Systems of Particles — Set 2 1

Billy and Sally are wearing ice skates standing on the ice at rest facing each other. They get into a
terrible argument and Sally shoves Billy. Sally has a mass of 65 kg and Billy has a mass of 80 kg.

1) What is the acceleration of the center of mass before the push, during the push, and after the push?
Explain why.
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2) What is the velocity of the center of mass before the push, during the push, and after the push?
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3) If, after the after the push, Sally's velocity is 2 m/s, what is Billy's velocity?
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4) Some time after the push, Billy is-10m from where the push occurred. Where is Sally at that time?

Do NOT use kinematics.
Y —

They are /'m'{,('a/[\/ at rest s0. /ch =0 which meanJ /’\C,,-ffahﬂalﬂt

- = AR - R .
s = Jone = (W;z ’ MJCI) _:}/& (MB’}F i mff;/g

-~

[ ot GI: //;r :‘0 T)\enf

- | o w My —_—
0 -+Wl5yj\§$ + MNlse “)j N :m" r% )lfj :g_f\(l()) j__)lh\/

UST Physics, A. Green, M. Johnston and G. Ruch



Systems of Particles — Set 2 2

A 4.0 kg puck is sliding along a frictionless surface when it explodes into two parts, one moving 30 m/s
due north and the other at 5.0 m/s 300 north of east. What was the original velocity (x and y

components) of the puck?
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Systems of Particles — Set 2 6

Billy and Sally are once again standing on the ice wearing ice skates (standing on a frictionless surface)
initially at rest. They are holding the opposite ends of a rope that is stretched out between them. Placed
exactly halfway between them is a delicious steaming hot apple pie and they both want it. They pull on

the rope and begin moving towards the pie (and each other). Sally has a mass of 65kg and Billy has a
mass of 80kg.

Who gets to the pie first? How far away from the pie is the loser when the winner gets there?

HINT: Question: How does the position of the center of mass change as they move?
Answer: It doesn't.

r =
&1 /- ' &
fq//)/ m 7 /

My = SDks

o

szé Force @xerfej by Lhe Lehs/on rn tle ‘ope

o y, _
i internal, and Zley =O.

S6, Aen=0 akd becavs o tley wnere [nitially

cm

ot rest, /chfﬁ/mw/ c/ﬁﬁ/"”? 7 <= Condt,
—————— e ——————————

Billy i5 heavier, so £le cM |5 clbser to him,
when €ley /g"’//On £le pope, thcy muJC meet
uat clte cmy .,

Sally will get tle ple Airst,

¢ On {f//wr(w/ VL

UST Physics, A. Green, M. Johnston and G. Ruch



Systems of /’J{r‘t/C/KS/ Set 2 P& cont Jnaed

Because %ew 5 constant, e can SET 47

K=o
— B('H : Cm { ‘
%CM_Z - ZCH/C _" 7 2/ i J;‘//y
- i s 7 T
e N '{ 1 Vf/.t'.
mﬁ‘@ 1 MJ,D _ Mﬁ%ﬁ b mj% K;”;yﬂ/‘) \;[e———-D/_) —

TR RS S S
6@ T Fragl

D=z, 4 S e
e
Mffg"ét m,D
/ Y, - ‘]Sh“;;q;;pfj
But, 0’,‘5%@@ between Billy ﬁk{,/ cle pie /5

O



Systems of Particles — Set 2 4

An object with a mass of 5m, explodes at rest breaking into three pieces. One of the pieces with a mass
of m, travels in the x direction at 30.0 m/s. Another piece also with a mass of 2m, travels in the y
direction at 20.0 m/s. What is the magnitude and direction of the velocity of the last piece? What is the
kinetic energy released in the explosion?

T h,=0, so P=P.=0
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Systems of Particles — Set 2 3
A spring loaded ball is dropped from 10m. After falling 2m, the spring sproings and the ball splits into

two pieces, one with a mass m the other with a mass 2m. The spring acts only in the horizontal
direction.

a) What is the velocity (both x and y components) of the center of mass as the pieces hit the ground?
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b) How long does it take the center of mass to get to the ground?
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¢) If the x component of the velocity of the lighter half is 4 m/s after the spring sproings, how far apart
are the two halves when they hit the ground? (assume that the spring sproings VERY quickly)
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Systems of Particles — Set 2 5

A 20.0 kg projectile is fired at an angle of 60.0 degrees above the horizontal with a speed of 80.0 m/s.
At the highest point of its trajectory, it explodes into two fragments with equal mass. The force of the
explosion acts purely in the horizontal direction. One chunk falls vertically to the ground. Where does
the second chunk land? How much energy was released in the explosion?

m = WKz
Cay— - lz| = 0%
: . ﬁ . éOo

)

QN
o
%"\ﬁ
2

Ilé RC » s D —=
D Ry, o
KK — Dy >/

At tlnc p?ak ofF t‘e, ‘éka\/‘ecéofyz

0 %cn:R/), where R is €tle total 0//5-6014[5 Ltlat < be
(Center o~ M woill {;/’@m/

® /{uc,ﬂ :0/ All 7/(/&5/65/ ir in the x.

& Since a}::O/ /V% — %90 | at tle /9?4(6,

<m

¢ Becastse = M, Falls 7/?/6/‘02”;// %/‘C:O

s We can Find sy o€ tle peak by (ﬂhJeVy/‘% momen tym

Proe = Fex 5 ™~
My = B+ Xy =2 (2= U |

(ont inued
1

v

UST Physics, A. Green, M. Johnston and G. Ruch



5\/5‘69”; y,ﬁ Parffc[ff Set 2, PS’ (anzf',f‘em'a(

[_ets solve the tragectery problesm (o Rem .
Us )Mf/ Kinematrcs .
v p
7,z K Vot A0 =Y + iyt BT
b £
Rcw O it %Jcﬁ c o | 0 - O ; 7/”&}\6\ ‘Z%‘*
B DUy | o ) |
Ren = Vor 4 7 Y =44C
e W 7

Distance to (M

Tat-Q/qglil"nﬁe - ///}[f

Because the explosrion w43 rn A 0”/1/ Loe b
/ﬂa/t,‘c/@ Lall From Rest jn tlre 4.

Thove Fere, Both picces ird tle cm
N/t t*c;wumj at tte samc L/ me,

Now :

P AW"ZOV!‘é"',
. W er .
orticle o travels a drstance %f*D o time
I_L//T}z at a "/.775‘ ~~
* = Yc
PCM /

Continued |



Sydems pf  Partrcles. P35 continuwead
Sol  The Lotal Adrstance Pakﬁr'c/e 2 tracels
/3 3/01 Rem.

Xz U YrZ,
D:S/QUQCM: Z—}—fl;’ _._Z’

%.

2(% cose)(%;z,yp) , 3 27

Dr =
. (80)
D, = T sta/f6e) cos(eo) =948 m /
: |
Eme»’%/ .
Jut befoe €le €7f,b//w/‘yn/ /( = Z 4 ZkL
A - -~
Just alFter tle @x/y/ﬂg 4 k/e = M 4—5% 37(.2
. C_m
= Rz = 7 2 707{
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7
A 45 kg woman stands up in a 60 kg canoe of length 5.0 m. She walks from a point | m from one end to
a point one meter from the other end. Ignoring resistance due to the water, how far does the canoe
move?
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HINT: Consider the canoe as a point mass at it's center of mass.

Question: How does the position of the center of mass change as they move?
Answer: It doesn't. t (M
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