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2-15. (@) Nonrotatiug observer.

=~ ,-’l_/; :‘(};\u;)‘-}‘a)) gt

PP P
Gy R rarE /
M o
i = ( Pt - POJZ) €n
(b) Observer, kcf‘afi'ng with unFrr'mec( P!
system, sees the primed system §M=

rofahng counterclockwise at (w'- -w).

F,./P: Flo'-w)E, , a

2~16, Nc\hng S_y:.fem I's fixed i aufo
with origin at O

o= R %
{Szz(-s:nwé,-cosyzs.-_,,o( &
Fcos¥ cosex Bz)
where 5” W sin ﬂll Use
= R+wxg+ X(wxe)*( %) +2ax(p)
> 2 ,

Ex(iﬁxf}: ﬂ’—(sfn el Er'f‘ €05 Y sjnd 555)
Now (P) [P(-ws W e,,-f-sm Y sind e,i{,-—SIn Weosx eé)

Z,wx( ) 21:-2',1/( sinWsinol € —co5¢¥ e¢)

(3) = 1§(-cos ¥ By Sin Ysimat By —sin ¥ cos &)
r _’_Zsy (s;n}uer +cos ¥snro €¢ =05 Y eoas X eé)

Addin ferms, W& obYain
Er:“f R Zsm W+Z$U :msl/ N’cos%— :zmsbsmcv(]er
[ Zco:v‘yusmd—f-'zsbCDS',"':mb({‘[Y’Sm&USMo(-— Z‘Uws ]e?

+[-Zwsm wwsu-lsi/ Ccos 9’0:50(] €z
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"“32 LMG!VLLI‘QK 'nicnsn y gt Cbna; 2= consl, n# .ug:‘“ d
Mm/]n? ..jsfem wilh or/gm 0] rc/bfes / % (Q—‘ﬁ
at &= $Cz or 5:5;:(:055 g.~5nd ég) éa

Also C'P or p:r(—s;’nq 2gtcosw 54,)

as= R LT:Xf l-u,x(b.JXF)%-('D) +2_wx(ln)

F\;:R;iz me(»ﬁlnﬁer‘cosse‘;) X

E:Jx* :- Er ée e

f - 7= V5; ces 8 ~5in 8 oyﬁ !’¢ (‘CO.,« :m@er
New @xf = o -sin® <ceS™ -c,oyxcos@ea
—~5/net Co5 8 e¢)

arnd we oblan ey é& §¢

I K (d'xf‘i): e p”| cos & ~sin 8 0

—cese SME —COSA L0SE  TINX cos 8

= ré~ (sine 5in8 056 &, +3/nu 0S8 Eg—cosx é¢)
(p) = r,q( cos x B =S/ 8y), (3 ) oL (Sma Ey—cos« e¢)

Z‘U"(f’) = 2rny5(smo< sih & B+ Sin e cos 685~ cosx c_059\5¢) .

‘\a’zfmgz ferms, S

= ._[_P?S sin*6-L P *sinx sm5c059+2)’ﬂ9ﬁ s/nX sm@]ey v
+—]_—P¢ $in6 cosBFr@Zsins coS6 +rn smo<{-2ra¢schcsé'ea
+[- b % cosoc — P ces ~2ra.g Losx cos 6] 2y

oA
{nnail _
»2-18. Take oriqin of ro/’afm_g system bo 3
at O. o .oy . l . ;
x=1sing, %=18cosd or €275 Uz —

Q= W) = const,

§:O) (-F) = 79((:056’{—-5"76_}
— = T 2c
W K = —wil Mo k
£ = Sin }\ ?
Henee /17“—‘;’-15 l‘“zl'”éfangJ —éow[slna P
12

|  —t R -
L 2~ 18 (gont'd) From @-106),
= R+ Wxp +ax(@xg)+p) +2 0x(F),
R=.O) ufj(F:o) wx(LUAP)‘“"'EZu: :'a,mef
<b:) =59 T~ - vE T —_ ey X
Y R cesd 1= 21 cos30 J Z.LUX(())P*-——LL)WC
AJJ{nj, - 2
T =Ly * - f)
a, _zlux $nb ¢ 2To0s5

¥ 2~19, Take the )now'ny Frame
with the origln at O and with

D= 4T,
Vp= 2z = R($+51L) = ré
P e (rnl
Ve s Brdnp rax@xp) +(E), wa(f))
R=-R#%* & , jx? =0 Dx(Dxp) =
(‘Fl)r =~ré’g, = “-i—ﬁf(qzov-ﬂo) &z

Now (Fﬁ)r = PG‘E.# $0 wWe obtain
2Ex(p), = —2R%($+ 0,) &
A;{c/ing T"éﬁrms,
- . - 2, 2
Z=(“3R ¢dz‘“2R¢o n-a)er“' %(960-}-,()_0) €z
“% ~
13




~20.

rhe mewng sjsfem has cn?m ot O and wngwfar ve(ou%(
uu O k. Reiaftve e this frame peint Q on thecme
has Fhe vcloufy 1z = r% Bu'f we alse kuow Thot
G,“ 21 bc\ Sce Pcm‘t C s lnsf'a-»ffaneous/y at rvest and
1G'C Is a dismetey, Hence we can wrife

- 2, :2_(110_005@: ré or %ﬁZQQﬂﬁlﬁ

Voo we see Thal 5 ( cos ¢ co Jp?}-_s/'ﬂgsff-co‘,qﬁsin(ek)"

Then we use = R.,.wx(a{-mx(w;(f)) +(|0) {“wa[/’)r
B=-rafcespg i, wx{a o, DADRp)=r0Heos fees B Csing ]
Ko (F) = rgb(sm;d cos 3 (+cos ¢ f-—sm?ﬁomlﬂ Ic) .

= 2}’_()_(5171‘;&4,03 67 f‘LCS?’:ch’BJ -sing.smpcos g k)
and ('F) —é {a = r¢ (chi,ée_csﬁq—-smy&J—co:?!smlg k)

= 4yrot (co.,76 cos {/3 { —s:nécosﬁJ—ws¢s;n3msﬁk)

uux(f)) = Hrn" (—coq«,ba:slﬁ { 1‘-5/n¢ Los /9 J)
dding, = 0 cos g1 reosp-foesd s’ ) { = pL0 sm¢ J
—4rF cos ¢ sin oS ﬁ K

—

(k) for ¢=0, a= —4pa*sing wsﬂ(mn/3<+c05ﬁk)

Acce!emf‘ron ?nagmfude a=£-l= L/r.ﬂ. s:m;;ccs‘g where
. p= rodius of cur vature and 1= 1= 2vn cos@.
L/cnae P = = et B = h

3~l. The upward acceleration a

- CHAPTER 3

7s found fram

ma = 2F sin¢g - mg

or L 2F s,
Q _m—‘ugvgﬁ j

Conisider the massless lever, 721«‘»47
moments about O,
Fr cot¢—Plcost =0

3iw'nj F———51ﬂ¢
Then Q:Wsmsﬁ_g
For ¢=30°, a=-Lh - g

2m¥
3-2. The radial acceleratlion /s M
dp = Few?r=0
since the radial force (s zero, ot

This eiuaﬁon has a solution of the {am;
F=A coshwt+Bsivhwl with vlo)=R, ¥)=0
Hence A=R owa B=C.
F=Rcoshat | F=Rwsinhwl
When r=2R | cosh wl=2 , $inh wt=y3
Wt = cosh™ 2 = 1.3170 rad = 75.456°
Radral vdoaTy v, = r' = \/_Rcdl

Transverse ve(oafy =2Rw

b

V=t =T Rw

Dxred:on (couhferc(nc)\w«se )‘-romxaxfs) §=75.96 + fan' =
= 124.56°

Cartesian compenents: _UF =(-1.5010 { +2.1188)Ra
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Eﬁuah}x cf mc)‘/an' my:-ZTi DF motion /s dv
7 nlfu':-'(.'b"'—l)l'? ar’ zr Va’}':-"’“

N e "lfl"‘hl" vEI [* R TR - I B ”ﬂi‘a"’ e LR G R D

+~Z—*I«—z—

\‘Q

cr ;;;-f y"o

2} O‘

| Tobegrati
Natuve/ fre}?ueucy LL’n = % ' nteqra “’Y, o A Lo m
- Zpax = —/ ~ C'Vv =G L?‘LJ’-'?QM(W v:l "
3-4, (Q) [)22_0)6 motion: mi=—-hv ~mg b2 % ?"75 ‘
“LP‘
In}‘egra'lmyj . Z_f_O = c J,CH( L~y )j
Y odv
- ——=r fqn! - 7" 1/') ' m 2 qrt "
J et 35t b I ST EE S S S S e e
Then, s / /1 7£ U7 = E ‘ : ; - nd 3"6L)‘
en, S¢/ving fer v, ar Ii fan /%ﬂ(i(l‘*"f) . Also see Egs.(B‘ H)u ( J |
wheve the 71'”116 F Ziax /s rr’é b} f. -1 /__ 3-5. X+ Zgunii—w:x =Q where U-)n:/g— ) 4= th:
- m? : 3 .
- sclution 5 the form
R [bg 7, . From (3-171), the "°./“‘f'°” has N | -
EXPM[{'”‘? i v:‘f—(f"-f) yrelels 7 -\/'Tb—é‘—'fun \/én_%—f , X = Cpt cos(wd‘t-d'-é) where  u = WyVi-35"
: V= . .
!+v/%?} %fa"f—h—} t } lence %= (& Beat [~4w,cos(wt +8)-u) 5"'(‘”2(”5)]
(b) Let 4I7~- Y da~ Th ol |, QCCUTS when % =0 oF, From differential eguatien,
= _— . - _ P
- <3 en  miy d_;—-bv ~mg when _:Z_‘_____,_;); = =B, —u, Tan(Wt+é)
-
In{'&ﬁrﬁ‘{‘ﬁxj / v dv -m[ L"]&_ 2 E,,Q_ ) L .
) == | —— = ,!n 'H’)“,pn ‘/'UB) . wt+o _ﬁ_ for (xl ‘
?+ b i 2h 2 Hence 'f'mz( ) g\//-_gl o max
_.__1 -
., _ . 1w LI S
or = #7e +é’."_1 gving v “i[(H' }] But =0 at cos(wt+6)=0 or wtte=21 3 2
*mgrbvz ' 4 .
For =0, we obTam &, = 35 ,@V, ( I+ 3 ) ' Thus ftan %At :Zf+ “2’_::
. . . | L 28187
(¢) For 57(ZLlIOY€—/QW (/ampmy with bv,*= Mf , we. ( or At—ﬁ ! s
Cb-’-&l‘h vt ’Vél
Zpax = Eb—’g" 2 =0,3446 ? _
: ¥




—%., From (3-!‘(2) the we;’_qiﬂ‘mg function is

$«L * JE—
hie) = k — = s/n it where W= y]-4*
J.s//)g (3-195), o
aJ -8u T -
x(t)= } h[”‘)F(t T)dT.. - él/e ” smwchosw(t—ﬁdT
Kyr-2%J,

vhere the wpper lLimif rc @ since the sfea.c{g sfake soluticn
s destred. Next expand ccs w(f- T) and cbfam

. fe «n {uSwt/ S, smu)Tcos DTdTH5in w([ "Sm'ﬁd""“:mr}
k\l— '5 o

valaating the miegrals, A
/'Z g‘“"rs:nm 7 eosw dT Af By [bm (e ) Tesinuy -u)?’]d'r
2 ~ 1_.[eww- T[ Bu, sin(ey fu)f—(.udrm)ws(w f-w)ﬂ}
2 gl +(wtw)® .
+L[ 5“’T[ ge sinfugy =) T= (wyw)cas (u) w)ﬂ]
g L iw, (W -w ) ;

TSR T o e (w)”

[a}

{nﬁ{m‘}-\,‘, @
x N , - 1 —ru . -
] e-gl'—nts,'nu_h'rSm wT’dT'— Z/e f "T[COS(QQ—LL?T"CCJ(QEJ".LU)ﬁdT

= L[_ﬂ_z _ L
2| Lyt (ww) £+ (w,rw)”
Now wd=w,,\/1~w3* , so we find thal

. T2y T2
wl - (u paf = Culr o) (-8 H 2w,V S w2, -840

P
3 wf+(¢*;rw‘) = 2w, (155w

Then the whove integrals can be expressed in fha form

3-¢. (cont'd.)

/wég“""'rsrn w ’T’cos a)‘ra(-f:}—_[ "z"vr'?“’r“"_+ “)"W—‘j__l
5 4 wkaezan, 5t 842000
_ w(apmwt)y -6t : :
T @) St
T n Tw, ]

ap =200 7 2 wiw fzwu),.\hs

_ gwwn Ji~ =
_(w}w*)"w{f"w‘w,’;

(2]
fe'ﬁu':"‘rsmu TsmwTdT= 2[

[4

ana,ug)
Hw,

£

wn (“)v\L"' %) cos wt+2§uwj sin & t]
X{(¢) =

(wy—w?)+ 4 Zf)'wlu.),i
E O_ %i_)c,os wl 29 isfn wt
2 n

=

3—7. From 3- 2.7) the envelepe
of pessjble fynged'anas s

X% = — ﬁ,o (#e )

and awy Pcmt is a pami of maximum slant Fange.

Yo * Xe lan & and,?‘:MM(ﬂ'Zé) %px Tom Y

Hence X: (1 + 2 Tanxt 7‘471 3"“‘7’an b > 0, Tan ¥ = 7:5'-)1 ol+ﬂ‘amx+

T = fand+secx
wheve ¥>X oanmd 7< Y< =

v+
Xo []

—_ G = ~
Then /?ma,(:- co—_s-o( ~ gCoSo( (TT;mMSec_«i ?(H SIn °<)

O i el el g

———
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—8. Conservafive - sysfem Represen
y an ' udditionsl pofeniial energy Tern.

WVERS MqL/Z cos 6-—m;l sin 8

contact 'poinf C s the instantaneous
center. Thus
:[R‘L-i-('& l+ZR<£ cos6]6”

T“ Lon(*8*
T =M =lmR ez(—+Co39)

“rom COnser\/a.f/on oF energy, ,
v 1 =—m
é—mlde -m§¢l<c056}- San) j

q = = ; EREY) = '
6=0 ot 8=Yuax , 30 cos 6+ % n@ ‘ y  Uslng conservation oFene;ggl

S V=-ymaRé r~m§,Rcos(e+3o)

A= pect 8 S ,_,.. , , é _‘é (556 ° 1’,{80\9
Bt con @ = cev 3:_5"1 * and sinG = 2% H “rz ) o Ui e T+V "‘MR & (31“1‘ LDSQ) F s mi/{‘ l:cm(e+3o) e] _—m\j
g .
Henee “"’%w’ﬁ = 230" 3 - ) Selving for € we chlasm ie \/_g \nqgrq:os(enc )]
= ° ’ : 0 e
The vwol 6=0 represents Ermin, S0 f'a,w -E)'Qm 53.43 ) Cos
(b) The speed of the parhicle Js mom
204 Mothod s The fwe consTant forezs are e;zuwa.’en'f fo ﬂw{crce e wh:P :he :a efP;rﬁl,C/ ’m"""‘h <h *Gr;fgll CCns{rant when g,
of an effective gmwfy of maygnilude \/’-é(/z of 8= fair! ,__' . waykq » ngent fo fhe palnis erizenkal, ane grov“j dc
The Pendu um will swmg e?.m//:f on .»,.}‘Aer side UF e_]ulhla*mum E_gﬁ__‘ ,.vaqﬁ E@Rbm 91.30) 0 / G—ﬂ
7!- i ;
g,n/tm} < 2 tam' > = 53. 135, . N
3-/]. Sliding begins at time T=t, l_,_x L ?
3-9. Z' 2R-RO =(2~ -6)R When the spring force eguals umg. | , Py
Usfng /"an_qf.’nflal and normal Campahei?*‘:‘ k—v‘;f /A-m o T, = vy ™M |—AA——e —
~ L y kl) ///L/'“/////l///,'

- — oy — 5
from (Z-:‘ ‘l/)) = -6 Thas x=0 , o< 4 o
: _ <t< kﬂvf

- 3= Zé=(2—9)Ré and p=1 j
where <. @_5)/?5 _RH ¥ For t2t, and X20,we have the differential efuah'o,
) of wmotian .. .
Mow muS=Fg o7 m[<1 -ORE - RﬁJ"“mfb’“s mx =k (gt-x)pumg or K+ K= --f—/xda
9 P .
9“/”13 the e fferem"?a/ eQuahm {2~ B)RQ Re ~I~_C]SI:(5V o s‘LEQdy—Jfa}‘e solution X = ot f-Cz
(b) Use conservafion of energy 9(0) 0, alo)= / From differential eg*, T};-(C,UC&): }:; t—pg C =
: C,=-.
2 21 8 +(2-8)esf=m R- 2ma R Tvansien? sol? has 2
T+V = sz(z-e)' R e ,—myR Lsm (: Lo ]_. _,5( g fhe form Xt:Acos‘/Er r B [E
| ~ méc Thus we obtal ™ !
& max OCC“"b when 8=0. - ) aln w |
AR RIS 3 e it A B+

20 ' . ' 5



3-11 (con‘é'd.) The imifizl conditfiens ot ¢=7, are
X(t):o A(t)=0. Hence
X(r) = A2~ L A ces ﬁ'5+55;,.4f ]

IV K

(&)= 1, ~A rs;nif+5fco>£&

So !vmg these eguahons for A and B, we oktain

A= v [2 sin —f/z— 5—-o~f—co5_§
T55::L~\j7-[s|n-—*- kCOb\/—-f Co.\—/g/—smf]ﬁ-vf _O(é
O x= g [t—ﬁ s:n/‘(t kv} , tz%f

3"2», GI'VE/‘" 7"/!0-?' —_— ._.;—-, —_— =) E;_:&_-— 9_‘f

=0

:v lﬂ

F=67+ A j+E__j< which ar
.‘mply“nj rhat o @@*’Edz - - O(\/) V= \/(;('g.z)l
 where e minus sign was chesen arbifrari_/y,
New dV= —gi—'dx+a‘dj+9\’dz
=e ¥ o W paq E=-vV

F)s: ax )th_ 3y )2 o2
Thue E-dF = —dV and we 3¢< thet
(1) V(%,4,%) is a funcz"mn ot POSIfIM Onfy

(2) f F-lF = ~[ dV = V V whith 1s a func?’!m)

of the end- Pouxfs only

’ . P,,. , Fad =
Thevefore, frow 20,3 3,

¢ xaehess condiirs,

mciependenf of the Paﬁ,

23 V) vepresents « censervahive foree,

3—,3. C7(.Ven F:

= x-ygty’, E=0
3k oF _
Soe sl s brry)dar (g rydy = dY

since the diffevential Form is exacl. Thes we have

";J"’”EL where F ==Xty '
First check exactiess of Fdx+Fdy.

éal: —-)<+5 which inkjm?(‘es o —V=- 2)4 +xj+F (;()
=1%
"jy—zxryf—g whicl yields —V= "‘5“2“:! *5"5 Ff,(x)

These resulfs are eonsisfent i,

V= z""z‘xj+%f---:f,~g3+c ,  C=arbilrary eosl.

3=, Using (2-33),

a¢:r;ésine+zf§5 siné-i—ZréécosG:O -] ng
|
since there s no ferce in the ¢ 1 l
direction, Nou. r=i, r= 0,soal t= )
)= 26,9, cot 6 i
Ta.k?ng & companen{'s of foree und myL

acceleration, mgsin6=mag ok Egl/\ér

Ve = ~Z . -
Qp=FrB+2r8—r¢ sn6cas6 =g 3sME

Then, af t=0, o o
6(c)= 47,1' sinb cos6 + 75”19

(k) Taking vadial companents of force and accelerafron,
ma, = «F—mgcosé
wheve g = Vopét-rétsin'6

Ai t=0, F= ml(8 + ﬁozs/‘n’"e%mf cos 8

23
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3-15, Use paiar coardinates, - - ue
T=+m(r*+r?6° e 2
p
= +k(r-1,) N
Conservation of energy requires 7 K
(PR )+ SR (L) 2 ey
At max sf'refch, r= ‘f[c/:?) F=0 , se we IOAZLOILr
N 1A LI _Zg)z.... !y, -2
Z”’l('go—) 9 +,&k<3 -._.EM‘DO
Using conservafion of angular momentum,
mrtd = mZo_V or 6= la% _ I ol V=Y,
VAZ a \/-z—r-)_ /6 \,E ZD max
2 4 i
g Z in . ‘k[o - 'L ’1.
Then ~§..mZL, ] 5= E :
z 2 2
_ mug [l _ 9 - 207 miy RN
(=] 4 ()

3-16. r(o)=a, Fo)=o, #e)=4[ ﬂt{b 6= 30°

2 -
| -z, .z =2 N LI P
I = —zm(r +¥r-sin e ¢ )—.2-”“ +_8 ™y ¢

Vg w#rwsa = ‘{,_i_mgr’
Usr‘n_g ccnser‘vaf‘icn of eneryy, N

. V3

! .2 z 42, V3 - VI
LmipPrgmri @t may (2+z)"’ja

Anéuf&r memém‘um /3 conserved aboul the
ver‘}'l'(-'“f anls. . 3/z /s L - Yo —
H, = domeidizma gl giving e = —T\ag
Then, frem the eneryy eg'—',ﬂo‘h'ng thet A =c¢ at r=F.ax
3 V3 L Y3y, &3 Zivad=z0
Fimged V2 =+ B )myga or VI ri-(+3)ar o
m'w?’z +Zm5f ( 2)}7 tr a)'SV {1=¢
_ za s ¥, alZ=0,
or (k—~a)(\ﬁr2—ﬁ’ar—‘7'&z)“0 The roo
o *—ég(w\/u- \E)Z 3.0633 4
) -

Wnﬂx -

24

.-l aﬂg_“_l _r' ma'....-5>u

. 3-8. Cem"rif:ujrz{} Force = mrotsin %

d -y 3 2
= Smri{e +$ Cos
v:—ll{yi’_§;il€') r(d) = J28¥
Tsing conservation of energy, .
Loar2(8%+ ¢2cos”6)~mar sin&=mgr 1
Lmr (e % cos"6)~magr sinb=m7

sy
— a_/.o

Using conservation of anjular memeyitam aboul a
vertical axis through the center O, |
— 2 2 - 4 e ——— _&2
H,=mr?cos*e ¢ = mrVzgr or $= 55T
620 af Bumax 5 The energy eguaﬁan becomes
Loz (% = Y
zmy (ﬁ) mﬁzv*[//-sm 6)

Noting Thal cptoz|—sintd , we ’cL{'cu‘n
: (l'f-sl‘né)(h—sfn"é)”-f 24 51'n6(57n19+3m6—1)= o)

b

Shy =0, sin B

E?ua“'nj ornuel componentsl
N= mg.siuo( + mrw?® $/mo Co5X
Case [ — Sl?dt'ng u/awara(.
Conaideyr force compornenfs in He
v divection, Sliding occars if
mrwtsinx —mj Co5 & )/LLN

or 2 3—( MA-col e )
X

w > =5
P\ Sine=p €08

Hence Wy for wo sliding s

Y = g (p+col &) - 2‘,_’3!5.\/'_? Siiding up

mar~ l’(s;'no(—/x cos )

Case 2 =Sliding downward. The farces aré fhe same as
m Case |, except Vhat the friction fcrce/u/V/S reversed.

25

- Q
= L(-14JF)=0.6180, 8, =381

i



3-/8. (cont'd)) Thus we obfain

Vnra)zsfnlo( r/u/\/ < mj <05 ¢

e (o) g ¢{N

F \3/n XA Lo R )

iF s)fdfng dewnward otcurs,

oo = ;ﬂ«;/ﬁ,) - 1.5086 |
mney k(s/',1-x+/uccs'x Z

These results are also oblained by noting that incipient
- siiding occurs when the resaltanl of the centrifugal and
gravitationcl Lovces ifes on the cene of Friction.

(b) The cane cf Friction anj/.e ¢ s
gi'ven by

tan ¢ =M ' ,uy\:cng
Lf ¢>x )Ol"/u.>f'a>1 0<) then the - ¢

. vesultant of Nand'/.zN has a downward companent
Grovity alsc s dewnwavel . Thus, 10 amount of Ce"’f’”‘\;“j"‘)—(
force will couse the Par‘i‘x'de i sh"b/e u/dwzu—‘o/- A'_ISU:ME
| explr(—;s.*:‘.i'en for Wawan Cuse |, becomes )7»;ag:‘y»av'y: :

/uml.“: fan a = |/\,'_3—
. 5,

.: ! b4 04 ~ Z .
3-19. =18, [=¥8 or 8= )

qrf_qina[

Choose the moving 5951‘8"1 with MEI"'I  positian

ot o' and rotaling at aJ=_()_+é=_(l+77;»
Using (2-106),

G-

R=FE€, , p=-1&x, (F).=~1C

— I\ 3 tef ~_ 13

u = (ﬂ+?)@b o‘;aje) ) = ?_ 5
26

Now  wa.=F or —wmy O =N-mgcosb
r +

n

(B) =18, 28x(fk=zi(arh)e
Adding,  — [-r(m“;)ﬂ Lré szifot é)] &+ z(a-+é)zgn
There 15 Mo foree 0;1 e paﬂ‘/'c)e In the &, direction | so
a=0or ~L({aral+ rit)+ 2 'F(zﬁzmz) =0
giving fhe differential @;{uaf;}m

22

1+ 1-rad=0 or j—r(lf)“zﬂz

Tnitial conditioms? 1(0)=0, Z(o)=rsL . lnf'eyrai'fan of Hhe
differential e?uaz‘fon yields 1i= prare, A seeond
Fn‘fejmfl&n resalls

Jude = [rdedt o L= 1Pn e, so l=ral

Tensile force F=ma, = ml(ﬂ.+-£—)z=‘{ml_ﬂ.z
But 7=tNt so we obtain F= ‘}mr.ﬂf’f

3~20. T=~‘2-_-mr2é") V=mgqr cos 6

Usfng conservation of energy,
-1 ! 4 *2 2? -
';mr"e +myr cos g=myqy, :-F(l 0059)

resulbing in | N= mg (3:;05-2)

The Far'i'[c/e‘ will leave the slb/xere when N
: 9

the ?1ch¢1 force N decreases To zero. 4{"’3
cos 6= 5 or o=48.19° |

27T
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3 Rl. Normal Force N= 1/N‘:,LN,

Far constant s‘bc_azl The acceleralion
s Cﬁnfnpefal (horuon“fczf).

Nma—'(v) ‘

Ba/ancmy ;Coyceﬁ m the Md,‘r&C{'{‘an'
= Emda, :

F:_*fcffon farce /'; = N’—/” VN,2+N;‘

Bafant.')'nﬁ» forces a/ang fube,

Vo ™
MG = UINFENE oF Ny = (zﬁ) Infy”
c?uahny EXPressmnS for Ny, v,

e s g [0 e =[5 ()

3-22. The normal force N Is d:rec'{'ed

radially inward pcrpendtcufar To the =N

O/
axlis, wm (U m
X N= M Y

Taking Tan_qenha/ components of force and accelerafion,

View [loeking
upward info tube,

=

-_'mrv- F— /%vcos)’ where 4~ = 4/‘0—/15

R S A T N
oords R " ds R m
w}ucl; '5 Jinear | m vt » The fo)’m of the solutizn I

zﬁoos YS
wi=Ce F y LR

Lo N here =0 «f s=0
o CostY

_ZRR
_ﬂmusz)’ 2rE = F R

__szcosz)’s
- bR ( s
Hm crs

2 8

3-23. The radial eguation /s
mro® = N—m me sin @
éuvuy N= mrg‘z.+ m‘;S"n 8

eegﬂg my'g’:mqgcase—/u/\/ ,
. ='mfw§ Q-fmréz-ylmjs/ha "’3

Thus, The differential e;zuai‘/an /s
_g_ nB-cos8)=0

1 d(é?)
2 48

(b) Change independent variable /o 8. =8 de:

"(

A2 . ‘2

_Then ji +Z,/¢192': —}52(4-059745»16)
Whicl is lhiear in 8%, The s%eu%a(-sfa}"e solulion has
The: form, (67),= Ccos 8+ Csin6
5ub:{hfufmy ints fhe diftevential equalion,

(c, +2/.<C)c059+(—c +2/44.C2)5m9 icosé _35,,19
Comparing coefficienls of cosd and of sin 8,

2 C +C :f& C = bu f(t

/ ‘ r }Sofvfny) PR )

C

~Ci#2ul, = = 5;/5:’_ _ 5&( 1242
= Trus

The Fransient solulion has Phe Ferm
572) =~ -2/.&8
(é )(_ Ae
Iaitial conditicn €()=0 30 /-H-C‘fo)
F:'na//y,

é-- —é/uge /u é ]:3/ua039+{ -2 )3/;19]
v F(1+9u2) k()f

_ =5
G,

29



3~24, ., = 2RE = R{:

350 96 26 . Lt P= 26 B »
with $=0, 6=0 ot the lowest

. PCﬂlfI‘On, T‘: lz.n‘.(/ // )
/ : ’
| S .
onprnmtege) Th
Conservative system. Ty, 0ceuwrs wb V-

.JV m/jR(ZsmG*““b/rle) =0 UQ;\,”j an:-—;maR

Z
&t E=C.
- Now V(o)Z“g”’f?R af €=-¢p° ‘

Using conservaticn of energy,- }TMU’-H‘}M#E = -%m;k‘

- ‘ vz %gR v Y™ va’-ﬁ";?&

2_ 2 _
a, = 2R6 --5—; u,nward. a%\ =

O\

-&[—

3=25. Let $= W=const Y

-

Trans verse acceleration °¢.-”¢'f’lr¢
= 2rw

Hence N= ma¢:zmwr-
Radial acceleration ap = F-rot
Fomway or —pM=m(F-rat) O
giving ihe d'r‘f'erenfm/ e/qua)‘/on

¥ T'Z/JOJY w’r =0

4
h No gi’a\/if_e/

Asadme solutions of form et . The chavacteristic eguahcn

A P2 wA- w=0 with roots A, ,= (/J-f'/lf‘/u.L)LJ

Hence the total frictional force Js

3-25, (Ccml’"d,)_ The solution is of the form
¥= e‘ﬂwé‘(l\ cosh JI+p2 wt + Bsinh Vitp? alt)
Given r(6)=R.,s0 A=R ., AJsg Flo)s0= —pAFYIEUT B
gielding B's &R
I % /+/J.
r(f):;é AL (cosh\]w aJl‘J—

Alteynate Fovm s -
()= ke i) m} ]

. Mence we ohtam

smh 1+/< wt)

3~26. T ] wheye v << Ra, y T"V:
At an avea element dA=vdr 46 of

the 5haﬁ the ve[a)";ve VE/[JL/‘?‘;/ of He

F{Bfa & 47"‘ ru) siné lo-(noc.ussﬂr)J

The feiction stress T2 #N/m{ ach
on the shall b The d;r'e{f/ox of 4!‘

ﬁ'li

et (cos6+7)J

i mzz_//[ “92‘1,"“5 e ]drds
/f co$6+ PETREa

By 5‘3’""’61”71/ fhe x co:npomnf of F *. E. vandshes.

For <<, we can wae #g a/?eroxfmd/m

[}r cosef(m_))] = —waﬂ ‘
Then, 75 Finst oveler in V/‘Fa.' we U‘éfdm . B |

el I’dk- Lv
f n'RZ //(wsaf-—sm 9)J dedr-ﬂ,sz yad l
Note : We were j’/VW ﬂ-mf R —= <</, Buf we ﬁ-S)UMCd /',laf Fio YV c<,

This last asswmption Is cleavly net valid i a eivele of vadius v u.'her<
r/R = € .But the frictianal foee on this small civcle 1s, a.fmsf G/UV

compared B the totod Frictionad force Eul, 3"""] a myh_y/l;fe error.
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CHAPTER 4
41, Let x be measured from fhe i(
unstressed Poﬁiflbn, m, leaves fhe g )
Floor (F K Xpax > V. 9 - The sfatlic %k lﬂ
deflectHan X5, = _"Tlr'(m'?) s The auerge . .
value of x in fhe simuseidal sseillaZions 7 77

of ™ . Iv the korderjine case, ‘
- - 1 "YH, &
50 = & (Kriart Xunin) oF ™G E 2( (1(} ——S)

- . !/ .
simce §= =X, . Thus we obtam 5= 'F<2m' Hn“)ﬁl

 tension 1s

4-~2. Linear densify p= L.i

—t—— |

REEEE RN YIRSV Ve
_—

X{o)=a. The initial pc tentral

: energy. Vz = —i'-fJa.Z: ;—meal
The final patenfial enevgy Ve= ——'-mﬁL

Initial kinetic energy T.=¢, Final kinetic enevyy Ty =3 sl

Energy lost in Fricticn W;_ /—-f(z_m):h - _69-(1_ Q)

From The work oamd energy Frmc:/b/o of (’-i-'Zé)

Ti\/ T}\_)-V +W or —~__§/__ mv—’u:;// Hf(—}«/(/ ”)\

= Z% [L st L-a)J AN

{-3. Given FR+Asin gt | A<k, wo)= +°'~
Conservatien of angular momenfum !"_Y ’1 v
about O yjelds K+ m m
H=2mr UJ'—’ZW“V UJ oF W= pz © ’Iﬂ., K
Radml accelevation Q,,~r rwt=-A 1151"7/3f“' D;;C

_ by W ’
Ped, af 7‘0)‘5& F ma, = m[Ap SInﬂf F (r, +Abm ,96)3]

32

—Y4. Using conservation of 3)(—-\
angular momentum abou.i' the cm, m, 331 -‘-!1 ‘m,_
Em(’- +2m Jw ml Wy m cme o

10)=1., «fo)=uw,

When [~ Z we have E-‘mZUJ—B—mI &, or w= "/CUD

(B) The com. is Fixed /n an inertial frame. The Sf'r.-‘ng

Fa -
F=mlew'= B (fu)= Lmlwf

4-5. The vevtical, velocily s unchanged g [
upon impact because there wo Friction, L e
Total tHime io 2% st Y /
7 /
Time 5 reach watl _ -
v fgesy ; g
Time o r‘ei’urw ty= Lt /I/j/ ///S///,?,
since 11s horzzanfag velbaily (s etpc05 ;.
T}PC«./ 2, 5m%

=5ty = 0 e)vcas.)/: f
Sa!Vny Fn }Sj we. shtaca - y = Ls/n_)[(f‘l‘ ) iij
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