Lecture 14

Gravitational Potential Energy

h FUt — mg, work = mgh
Lift by h (force against gravity)

maq Potential Energy Gain: U = mgh

When the ball is released, there is a downward acceleration over h

K = Lma?
What is potential energy? = = 5mu
Amount of work done to build up PE
Amount of K released
A Uy —Up=Kp— Ky AU = —AK

—

PE released KE gained

B Kis+Uyg=Kpg+ U = const. (total energy is constant)



AK =-AU

Consider the setup shown in Q16.1a: a positively charged particle g is
accelerated by a constant electric force F = gE over a distance

Al = xg — xa. Here the change of the kinetic energy is due to the work
done by the electric force. The change of the potential energy is defined
by the work done against electric force AU = Ug — Uy = —qE o A\l

Q16.1a A proton enters a capacitor through a tiny hole. System: everything  E: downhill

) Which is true?

“ ™ | 1) AK=0and AU =0
2) AK <0 and AU > 0
3) AK>0and AU <0
4)
)

—
j[)

AK>0and AU>0
5 AK <0 and AU< 0
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work against E: (—qF) - Al

«— —

+ - Force due to E on g (down hill)
+ - = = .

> L FF — 5 ¢F to the right
L | |- T =0 q O the rig
I A IB - Al: pushing from B to A (up hill)
+

.. Climbing up potential hill, building up Potential Energy

A S o
Potential: AV = ab — _FE - Al

q



Q16.3a: In a region of space, the electric field is uniform and given by

E = (0,—300,0) N/C. If point B is at (2,2,0) m and C is at (2,0,0) m,
what is AV along a path from B to C? (Recall that electric potential
difference is defined by AV = AU/q = —E ¢ Al.)

y +150 V
—150V
+300V
—300V
+600 V
—600 V

S o=

X



Fig(clicker) 14.3

+ B

E B—>C : AV <0
Al

1 AV =—E-Al <0
C

Solution: (Downhill)

AV = —[{0,—300,0) - (0, —2,0)] = +300 x (—2) = —600



Potential Due to a Point Charge




From Potential to Electric Field

AV = —E-Al = —E, Az — E,Ay

AV oV
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Fig(clicker) 14.5

Consider AV due to the field of a charged disk and a charged shell.

“the set up shown in in Fig. 17.26 — a uniformly charged plastic
shell and a uniformly charged glass disk are separated by a distance d.

Determine the sign of Vb, — V4.
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Figure 17.26 A uniformly charged plastic
+ shell and a uniformly charged glass disk.
+
"\
Choice | Sign of V, — V4
1 > 0
2 =0
3 <0




Explanation:

Find the sign of V5 — V}

— SS Principle:
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