
Physics 110 Fall 2020

9/30 Tutorial–Potential Energy Review

These need to be done in order.
It makes sense to define a potential energy associated with any conservative force. Recall that

potential energy is energy because of position or location. Conservative forces are forces for which
the work done is path independent. Examples of conservative forces include: gravity, spring force
(Hooke’s Law), and the electrostatic force (Coulomb’s Law).

In Physics 1 we learned something like:

∆Uassoc w/ force ≡ −Wby the force

And we probably didn’t quite ever write that in 3D notation (with the ·d~̀). So it will now look
like:

∆U ≡ −Wby the force = −
∫
~F · d~̀

U(b)− U(a) = −
∫ b

a

~F · d~̀

where a and b represent the starting and final positions, respectively.

1. Find an expression for the change in potential energy (∆U = U(b) − U(a)) associated with

gravity near the surface of the earth, ~F = m~g.
Please follow these steps:

(a) First let a = (0, y0) and b = (0, y). What is ∆U = U(b)− U(a)?

(b) Next try a = (0, y0) and b = (x, y). Now what is ∆U = U(b)− U(a)?

(c) Often you will see something like Ug = mgh. How does that compare to your answer(s)?

2. Example: The instructor lifts a book of mass m up off the table to a distance d above the top
of the table. The table is a height s above the ground.

(a) What is the change in potential energy of the pen? Do this using the top of the table as
your reference point.

(b) Repeat using the ground as the reference point.

(c) How do your answers compare? Are they the same? Why or why not?

(d) Find the speed of the pen just before it hits the table. Is there an s in your answer?
Does that matter on reference point?

3. Find an expression for the change in potential energy associated with the spring force, Fx =
−kx where x is defined as the distance from the equilibrium position of the spring. We can
do this one in 1D.

(a) Let’s just put the equilibrium position at the origin. For a = x1 and b = x2, what is
∆U = U(b)− U(a)?



(b) Often you will see something like Us = 1
2
kx2. How does that compare to your answer?

4. Find an expression for the change in potential energy associated with the electrostatic force
between two point charges.

~F = k
qQ

r2
r̂

(a) Use as your starting position a = (rb, 0, 0) and your ending position b = (ra, 0, 0) where
rb > ra. What is your ∆U = U(b)− U(a)?

(b) Would your answer change if b = (rb,
π
2
, π)? Why or why not?

(c) Often you will see something like Ue = k qQ
r

. How does that compare to your answer?

Recall that the electric potential, V , is defined by:

∆V ≡ ∆U

Q

5. Show that this means that
V ≡ −

∫ r

ref

~E · d~̀

6. A particular electric field in some region is given by:

~E = c(2xx̂+ zŷ + yẑ)

(a) Find V (r) using the origin as the reference point. (Meaning, V (r) = 0 at the origin.)
Do this by two paths:

i. (0, 0, 0)→ (x, 0, 0)→ (x, y, 0)→ (x, y, z)

ii. (0, 0, 0)→ (0, 0, z)→ (0, y, z)→ (x, y, z)

(b) Were your answers to the last part the same? Would you expect them to be?

(c) Check your answer by explicitly computing the gradient of V .
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