1 @f

11
™MZo+@f "d a  A=AX+AY,+AZ (1.1) B
2@fl1E&a s A
C=A+B=(A+B)x +(A *+B,)y, +(A +B,)z 1.2) C
2@f1sé
A- B=ABcosg=AB, +AB, +AB, (1.3)
Mii.a A@fi B@fl« ""pMiA -
@fl &
|AP JAZ+ A2+ A2 =VA- A (1.4) ]

‘ (x.y.2)
1.2 r
(W1lice@f Sr=x+W,+z, (1.5).
E(Wt im "E xy,—zatl$G Y
e &

dr _dx dy dz X

o~ -7~ + -2 + = + + 1.6
Vigt gt e g et e T Ve Yy Yo v.z, (1.6)
a'e

qo &V _dv, +dVy dv. d’x_ . d?y d’z

4 —_—

i — Yy + = +—y +——z7 =—ax,+ay,+a 1.7
dt dt XO dt yO dt ZO dtz XO dtz yO dtz ZO xXO yyO zZO ( )

1.3A%L i

b XY yB1%»0O "S z=0,
x=Rcospt +F),y=Rsinut +F) (1.8)
waa'é —-F acE&i - CfaDG -

4Bép’'éls (1.6),
v ° - Rusin(ut +F)x, + Rucosit +F)y, (1.9),
v s¢dl .

I éa Vv=Rn (1.120)

a'éa §
a° - Rw’ cosimt +F)x, - RwW’sin(ut +F)y, =- w’r (1.12).



V2
l éa a:RWZ:E (1.12)

2E@™ 7§

60tQOSh4é"i1zo i - o
O 21601Q0 S—S 1:8% a0O—0" SB1
XY-ZWA | S 1XY-Z W—Im+tTQE™iu+ R

Q@™ i - r
0a &r=r+R. (2.1) o

"éa § v:d—r:dr +$:v‘+u (2.2)

dt dt dt
ULt "aea  ga0 VoAV AU A (2.3)
dt dt dt

*"0"1E™S —E uaDG’E A=0, —a=a', AEso6i-711-2601Q
OAaf -
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3.2 a

aw :",aPilan-R —P[14&neDlo
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3.3 0’
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J29E™ i " yIE™ i1_" nep I, + N

+C "0 : f1ée'v FEUE FIl°ua "f F

H2l°0a4pr'!'anr a mN””Im maio’

:0G - | f |
+ £Crh i "0':2a« f=mN—-eD m<m
34 ™g
<Ut:VLi™a:%°f! "6 —lw yé -fec @ "D"40G -
™Meéogbb- 2 -

3.5 -a;

-o:" EOQ@au Ep: "Y:yaiui+74'ép600- (+ S)pf —-fa
a=za+A-{600 s za " AAE#2s¢6 F=ma=m(a+A) — 1600
S"EZ634a%"t 4AEs6 S F-mA=ma'” + -—ud: F,=-mA
4i"iB - (3.1)

31 e
b+ Y2++C'wiaB "2+CEci+%ta ‘ -—W
'1ié1 6yB —Aety1600 Y 4ix S o
CB1: IVié+!a’ " F=ma-ii6160 F=ma
OB"+C... i- " Y}T+: 4i+CB
10-m-: Fp=-ma 1 - Ground frame
3.6 U Fn = M8 F=ma
“+i % M —mpt ":a Cart frame
_ GMm r
F=- e (3.2) ?A/g

.. < . GM
, MO lu:ina =- r2r(3.3)
i +Spu:AU[EOI-T fAfmia = 0
im«+ §0On«pu:AlU] (AEX1w M
h10£p tbz0p -
- GM M
"h U= (3.4).
r
4va SA/ELUGIfI+[0#
<P - _ -
3 "2



whtady” "7it4l Ué%  ~

u:a'én.abDG "l éa
g=CMe - 98 ms (3.5).
Re
l+{atldlm” """ 4°DD E{@ Ea7 -
3.2
y
ttaBluice13p Euf E"typ: -DPRat N

U&% "—be'&a  w(=2p/86400 &) —
¢ B S mg-N=ma=m’R
N = mg - "R = m(g -WR)

fe ("¢ )"S N=mg
1®6 g7 X-t{— Y-+{2:%b "S

(mg- N)cosg- fsing=ma,and N
(mg- N)sing+ f cosg=0.

P +O ”S (mg- N)=macosg, f =-masing, 'm a=w’Rcosg —f 14/A£dB!+
{Vz rh"+aE"~ -

MA2:+{% P«S{—%{OSEulaA -HiDbtua6O0O—8§5-n:
as 4’1b) -

3.7 i:

O +*#Li (Ei"07 )o©oSy A—laéa H”

/éa r" ! fa rAH”O 4t1B10:a H lmg
rAHg-%0uf So!@1:-6 " *#-3p

. MXR@1Li 3p{@1: F=rAHg - RRERE]

P =F/A=rHg (3.6)

O fLiaé Hm’[Ex1Li!, y1ye "Aa A- 411{B+yp:
arAHg”:1+{{@ ™O 4il{@+yp:a rAHg "1+ {7{B " [E
+L7i-17 —al[E+LiloB@ :"Ran " 47! 414yp:1
Y" EU0-+2,3a86 "t%aa H@ :a rAHg” '+{; 4i!dyHRA"
PDtzO "™{5Eimiéa vi"i ",Ei (i: ) 3 4!Bi:a rVg(a

HKPhO 2003 2 )—i: 4i25Eie]Im1 ~ -



3.8

] 21 e@®0 "+{E~1: 4i+gp 21.$° " l
glmt i- " gD'm T —§5 " ()‘D4 e —
€"19: i'p " —cbh-s:S (-)0- "1

éa

t=rF 3.7),
Q F

ImraF—OptlO& - "px{ (lat@f )-A ;
O« Z2-s "{(PMy a -7iA7Z6+3a:
§” "pU[7-i:81G7 - ™[ 8CEuU #
{E"p 2: "NEI:§ —

"l+snos a 0]

r
t°r’F (3.8),
F

Imé— 2 @flPeée -
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4.1 a+ 1
TR S
; 7
T 1
g

T -y
|
4
|“*’*ﬁ********~f




n+ f —LZT: T=%

X(t) = x cos(t +f) (4.2)
= TN
@luj 1 | R N\ A
—.-;. 0 \ Time (t)
(b) luLZ1 | XS S
© IuEi1 | E
= ==y e
7i+Lz To igfh F D AN N
AU [\ AKX
xmcos(m+f):xmcos[w(t+T)+f], S S S
W+ +20=w(t+T)+f, ®)
nwt=2p.
= o=-Z
g T 1
Vi WZ%ZZ,Df. (4.2) } N e m\ =
E‘ % g;n;\w \){,/
(c)
G
dx_d
v(t) =— =—[x_cos@t + )], 4.3a
(t) it dt[ mcos@t +£)] (4.3a) N A
v(t) = - ux sin(t +£)]. (4.3b) i o PR v S Time (1)
e e v =wx (4.4). e T
; |
L +0X,, ‘ ; ‘
a'e s [ TN,
dv_d : ? D e
a(t) =— =—[- wx_sin(ut + )], i e
)= = [ wsin@t+7) - W
a(t) = - wPx_cos(t +1)]. (4.5) B ] -
£ 0 < S t
a6 & a =uPx, (46) L L N/
D itO « 4+ i—!n+"zDY 1 -



4.2 a+ il:séo

K P
7\’)’\ Frictionless
OO0C0000 i
] -
I \

X, x= () bx

O+fa m ‘w VYl o:l+C-réla+ i -

F =- kx (Hook’s Law) 4.7).
AEs6 §
F =-kx=ma
2
m97;+kx:0.
dt
2
d°x, ky-no (4.8)
dt> m
°o 4+ 11 1+0
DWZE. (4.9)
m
f m1"i"éa+ i"9+:- | "Ya %001 "¥x{E" -
an+ §
m
LZ S
4.1

f ma680gl+C‘w+ YDGa 65Nm*1 Y -7 & x=0®i+CR
O&x=1lcm' {1730 :—Ii t=0"+Cl1'é =0-
(@ £6rh” 4{+CB1: >
(b) £ijilan~+ "n+—LZ »
(c) £ji1; >
(d) £iitC1EU’ & 5
(e) E+ClEUA E1f 5
fH £T1EIDG fo>



aA s
@ F=-kx=-65 011=-72N

(b) W:f :\/ﬁ = 978rads?
m 0.68
f=2 =

() x_ =11cm
(d) v, =wx,=108ms"
(e) a,=wx,=978" 0.11=10.5ms?

f  Att=0, x(0) = x,,cosf = 011 (1)
v(0) =-wx,sinf =0 2
(2):sinf=0 fFf=0
4.2
[ t=0 ""+pmjixC1li2 x(0) a —8.50 cm-"é
& a(0) a 47.0m& -
(@ O-14n+ w—n=f>
(b) EEIDG £>
(c) £ 71j Xm >

(@ ] t=0,
X(t) = xcosft +f) = x.cosf =-0.085 (1)
v(t)=- wxsinmt+£)=-wn xsinf =-0.92C. (2)
a(t) =- w’x cospt +f) = - w’x_cosf = +470. (3)
(3. 1):3Q) __ 2

x(0)
W:\/_ a() :\/_ 47.0 =235rads . (ah)
x© | - 00850
() (., @:vO__, sinf__ o of
x(0) cosf '
vO) _ - 092C

tanf =- =-0.4603

wx(0)  (2351)(- 0.085
f=-24.70r 180 — 24.7 = 155.
T (c)ei” 2aAz7! 1-

v(0) a —0.920 m$ — &’



(0 (@):, _x0)
= cosf
_ _ c
Forf=-247, _ -008 m=-94cm
COS( 24.7°)
_ - C
For f = 155, X, = 0.08% m=94cm
COs155°
Uxn a%” f=155 —x,=9.4cm.
(aA)

4.3

+f m/é Alg™ t EI 21v' i *feePsl W A—BB™YV

g "10& L=20cm Vg 361—!710°0G m= 0.40—{gW %
i10& x” JEO- —£gWi% +{ a+ i (>—8)1an+ w-
AEsé6 §
Fy=Fa+Fg - mg=0. (1) A —
FX = ka + ka =Mma (2)
or nkFA-nkFB:ma
O AsB1 " <~ aFs
_ _ ‘\i = ,l,\ 1
t,=F 0+ Fg@L-mg(L+x)+f \30+ f X0=0. (3)
or Fg XL =mg(L + X). Ving
(3): p. = Me(L +x)
s .
2L

(1): Fa=mg- Fg=

mg(L- x)
2L

(@): gL +) - m(L- )] = ma
2
4% 9%y -0,
a? L

N

W=\/”|l_g - [ (040(98) =14rads™. (aA)

0.02



4.3 a+ imlhf

. K(t) + Utr)
“h § 5 ‘ \ /\ &0
U x(t) =x cosut +£), =1 A A
/ \ / ‘ i :,-"'}(m
U(t) :Ekxz :E k)§1CO§ (M/t"' f) (412) 0 2 ILZ ll Time ¢
2 2 (a)
ih § K(x) + Ulx)
U v(t)=- w x_sinut+£), P v
: £ K(x)
K@) = m2 = mu2x2sin?(ut+7).  (4.13) \
2 2 . P - Jisplacement x
Un2=k/m
K(t) = 2kx2sin? (wt+ 1),
2
23 h é
E=U+K =2ko@cog Wt+f) + kg sirf i t+ )
2 2
=ko2[cos? (W+£) + Sirf iy t+ )].
2
U co?(ut+£)+sin(ut+£)=1,
E=U+K=1ke. (4.14)
S
(@ ™ipsa+ im  ""h U®D”ih K{t)”—23h E a’'t1$G°  “0a-
T1hfa% G "¢+!LZ ""h—ihYY 2»1} —() ™Mipoa+ i

m”"h  U®)eih K{f)+—22h E ai®l$G "D—j a Xa "™i x=0
~fhffaih  "™[ x=2Xn "-Thffa"h -
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4.4  23p"

O f1S{ i -
4AE iso
2

dg

dt?’ y
2 il
d 9+9sing=0. (4.14) /°1 /

/ / —mgsin@

- mgsing= ma= mL

m

la-f+pP[lapt-i’ " osing»q. - “
b

g, (4.19)

=0.
dt? Lq

° 4+ 71120 " WA=
T:2,0\F.

g
5 )

5.1 S

rla

"iTeiO-1 ""+3§ LT e
de " Yfmt!m "9 :Y 4
tIB+L -

™[21(W — B

x = MXHMpXy _ My +MpX; —
o merm, Mo

™inI(W "

_ MX+ +MpXy ), 4 X

Xem M R e

p@fnn +sdB "
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_1mn
Mem = Miﬂn} f- (5.1)
E(WtAifim "E™| "1 "a? -ta
'6600m "-o:MA 4ullz - yolb)regugh<m "~
1"pén " gl!0icel
50 & faE]a'l " p %o -
n , n n , ,
[:_ m(ri'rcm) g:( I’nri-rcm_ m) g:(Mrcm-Mrcm) g=0
i=1 i=1 i=1
5.2 61
1 1
Xcm:ﬁ )dm:M xr dVv,
Y, -1 yjm—i yr dv (5.2)
cm M M ) .
1 1
zcm=m ij:ﬁ zr dv
Im r a f/é -
E"iaAlé
dn M
fr=—=—-. (5.3)
av
d dm=rdV —m=rV "S
1
xcm—v xdV,
1
ycm—v ydV, (5.4)
1
z,=5 adV.
Eyie(WO- "E6itAU:fipm "E™[ "1 "a? "wWRizA
"ec H 41i-m: -720+ Ve (WO-mEu ”

/é"iHSuLeéa
ADPe%OY I
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53 <«(WO-m1AE#2s6

b X-Y-Z % f d

Foxtx =Mag,, .

Fexty =Macm y, (5.5)
Fextz = Macmz.

Path of head

- Path of center of mass

y 9-8+1XC (7 Physics of Dance, by Kenneth Laws. Schirmer BpbR84)
5.4 pif

™ia+(W “pifa

p=mv. (5.6)
AEsoO §
F=ma=mdv=g(mv)=@. (5.7)
dt dt dt
«"AE#2s601EO nuo "H4é1 flea -
I = Fdt=p; - p. (5.8)
ifeaUl:1"tB1e& %o " af
™ie(WO- ” pif

13



P=p+ +p,=my+ +myv,. (5.9)

™ “Toelb %

e(WO-1uifOl O0-1 f M— éle -

"AAEs6i(WO-

1
X== ., (M= = f
M mx, ( i m )
1
V=— V.
M my;
1 1
A=— ma = FiEXt+ F.
M i i jti !
A<AE#2s6 " F =-F,.-D
j”Fij =0 (5.11)
1 Fext
A=— F%+(0 =-°- 5.12
VIR ©) Y (5.12)
AEsoO §
dv
P o Temo g (5.13)
dt dt cm
51/4
dP
Fext=a- (5.14)

14



E F=0,EMV= mv =DG (5.15)

E :a? "0O-1 ifs§ -

55 i-16i
6i 1 S—¢ oy "mizasg (-8 )B! : =0—i " =0-
1t1G7:80 fi2 24 —D41~ "7"5 :1 48a:8 -
5.1
Alégo 2 —f m+-$D f1 ‘& "+

$7Psi&dB —-£fB1®:—g@$ 4iaB1

as

yB -G@%$5a:8§ " "5:@1 "a? -
®:—uUu: 31 " "

mgising - Tlcog =0, " T = mgtang

{ XY(% +¢4 ) 2{%P F s Fx=T, —F,=mg-

fa5”0OfCuUYT 1 c "Pp1O0sa:sfO "1 "CuiBé-S1
aA2eé "p "16Go3a:s "eglm""glB-$ -

izO@é1..0" »

E6i"i-1 "E™Z6-3B1 "a? -
5.6 Mifs
Ee(WO-apE (2926 : )—b" (21Z26(WA&r"~"50- ), E

(5.16)
Mifs so -

(5.17)
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5.2

dl+e<M—,"* f M, DE™icez1’é v =2100 kmhia< é -t
+!P[1hfd "e<M2 fa 30.2(M 1,"*ta —e<Mbo°, "*v 500
kmh1'é ¢ ~ e<M™[ "*1E™’ga 500 km/h”"£ ME™icez1
e v —
- — \"7 L " i \/
P4—HPT 'S L Cargo module 0.20M 0.80M
i~ __ - 4 Eh.WI. ) ;
MV, = 02M (V; - V) + 0.8Myv, (@) ®
v, =v, - 02v,, y9-12 (@Q)ce<M"‘,"*P’é Vi
v, =V, + 0.2V, € —(b) e<Mtac<* "7
= 2100 + (0.2)(500) e<MDb’e w g "™
= 2200 km/h @A) 1E™'eéa V-
5.3
2+CHb+04a Y'e " 1ie0":1% yBb76i -+C1 fa m —
+C2 fa mp—- *CHPE " x{®r (®9 Y )"pd7i-rh)EO- -
(@ ]+CptlO&tY”’ "E wvip,1° "!m axC1l—+C21'é -
(b) 10&tY" 7"E£xCihle° K1/K5?
System boundary
aA § — =
(@) 4pifs | M TTTTUVOTUS0T] M Frictionless
R = Pf ——— -
O=my, + AR
MY+ MY, y913 2+Ci-fo0”:d
Mo M y'D Y'w  "®ré "7i-
V2o My rh)E —fz! Om "lpi
f@fl I"a? ~0-°2z-
1 V2 2 2
(b)ﬁ=2 .My o _m om _m
K, %mzvi mov, m o m m
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5.4

+ f M1 Wm{5.g
i—y-BlaUB Zp ]

(@ £[A B1'¢é "I fa
(b) £E[A Al'e >

aA s

(a) 4urf 8
(b) F?x = Pfx

Ry = Pfy

i Ef 611yB

-[A C fa

0.2QM >

M.V, c0S8C° + myv,; coss0” - m,v,, =0

M.V, Sin80° - myv;sin50° =0

ma = 0.9V, mg = 0.2V, mc = 0.3V
(2): 0.3Mv,. sin80° - 0.2Mv,;sin50° =0

_ 035 sin80°
0.2sin5C°

B

(b) (1): 0.3Mv,. cos80° + 0.2Mv,, cos50° = 0.5Mv,,

_ (0:3)(5) cosBC° + (0.2)(964) cos5C°

" 05
(aA)

)
2

=964ms’» 96ms* (aA)

=30ms?

17

—hr o %o «
0.3M"!Ef1l'é

r/ :
e Vs Vit
A \ /
e
A {

3% $1yB6
Vic=5.0ms!.

y9-14 3A+r1l Wte0 :

1194

31t{e

(@) UBY

ZY (b)82BWIPEuUO- —




5.7 +B ©x3

I ax3m "! x3"1lihfea " Thla -
iD"—pEO-m "1 x3"1uifiea "oupifla 1o
o —
y g o ectange: " vyl
$3°>Q 1 Ym "pifs $ T 1
my Hig
_ Draring Yo
MV, =MV, + MV t#) ;.].}o:—h
o Afer iy _-p'fi
ifs S ie) _H_'t < %
1 2.1 2 2 — " om
EmELVJJ _Emlvlf 2sz2f %
— > O
06 e
|mmmmmmmmm e m e m o — o - N —_— DO
My (Vg - V) = MpVo 4
____________________ e
2 . 2\_ 2 1
VS-vo)=myV
nl(‘l, lf) ALY Collision! J‘H
EE !
] }-O{:—'
g Vg = Vg - } Bt
PR ( -

Swvir —ws 1 2°+0 "b§

v, =M, o -
1f . A y10-8 2"i*é ax31AD
5 y="1 2rh’i- I f m
V¢ = My vy =3m - “"1'é.y-B "u
m, +m, sy
al 119x3 | -
i S P My V-

Yom = my+my, ) my+my,
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5.5

tA"" m » 31v mW Scof’ CiAf| Tt [~é* 7 ""YR
5. 01jPlI:W1A"VVmWx3 -
@ ]mw ( f1 ) Vci- f m 1A1C3 a%x’ "EmW1ihtYeo
(b) %&0%x1A“a) "—A"1fYe+ —™[) "e—A1A"VmWA"
fo+% a 206,121 1 -
aA s
(a) ifs
MVy; = MV + MLV,
ax3

gmlvz_:gmlvz +1sz2
o 1 TS TS 2f

My (Vy - Vig) = Moy 1)
m(v; - Vi) = Vs, (2
EDQ®)” VitV =V (3

(1) my(vy - Vi) = my (v +vyy)

_m-m
V,; = Vi
M mem,
ihfYo+ 3§
1 5, 1
_ K - K, =§le1i' Ernlvlf =v§- V2 . v
K, %ml\,; Vi vi

19



(b) ™ 1) , m=206m,

o. _ 4m(206m) _ 4(206)
© T (m+206m)? 207

™ e, m=12m,

0. _ 4m2m) _ 442 —

=19% (aA) =¥ i

)

O\ o\ —0———

—_— = by I J/
m+tamy 1z o0 (BA) - R
™ iA , M =Ny, ._Lg
0~ = M =100 ( a A ) Collision! /%
(m+m) e

N
v b

<1

U"mi 4% -
5.8 +Bz ax3

tz ax3m "x3"-4«pO-1ih

‘ y 10-12 2"i~éz ax31AD
z$

y-"1 2rh’i- mof m, =
3m, —-x386 2"i9°+! +u>
fYdz ax36 "x3"2'wi+] - f—- "'€+y-B "aat il
9x3 | "—!'éV‘'w"lE®
nify¥s erA -
- oy = M
V= +m, )V V= .
my = (m +m,)V, e
5.6
t=wa'tch> "a°-4ba)w 1'é —-146+ UuC f M=54
kg, P20lEv! —f m=95g1W t5uCm "6ve0@ -uC + W
-{B " "n’l " f'n-$ Oti- "171¢4'10& h=6.3cm-
(a) £EW ix3>1'¢é vV —
(b) £EW 1cih —-i@+*Ya«iVY-pa°-m1l23h >
aA s [ ?
(@) £x3m 47ifs§ ” ' ‘
mv=(M +m)V

¥x386 4hfs
%(M +mV?=(M +m)gh

V =,/2gh

s

20 FIGURE 10-14 Sample Problem 10-5. A ballistic pendulum,
used to measure the speeds of bullets.



M +m
V=
m

M +m 54+0.0095
= J2gh="——"""-/2(9.8)(0.063 =630ms*
m J 0.009¢ ©8) 3

(b) cih

K= % my’ = % (0.0095630° =1900J

E623h

E=(M +m)gh= (54+ 0.0095(9.8)(0.063 = 3.3J
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