AY\.a\u\\(A\f lmpulsc avnol  Collisions

We have learn}t Haak  in O«V\a\\Oc,y with

Nev\)h)V\IS _1:\_ LG\W {'OY CM wo h.a\n

I

F‘l‘b)— = MacM = ?I_ PCM w
\ It
We hav e be  angular eg
U |
/'2"\
Tip = T = d (Twd= 4L |
\ dt At
Lfor a fixed axis rokihon,
J J
Recall  Fratk im Falking aboul collisions we |

faunA ils msefu\ ) udeffnc the impm\se Cj.

. ¢t

. | Fae|®
Wy,
€

I will w) € 30 «fo\’ '\m\ov\\sc ond T 7‘:0\"

mowment ol inerHa. The Imbulse - momenhim thm
| |

Says
/

(2

T= bF=Ppp |

_[he\re arce Wy  CaSes N‘/\ev‘e LR vwc—Fv\l to
)]

/ LY
Ac‘ﬁiv\e 'f‘«ﬁ OV\\c}\A\AY o\vxa\o\q}v\.c c)}._ \m!)v\\se




Ja = ( T dt @ (f-ix«:c\ axvs)
Jong 3
[ v \
0\"\6\ Hhe o\v\lcjv\\anr veYysSion u!__ H\c '\w\"')v\\sf
W\Omen\'\/\m H\eorem
@)
S = DL= Lol |7
To P\A}' Hai s on a -'Firw. —Foomc(a\l"iov\ Wwe need
to  define Torque  and avxq\,\\a\r momen ham
V‘co"\)\r}o\\lly ‘For on arb) |TAY7 collechon aJ_ pom)'-
masses.
@ ®
For a S'ms\c Fo-m\r mass 1lM1 ) po svhon V‘?
h’a\\re,\\“ V\j o\‘— \re.lo C‘\"“,I '\)_‘g hﬁa
t— = Yox % = Mg ?BXGB ©
i (f P
Lior = ? = %M‘ﬁ ﬁex‘}vﬂ W
Su\ \oose wWe now SPeda\fza b He cose  when
Fre  wmasses  are park o & rigid body, v
a cM veloahM ’U‘CMQ? o FlXCc\ axi s /d\'—-
Y‘o)-o\l:\ovx %‘Q@C\ow\q ,—\\'\\ra\r\q\/\ Hne CM O\V\cj_ an
aw\emlar velo cily jaﬂjfouho‘ Hhe oxis o volaRow,
— A - L=\
,\}re!— (Y= W N x (F'RCMB N




wWheve oNn wana

(‘ —
M Rem = Z— Mﬁ "s @ .
F | \ @

—

Se (W@ VY,V @ Vi @nx(F-Rey)

/ \ - < o) A 0 =
= (2 Mg ¥y )x Ve + @ & Mg TpX[ M)

\F [ | 4 . | {
M\)l’\) ?‘M‘ﬁ—‘ﬁ: MECM

So te Y frerm s jwml  the  angular

- J N
WO én P o!-. a ’po\v\}‘ NAS S M (ocal'dc{ P
] p—

RC,M ) W\OV.WYS\ o+ ’I}CM . Leb e call  Harg
— —)
L‘_VCA‘A - +V‘om5(a\ Honal O\Y\ld)V\‘P\Y momen hum {
) Py
= MRem X Vey ot l

To wale %MVHAeY progves < ce fl‘nc Hae ?051\1‘0\4

velabve +o Hae (M

- /
= r,— R-CM- I
i A

2l
®




T M Fe 3 MpT - MR W@
g | |

No v consider  Hae Cccond  Ferm w L{-,,)_

Tuis  term  clearly, han b do wiFh  Hie vigid
J

Y‘O}'&\ \—'\OV\ 0_‘, ‘Hf\(/ L)Dd\/ avyown d ‘1\"5 M ) beca“_ge
J P4
o,(‘. HI\C @ In frov\\r- . P

@3

|
we Wlu C_a\H -\X’ !L‘Y‘ ) = Ro)-AHUVw\\ L

i‘_s - [ s - \  a - ]
L., =@ s Mg(SptRen) X Lnx Xy "
() 6, \ ’
=02 F’I‘;, ffx [ mx T+ @ My ém"mxﬁ‘ﬂ]
i |

Tht \0\/)\" \-6YW\ \fO\V\iK»\CS . T\) See H,\;° 'Y\D\"C

Haa b Rem  ond M ove independent o} f

[ —

~ < -
So lamel bevm = Rem X L% x Z’ Mﬁf!:ﬁ.l =0 |(20)

—_—

e

do LY‘oP -

™M

N\(s ffx [1 X.E‘p] @¢)

|

—

T\r\\'s looks Covw‘o“ca }to( IOV\L' < O\O}V\o\“,\/

$‘\W\\IO\Q. Since VFhe axVs s fiscec\ wWe  wanlk

—

L\ro\— alov\ﬂ Hhe Gx\S o_}_ Yolah on




f | @
=) Mg (MxE)e (nxEy)
P
= W Z, Mﬁ (\Y\B Sm@{) 2:_ Mé /cg(”p)
\ o [
S (v

R 1
3‘.‘_ O\iSLﬂlVICC f(OVY\ 0\X\.S o TO I"&\"\Oh )

So

—
[AN

)
\ /4

Lok -n > Lew @ 69)

S~~~

Pvd— n= I’ogeHr\tr, Fov

o ﬁxc& Ox 1 Y‘o"‘a HV\G\ buc['y

—

—-—

= A |
Lep= MRuX Vey+ m L@ J@

NOW ]t\'/S devive Hne a“ﬂ\f\la\r omm[o_j\nc 0)—-
Newbn¢ T law. For o \'OO-W\\' ro\V\Hde
— I
‘f Mf p* Ve @Y
O\_La - Mg drg x Vg + Mg Tyx O\l—}ﬂ 2
At LA ' S P IS5
A
; X =0 oan Ve
SIV\C_C f’ i& - f ,\?P = F{aLP—J
dls = T Fupy = T |
A B [
This s Hne vechor o\e{:'(mﬁov\ o "‘quvxe




No W consider o viaid bo dy . Thne fovanes

Con  be mkevnal (bebveen Hie Po-w\\’ ML SCS

making  ub Me body) or exkernal
U, ) VA

AS U\/D\AO\\J by NCV\)‘VV[I.S E ]ﬂ\WJ V\Y\oler ryecasgona b,c

assumphons  all  inkernal fovgues  cancel, So
d Ll = Coxt = ¢ %2 Foear |
T (L S S A
—

Now we are bcmc\y Fo consicler collisiont

V\\»\CY'C aV\C]M\O\Y' OVV\CV\"V\YV\ ;5 cvo ]mlpof-"z\n),—
V 1

A wmomenhawm |

Evawmpe 1 ° A \OV\q Fain LJ“\T,\c}- Mass

TM 9- 4§l<qﬁs wd )Qe“q)-b\ L = 9m P75k s on a

fv,cho“less 'r\owz-or\f—;\.-\\ gwrf-ac_c A bulle aL_

WASS WMy = 0- OS‘\cq c| VG{oc\l\q 400w, @)
S\Y'lkc_s an pay on Sl’\OWV\ a\no\ QW\LQC\—(
'l‘r‘se\‘(_.
M, X — «— 1,/,_’ —
v\b NV
[ x =3 ] J
O Ty (’
| I.3 //
A S——
7%
// Z oul di,_
/ M page
I J




Twe kcy s hne conservaHon ol momenhiw

o\v\o\ 0\V\qV\\O\Y‘ -W\O\an]'MWl .
)

Choose He  final cM 4L He bartbullek

1

Jv\s\f a\{;k\’ Ve collision ovp Hne or;j'\h 0,
Dince M << M H/\\'g K the Same¢ ay Hie

CM o Hhe bav b an excellent a b pro ximahoy
| 1

Wik respeck b O the ol ) Tnik &l Mow ew hwm

\S

P = A A
= Pk = my v = i . N3,
S 2 = 1
The -|V\‘\h'0\\ av\‘qv\\af VV\OVV\EH‘MW\ 'Lo (350

- . 7\
LL ,V" - W) Y‘LX ’\}L @

J

The Y_‘L Can be chosen an He po;h\’ vhere

e bulle ¥ hits Hwe bar.

re 47 Ay 0
4 \_/
= _.\\

=M X %, 2 4 x 20 kgwy ((,xb+ Tx :3‘)
4 -7
/N
= XU 3 k= SEkgw’
4 2 |

\V\ H,\c ‘{lh\a\ S)-O\I-(_ H\c S)’S\'ﬂm c)/. bar l'\a/,)




a CM  velo C\'v' 'U},M { ond an

a\V\D\A\AY‘

w’,\oc\l\.i around He (M el ch

—

_?—f,b)—: LM-(—W'L rv,

&4

&)

=) Co\r\sc\"Va\HoV\ o[ W\DW\C\OI'V‘W\ ]mlol{es

_.)

—_—

—lsi,,m = 3o kews {_;’_-\' 4—33) = 10 kg Vom + @ﬂ‘)

—

r\}CM.‘,I- = s | \ l—);_“‘ \I—EA) @

4

Final angular  wmomenuw  abouk M s
U

]
Ty \0 _ 10
L J - 2 3 T 4y
. 47) -
So 1S3 = 10w |= Wy > 303 ved | Y
1T W= = S
L L,

Leb s s'e_c' how 7 muwch KE ha been

Converked o heal

(@
Ki= | (¢005) lexto1 = 4000 |
2
L —_ 2
SENR LA TR
) 2 ' L2
= 1xlox g4 4 ) 10 (383 -
2 >~ 3 Uz /

0T+ llr2sd = 3297




energy cowverled inbo heal = 39628787
Exowple 2 A ball  (sphere ° | Mh\ffovm dcv\s\}v,)
ol vwass M awnd Vvadius R w g‘we\r\ a
L\Q’Y‘( ?‘OV\)—"J CM ve‘o C\‘\} 13) ’L ’\):) JVV)‘- o lgOVC
o hovizontan|  gurface. Imkally,  Hae ball i< ok

-J / -
Y‘O“‘A‘Hv\ﬁ O\TO"‘Y\O‘ \‘“S CM., j:l’ 1'\\1‘5 Hr\c_ 1’-—(00\'-
oand Sk‘lc(s V\V\Hl Ns S)vnr\'s V\g\\]\,\J w/u S\\\o\D\V\c'
Wwal is  )bs CM \/c|OC‘\}\$; ’l}j_ when Huwe occurs ?
//_\ //\\\){
3, =
\ ; \v/)
wizo | g =5 |
= R [ U

S‘hcc -ll" Sk!G\J Wnc :t'o O\V\CI MCCL\AV\\‘Ca\l
energy is  wok  conserved. The weay to so\ve
Hhe pvub\e,w\ Is _|:O realize Hiaal Hhe "['Drc_e
o‘—- ‘f‘rlc\-lon ',C‘n q.\vc_s H\e_ \oa\” A
/Q\v\c_o\r T P\A‘Sc and an G\V\J\A"’M" ) m FM'Se .
Wihile Hae ball ckids, ks FBRD s

K p@) 0730 -
/\\y = n=Mjq (52




Suwphpose T skids fov o time QG Im\mlse,
?r = b i ‘Fk A‘t @
ook J4
. ) PN
thq b = — Tk R A | @
U’

,Ms'l\!\q Lyo]'\'\ verfions o}. H,\e_ WV\P\A'SC— mowmen havn
() L L

Fheovem —~ — P~ @
-1 f, 08 = Dp, = wa—ub)u Linear
I\Y\O\ —‘J(-kR Ab = A.L = wa -0 @Ahﬂmlnr
When 3k vollg Wb S}‘P?i“‘l CO+;-'\}+ €I
N4 < R,J "
So "nkK at = 1 Uj‘
R
fuot= IT% |
C R® |
P\mq nhko Lweayv '1m)w\|sf—m0w\enh\wn H«m
- IY = Mvy-v) |69
R
MY, = (M+;) = MW [1&—2—\
’ R UV




Exo\mb\e:s: SM!)!')DSC we wanl o WE o

Poo\ b al) wibh a  cue in Fe  hovi 2on e |
direc Hon n such a wWoy Hialb b vnever skide

bwt  volls W/o  gli[png fY(JW\ Ye ]Oe,qivw\')nq )
5 rHdJ ) U J
Ak whal heighk should Me cue conkack Hae ball

/‘Ql\ 5\4\?130 se. M

\ imbwulse CJ is  gweh

\K / above He (M

./
» { ( \ ok o heighl- N
\ 4

~_ ~

e ——T
Cj.: AP = ‘7_!. "FL = T 4
Since ’\_)-*; = @, =0 \@
P—F— = M'\}CM,-F = g @
) ) "
For FThe om@v\\m' 'Pav‘l- @

~

gd\r\a = "'(3—'&, = AL: I(D{—FI(.O&’ZIUD(_
J J 3

Nq_ VJO\V\}- Y‘O\\\V\C' Wl‘H'\o"‘} S\‘P\J“tj
J |

=) w.‘c = —-’\}'CM‘G

R




oY




