁ Tjﬁ”t’,rFJ, B FI J@} ;mlt‘j,ﬁ ?

(A)0.40m/s (B)0.88m/s (C)1.49m/s (D)2B& (E) 3.58 m/s

f [
(i)
BEER (O
EER: SEEETE A B AATTN A, BEE,
A
HATERED, ‘ET,,: v,
P” =1

BB R FEARIET 7
P= J'??_&-VA + vaB — U

i o myv,;+mpvg =0
‘[JJ = —Evﬂ { ]}
m,
PRL Ji A
Ih=0
Vo =mpgl(l—cos@)
1 g | 2
T'=—m,v, +5m3v3
V=0
= Ty +Vy=T+V: mygl(l—cos@)=— i:1414+%r1131-'§.
AL HET A FOA
e
2mpgl(l —cos@)=my ‘g vy |+ mgvg
ny

mg+my o
B

i

mﬁ 2
m

=
Vg ZJLgt’H—COSE}}
ny + Mg

22-14
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SEERNEN

EEENANE

my=30kg mp=20kg, [=2m
g=981m/s> §=25°

2my _ (2)30) —12

mg+my, 30420

vp =+/(1.2)(9.81)(2)(1 —c0s25°)

22-15

vp = 1.49 m/s— o

v,=10m/s ~— <



15.(6 53) SR T b4 IR O SRS 1755 4 T S i
=7 JF;?L[I 300 kN _‘\ Pl 4.5 km/hr § *J%J* Iﬂﬁlﬂﬁ ‘PETFIHEUF ”Iﬂ%#ﬁ]ﬂﬁf %
FaLUFTRRE™ o e BN Al s %

(A) 5.79 km/hr  (B) 3.21km/hr (C) 6.79 km/hr  (B)8 km/hr

Wr

-t
2

E (A -

=TT

(7]

(@) Power developed by mgboatat 4.5 kmh.
Vo =4.5km'h =1.25 m/s
F, =300 kN

P = Fyv, =(300 kN)(1.25 m/s) P=375kW 4

(b) Maximum speed.
Power required to tow ship at speed v:

Vv 175 Vv 175 Y 275
F= Fo(j P=Fv= F‘{J v= FOVO(]
VO VO VO

Smce we have two tugboats, the available power i1s twice maximum power Fyv, developed by one
tugboat.

v )" v )2 1/275
2Fov0=|:ovo(v] [j =2 v=v (2)"*°=v_@.2867)
(0]

VO
Recalling that vy =4.5 kmvh
v=(4.5 kmMh)(1.2867)=5.7902km/h v=5.79km/Mh 4
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16.(457) TRHFETRRET > 2 R EEHERESHLI T 8,000 NEUHE s » T[] 657 < [y b o
TR L0 A A GBI A IR 1 i - REGEETRAG I 11
P FIEL (2

(A) 7.2 m/set (B) 4.6 m/set (C) 6.5 m/set (D) 5.5 m/set

g‘ﬁl TJuEL 0 Fxsin65 —mx 981=0 m= 739.08 kg

7J\¢j ,__\S\/,”*’J F xcosbb’ = mx a‘h an = 4.57 m/SGQC

65.0
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T ZENEBRE (M 2407)

A

STATRE =

ag

OEE —JJE\:EI:IJA 5[ 1? —EIHI%—' JE‘—A _{i__L_FEIEIJ,_rE'HL[ITr‘ ”:E‘ *?:]Afj
AL CEREAR G e SEPNTFS  2

i

_TT

L_l'

g Ef - R VLS S
AEHIIRET - 5 e RN VU - FRE 2 i (8 1Ay s -

17.(653) ~ FEF{IVETEI £ 0.4 kge Jime 7 BAEIRE - 50l 1 % 35 misjpy = 7R 5
PR LSTBRE J2ET Pre 60° FY T LIRS o REIREEERLIE » I H A
e (VBRSPS i pTE) Bl 50 me = P E e )0 T B PV ET TR
I IR B ?

(A) SRR (EH FRSRAVEE [ 598 24.7 N s
(B) SR (EH FARSRIVESRI A 595 40N - s -
(C) AL BRI OS5 [ REAED 31.32 m/s

(D) ZRPLT R R g 55 (pji 755 18.08 m/s

(E) SRbef™ i S pUpifoid [~ B15945 16.57 J
”:E‘FT + (A)(C)(D)(E) -
(] :

AT BRI PSR Y IR, T ST ENS v, -

0=V,” -2x981x50 » V, =3132 ;

V, = 3132, 18.08 60°

SVE

J, = 04x3132-0=1253

J, =04x1808-(- 04x35)= 723+14=2123

J=+212% +125% =247

B 0 3= 247 Ne s

V =+/31322 +1808& =3616

AE, :% 04(3616” -35°)=1657 ¢ =

AN—
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18. (657) IR+~ BSPREEFITIIE] - 9B i 9 kg /
il 4

i VIJBLE Sl =8~ k5D ARl E B A

gl | g,fﬁ@[ 15 150 N#* B » 3h5f C22 D BV

[EH]]0 Fe = Fp a3k 27p 7

o
(A) Fe=177N (BFo=94N (C)Fc=88N 10
(D)Fo=47N (E)Fp=32N

EYRL  (A)E) -

[##]
Solution
Using the FED shown at the right. summing forces in the x and y directions leads wo

EF_,, ={]- Resin20® — Rpsindd® =0, (1)
Eﬂ =10 —~150N—-EB8.3N+ Rrcos20® + Rpcosdl® =0, (2)

Multiply Eq. (1) by cos 407 and Eq. (2) by sin 407 and add o obtain
—(sin40)2383N + R.(sin20" cos40" + cos20 sin40') =0

Equation (3) 15 solved for e, and this result is substtuted into either of Eqgs. (13 or (2) 1o obtain £, with
the followmg results

e =1760687TN and Hp="494.1N, {4)
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19. (657) s~ BVEE m VPSR AR RN AT - B~
Vo [ O R R EIEE ok 52 A B - T (2)AO N

- JCMERRST R (EVRTRN Y 2 o B R

Va o PIRJA T Ta s (0) AO B FITEARLES - =

R EL TR S vo sl [ RE v o PRROR S

B To o JIS I 8 i 2 (I%EI TR £ Q)
(A) v.=y3dl 5 v, =391 (B) v,=y2g1 : v, =291
(C) v,=43gl 5 v, =429 (D) T,=0; T,=0

(E) Ta:O: Tb=mg

by

T HCCE

2
wa M\
L J L
A P 9
® © — o =0
}UI:I Ig:h—_o
®
1
2
Ty =—mv
1 Em 0 ’
1
T, = —mv?
272

5 1
Ty + Uy =T, - Smvi—mg _ —mv’

(@) F AO - FIE# - T BRVIR]IEL 00 Ta=0 - = J1time |

mv2 -
mg ~ ] - vi=gl - v =3gl v, =4/3gl
(b) = AO L~ M[I*AEA= > 7+ B %ﬁflflé‘;'%pg@mgT » To=Mg Mu 1985, 0
mv?> -
e N T I TR BN~
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20. (653) YA » Yo A BLHIES~ Eeginglr b o L lr
Forp D AR 5l o R = E gl

L EG 50 m/$ > {P?ﬂjﬁﬂ, 60 mm> El”‘l\ 77“|’F:I¥IJFT§ ?

(A) Poe AT 98T 1.73 mis

(B) P¥E ATl e 59t 17.6 m/s

(C) AT B gyl B s 4.6 rpm
(D) REEPETE - Ppn s B sy 276 rpm
(E) FREIHIT B P=ghll PO ENHAS 176 rpm

i

S5 5E 1 (AD) ¢

(7]

SOLUTION

In simple harmonic motion,
2

amax = xl'l'.lﬂ.! mﬂ

50 m/s* = (0.06 m) @]

@, =28.87 rad/s

l&"‘"’.?'I'
2r

2887

o=

2T

=4.595 Hz (cycles per second)

(a) Motor speed. (4.595 rev/s)(60 s/min) speed =276 rpm o
(h)  Maximum velocity. Vinas = Xmax @y =(0.06 m)(28.87 rad/s) Ve = 1.73 m/s 4

- FEE! A -
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