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How do you like the lectures

A. They were clear and at the right pace, | understood them
completely.

B. | understood the most parts.
C. They were too fast, | have trouble getting the details
D. There were incompressible.
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How do you like the workshops

A. | like the way we work in workshops, attending
workshops helped me solving homework problems.

B. The workshops were quite good, but could be improved
further (in this case, please let me know your opinion!)

C. The workshops are not very useful, | like the usual

format of workshops better (where | do not have to
present)

D. 1don’t go to workshops.
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How do you like the homeworks

A. | can work out homework problems without any trouble.

B. Homeworks are a bit difficult, but I managed to work out
most of them.

The homeworks are too difficult.
| don’t do homeworks.

O O
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Review of Last Lecture

1. How to calculate the electric field by a continuous
distribution of charges

Charged line

Charged ring

Charged disk

Infinitely large charged plate

Parallel plate capacitor

A A
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What we will learn in this lecture

1.  More on calculation of electric field:
1. Parallel plate capacitor
2.  Charged sphere

2. How charges move in an electric field

Point charge in uniform field
Point charge and circular motion
Electric dipole in a uniform field
Electric dipole in nonuniform field

I
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Rank in order, from
largest to smallest, the
forces F, to F, a proton
would experience if
placed at pointsa—-e In
this parallel-plate
capacitor.
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Rank in order, from
largest to smallest, the
forces F, to F, a proton
would experience if
placed at pointsa—-e In
this parallel-plate

capacitor.
A F,= F,= Fy= F,>
B.F,= F,>F.,> F,=
v'C.F,=F,=F.=
D.F,= F;> F.> F, =
E.F.>F,> F. > F, >

+++++++++
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A Sphere of Charge

A sphere of charge Q and radius R, be it a uniformly
charged sphere or just a spherical shell, has an electric field
outside the sphere that Is exactly the same as that of a point
charge Q located at the center of the sphere:

© —F forr = R

Aireyr” —

sphel e
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Motion of a Charged Particle in an Electric Field
The electric field exerts a force

— S

Fong = qE

on a charged particle. If this is the only force acting on q, it
causes the charged particle to accelerate with

>

5 /4 on ¢ q -
(= — —
m m

In a uniform field, the acceleration Is constant:

qk
ad = — — constant
m
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Charge and Circular Motion

The central +Q charge is fixed. The -q charge
(with mass m) perform a circular motion around
+Q with radius r.

"\ What are the velocity and angular velocity of the
charge -q?

E = Mo — KQgq
Y ~
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Dipoles in an uniform Electric Field

\ (b) .

(a) The electric field exerts
a torque on this dipole.

F, \ ~ This dipole is in equilibrium.
E i . Dipole moment align with the field
—_— e —> [
The torque on a dipole in an electric field is

— —7

T = Y’XF? z‘;S.F-g,;&.

where 6 is the angte the dipole makes with the.electric field.
D/GVDOIU» &L@A‘gl/\ (/\// e/,bg(ﬁ&‘g :ﬁ%dl ’ <@ = o)
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Dipoles in non-uniform field

(a)

» The dipole will first align with the b
local field / e

 The force acting on + and - g are not @/’F
exactly equal, if the field is not Y‘ —
uniform

e There is a net force acting on the \E
dipole

« The net foce is always toward the i 3
direction of stronger field 4

« Dipole is attracted by charged ~ 4/
objects b e

e Question: What is the force? \\

E
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Force on a water molecule

7 7 p=62x10-30Cm

ion on dipole

dipole on ion

7

~ -

Water molecule

Na™ ion

r =10 nm
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* Question: what is the force on the water molecule due to Na+?
* Newton’s third law: F;,= - F,,

* Calculate the force acting on Na+: F =e E

* What is E? The field at Na+ created by the water molecule!

* What is the field of a dipole on its axis?...

Eo‘(ﬁ: v ( = = 2F (X/o

Pl M5 axs - e Oﬁ
[ — ( . — ¢
\'W ”&—" - ?fE d;FaL( - 4(;"-60 22‘}/\3/’ = 1‘8)( [0 A)
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