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Two carts collide on a frictionless track aligned with the x-axis. The force of cart 1 on cart 2
versus time graph is shown in the top figure.

(a) Graph the force of cart 2 on cart 1 versus time on the bottom figure. Label the lower
graph F, ,,, 1 and put numbers on the vertical axis. /4

(b) Find the impulse that cart 1 puts on cart 2. /3




(c) If cart 2 has a mass of 500 g and an initial velocity vi = - 1 m/s, find cart 2’s velocity
following the collision. /4

(d) Assuming that cart 1 starts to the left of cart 2 (and the positive x-axis is to the right),
label the regions of the force vs. time graph as having a repulsive or an attractive force.

/2

(e) What could cause an attractive force between the carts? (We have four end types on
our carts: magnets, springs, clay or Velcro. /2

(f) If the collision was perfectly inelastic, at what final speed would cart 1 end up? /3

(g) If cart 1 had a mass of 1.5 kg and underwent a perfectly inelastic collision what was its
initial speed? /3
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1. Framing

Visual representation: Consider how the carts will be moving before and after collision.

Assumptions and simplifications: Only consider this motion in 1D. Friction is negligible.

Relevant concept: Collisions, linear momentum, and impulse.

Information needed: Mass of carts, initial velocities of carts, area under force vs time graph.

Similar problems: Problems involving collisions between two bodies.




e Rough estimate: Estimate the area under the force versus time graph. Estimate
the velocity of the carts after collision.

e Solution plan: Use the 1nitial velocity of the carts and impulse to solve for the
final velocity of the carts.



3. Execution

See Slides 10-13
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Two carts collide on a frictionless track aligned with the x-axis. The force of cart 1 on cart 2
versus time graph is shown in the top figure.

(a) Graph the force of cart 2 on cart 1 versus time on the bottom figure. /Y
(b) Find the impulse that cart 1 puts on cart 2. / 3
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(c) If cart 2 has a mass of 500 g and an initial velocity vik = - 1 m/s, find cart 2’s velocity

following the collision. Uf') N l 12 ) /Y
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(d) Assuming that cart 1 st lh frgs to the left of cart 2 (and the positive x-axis is to the right),
label the regions of t rce vs. time graph as having a repulsive or an attractive force. /2

‘ c (Li“\&" )
(e) What could cause an attractive force between the carts? (We have four end types on
our carts: magnets syrihgs, clay or Velcro. )
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(f) If the collision was);;erfectly inelastic, ?t ,\A;hat final speed would cart 1 end up? /2
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(g) If cart 1 had a mass of 1.5 kg and underwent a perfectly inelastic collision what was its
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4. Answer Checking

Compare to estimates: Check to see if the magnitude and sign of the impulse
and final velocities of the carts match your estimates.

Units: Think about what units we use for impulse and velocity. Make sure they
match your result.

Limits: Think about what would be some realistic values for the velocities of
the carts you calculated. Do your answers make sense? Do they seem WAY far

off?

Getting (UnStuck)? If you get stuck, go to the next question and come back to
this one later.




— —
- Vii V2i
Before — -«
X
ol D N\
F(N)
60+
30+
——n a_ga_a 0 o .3 .2
o 5 t (ms)

1. Cart 1 of mass 1.500 kg collides with cart 2 of mass 0.500 kg. A pictorial
representation of the two carts just before the collision is shown above a graph of
the xz-component of the force exerted by cart 1 on cart 2 during the collision as a
funciton of time.

(a) On Fig. 1 draw the z-component of the force exerted by cart 2 on cart 1 as a
function of time. /6

(b) Calculate the z-component of the impulse of cart 1 on cart 2 during this
collision. /4



(c) What is the z-component of the impulse of cart 2 on cart 1 during this collision?
Explain your result. /2

(d) By how much does the xz-component of the momentum of cart 2 change during
this collision? 42

(e) By how much does the z-component of the momentum of cart 1 change during
this collision? /2

(f) What is the change in the z-component of the velocity of cart 2 during this
collision? /3

(g) What is the change in the z-component of the velocity of cart 1 during this
collision? /3
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1. Framing

»)  Visual representation: Consider how the carts will be moving before and after collision.

A Assumptions and simplifications: Only consider this motion in 1D. Friction is negligible.

( Relevant concept: Collisions, linear momentum, and impulse.

Information needed: Mass of carts, area under force vs time graph.

' Similar problems: Problems involving collisions between two bodies.



e Rough estimate: Estimate the area under the force versus time graph. Estimate
the velocity of the carts after collision.

e Solution plan: Use the area under the force vs time graph and the mass of the
carts to solve for the impulse and the change in velocities of the carts.



3. Execution

® Sce slides 21-23.
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1. Cart 1 of mass 1.500 kg collides with cart 2 of mass 0.500 kg. A pictorial
representation of the two carts just before the collision is shown above a graph of
the z-component of the force exerted by cart 1 on cart 2 during the collision as a
funciton of time.

(a) On Fig. 1 draw the z-component of the force exerted by cart 2 on cart 1 as a
function of time. /



(b) Calculate the impulse of cart 1 on cart 2 during this collision. / 4
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(c) What is the impulse of cart 2 on cart 1 during this collision? Explain your
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(d) By how much does the momentum of cart 2 change during this collision? /2_
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(e) By how much does the moment5¥ cart 1 change during this collision? / 2
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(f) What is the change in velocity of cart 2 during this collision? 9 >/3
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(g) What is the change in velocity of cart 1 during this collision? /5
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4. Answer Checking

Compare to estimates: Check to see if the magnitude and sign of the impulse
and change in velocities of the carts match your estimates.

Units: Think about what units we use for impulse and velocity. Make sure they
match your result.

Limits: Think about what would be some realistic values for the change in the
velocities of the carts you calculated. Do your answers make sense? Do they
seem WAY far off?

Getting (UnStuck)? If you get stuck, go to the next question and come back to
this one later.




