
In-class problems, Wed Mar 7, 2018

Revisiting problems

1. The torque resulting from a force on an extended
object is given by ~⌧ = ~r ⇥ ~

F .

A force ~

F

B

= x̂ + 3ŷ is applied at position ~r

B

. ~r

B

has a magnitude of 3m and points at 30o above the
+x axis.

(a) Write ~r in terms of the unit vectors x̂, ŷ, ẑ.
(b) Calculate the torque ~⌧ .

2. A steel ball bearing is dropped in glycerin. In addi-
tion to a linear drag force, there is a bouyant force
F

b

= ⇢

fluid

gV on the object.

(a) Draw a force diagram and write Newton’s sec-
ond law for this case.
(b) Determine the terminal velocity.
(c) Rewrite Newton’s second law using the terminal
velocity.
(d) How do your results for (b) and (c) compare
to the case without the bouyant force? That is,
compare with vertical motion with linear drag and
gravity.

(e) The ball bearing has a diameter of 2mm and
density of 7.8 g/m3. Glycerin has a density of 1.3
g/cm3 and a viscosity of 12 Ns/m2 at STP. Cal-
culate the terminal velocity and the characteristic
time in this case.
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3. A particle is launched straight up with initial speed
of v

0

. Assume quadratic drag and up be +x.

(a) Write Newton’s second law for this case.
(b) Determine v(x) for the upward motion. Use
the dv/dx method, and do the integral with the
substitution u = g+ c

m

v

2. Use the initial condition
v(x

0

) = v

0

(c) What’s the maximum height of this particle?
(d) Apply a Taylor series approximation to (c),
keeping the first 2 or 3 terms. Compare it to the
no-drag case.
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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.

5. 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)

6. 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)

7. 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)



Due next time, beginning of class

Read 4.2 4.3 4.4; your intro text is useful

too

1. A conservative force must satisfy two conditions.
What are they?

2. Suppose you have a conservative force, ~

F (~r).

(a) How do you calculate the potential energy asso-
ciated with it? Just one equation will answer this.
(b) How are the work done by a conservative force
related to the potential energy associated with the
conservative force? Just one equation will answer
this.

3. What is total mechanical energy? Write one equa-
tion and name each term.

4. (a) Provide an example situation (problem) where
total mechanical energy is conserved.
(b) an example where total mechanical energy isn’t
conserved?

5. (a) Suppose you have a potential energy, U(~r). How
do you calculate the force associated with this po-
tential energy? Just one equation will answer this.
(b) The potential energy of a spring is given by
U = 1/2kx2. Use your answer to (a) to find the
force of a spring.

6. Read 4.4. We’ll be calculating r⇥ ~

F . Why will we
find this useful?

7. Write the general equation (process?) for how to
calculate the curl of a vector. For example, for ~

A =
A

x

î+A

y

ĵ +A

z

k̂ what is r⇥ ~

A?


