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Your questions via emall

* | was wondering if I need to answer the questions correctly in order to
*obtain extra credit points. Thank you.

| was wondering if you were going to post the lecture slides for
Monday'slecture? Physics helproom isn't open until next week and there is a
slide from Monday's lecture that would help me with my pre-lab that's due
tomorrow for the 1BL class..

el am currently enrolled in your 1B physics class that meets on Mon, Wed and Friday at
1pm. | am concerned about the way that the example problems are presented. |
noticed that all the equations and work are presented in power point format which is
very difficult to follow. | know that | would better understand the examples if they
were worked out on the board and explained rather than quickly flashed on the screen
while | scratch my head trying to figure out how we went from point A to point B. |
don’t think that | am alone in feeling this as a number of people around me today in
class also expressed frustration. consider this request, to work out problems on the
board rather than present them on the power point slides.
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* | was reading over the syllabus and it states that homework will be not
be collected. However, | feel like you stated in class last week that
HW will be collected. Can you please clarify this for me?

Dear Prof. Keating,

I'm studying for your physics 1B class and noticed there are example
problems within the reading chapters. | was wondering if you would recommend
also doing these problems in addition to your assigned homework. The reason
why I'm asking was my 1A physics prof said that those problems were not
helpful and made the material more confusing. | just wanted to see your opinion.
Thanks!
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Similarity with the gravitational
force (1/r¢ dependence)

o~ MM, B 1 Nm®

FG = (5 > G =7x10 =

4,9 2

F; = ke 122 k, =9x10’ Nn;z
7 C

(O
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Similarity with the gravitational
force (1/r¢ dependence)

o~ MM, B 1 Nm®
FG = (5 > G =7x10 =
r=1m Fo =7x10-"" N
4,9 2
}76 =ke 122 ke=9X109 Nn;z
7 C

F.= 9x109 N

r=1m 1020 times more than F
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Force between several point charges

F23

F

o uur Ui
Force acting on g3 F = /Z13 ¥ /:23

Net force = vector sum of forces
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Suppose you had a charge q at the center of a square having
Charges of g at each corner. What is the force on the charge
In the center?

op o

O O
O
O O

ds d4
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Suppose you had a charge q at the center of a square having
Charges of g at each corner. What is the force on the charge
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Suppose you had a charge q at the center of a square having
Charges of g at each corner. What is the force on the charge
In the center?

op o

O C FeF, =0
|:4

. N YF=0
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Two charges are in a line. q,= -1uC, q, =2uC Is there a

position along the line through the centers where
the force on a + charge,q; is zero?

Is it in the A, B or C region?

() o (2

\_/ _

A B C
op +Q,
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Two charges are in a line. q,= -1uC, q, =2uC Is there a

position along the line through the centers where
the force on a + charge,q; is zero?

Is it in the A, B or C region?

+(E Lo @
= N N
op +Q,

It must be in the A region. The force from the smaller
—charge can be increased by a smaller distance

|F13| =|F23| | | \[
g, 1
Ke |0l|d] ke |aa]as) X = r, = r =241
LS ; fx)g Jao| - o © V2=
(ro+x)2\q1\=x2\q2\ r+x=3.41,

(ro t X)\/m =X ‘qZ‘
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Three charges are placed a the corners of a square
with the length of each side =2.0 cm. Find the force

on q3. q3=-2x10°%C q1=92=1x10°C
r'13 q3
ql O 0 Forces acting on g3
pmy o
. 13
2 F o=
2 C ¥
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Three charges are placed a the corners of a square
with the length of each side =2.0 cm. Find the force

on q3. q3=-2x10°%C q1=92=1x10°C
" F,, 63 .
ql O—— ) Forces acting on g3
23 Fi3 =
Y. E =
23
2 C ¥
2 _ 2 2 k.q.g, 9x10°(107°)(2x107°
lps =lsz+hy, F,-= Ziq?’ - = ((2X10)_(2)2 ) _ 45N
ry =2r. F_ ke, _9x10°(10°)(2x10°) o, o
2o 2(2x1072)? '
lys = \/51’13
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F.,=45 N Solve

Find x and y components.

y@ Consider only the relative magnitudes
Ignore the minus sign

F,, =22.5 N
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F.,=45 N Solve
Find x and y components.
450 Consider only the relative magnitudes
Ignore the minus sign
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F.,=45 N Solve
Find x and y components.

450 Consider only the relative magnitudes
Ignore the minus sign
F,=\FZ+F2

F,, =45+ 22.5(cos45) = 61N

F,, =22.5(sin45) = 16N

F, = V61 +16% = 63N
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Example 15.3 Where is the resultant force zero?

Two charges are in a line
q,=15uC , q,=6.0pC a negative charge q; must be

placed in between them at a position where the net
force is zero. Where should it be placed?

y 2.0m g
© ©
S, d4

closertoq,orq,?

@%
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Example 15.3 Where is the resultant force zero?

Two charges are in a line
q,=15uC , q,=6.0pC a negative charge q; must be

placed in between them at a position where the net
force is zero. Where should it be placed?

2. O m g
>
d4
closer to g, or q2 X 20X o
Magnitudes of forces are equal 9
F13 = F23
KaQ; _ kQ,as

2

@-xf  x
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Example 15.3 Where is the resultant force zero?

Two charges are in a line
q,=15uC , q,=6.0pC a negative charge q; must be

placed in between them at a position where the net
force is zero. Where should it be placed?

y = 2.I(:) m .
@ fa0fs, @
<4 > < >
I 20x O
closertoq,orq,? ' @
Magnitudes of forces are equal 9
Fia = Fy LS 20 _2(063)
ka9, _ ka4, (2-x) o “1+a 14063
(2—X 2 X2
% _% X _ % _ |5 _063=0| o.ymn.077=
2} % 2-x \aq V15 2-x=2-0.77=1.23m

Wednesday, October 7, 2009



Chapter 15.4 & 15.5
Electric Fields / Electric Field
Lines




Chapter 15.4 & 15.5
Electric Fields / Electric Field
Lines

Definition of electric field

Interaction of electric fields with charges
Electric field lines

Electric field from a point charge
Electric field from several point charges.
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The Electric Field exists in space
surrounding a charge

E is a vector quantity

|
X
The magnitude and direction
of E varies with position in
space around a charge.
e

Gravitational field analogy

Lines are a way of'visualizing how strong, and in what
direction, an Electric Force will act on a test charge.
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Electric field due to a point charge
g at distance r, Coulomb’s Law

F kg
- T T
4 7
3
O O
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Electric field due to a point charge
g at distance r, Coulomb’s Law

F kg
- T
q, r
E|
O O
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Electric field due to a point charge
g at distance r, Coulomb’s Law

F kg
- T2
q, r
|
E
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15.5 Electric field lines

field lines

1/ The electric field vector E is
&/}1 along the electric field line.
- +‘/:-

% The number of electric field
lines per unit area through a

Y surface perpendicular to the

The electric field from an lines is proportional to the
solatedpositive charge strength of the electric field in

a given region.
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Electric field due to 2 + charges

+q @
/ B C
d r=a r>>d
+q ©)

This charge distribution is
not neutral.

Total charge=+2q
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Electric field due to 2 + charges

o

r=d

This charge distribution is
not neutral.

Total charge=+2q

r>>d

M
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Electric field due to 2 + charges

+q
EO
R C
E, d r=c r>>d
+q

This charge distribution is
not neutral.

Total charge=+2q
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Electric field due to 2 + charges

M

This charge distribution is
not neutral.

Total charge=+2q

r>>d
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Electric field due to 2 + charges

+q
EO EO e
)
r=d B< i ©
E, d E, r>>d
+q

This charge distribution is
not neutral.

Total charge=+2q

Wednesday, October 7, 2009




Electric field due to 2 + charges

+q
EO EO e
)
r=d B< i ©
E, d E, r>>d
+q

This charge distribution is
not neutral.

Total charge=+2q
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Electric field due to 2 + charges

+Q
EO EO e
h I
E r=d B§
o d O
+Q

This charge distribution is
not neutral.

Total charge=+2q

r>>d
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Electric field due to 2 + charges

+q
E, BF<°:\ 5
>
E r=d E
o d 0 r>>d
+q
E, Eg
Ex=0 E. -2E
s = 2E,C0Os6

This charge distribution is
not neutral.

Total charge=+2q

E. =2E_cos0 = 2E,
as 6->0

Wednesday, October 7, 2009




Electric field due to 2 + charges

+q
E, EE<°:\ 5
>
E r=d E
o d 0 r>>d
+q
E, Eg
Ex=0 E. -2E
s = 2E,C0Os6

This charge distribution is
not neutral.

Total charge=+2q

E. =2E_cos0 = 2E,
as 6->0

looks like a point
charge of 2q
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Electric field due to a dipole dipole moment qd=p

+q @
B G
d r=d r>>d
_q ®

What is the total charge of this
dipole distribution?

A.+2q
B.0
D C.-29
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Electric field due to a dipole

dipole moment qd=p

e
B c
d r=a r>>d
q o
Far field
E, Eg as 6 goes to 0

This charge distribution is

neutral, but field is not
equal to zero!
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Electric field due to a dipole

dipole moment qd=p

+Q
\ B c
d | E, r=a >>d
-G
Far field
E, Eg as 6 goes to 0

This charge distribution is

neutral, but field is not
equal to zero!
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+Q
\ B c
d Il Eg r=a >>d
-G
Far field
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Electric field due to a dipole

dipole moment qd=p

+q
[
E r=d B\‘
d 0 r>>d
-g
Far field
E, Eg as 6 goes to 0

This charge distribution is

neutral, but field is not
equal to zero!
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Electric field due to a dipole

dipole moment qd=p

+q
[
RS
d 0 r>>d
-g
Far field
E, Eg as 6 goes to 0

This charge distribution is

neutral, but field is not
equal to zero!

Wednesday, October 7, 2009




Electric field due to a dipole

dipole moment qd=p

+Q
v %;Vf\z 0 G
d Il Eg r=a >>d
-G
Far field
E, Eg as 6 goes to 0
E,=2E, E; =2E_sin®

This charge distribution is

neutral, but field is not
equal to zero!
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Electric field due to a dipole

dipole moment qd=p

+Q
E
‘ r=d ‘VF\Z 6 =P
d |l Eo r>>d
-G
Far field
E, Eg as 6 goes to 0
E,=2E, E; =2E_sin®

This charge distribution is

neutral, but field is not
equal to zero!
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Electric field due to a dipole

dipole moment qd=p

+Q
E
‘ r=d Ayf\) 0 =~
d|f Eo r>>d
-q
Far field
En = as B goesto0
: d/?2
E =2E, E; = 2E, sin6 E. =2E_sin0 = 2E_ —

This charge distribution is

neutral, but field is not
equal to zero!
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Electric field due to a dipole

dipole moment qd=p

+Q
E
‘ r=d Ayf\) 0 =~
d|f Eo r>>d
-q
Far field
En = as B goesto0
: d/?2
E =2E, E; = 2E, sin® E. = 2Eko sinG = 2E_ —
E —_¢©

This charge distribution is

neutral, but field is not
equal to zero!

o r2
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Electric field due to a dipole dipole moment qd=p

+Q
E
‘ r=d Ayf\) 0 =~
d EO r>>d
-q
Far field
En = as B goesto0
: d/2
E =2E, E; = 2E, sin6 E. =2E_sin0 = 2E_ —
ke
This charge distribution is E, = "
neutral, but field is not
equal to zero! E falls off as 1/r3 E, = kegd _ ke3“

r r
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Electric field lines from a dipole
+qv -G
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Electric field lines from 2 + q charges
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The Electric Field exerts a Force on a Charge

E field in space- due to an array of + and - charge

E S

+ + + + + + + + + + + + +
1
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The Electric Field exerts a Force on a Charge

E field in space- due to an array of + and - charge

+ + + + + 4+ + + + + + + 4+
1
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The Electric Field exerts a Force on a Charge

E field in space- due to an array of + and - charge

+ + + + ++ + + + + + + +
1
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The Electric Field exerts a Force on a Charge

E field in space- due to an array of + and - charge

+ + + + ++ + + + + + + +
1
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Cathode ray tube

Electric field Accelerates e-

electrons

cathode anode
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Os_gill_osc;o&e (ok, or a non Flat Panel TV)

3

' %é
((“ “rrea.
, ¢

B
’

- L

LA

4

A\

/ SR 1. Shoot in an electron
J.J.Thomson with battery, E field off

N.P. physics 1906
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Os_gill_osc;o&e (ok, or a non Flat Panel TV)

LS
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—

1. Shoot in an electron
with battery, E field off
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J.J.Thoms.on )
N.P. physics 1906
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Osgill_osco&e (ok, or a non Flat Panel TV)
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"
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AN

/ S~ 1. Shoot in an electron
J.J.Thomson with battery, E field off

N.P. physics 1906

-
S— &:

| off

4

2. Then turn on field and
shoot another electron

Wednesday, October 7, 2009



’

Osgill_osco&e (ok, or a non Flat Panel TV)

LS

Y

"

-
S— &:

-

14

AN

/ S~ 1. Shoot in an electron
J.J.Thomson with battery, E field off

N.P. physics 1906

4

2. Then turn on field and
shoot another electron

Wednesday, October 7, 2009



’

Osgill_osco&e (ok, or a non Flat Panel TV)

LS

Y

"

-
S— &:

-

14

AN

/ S~ 1. Shoot in an electron
J.J.Thomson with battery, E field off

N.P. physics 1906

4

2. Then turn on field and
shoot another electron

Wednesday, October 7, 2009



i

An electron moving horizontally at constant
velocity flies into a constant vertical electric
field of 1000 N/C for a distance of 3 cm. What
happens to the electron in the field region?

 A. It continues to move with constant
velocity

* B. It moves in quantum steps
 C. it moves with constant acceleration

e D. It stops movin
o | D ving
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An electron is accelerated from rest in a constant
electric field of 1000 N/C through a distance of 3 cm.

Find the force on the electron. Find the velocity of the
electron. m_ = 9x10-31 kg.
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An electron is accelerated from rest in a constant
electric field of 1000 N/C through a distance of 3 cm.

Find the force on the electron. Find the velocity of the
electron. m_ = 9x10-31 kg.
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An electron is accelerated from rest in a constant
electric field of 1000 N/C through a distance of 3 cm.

Find the force on the electron. Find the velocity of the
electron. m_ = 9x10-31 kg.
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An electron is accelerated from rest in a constant
electric field of 1000 N/C through a distance of 3 cm.

Find the force on the electron. Find the velocity of the
electron. m_ = 9x10-31 kg.

- + F =qgE =1.6x10"°(1000)=1.6x10""°N
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An electron is accelerated from rest in a constant
electric field of 1000 N/C through a distance of 3 cm.

Find the force on the electron. Find the velocity of the
electron. m_ = 9x10-31 kg.

E
- + F =qgE =1.6x10"°(1000)=1.6x10""°N
®
F
F=ma a=—
m

v? =v? +2ax
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An electron is accelerated from rest in a constant
electric field of 1000 N/C through a distance of 3 cm.

Find the force on the electron. Find the velocity of the
electron. m_ = 9x10-31 kg.

E
- + F =qgE =1.6x10"°(1000)=1.6x10""°N
®
F
F=ma a=—
m

v? =v? +2ax

-19
V =+2ax = Ex = \/2 1 .6x;010g1000)(0_03)
X

v =3.3x10°m/s
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Electrophoresis- Separation of DNA (Negatively charged
~-1000 e) In an Electric field ~1000 N/C,

. \\

movement
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Cathode | —
N

—

Plastic
frame

—

Wednesday, October 7, 2009




15.6 Conductors in electrostatic
equilibrium

Like Charges Repel

Charges can move freely in a
Conductor

At Equilibrium — the charges

initial state are not moving

non-equilibrium
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15.6 Conductors in electrostatic
equilibrium

Charge is on surface (no
charge inside the conductor)

Electric field is zero inside
the conductor

Electric field is perpendicular
to surface

Charge accumulates at

sharp points (small radius of
At EqU|I|br|um Curvature)
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Excess charge is on the surface

Excess charge moves to
the surface due to
repulsion. They move as
far apart as is possible.
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E field is zero in the conductor

If E#0, then mobile
charges would move

E=0 .
and not be Iin
equilibrium. When
motion stops E=0.

Eexienal N o :
- + This is true in an
- E=0 * external E field or a
" p net charge
G + +)
_+ E=0 +
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HW Solutions for CH 15 on Web after class on Wednesday

Info
1 page, front and back Notes Allowed.

| will give you constants (e.g., Coulomb’s constant), ©
...but not formulae...®
Format: Multiple Choice, Bring your own Scantron Forms:

They are available at the Bookstore (no. X-101864-PAR) and the
general store co-op.

Bring your own No. 2 pencils to fill in the Scantron.
Quizzes will be half conceptual and half quantitative.

Scientific calculators will be allowed, but no
laptops, cellphones. Graphing calculators
are allowed, but formulae cannot be
programmed IN nor can any notes be
programmed into the calculator. Students
violating this requirement will be In violation
of the UCSD academic hones’gl policy, and
will receive an 'F' in Physics 1
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Example — spherical metal shell
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Example — spherical metal shell

+q placed at center

- charges accumulate inside

+ charges accumulate outside
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Example — spherical metal shell

E=0
+q placed at center

- charges accumulate inside

+ charges accumulate outside

E =0 in the metal
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Electric field outside is
perpendicular to the surface

+ + + —

If not, charges

Component of E 1 to
would move

the surface =0
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Charge accumulates at smaller
radius of curvature

F, to surface is less.

Therefore the charges can
be closer together

Wednesday, October 7, 2009



Charge moves to the outer surface of the conductor

TR S E

(b) -

(a)
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Charge moves to the outer surface of the conductor

el e L

— — ————— e et

(b) ——

(a)
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Charge moves to the outer surface of the conductor

i e T

(b) -

.- _——---v‘-"-v-_l‘

(a)
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Charge moves to the outer surface of the conductor

i e T

— - v e —

(b) -

(a)
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Charging —
Van de Graaf

Spark- charge
conduction due to
lonization of atoms.
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Milliken Oil drop experiment

Oil sprayed in fine droplets
P v

Robert Milliken
(1868-1953)

- Pinhole

X rays to produce
charge on oil droplet

A
N

Electrically charged
brass plates

Telescopic
eyepiece

Charged oil droplet

\Lunder observation J
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Milliken Oil drop experiment
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charge on oil droplet

A
N
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Results of Oil Drop Measurements

charge Q/107°C

32-----gr------ s S TR TR R Wi .

i O Tt R e el SN ol e Rt R e A PG IO BIUI WU o AREe S R ST SO

0.0 . ,

num ber of oil droplet
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Chapter 15.9
Electric Flux Gauss’ Law

* Gauss’s Law gives relation between
electric fields and charges.

* Equivalent to Coulomb’s Law

» Useful for determining E for simple
distributions of charge.
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Basic Idea of Gauss’ Law

Total number of E field
lines is proportional to
charge

Density of E field lines

\ is proportional to the
% magnitude of E
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surround the charge by
a closed surface

The density of E-field

lines (i.e. the E field) at
the surface can be related
to the charge g
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Gauss’s Law

The total of the electric flux out of a closed surface
IS equal to the charge enclosed divided by the permittivity.

E E
_ sum of
AP =EAA I _ Q & urn
electric = proportional
AA 80 to total charge
perpendicular enclosed.
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http://hyperphysics.phy-astr.gsu.edu/hbase/electric/elecur.html
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/elecur.html
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Electric Flux, @, through an area A

area A (perpendicular to electric
field lines)

®, =EAxN

N = no. of electric field lines

E at angle of O to surface
normal (red).

d_ = EAcos0
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Finding E from the flux

\ \
\\,\’ -
E flux = @ = EACOSO A .-y,
— -
| \ : vees area

field

@ "E-]"“{“' """ X N TTTTTTTETEETET
ectric 3 o
E .
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Flux through an enclosed area is proportional to
amount of charge enclosed

Enclosed
area

E field lines
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Flux through an enclosed area is proportional to
amount of charge enclosed

O, = Y EAcosd xNoxg
Enclosed

area Sum over enclosed

darea

E field lines
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Flux through an enclosed area is proportional to
amount of charge enclosed

O, = Y EAcosd xNoxg

Enclosed
area Sum over enclosed
area ,
Gauss’s Law
o, =1
€

Proportionality Constant
1

£, =
E field lines 4n K,
- 8.85x107"“C? /| Nm?
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