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Introduction

1. E1: Head-on Collision
Goals

� Understand Newton’s third law.

� Test the conservation of the total linear mo-
mentum and kinetic energy.

Figure 1: Two carts make a head-on collision. 1 and 2
are the identifiers for the red and blue carts, respec-
tively. mi,

−→v 1i, and −→v 1f are the mass, the initial
velocity, and the final velocity of the cart i, respec-

tively.
−→
F i→j and

−→
J i→j are the force and the impulse

on the cart j due to i.

Figure 2: F1→2 (in blue) and F2→1 (in red) as func-
tions of time t during the collision. The two forces
are canceled: F1→2 + F2→1 = 0 which demonstrates
the Newton’s third of motion.

∫
Fi→jdt represents

the momentum change of the cart j.

Theoretical Backgrounds

(a) Action
−→
F 1→2 and its reaction

−→
F 2→1 cancels.

(b) Impulse
−→
J i→j to particle b exerted by par-

ticle a is defined by

−→
J a→b =

∫ tf

ti

−→
F a→b(t)dt.

(c) The impulse is identical to the change in the
linear momentum:

∆−→p a = −→p af −−→p ai =
−→
J b→a.

(d) The total linear momentum
−→
P of a two-

body system is

−→
P = −→p 1 +−→p 2 = M

−→
V CM,

where −→p a = ma
−→v a is the linear momentum

of particle a. M = ma + mb and
−→
V CM are

the total mass and the velocity of the center
of mass.

(e) If a collision happens without external forces
other than the interaction among the collid-
ing particles, then the total linear momen-

tum
−→
P is conserved.

(f) A collision without external forces keeps the
total kinetic energy the same if the internal
force is conservative. This is called an elas-
tic collision.

(g) If collision involves a non-conservative force
such as kinetic frictions, then the total ki-
netic energy is not conserved. This is called
an inelastic collision.
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2. E2: Many-Body Collision

Goal

� Verify that the conservation of total linear
momentum still holds in many-body multi-
ple collisions in two or three dimensions.

Figure 3: A metallic sphere (1) of mass m is inci-
dent on two identical target spheres (2 and 3) at rest.
This many-body collision involves multiple collisions.
The three scattered spheres are tracked on the two-
dimensional horizontal plane. The total linear mo-
mentum of this many-body system is conserved after
the multiple collisions.

Theoretical Backgrounds

(a) The initial linear momentum
−→
P = m−→v 1i of

the incident particle is the total linear mo-
mentum of the three-body system because
the targets 2 and 3 are at rest initially.

(b) The total linear momentum of the final state
is

−→p 1 +−→p 1 +−→p 3.

Here, −→p a = m−→v af and −→v af are the linear
momentum and velocity of sphere a in the
final state for a = 1, 2, 3.

(c) The vector equation
−→
P = −→p 1 + −→p 1 + −→p 3

states that the left side equals to the right
side for every component.

Experimental Procedure

1. E1 Setup

(a) Make a wireless connection of the two smart
carts to the Capstone software.

(b) Turn off both the gyro and acceleration sen-
sors of the smart carts 1 (red) and 2 (blue).

(c) Click the Zero Sensor Now in the ‘Smart
Cart Force Sensor’ pop-up panel to calibrate
the force sensors of both carts.

(d) Check Change Sign of position and force
sensor properties of the blue cart.

(e) Set the sampling rates of the position and
force sensors by 100 Hz .
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2. E1A

(a) Measure the masses of the carts.

(b) Keep the blue cart at rest after having
its magnet side facing the blue cart.

(c) After placing the magnet side of the red cart
towrad the blue cart, launch the red cart to
have it collide with the blue cart.

(d) Draw a graph of x(t) as a function of t.

(e) Compute the initial and final velocities of
the carts 1 and 2.

(f) Draw a graph of F (t) as a function of t.

(g) Compute the ∆(F · t) of two carts with the
area calculation tool.

(h) Repeat the steps (a)–(g) after replacing m1

or m2 with another value.

3. E1B

(a) Repeat E1A except that we set the initial
velocities of the two carts non-vanishing.

4. E1C

(a) Repeat E1A except that we have the velcro
sides of the two carts facing each other.

5. E2

(a) Prepare two identical metallic ball as a
stationary target. Have another identi-
cal metallic sphere incident on the target.
Record a video of the multiple collision from
the bottom of the horizontal collision plane.

(b) Track the positions of the three spheres dur-
ing the multiple collision.

(c) Draw graphs of vx,a(t) and vy,a(t) as func-
tions of t for the participants a = 1, 2, 3.

(d) Draw graphs of vsum,x(t) and vsum,y(t) as
functions of t.

(e) Read the initial and final velocities of the
the participants.
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