Lecture 19
(CH6: 5-6)
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55.QRGANIZE AND PLAN The two pieces of the meteoroid will move in opposite directions. We
must calculate the mass of the sezond piece. We'll use conservation of momentum where
the initial momentum of the system is zero, myv, =-m,v,. Subscripts 1 and 2 refer to the
two pieces of the meteoroid.
Known:m,, =130g, m =55g v =065 mfs i
SOLVE First, convert mass to kilograms:

kg
=130. =0.130 k
Mot g(1000 g] £
Likewise,
m =55g=0.055kg
Then we find the mass of the second piece, ' S
ar, =, —an =0.130kg ~0.055 kg = 0,:0;5 kg — — > ) %
Now, D \ A \)’L 7 =N K
U ey a V4 g
- : il v, _— A ?.:7
T —(0.055 kg)(0.65 m/s) _ Q
om 0.075 @ v 9]

REFLECT Since the meteoroid is initially at rest, the two pieces must move in opposite
directions to conserve momentunm. We notice that in this particular problem we would not
have had to convert mass to kilograms since we are only using the ratio of masses. It’s
good practice to do so, to minimize errors in other types of calculations.
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62.

R X S
Roo hiekrm w6010 g

ORGANIZE AND PLAN In this elastic collision, we are given the masses and initial
velocities of both particles. Since mechanical energy and momentum are conserved, and

. . . m, —m 2m
one particle is stationary, we can use Vi _( L2 Jvm. andv,,, = £__1_},m to find the final
m,+m w, +
! 2 1 2

velocities of the two particles. We’ll use subscript 1 for the proton and subscript 2 for the
heliom nucleus.

Known: m =1.67x10% kg; m, =6.64x107 kg; v, =1.25x105 m/s; _

SOLVE For the final velocity of the incoming proton,

[ m-m, B (l.67x10“27 kg)—(6.64x 1027 kg)
Vi = m, + m, Vi = (1.67x107 kg)+(6.64x 107 kg)

{1.25x10° m/s)

vy = —7.48x 107 m/s

For the final velocity of the stationary helium nucleus,

2(1.67x10% k
Vog =| 2|y, = _E7 <107 ke) ———(1.25x10° m/s)
my + m, (1.67x 107 kg)+(6.64x10 kg)

¥y = 5.02x10° m/s

REFLECT As in Problem 61, when the incoming object is less massive that the stationary
target, the incoming object must have a negative final velocity.



Kinetic energy isn’t conserved in a perfectly inelastic collision, so the only principle to
apply here is conservation of momentum—as usual, assuming external forces are negligi-
ble during the collision. Equating the total momentum before and after the collision,

I}?;Tﬁg; + ?}‘1’3:525 = (E‘é‘?g -+ mz}ﬁf {654}

Because we're in two dimensions, the vector notation is essential here. There’s only
one final velocity Ty, because the objects stick together in o perfectly inelastic collision.
We can solve for that velocity:

_ oo v oty e
By = : {6.15)

5

nyy T by




84.ORGANIZE AND PLAN We'll set our coordinate system so that southward (cheetah) is in the!
negative y-direction and westward (gazelle) is in the negative x-direction. This is a
perfectly inelastic collision and we’ll be using myv, +m,v,, = (m, +m,)v,. We’ll write

equations in vector space notation and solve for v, Subscript 1 will refer to the cheetah, ‘

and subscript 2 will be for the gazelle. ) g
Known: m =500%kg; m,=200kg v,=(-25 m/s)}; vy, =(-22 m/s)i. f'; :
SOLVE For a perfectly inelastic collision, :,:Jf

vy, Y, = (_m1 + mz)iif gxf{

AL (50.0 kg)(—25m/s)7 +(20.0 kg)(-22 m/s)7
T omem, 50.0 kg +20.0 kg T

REFLECT Because the speeds of the two animals are the same, we can see that the
direction of v, is weighted more toward the heavier cheetah.
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2. The xy coordinates in meters of the center of mags of the three-particle system shown below are:

T - -
‘ﬁkﬂ| 1 :
mp - - -
1 1 I 1 f
L R RS
i f 1 |
N N R S R
] i 1 i
g 1
& 1m 2m 3m am x(m
1 0,0
2) 13m 1.7m
3 1dm 19m

4 19m,25m




89.

el

ORGANIZE AND PLAN kNe’]l declare the meterstick to be the x-axis. We're trying to find

the center of mass in the x-direction. We'll use X = ﬁZmz.xj. Distance is measured from
i=1

the origin, the zero end of the meterstick.
Known: m =0250 kg, m,=0500kg; x,=0200m;, x,=0.500m.
SOLVE Using the formula for center of mass,
v - iimx _mx e, (0.250 kg){0.200 m) +{0.500 kg }{0.500 m)
t m, +n, 0.250kg +0.500 kg
X =0400m

REFLECT It doesn’t matter where we choose to start measuring. If we declare this point
o be between the masses, however, one displacement will be negative and we must take
into account the sign.




93, ORGANIZE AND PLAN In this two-body system, we already know the center of mass and
/ must find the location of one of the objects. It makes sense to measure from the pivot, but

we’ll have to watch the signs. We’ll use X, :ﬁzn:m,x, and solve for one of the distance
values. We'll let x, be the positive distance from the pivot point to the child.

Known: m, =28%kg, x =-28m; m,=38kg; X =0(that1s, at the pivot).
SOLVE Rearranging,

oM

_ Z _ X,
-y,

X, (n»zl + mz) =M X+ m,X,

Since
X, =0,
—H X = X,
_-mx, _—(28ke)(-28m) som
, 38kg '

REFLECT It’s reasonable to expect the heavier child to sit closer to the pivot point in
order to balance. We’ll see this again when we study torque.

A ¥=0
- Uwy W=
Wy 10 9 W%’
124 0
A
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120.

ORGANIZE AND PLAN We’ll model each rod as a point mass and establish
our coordinate system so that the origin is at the geometric center of the
square. Then our job becomes sumply o find the cenier of mass coordinates
from that origin. We do this so each of the individual centers of mass lies on
one of the axes. We’ll arrange the rods with the1kgrod at the top, proceeding

clockwise around the square. We’ll use w,, =ﬁimin,. in both the

x- and y-directions to find the coordinates of the center of mass

Known: m =1kg, m,=2kg, m,=3kg, m,=4kg located at coordinates (0,15 cm),
(15em0), (0.-15cm), and (-15emo), respectively.
SOLVE In the x~-direction,

PR ER RN R

ot
Ty + By + iy + T

_(1kg)(0cm)+ (2 kg)(IS em) + (3 ke)(0 em)+ (4 ke)(-15em) om
o tkp+2ke+3kgt+4dkg B
Likewise in the y-direction,
v - (Lkg)(15 em)+{2 kg){0 em}+(3 kg){~15 cm)+ (4 kg){0 cm)
o lkg+2kg+3kg+4dkg

=-3 ¢m

The center of mass is located at the point (-3 em,~3 cm).

RerLeCcT It makes sense that the certer of mass 15 offset from the center in
the directions of the heavier rods. This is a problem where it is not necessary

to convert to meters because the distance is used only for location and not to
calculate other SI quantities. 2
‘ D (\@ A3 \)
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91,

=z

ORGANIZE AND PLAN We’ll use the center of mass formula X, =ﬁ2mix, for the two-
=1

body Sun-Jupiter system as we did in Problem 90. Then we’ll compare the location of ¥,
to the radius of Sun.
Known: mg,, =1.989x10% kg; Pl = 1.899T’ kg; Xpyiter = 7.7§§ x10* km =7.786 < 10" m; x, =0,

Foy = 0.96x10% m. /

SOLVE Calculating the center of mass,
.z 0+(1.899x10% kg)(7.786%10" m
L 0895007 )10 )
M4 1.989% 10% kg +1.899x 107 kg

=743x108 m
Ea W2

Comparing this to Sun’s radius of 696x10* m we find the center of mass to be just above
its surface, by about 7% the length of its radius. _
REFLECT Jupiter is about 300 times more massive than Earth and about 5 times more
distant from Sun. This has a significant effect on the location of the center of mass
compared to that in Problem 90. It is still very close to Sun.




ass and Collisions

Center of mass is closely related to momentum and its application to collisions. To see
why, imagine a one-dimensional collision between masses my and mry. At any moment, the
cenler of mass is given by the usual relationship

Center of |

P _
mx; = — (myXy + maxs)
: v 2X2,

VR

i il
..o o= —
REm & dimad

;&f jz=1

Tf the particles HOVE, undergoing displacements Axp and Axo, then the center-of-mass
£ & ] 2
E}OSREQH nav ¢ hﬂﬁg_{ﬁ‘ .

N

!
AX. = o (A xy + meAxsy)

Dividing by the tme interval Ar in which these changes oceur,

AX L i Ax P A X2 )
—— T =+
Ar M\ Ar © A

= ’L,K Rie T \>?A()
ot when Tpe 0 =3 Ruores COusk
e\ Cwny = QT
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