
Introduction to Mechanics for Engineers � Ruina & Pratap Ch 17 Section 17.5

17.5.3 A narrow pole is in the middle
of a pond with a 10m rope tied to it. A
frictionless ice skater of mass 50 kg and
speed 3m_s grabs the rope. The rope
slowly wraps around the pole. What is
the speed of the skater when the rope is
5m long? (A tricky question.)

pole m = 50 kg
v0 = 3m/s

rope

10 m
5 m

Problem 17.3

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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17.5.4 The massesm and 3m are joined
by a light-weight bar of length 4l. If
point A in the center of the bar strikes
�xed point B vertically with velocity V

0
,

and is not permitted to rebound, �nd �� of
the system immediately after impact.

m
V0

3m

A

B

Neglect gravity

2�

4�

Problem 17.4: Neglect gravity!

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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17.5.5 Two equal masses each of mass
m are joined by a massless rigid rod of
length l. The assembly strikes the edge
of a table as shown in the �gure, when
the center of mass is moving downward
with a linear velocity v and the system

is rotating with angular velocity �� in the
counter-clockwise sense. The impact is
'elastic'. Find the immediate subsequent
motion of the system, assuming that no
energy is lost during the impact and that

there is no gravity. Show that there is
an interchange of translational and rota-
tional kinetic energy.

�

φ̇

v

Problem 17.5

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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17.5.6 In the absence of gravity, a thin
rod of mass m and length l is initially
tumbling with constant angular speed
!o, in the counter-clockwise direction,
while its mass center has constant speed
vo, directed as shown below. The end A
then makes a perfectly plastic collision
with a rigid peg O (via a hook). The ve-
locity of the mass center happens to be
perpendicular to the rod just before im-
pact.

a) What is the angular speed !f im-

mediately after impact?

b) What is the angular speed 10 sec-
onds after impact? Why?

c) What is the loss in energy in the
plastic collision?

G

A

hookO

d

Before impact

O

G

Perfectly
plastic 

collision

vo

ωo

ωf

After impact

Problem 17.6

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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17.5.7 A gymnast of mass m and ex-
tended height L is performing on the un-
even parallel bars. About the x, y, z axes
which pass through her center of mass,
her radii of gyration are kx , ky , and kz,

respectively. Just before she grasps the
top bar, her fully extended body is hori-
zontal and rotating with angular rate !;
her center of mass is then stationary. Ne-
glect any friction between the bar andher
hands and assume that she remains rigid
throughout the entire stunt.

a) What is the gymnast's rotation
rate just after she grasps the
bar? State clearly any approxima-
tions/assumptions that you make.

b) Calculate the linear speed with
which her hips (CM) strike the
lower bar. State all assump-
tions/approximations.

c) Describe (in words, no equations
please) her motion immediately
after her hips strike the lower bar
if she releases her hands just prior
to this impact.

L/2

L/2

Just as top
bar is grasped

L 

cm

upper
bar lower

bar

ω

θ

y
z

Problem 17.7

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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17.5.8 An acrobat modeled as a
rigid body with uniform rigid mass m
of length l. She falls without rotation in
the position shown from height h where
she was stationary. She then grabs a bar
with a �rmbut slippery grip. What ish so
that after the subsequent motion the ac-
robat ends up in a stationary handstand?
[ Hint: What quantities are preserved in
what parts of the motion?]

h

bar

BEFORE

DURING

AFTER

�

Problem 17.8

Answer:

h = 2L_3

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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16.5.8

Saturday, April 20, 2019 11:34 PM

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 17.5. Collisions Introduction to Mechanics for Engineers � © 2026 Andy Ruina & Rudra Pratap Problem. . . 9

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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HW 11 P 61 17.5.8

Teaya Yang

Given : Person modeled as uniform rigid rod .

•M
<

e
>

Find : h to end in a handstand .

Snapshots in time :

① -1=0 ② t= ti

( right before collision )
→•→

o - i.¥3 '

yn
*

→•→

•
pv 0 - i.HR 8•p

Far

③ 1- = to ( at collision ) ④ t= ti ⑤ 1- = tf

( right after collision ) •

I
☒ ☒

•É.BR

soooo

I-aoo-i.HR•
p o - i. ¥H •

p
*
p

FBD at ③ :

I
I.
i

P From assumptions for 2D collision ( see 1>894 in Raina & Pratap ) :

•
^

I. Collision forces are big ( Fc > >mg )1mg
Fc I. Collisions are quick lot << 1)

Using AMB at ③ :

-2 Ñg, = HI,

EÑ
/p = -Fix -mgj = -2mg I = tip

But if we integrate from ② to ④ :

no from assumption I .

017
, =/

"
+

tip dt = tip (tct )
ti

⇒ oÑp = 0
, Flip is conserved during the collision

.

Separating motion into 3 parts :

① → ② :

Energy is conserved i bar in free fall

② → ④ : Angular momentum about point P is conserved ; tip
-

= ttpt

④ → ⑤ : Energy is conserved -

, pendulum swinging
about point P

.

① → ② :

① V1 __0 ②

=L
, = Ez

•

lmgh = tmv: fh •
*
pv Bp

V2 = Tzgh I
V2

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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② → ④ :

tip
-

= tip
+

II.
i

II.
i② a- ④ a-

• •
•

p f 0•pt
uz

w
-

= 0 ¥

witty
>

+
= Tap✗ ME, + IG wt IHTP = Tray

,>
✗ ME + I#%

= - egg ✗ m (wt I ✗ trap ) + IG ↳
+ I= - If ✗mtvzj)

= E-m v. I
= -

¥ I ✗ 1-mail5) + I
a-
wt I I

a-
= ¥ mez

tip
-

= ¥ mjzgh I tip
-1
= b- me

-

wt I

{ tip
-

= tip
-1

} . I : # rxjzgh = tame
"
at

3- jzgh
= eat

w
-1

= 2- J2geI

④ → ⑤ :

④ ⑤
E4 = Es :

f. IG (wt)
-

+ I m V42 =

mg -1 T¢ = - w-1£ 5
II.
i

a- •④→ ↳ ⇒
±#¥1k F) + I mltgh) = ring -1

=
-

¥ jzghj

↳ h + % h = I
G-

• ¥ h = £
I f0•p 0•p

V4 wt
h = 3- e

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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17.5.9 A crude see-saw is built with two
supports separated by distance d about
which a rigid plank (mass m, length L)
can pivot smoothly. The plank is placed
symmetrically, so that its center of mass
is midway between the supports when
the plank is at rest.

a) While the left end is resting on the
left support, the right end of the
plank is lifted to an angle � and re-
leased. At what angular velocity
!
1
will the plank strike the right

hand support?

b) Following the impact, the left end
of the plank can pivot purely
about the right end if d_L is prop-
erly chosen and the right end does
not bounce. Find !

2
under these

circumstances.

θ

d

Just Before Collision

Just After Collision

c.m.

L

ω1

ω2

Problem 17.9

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.


