
In-class problems, Fri Mar 2, 2018

Ch3 momentum and angular momentum

1. Show that the area of a triangle is 1

2

|~a ⇥~

b|. Here,

~a and ~

b represent any two legs of the triangle as
shown below

(a) There are two ways to calculate a cross product.
Write down the one that uses the angle between the
two vectors.
(b) Sketch this angle on the triangle.
(c) The area of a triangle is 1

2

base x height. From
(a) and (b) you should be able to identify two
terms: one that’s the “base” and another that’s
the “height”

(adapted from Taylor 3.24)

2. Calculate the moment of inertia of a straight rod
spinning around its center. The rod has a mass m,
length `, and uniform density ⇢.

answer: m`2/12

3. A shell, traveling at speed v

0

horizontally and due
north, explodes into two equal mass fragments.
Just after the explosion, one fragment travels ver-
tically up with speed v

0

.

(a) Sketch this situation.
(b) What’s the velocity of the other fragment?

Taylor 3.2

4. The first couple of minutes of the launch of a space
shuttle can be roughly described as follows: initial
mass 2 ⇥ 106kg, after 2 minutes the final mass is
1 ⇥ 106kg, average exhaust speed 3 km/s, initial
velocity 0.

(a) If the launch took place in outer space, with neg-
ligible gravity and no drag, what would the shuttle’s
speed be at the end of this stage.

(b) What is the thrust during the same period?
Compare this with the initial weight of the shut-
tle on earth.

answers: 2100 m/s, 2500 kN a little more than its weight of

2000 kN

Taylor 3.7

5. Prove that the CM of any two particles always lies
on the line joining them.

Prove that (distance from the CM to m

1

)/(distance
from the CM to m

2

) = m

2

/m

1

adapted from Taylor 3.16

6. A steel plate has the shape of an isosceles triangle
and has a uniform density. Calculate the x and y

coordinates of its CM.

answer: 20cm (adapted from Knight 4th ed 12.50)

7. The path of a projectile thrown from the ground
is a parabola (if we ignore air resistance). Suppose
the projectile exploded in midair.

(a) In light of F ext = M

tot

~̈

R, what is the path of
the CM of the pieces?
(b) A shell is fired from the ground to hit a target
100m away. The shell explodes prematurely and
breaks into two equal pieces. The two pieces land at
the same time. One lands 100m beyond the target.
Where does the other piece land?
(c) Is the same result true if they land at di↵erent
times, with one piece still landing 100m beyond the
target?

(Taylor 3.19)

8. A particle of mass m moves on a frictionless hor-
izontal table. It’s attached to a massless string,
whose other end passes through a hole where a per-
son is holding it. Initially, the particle moves in a
circle or radius r

0

with angular velocity !

0

. Now
the person pulls the string down so that the circle’s
radius is now r.

(a) Is there a net force on the particle? Is there a
net torque on the particle?
(b) What is the particle’s new angular velocity?

(adapted from Taylor 3.25)


