Page |

»_T¢AM 203 - Spring, 2000 _
CHWIZ So'u‘h'ons,b/ David Cabrera
| R (4/24 /00)

9.25 A thin flat disk is
~ floatng in space. D
A force F s QPPlied at m
a distance d fran the 2

certer in He \/—ch‘r‘ec,h’ o,
2) What is ag? |
LMB: ZF =mag

Fj=m&c

‘ [__+ >
<>

.A.‘_I\/‘_B/G : ZM/G i ﬁ/@

: . A :
clﬁxFJ'\: IZG’-_L« kL wherc I§2=§mR2
from Table IV .

{Fdk = tmR* =k ]

. _ 2R | a=2Ed ¢
k= x= T S| X7k

937 A nap kin rim {9 J:
lies o @ ﬁb\ecﬁloﬂm .m L)
and rolls w/o $HP as a

[N MNAN
|
Ad
S,

child pulls the fable - A
cloth W/ accel. A, The — N
r“irwcj starte @ x=d. rILL TS ITTT
ke d >
- o T—
) What is agr  FBD of r“lﬁ3
LMB: ZF = mag ]
flr(Nmg) jmeg @
where aq -ag i
stsummﬁ the r‘lma s-\-oys y f
o the cloth N
LMB - { = —f =mag ) from Table TV
. * . e N
MB/G={§M/G=B_/G}-Q e
where LT=1lsz
I e

(comtinued )




s Q.37 cont'd

dvg

D @) give acg=rx | TF =

Vo = rw (4 <« true for all Hrme
whether or nat the
ring is rollimg o s

on “Hhe fablecloth

No s\i‘P = Q.= ag-l

. v A

(e, Hhe +an3erw+1‘o.]
accelerations match)

To find a¢: -

9—'6 = Q¢ r 3G/C

C- 1>1‘. on v-‘lerJ
C's F~\-- orn clo+h
A
where Qg = —XTL CeC are
‘sitice the r‘fhﬁ rells ‘coihc\'de“

on Hhe cloth

from o s\i,p

" comdition above

)

@i gve ek o

b) When the ring rolls off the lett
barnd end, i+ Has wmoved a distance
d q|0n9 the tablecloth. Need
look @ motor with respect o The
tableclot = _

9(;/(:/

Wé r“.ir‘\a rolls oV'F-P
= d-= —ﬁ—t*z = t*= 2|94
Since the tablecloth has acceleration

a. =18ul= A » s=La12
, (coh'h'nued>
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where 5 =‘dl'splqcemeh+ oF Gh)/‘P+ on

the tablecloth =
So, when t=1t*=2]d/A,

5=‘\;:A<4%)=> s= 24|

c) When the ring”m&s the grourd,
look at the Ve.loc:(+7/ of e
contact pt. : - |

\_/C = _\_/Q.,+ C_Uxf_c/G

- =>Yc.= |Ad L+ m{Ad ,\tx -\"j

= 2fadt

Since Yo # O the rimg does ot
roll at First. 1+ will shide until

Ye= O or Vg =-wr, But, since 4)
holds for all Hime | we have

Ve =or Vo =mwr = Ve=0O
w=0

Do, the rin<3 will cvéh*-uo\(y 5%—0?
after SHCHHS for some Bme after it
leaves He hb]ec_’o‘H“\.

d) Ever if the ~in S\iFs while '+ is
o~ the tablecloth, (@) sHll bolds.
Also, the tramsiton comdition from
slipp‘\r\a’ro rol\\'hj sHH bholds (¥.=0

orR Vg = -wr

(%0, 0

Jus-‘r ke above
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7 Page_AL_
Which object wins et 6 n;sfb‘b
the race down the . _
S“F resistant 30°

r" RQ
slope v — L —

A)g ] block (mass-
FBD (black) f@ \ess wheels,

£ricton less
= Mg -bearing&)
% B) d\’skr '
LA MOJ ‘
r=2R,
LMB: {2\: mq} "

c) “hollow
Pipe
v =-Mo
= mas\h@ mq

.= R [
@ js\h o D) disk
| | . m = 2M
FBD (round = Ro
ObJe c:\'“

MB {ZF MQ}

o = mas‘\_n @-f =
Q)

| iM_B/CM {ZMICM ;—_E/CM }

, = ;jcf':;'IOK W%erg
- 5‘='322 (2)

Roll ng. condition !

<&
@)= x= ¢

(2) = )C= ——%(%—) =

Plugaln the above ex?réssions
i o U\Ci‘ : o

s ‘
mas‘mg - 2 =ma

=] a=gsirQ < ‘+I

mr2 /

) (Cohf\’ih ch)



# 947 cortd. . D

" Sirhce Hhe acceleratons are comstant
and the objects start ot the same pt.
t~e Objec+ with the largest accel.
.\N,i\\ Wir . ‘ e .

{
Disk © Tegme® = a= 3500 (7 Im)

SN o= % 3s(h@ wc‘or ary dick

Hollow : T=mr*=> a=gsin0 (v:‘r>
Pip | e
S a= %33%@ for any Pipe

Orde‘r' of _-P‘\'h\'sh T
1°T: Bloek A)

(4ie) 2™+ Al disks (ref, B, D)
7+ Pipe (C)

* A massless cylinder with a s
mass at its center has T = O, So,
g+ will accelerate as fast Hhe block. .

* To see am object which qoes slower
than the Pipe , sec Sample .14 in
- He took. CCL S?O_Q‘ w/ the inner

radius in contact w/ the slopc),

. »L\ﬁy round obJ’ec\-\» with iner”\‘l'a_' N
wil) be slower Hhan 4he block (the
kfhehfc_encrgy as both o Yrans -

latioral and a2 rotational qu""))
se the block is the 'Fqs+cs +
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A gymnast performs the

uneven %QFQHCL bars W ,
ad(| o ration ki, k,, ka

about, \')c.rﬁz,erﬂ‘cr of mass, T,_\’_\' ———-’%
Just before she grasps - 2. 7
‘H\ﬁ"()]b bqr—, \her boc!y FT (<)

is borizental and 2 ,
i’b‘f‘aﬁha .W/Or\aulqr ra e e aasds
@ w he~ CM “statonary,

>) What (s the Eg’anS‘l"S pration

rate jusf affer she grasps the bar ?
- Zpproximmation the | F8D (of gym-
reaction force F is Tt (@ collision )

~ much greater than g

=> hea\cc‘."’ V_Y_‘\a mrﬁ—z—;%/\ _
o - ‘

AMB, : =M, =}
B/ \,;—_i’;\ Z/A -[: :
e © just before
= E;/A conserved collision
o ©) J'u.s’r after _
- -&/A = Lomia X MY¥em collision ,
@ T N @ 'US'\' before herf
fP% \'\1-\— ‘\’\f\e
= H/(Dz mk*w L ' Hower bar

{J,® = I,:: 0")2_?’7 ( A s a-‘l\xed ’F‘\".)
= (mk: +m<";:)z) (‘UZAL

: : A
= Mk Fwl

S -n3. 10

2 = =

b) What i .‘!Cﬁl as her \wfrs strile

the lower bar?

~ As the gymnast rotates about the
+0‘P bar, ererqgy is cohserved,

Egz TFE’P.:. :.EZ.?, “'E'F's

let Ep 7O at upper
bar hciﬁh{'

(cortinued)
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TRl g (o)
NS
Since A
is Fixed s Fixed
L >y Lx)[—kx—z'-' 2 1 2 L 2
;/'ﬁ(kx I 'kf*"f',} CU] '*?"K(kx"";‘)w?» -
: SR -—‘%S)_Cosg

. B A % 2 =, qlcos© ,‘/i.
CUs - k"-""l}/"’ w K+ I_’7+ e

\¥em ‘= Ws C‘é)

<) When the gymnast's h\'Fs hit the
lower bor (@ her CM) and her
hards release from the uppec bar,
she will rotate obout the lower
bar at the rate wz (conservation
of cmaut)qr romentum abou¥ her CM)

94.59 An ‘OC!_-EObq'}» modjlec) ' oy ___‘ ,
as a uniform rial O

Mmass m O‘P lehﬁ‘Hﬁ .Q \\% , 9 Ih

w/o rotatom ~from \’wcl’S"H' A

h where she was é‘\‘q‘\‘\'onqry_ U N

She then grabs the bar s
w/ o Airm <3i>u‘r s\\'?-P';ry ARSI L

Whet is = st she ends VP In =
3h’h'ohqr\/ Nondstarnd T

FBD ( 0~®) () shown ?osi'\—\’on
| - ® just before
~ collvsion
» @) just atter
™9 _ o 'Jcé\\\'sioﬁ
Energy  conserved @ handstond
= B, tEp =By, +Ep, position
L

: O +‘MS\'\ ;.YY\VQNZ O Q+P bar

o=y V¢M=\§23)\‘ ©neight)

LY

L

(continued)
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~ FBD ©-®)

conser ved

.&[B

(F huac Com?cxred )

o *—é’:txm 523}:' (‘j) 7 o ij) _
= ﬁva‘}Zﬁk k- '

é « since B is

® _
H B VIzz © Fixed

A

= Tmlifwk

®@_uo
};L/BQ-V

For %e rrotion from
® +o @ the reaction
force R does no work

=) ener*gy cohscr\fcd
EKs T EP; = Ek_4’\‘ EP4
- 3 . .. )

s ) 20 = beg

h= 2L

el _ A baseball bat
IS approximatc d
s a riqid shck w/ mass
ms and lc:hs‘rla L. The
swimaih occurs b
appl ication ot o constent
forque Ms at the hands
~ over ar aNnale Q:W/Z.
A ball arriyes o} a
lergth A along Hhe bat
at some s?eé}d Vo, There
's an elashc collision,

(cortinued)




4 6| contd.

) To Find « Juer belore colhsmn
use ehErSy balance :

Msa0=3 Izz w*

'*)N (_ﬂ:) TmLT w?

. A3y
[c-t]=

- The toto) energy Just before
Hhe collision 1s sxmp\y

E = Ms(T)+ dmypy,?

- For the ball: D oA ball

(r\3 co\hstohr _

vtz -
LMB :
— Sh Ed‘*'?mb_\jnw'mb\—’b

{Setul F7dt zmb\/mfj*m‘wbjz'j\ @
| o SF}H* i (gr +Vs) | € TF‘
FRD of bat

Qlurihﬁ collisror .

\—:or qur boc\" B

AMBy, ¢ SEZZM/&

= B

Y Y

‘(—__‘)'\__)»LF
1 T {

k-

BT

—In
A

= Sk /quF(J)o“r‘ Too wak - Lok
E—,Q o Fdt B = 3wl (wa-w) k}‘k

= l&F:H—* ';ﬂ?(w‘w?ﬁ @
Wt to find the [Fat that

conserves er\cr‘g 7' -

| <EYK|)Bﬁer t (EK,)&._L = (Ekz)BkT 'r( EKL)BALL

: - 23 2

‘ 2
JzS myLw,” + ﬁ—m\: Viair

Now we have 3 equations O, )

b 3 unkrowns ( Sl:d’r, Q2 , “Prrr).

Note * 3fareter speed _ vr —wnd _ should
oP?rocxc\n speed Vi £ ) e L

(continued)




4 9.61 contd

Solving for Vit in closed form is
_quite “tedious. You should plug in

numbers to FAnd Vwr :
Let me=8 o0z, L=32in., Vo =90mph.

To 86+__CL value of Ms rnote that
Mark McGwire's bat speed (hp ot

bat) is about 100 mph . Take half
of Hhat arnd use

, 2 from
-+ 00w = [T ] e
Wl = "Pp ) : m’srr‘ _?FQ?C ,

where Mg = 30 o2 ) sy,

We'd like +o vary ms and | to see

- Pow  Vwr chqnaes . Do, we'd like to
36"” one equation (hVO\vinS Var, ™s
and krmown quanttes.

n

'

1 L=
e (2) => My Wpyr +Vp) = %f (w-w;.)
’ e 3Med
H We = W — -._[TT;bT{ C\/H»r\"f VL,)
,P\ugginj into )i

. 3mid 2
M iyt g m w - MsL> LV"“T*V")I

+ oz My Vl—HT2
L 3mb-Q . 2
Let 'E'LVNT)_: e MsL* L~ L LVHIT"'VL—,)]
FEmVir - (EMg F3muvg)

- For giver values c_vﬂ ms, 1 @e'd like
to p'r‘d Vir S-t. "‘\'(Vm'\')zg. Matab's

’Qzero' weton coam do this (see code). V

The 1>|o"}' on the next page shows ‘
Vit vs. Ms or di{:\ccmh? R ratios .
There appear o be several combimations
of ms and £ which g('vc a Mmaximum
Vit of about (06 mFH. Note ot
the curves as‘ymp\-o‘rc o 10 mp\\ (Hhe
FH‘C"\ sPc_gd) as Mg S, For an inbinte
bat mass, the bat is ‘}bqsfc_c:\\\y $+Q'Hor\ory
at impact. So, e ball will ebound

wl the same sPecc\ (elastic csllision.) Cortinucd) .
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ball velocity (mph)
[
=3

Ball velocity vs. bat mass for various I/L ratios

50 100 150
bat mass (0z}
R T T T T T Y e 1 )
% "Solution" to problem 9.61 in HW 12
LR R T T R e L Py wS

global mb ms Ms L 1 vb omega

R e e T I L L TR T TR -y
% All values are converted to SI units for the calculations.
AR S R R it i A L T T T T T I TNy

mb=(8/16)*14.5938/32.2; % bat mass
L=.3048*(32/12); % length of bat
vb=90* (5280/3600)*0.3048; % pitch speed
Ms=45; % torgque on the bat
m=10; n=250;

R e T T L T T TS T T LT EE R O Y
% Determine the values of vhit, omega2, and impulse for

% various values of ms and 1. This is done by calling fzero
% to solve the quadratic equation for vhit. The ratio of

% the separation to approach speeds are also calculated.
AR A A R R L e e e T T T R T

for i=1:m
1=L*(i/m);
length(i)=1
fer j=1:n
ms={j/4)*mb;
omega=sqrt (3*pi*Ms/ms) /L;
mass{i,j)=ms;
guess=90*(5280/3600)*0.3048;
vhit (i, j)=fzero(’func’,guess);
omega2 (i, 3) =omega-3*mb*1/{ms*L"2)* (vhit (i, j)+vb);
impulse(i,j)l=mb*(vhit(i,j)+vb)};
app_speed=vb+omega*l;
sep_speed=-omega2(i,j)*l+vhit(i,j};
e(i,j)=sep_speed/app_speed;
end
end

SRABLLRLBUELBRLIVABLRIVLLRLIVLLALLLUR L LR R RAAEREIBBIVERENLR
% Convert the mass and velocity to oz and mph.
LR s e et T T T A T T T T 1Y

mass=mass*(32.2*16/14.5938) ;
vhit=vhit*(3600/5280)/.3048;

SEBYLERTABLLIURLBILLILLBLLBVLLLILBTIBLLLGBLLLBBBLBLL%5%S
% Plot vhit vs. ms for each 1/L ratio:
THILLBULVVLILLLLVLLBLLLLLLLLILLVLLBLHLLIHLILL20LB294%%%

for i=l:m
plot(mass(i,:),vhit(i,:)}
drawnow
hold on

end

xlabel ('bat mass (oz)')
ylabel (‘ball velocity (mph) )
title(’Ball velocity vs. bat mass for various 1/L ratiog’)

BREEEEEEZLETELRLBLRLBRERRLERULUBEEXALBTILERTEHBITABIIBRTERY
% This function takes a value of vhit and finds the value
% of difference between the final and initial energies.

% This value is to be made zero for energy conservation.
ARLETLILLLEILLLLLLALLLLTLLLLLLLHBRIHLILRLLLBBILBLRLBTLRLY

function value=func{vhit)

global mb ms Ms L 1 vb omega
omega2=omega-3*mb*1l/ (ms*L"2)* (vhit+vb);
en_initial=pi*Ms/2+mb*vb~2/2;

en_final=(ms*L"2/6) *omega2"2+(mb/2) *vhit"2;
value=en_final-en_initial;
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b) If the bat is os light + will
bounce off He _JDQ?l and rotwte
in the opposite direction. Also,
. The ball may ret rebound (in the

F'0+; there are negative ball
veloc Hes at small” bat wmasses).

I Hoe bot is fo heavy, it would
take oo much Hime o swing through

~ 0° compartd fo the reactior tme
needed for a qOmP)\ fastball.

C) POSSIHe ,QVS'Precﬁ'VS of Hhe mode\
wh ich may Pr'oduce [Qr‘cgc errors ¢
@ A )DQ‘H*er- 'doesr\"} JLJS"\" T‘O“‘CX"PG
his hands o kit o ball. There's
also rototion of the bips and arms,

® The collision of the ball with
the bat is rot F:r%c‘\f\y elastic,

@ The hands robob\y‘dovw"i” i pose

an impulse dum‘ma e collision.
d) Poss{\a_\c [mFrovcmcnst :

" @ Pu‘l’mor& C\GSFE‘C’S of freedom
into the mode ! for \’Wk? ard arm

movemenrt,

A Allow ene '7/ loss \:7 constraining
the rato :i separation ‘o approach

 SPeeds b be less Yham 1.

® Make the QPF\&& +orque o function
cne “Hmc \‘*aH’\.tr ﬂwoh Q C,‘O\’\Sﬁw\*’.

- For these interested in lear ming more
about Hms ?rob!em sec

P]’)ysics of Raseball by _becr-\' '
: Adair

~ American Journal of Physics |
arHele trom 1963 (see Prof. Burns)




