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PHYSICS 1130 SOLUTIONS: ProB\nlem #31 Due Monday, October 21, 2013

In class, we showed that in a one-dimensional elastic collision between two masses 1My and
mg, momentum and kinetic energy conservation can be used to demonstrate that vy — V2iz =
Vofs — Vifer Use this equation together with momentum conservation to solve for each of the
unknowns vif, and Ugfg. Your results should have form Avii, + BU2izs where A and B are
functions of the two masses. :

Momentum conservation gives
M1V + MeV2iz = MIV1fe + M2V25e (1)
and this together with kinetic energy conservation can be used to derive
Viig — V2iz = Vafz — Ulfe (2)

Equation (2) can be rewritten
Vofs = Vliz — V2iz T Vifa (3)

Substituting eq. (3) into eq. (1), we obtain

MV -+ MaVaie = M1z + M2(Vliz — V2iz + Vife) (4)
or
(m1 +ma)vifs = (11 — M2)Vliz + 2M2V2iz (5)
or finally
mi— me 2mo
1fz my + ma lzm‘|‘m1+m2 2ix ( )

Substituting eq. (6) into eq. (3) and simplifying, we obtain

2my mg — M
Uppg = ——Vlig + V2 7
fo mi+ma 0 my+me “ Q

Thus both v1 7, and vaf, can be expressed in the form Aviiz + Bugig, where A and B are ratios of masses.
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CI2T.1 A trained bicyclist in excellent shape might be able

C12T.2

C12T.3

C12T.4

to convert food energy to mechanical energy at a -
rate of 0.25 hp for a reasonable length of time. Imag-
ine such a person pedaling a stationary bike connec-
ted to a perfectly efficient electrical generator. Could
such a person generate enough electrical power to
run a toaster (T = yes, F = no)? How about a single
ordinary lightbulb (T = yes, F = no)?

An object moving with a speed of 5 m/s in the —x
direction is acted on by a force with a magnitude of
5 N acting in the +x direction. At what rate does the
interaction exerting this force transform this object’s
kinetic energy to some other form of energy (or vice
versa)?

A +25W

B. —25 W

C.5W

D.-1W

E. 0

E. Other (specify)

An object moving with a velocity whose compo-
nents are [4 m/s, —1 m/s, 3 m/s] is acted on by a
force whose components are [-5 N, 0, +5 N ]. What
is the power of the energy transfer involved in this
interaction?

A.-35W

B. -5W

C.0

D.+5W

E. +35 W

E. Other (specify)

Momentum is not conserved in an inelastic colli-
sion, true (T) or false (F)? Energy is not conserved in
such a collision, T or F?



C12T.5

C12T.6

C12T.7

C12T.8

An object with mass m moving in the +x direction

collides head-on with an object of mass 3m at rest.

After this elastic collision, the first object

A. Moves in the +x direction.

B. Is at rest. | e

C. Moves in the —x direction. -

D. The answer depends on moving object’s initial
speed.

An object moving with speed v collides head-on
with an object at rest that is very much more mas-
sive. If the collision is elastic, how does the lighter
object’s speed v after the collision compare with its
original speed v;?

A. v is about equal to vj.

B. vis noticeably less than vj.

C. v is one-half of vy.

D. vis very small.

E. v is exactly zero.
F v~ —v,.

If two moving objects collide, we can always orient
our reference frame so that the collision takes place
entirely in the xy plane, T or F?

A object of mass m (object A) moving in the —}—\cdl
rection collides with another object at rest (object B)
whose mass is unknown. After the collision, objeét
B is observed moving in the +y direction. This col-
lision cannot be elastic, T or F? ‘




