
Introduction to Mechanics for Engineers � Ruina & Pratap Ch 10 Section 10.5

10.5.1 Before a collision two particles,
mA = 1kg and mB = 2kg, have veloci-
ties of v*

A
= 10m_s and v*

B
= 5m_s. Af-

ter the collision the velocity of A is v+
A
=

6m_s.

a) What is the momentum of A be-
fore the collision?

b) What is the momentum of B be-
fore the collision?

c) What is the system momentum
before the collision?

d) What is the momentum of A after
the collision?

e) What is the systemmomentum af-
ter the collision?

f) What is the momentum of B after
the collision?

g) What is the impulse that A applies
to B during the collision?

h) What is the impulse that B applies
to A during the collision?

i) What is the kinetic energy of the
system before the collision?

j) What is the kinetic energy of the
system after the collision?

k) What is the coe�cient of restitu-
tion?

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.5.2 A ball is dropped from a height of
h0 = 10m onto a hard stationary surface.
After the �rst bounce, it reaches a height
of h1 = 6:4m. What is the coe�cient of
restitution between the ball and ground?
What is the height of the second bounce,
h2?

h0h1
h2g

Problem 10.2

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.



Chapter 10.5. 1D Collisions Introduction to Mechanics for Engineers � © 2026 Andy Ruina & Rudra Pratap Problem 10.5.3 3

10.5.3 A 20 gram, 500 m_s bullet em-
beds in an initially-stationary 50 kg rigid
block. What is the coe�cient of restitu-
tion? What is the velocity of the block af-
ter this collision?

Answer:

Note: the mass ratio is so high that

there is no real loss of accuracy if you

take the post-collision massm1 +m2 as

50 kg (the 0.004% error is surely much

smaller than the inaccuracy in any of

the other numbers in the problem).

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.5.4 A ball of mass m is dropped ver-
tically from a height h. The only force
acting on the ball in its �ight is gravity.
The ball strikes the groundwith speed v*

and after collision it rebounds vertically
with reduced speed v+ directly propor-

tional to the incoming speed, v+ = ev*,
where 0 < e < 1. What is the maximum
height the ball reaches after one bounce,
in terms of h, e, and g.

Answer:

h
max

= e2h.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.5.5 Set up the following equations in
matrix form and solve for v

A
and v

B
, if

v0 = 2:6m_s; e = 0:8; m
A
= 2kg, and

m
B
= 500g:

m
A
v0 = m

A
v
A
+m

B
v
B

*ev0 = v
A
* v

B
:

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.5.6 Before a collision two particles,
m

A
= 7kg and m

B
= 9kg, have veloci-

ties of v*
A
= 6m_s and v*

B
= 2m_s. The

coe�cient of restitution is e = :5. Find
the impulse of mass A onmass B and the
velocities of the two masses after the col-
lision.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.5.9 A bullet of mass m with initial
speed v0 is �red in the horizontal direc-
tion through block A of massm

A
and be-

comes embedded in block B of massm
B
.

Each block is suspended by thin wires.
The bullet causes A and B to start mov-
ing with speed of v

A
and v

B
respectively.

Determine

a) the initial speed v0 of the bullet in
terms of v

A
and v

B
,

b) the velocity of the bullet as it trav-
els from block A to block B,and

c) the energy loss due to friction as
the bullet (1)moves through block
A and (2) penetrates block B.

mA mB

A B

v0

m

Problem 10.9

Answer:

(a) v0 =
1

m
.mv

B
+m

B
v
B
+m

A
v
A
/.

(b) v1 =
.m+m

B
/

m
v
B
.

(c) (1) E
loss

=
1

2
m 4v2

0
*

�
m+m

B

m

�2
v2
B
5 *

1

2
m

A
v2
A
. (2) E

loss
=

1

2
4 .m+m

B
/2

m
v2
B
* .m +m

B
/v2

B
5.

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.5.10 A basketball with mass m
b
is

dropped from height h onto the hard
solid ground on which it has coe�cient
of restitution e

b
. Just on top of the bas-

ketball, falling with it and then bounc-
ing against it after the basketball hits the
ground, is a small rubber ball with mass
m

r
that has a coe�cient of restitution e

r

with the basketball.

a) In terms of some or all of m
b
,

m
r
, h, g, e

b
and e

r
how high

does the rubber ball bounce (mea-
sure height relative to the collision
point)?

b) Assuming the coe�cients of resti-
tution are less than or equal to
one, for given h, what mass
and restitution parameters maxi-
mize the height of the bounce of
the rubber ball and what is that
height?

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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KatherineCeo

(al

Given : collision between basketball- ground ,
basketball- rubber ball

mass of basketball
Mb

mass of rubber ball Mr

drop from height
h

coefficient of restitution
eb
,
er

find
: the height rubber ball bounce , hmm

,

→

diversion of Vbs
rubberball rro=o not necessarily upwards .

→

basketball Bon Vbo=0

✓ ✓ dropped

fmnhq.tn
Fri

g.

Eri

t.vn)g positive Fbs,
I

→

Um
→

velocity
Vbs Vbs

/ Y 11/1 11 1991/11/11 1/1/11
basketball basketball

① ② ground ③ rubberball ④
collision collision

① rubber ball and basketball dropped from nest from height
h

② right before basketball collide with ground at Vb ,

③ right after basketball collide with ground . iunmedeately

collide with rubber ball at Vbs

④ right after basketball collide with rubberball

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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From ① to ②

First
,

calculate Vr, and Vbi

Velocity of rubber ball
and basketball right before )(

basketball hits the ground

No external force other than gravity doing
work

Conservation of Energy

( gravitational potential energy
→ kinetic

energy )

mbgh= -2mVbi

② ⇒ o.

fmrgk-im.vn. ⇒ I Ign
basketball collide with ground

with Vbi
,

results in velocity Vbs

ground remains static , Vground -_ o

coefficient of restitution

Using efn
Clo - 561 on 17542 between

✓
basketball andground

Vground
- Vbs = Cbc Vb l -Vground)

⇒ o
- Vbs = eb ( Vbi - O )

Vbs = - eb Vb ,
=
- ebfsegh

(
Intuition : if eb=l . no

energy
loss during collision ,

Vbfeffrsvebd 's
.

same velocity magnitude , direction
)

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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③ to ④

basketball has velocity Vbs ,

collides with rubberball with velocity
Vr

, ,

resulting
in basketball velocity Vbs

rubherbal 't

velocity Vriz

also
using eqn

Clo -56 ) coefficient of restitution eqn

Vr
.
-Vbs= er(Vbz

-Vr
, ) x )

= er C- ebftgn - Tsgh)
Conservation of momentum :

Mrvratmbvbz = Mbvbzt MrVr ,

= Mbl- ebfzgh It mrtzgh
pig

=f2gh ( Mr- ebmb )

eqncii
) t mbx equal

⇒ Mrvrztmbvb 3-1 (mbvrz - mbVb3 )

=J2gh Cmr- ebmb) t mberl - ebtgi -Fgb )

⇒ @rtmb) Vrs = fzgh (Mr- ebmb
- erebmb -ermb )

fr, =
Mr- ebmb- erebmb - ermbfzgh

Mrt Mb

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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after ④

rubber ball gets
launched up

in the air

teaching
maximum height

no external faces doingwork

kinetic energy
converted to gravitational potential energy

Mr
g hmm,

= EmrVre

Vre
h
max

=

2g

= (
Mr- ebmb-

erebmyb
-

ermbfzgh 12/2 of
Mrt M

⇒ hmm, = ( Mr- ebmb- erebmb - ermb Y h
Mri Mb

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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(b)

Having solved

fr
,

=
Mr- ebmb- erebmb - ermbfzgh

Mrt Mb

h
Max=

WE
= hmm, = ( Mr- ebmb- erebmb- ermb Y h

2g mrxmb

Finding
the er

.
eb that

give largest hmax
is

equivalent of finding largest ( Mr- ebmb- erebmb- ermb 5
Mrt Mb

Within the context of this problem,
Vra

,

the velocity of rubber ball after collision
with basketball ,

goes upwards
.

Since positive velocity
direction is defined downwards

,

Vrs is negative .

meaning
Mr- ebmb- erebmb - ermb

=

Mr- leibtlrebt er) mb

Mrt Mb mrtmb

is negative

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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thus
,
the larger ebterebtlr becomes

.

The more
negative Mr

- leisterenter) mb becomes
,

Mrtmb

The larger hmm, -_ (
Mr- ebmb- erebmb- ermb5h becomes

.

Mrt Mb

h
Max increases monotonically

as ebtlrebter Fracases

since eb El , erEl

eb -era gives hmax = (
Mt - 3mb

5h
Mrthhb

and if mbH Mr

hmax→ 9h

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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10.5.12 According to the problem above,
unless energy is created in the collision
(as in an explosion), *1 f e f 1. Show
that, for given masses and given initial
velocities, that the loss of system kinetic
energy is maximized by e = 0.

MAE 2030 HW 5 Problem 20 Solution

10.5.12 Depei Yu

Consider two masses, m, and me
,
that undergo a collision :

• → ← ⑧BB• I, cq Foto visM, Ii Tsi Mz

Before collision After collision

Given : Mi
, Ma ,

VT i i Thi
find : value of e that maximizes loss of kinetic energy of system

Method : Use Koenig 's Theorem and conservation of linear momentum

Define system as both rn, and Ms .

Conservation of linear Momentum : Mt.+To -

- Miu , tmis
G is the COM of the entire system (both masses)

Since no external forces act on the system of both masses, linear momentum is
- j t

conserved for the system : Vj = Vat = Va = constant
↳ after collision↳ before collision

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.
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Use Koenig's Theorem to decompose kinetic energy of system (Er) after collision
into two terms : kinetic energy of the system's COM and kinetic energy of particles
relative to system COM .

Ew Im..To
'
t {milk. - E)

'

t { info. - E)
'

-me in

kinetic energy kinetic energy of m, kinetic energy of me
of system COM relative to system COM relative to system COM

let Eri = total kinetic energy of system before collision and Erf be total kinetic

energy after collision .

Regardless of what Eri is, Ek, is minimized if both the kinetic energy of m,

relative to the system COM and the kinetic energy of ma relative to the system
COM are O . This occurs when T, = 'Ve and Tat =To .

looking at the restitution equation , plug in J, = Ja and Ja '
-VT :

e -
-TH-V =

To - To
Tri - Tsi

= JETT
;

e
- O when the kinetic energy of the system after the collision is minimized
( and thus the loss of kinetic energy is maximized) .

Disclaimer:We have lost track of the many people who wrote these solutions.

They are not o�cial and have not been reviewed by the authors for correctness.


