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1. For each vector:
a. Draw a vector component diagram.
b. Analyze the vector component diagram to get the
components of the vector.
2. Add the x components to get the x component of the
resultant.
3. Add the y components to get the y component of the
resultant.
4. For the resultant:
a. Draw a vector component diagram.
b. Analyze the vector component diagram to get the
magnitude and direction of the resultant.
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Coulomb’s Law for the Electric Field in Vector Equation Form
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The Electric Potential Energy per Charge
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Superposition in the Case of the Electric Potential

&
) 5
) 5
)
( )
) 5
Example
5 ( E;) ¢ ;7( )
s o ()
Solution & P ( E;) F 37(
p 8 )8
( r. P 5 ¢ )
P 5

v

<
| <

$%



Chapter 6 The Electric Potential Due to One or More Point Charges

$*

A
Y P'Ex,yF
< (
5 r,
) /o
ro=lx——| +y
4, o =
ﬂ_/ d
x—_
d
X
A
p
Yy
< ( 'Ex,yF
5 r_
r
Yy
[+)
ro=lx+—| +y
_ =
g ‘ .
H_J\ 4
T
i X
d
xX+—



Chapter 6 The Electric Potential Due to One or More Point Charges

_q R
N
X

PEx)yF= 0. + ¢

kg  kE—qF
(DE)C)yF— E+T

_ kg kq
@Ex) yF = P

+

kq kq

R




Chapter 7 Equipotential Surfaces, Conductors, and Voltage

7 Equipotential Surfaces, Conductors, and Voltage

5 A E< ) (
5 ( ( F#
8 ( 5
N
5 5 A C E
F) 5 " Y] 79
F < ) 5 5 A
5 " @ ) 3
) )
5 5 (
E F
) ) ( ) 9
( ( )
5 ( § 5
E AF E BF )
(F - 5 A9 2
( i 2 97 2 92 92
@ ( 5
B 9

$1



Chapter 7 Equipotential Surfaces, Conductors, and Voltage

5 ( T
& " "WI2
<
W=-AU
W=-tU,-U_F
8 ¢, Ulqp ) ;
W=—-Eqpe—qp.F
W=—qtp,—o_F
5 W2
2=—qtpo—o_F
Po— P =2
¢@:¢<
( @ A ? *C
5 A 7?7
equipotential surface 8 ) E . F
< . C (
Ep_ F 8 ) 5
5

$!



Chapter 7 Equipotential Surfaces, Conductors, and Voltage

/ 9
. < . ( 5 (
5
o < 5 (
9
° " ( 5
(9
Perfect Conductors and the Electric Potential
# ¢ - field = ()
5 ( ) 9
) ( (
- ( 5
E ; F)
) 9 potential (
9 5 (
5 5 = 5 not)
)9
Some Electric Potential Jargon
& ' ; E D
; F) 5 (
5 ) ( ( 5 of the conductor &
; ) A %5 )C 5
5 ( %5 (
E 9 FoH
A CE 9 F
Electric Potential Difference, a.k.a. Voltage
8 ) r 5
) )
A < @c 5 @

%2



Chapter 7 Equipotential Surfaces, Conductors, and Voltage

< $- 5
< 8 .
& ' ( ' N E<
(
F
@ +3 < 3
°g=2) vI2
.{-
[ I(p# [ I(o#
Yv
Ez5 ¢, Po,1 Ap 1 $- 5 F
Energy Before = Energy After

+U=K"+U'

q9s=K'+q0,

K'=qps-qp,

K'=qtp; —,F

K'=qgAp

K'= et$- 5 F

K'=1$$ O
= ; ) 5 " 5
) (
5}
5 5 <( 5 :
; +
) ; ) 5

%



8
+
) 5}
@ /8
(
)
&
9
D
9
< ( 5
E
E F

+
5
A2 C
+ )
(
)
5
(
5 9

Chapter 7 Equipotential Surfaces, Conductors, and Voltage

)
&
( (
)
) () voltage O
? ? ¢ ? ? 9
? ? ¢ ? ? ?
voltage ( )
) )
8
C 9
25 E
F) (
D "25
( ( D
( C ) ( (
5 ) )
F ) 5
( 5 E F
5 E ) )
9
5
+ ) A.?
) 9
C )
@ )
3 ) 5
) D
5 5
5
5 ) ) 5 1

%

electric potential difference

775



Chapter 8 Capacitors, Dielectrics, and Energy in Capacitors

8 Capacitors, Dielectrics, and Energy in Capacitors

D

7 D)
< D = 5 D
D 9 # D D
5 5 & 1 ) )
( D) q D
® D S)
4 5 (5 ¢
®
@) ) ) @)
) )
5} C ) A C
A CF
c =1 F17 F
®
C ) E F )
q ) )
@ 5 (E
9 5 F
) ( ) 5
8 9 D
5 ( ) ) 5 )
b8 ¢ q (
) ) (
5 ) D _1
5)
The Capacitance of a Spherical Conductor
E ( F R
@ / 5 q
& 5 ( 5

%Il



Chapter 8 Capacitors, Dielectrics, and Energy in Capacitors

q
4 45 ( ) 9 )
) potential
E F& " ( ( ¢ 5)

( ) & 5 5

) 5 5 (

( E (  F R
E R F
P 5
O 5
R > ( R
q
@q
_kq
) o= R q
/5 : 1 (
@
9_R
go_k
-4
/) ( ) C—(p) 5
c =R E17 F
k
(
) ( 5 5
) F )

%$



Chapter 8 Capacitors, Dielectrics, and Energy in Capacitors

Units

The Capacitance of a Pair of Conducting Objects

/ ) 715 . )
O b)) )
5 7 9
0 @ ) (
5 E
F
5 ( 5
8 ) ( )
5 ( )
) ) 5 7 5
) q) /
) )
7 5 (
8 « - q (
( 5
9 q ) ( 5 g
( ( 0
@( ) D 7%
E ( F & )
E F 8

%%

25



Chapter 8 Capacitors, Dielectrics, and Energy in Capacitors

%*

@) ( 5 5
5 .
( 5
5
) ( ) 9
) Fe 8 ( (
(
( ( (
(
(
?7 7%
q ( ) ) the second sphere is neutral
F
) >
)
)
F ) 5 5 9)
5
5 )
5 F= 5
F 5 /
(5
)
5 )
< ) 5
< )
« ) )
) )
??
5 C )
) (5
&
5 9 F<



Chapter 8 Capacitors, Dielectrics, and Energy in Capacitors

To 5 )
& ( 0 5 8
JOUTe 5 ) )
) E
(5 F
c=41 F12"F
V
C ) (5
)
q A )C 5
( + (
( P
14 Te g S)
8 ' 5
? (
' ? 8
E F)
5 ? ) (5
One of two wires used for moving charge onto
; and off of the plates of the capacitor.
d A: M
Area A J
5 (
C=c¢ é
d
C ? (5 )
d )
A )
€ 5 5 ( € (
k8 ) k= e =11%x 20 —— +
$re =.
; k C= _ 4
$7k d
€



Chapter 8 Capacitors, Dielectrics, and Energy in Capacitors

; 8 good ;

(iv VYVVVVVVVVVVYVYYVYYVYYVY

The Effect of Insulating Material Between the Plates of a Capacitor

) 5 ) )8
5 C=c¢ A 6
d
7?7 / 5 q
@ &
9
q |
E V (the potential difference
LYY YVYVVVVVVVVVVVVY) between the plates, a.k.a.
the voltage across the
‘ capacitor)
a( ( : 5
ES 5 ( F 5 (
E=-1_ E17%F
Ae€
< ) L] L] q (
5 ? ?
? ) ) 5

%1



Chapter 8 Capacitors, Dielectrics, and Energy in Capacitors

(
W (% (
FAx =-AU
q Ed=-q Ap
Ed =-E-VF
V =Ed
K 1$eE=—1F E Vv=Ed -L 5
Ae Ae
y=—"_L4
Ae
/ 5 gtV (
q9_.4
14 d
7 75 / 7 75 )
C=¢ é
d
5
+" ( ) 7 5
D )
) 5
q 5 ? ?7? The presence of the
insulator between the plates results in a weaker electric field between the plates.
5 5 ' (
) ; 0
/) )
) ? 75 E )

bigger

%!



Chapter 8 Capacitors, Dielectrics, and Energy in Capacitors

-q VVYVVVVVVVVVVVVYVYVYVYY

=
I
n
n
n
n
n
n
n
n
I

-q +V V+V V+V V+V V+V ViV ViV V+V V+V V+

y \

— |

+—
+— 1]
+— ]
+— 1]
+— 1]
+— 1]
+— 1]
+—» |

1
l
l
<
>
l
>
>
>
>
>
l
l
>
l
>
+

*2



aQ

NN _UA

Chapter 8 Capacitors, Dielectrics, and Energy in Capacitors

) ) 5 )
) 1 ]
q
E
_q A\ 4 A\ 4 A\ 4 \ 4 \ 4 A\ 4 A\ 4 A\ 4 A\ 4
E F )
7 95 ) >
9 .
< )
dielectric 5
( ( )
9 (
? )
5 ) D K
C=xe é E12%F
d
? (
)
9 )
)
)
5 5 (
5 E: (B (
? /
5
< 22
< +: E _
( ( F
. "1
; $
0] E; (F
& # %?"" %




Chapter 8 Capacitors, Dielectrics, and Energy in Capacitors

Energy Stored in a Capacitor

s D Q@ charging
& ( ) ( ( # 5
8 ( ) ( ¢ 5
) /) (
N 8 o) 5 5
< ) 7 -
@ ( 5 ( ) 5
' 8 ( 5 5 ) ( 5
5 ( 5 (
( 5 (( 7
8 5 ) 8 q 5
E F) 0
/ (8 v 5
5 E F)
14 5 U (
dU =vdg
5 (C 1 ghv )
5 v v IgiQ)
-9
dU—C@

Ko Cl1oW) ; ( U=-0V)

U=-CV E17*F



Chapter 9 Electric Current, EMF, Ohm's Law

9 Electric Current, EMF, Ohm's Law

& ( <
8 )
< (
( ( &
8 € )
( < <
(
5 "
< ? 5
/ ) )
+
< ? - 0]
( ( &
E 5 F +
E F 14
5 € ) - )
; ) 5 E 5
positive F A C
A C 5 -
) I 5 =
4 D 8 (
5 )
5 5
5 5 ?
+ (
< ( ,
25

0~
—
~




Chapter 9 Electric Current, EMF, Ohm's Law

9
(
) -
( ( (
5
@ ) )
) -
( 1
- E°
- )
5) ? ) 4
5) ?
8 resistor <
5 ) (
3 (
E F >
( E "
5 5
—AAA—
( R ( (

wire (conductor)

Seat of EMF 7’ S_ Resistor

wire (conductor)

*$



Chapter 9 Electric Current, EMF, Ohm's Law

(
I — R
E F 5 E
E QL F
2
£ % R 0uim
?,.
€
5
2
&E—— > R

o

T Y

*U

¢>BF
¢>B_

¢+&I5

¢+&



E&

Chapter 9 Electric Current, EMF, Ohm's Law

**



Q
5
(
)
<
E
¢)

Chapter 9 Electric Current, EMF, Ohm's Law

) (
®
i
& —f.i— R
} E
s= -
?,.
F )
electric current
)
( A C (
1
5 (
I 1
1,

v
~

.
A~
_

©



0
)

Chapter 9 Electric Current, EMF, Ohm's Law

( 5
? 7 ? ?7 9% )
@ ) )
current) 8 )
5 (
5 ( ) )
+ 5 (
5 ) T ;
5 (8 . 5 0
0 N ) 5
5 ( 5
(+ 7
5
E—— ;R
E ( .
» F (
( ( )
) 5 (
equal F 8
) 5 ( 8
) ) ) /)
8 ) (
( 5
( 5 )
r=r
1
( 8) 5 5
( E 5 ( H 5
5 ) 5 (C 8)

*1



Chapter 9 Electric Current, EMF, Ohm's Law

) 5 ) ( E
2 5 r=L
1
8 (+ 7 ) R
) 5 5 R:K
1
C V=1IR
+ 7 R) : V =1IR)
+ 7 E
F 5 5
Units of Resistance
5 5
)
r=V
1
5 5 )M
<
& ) 5 Q - - ?
Q= >

*1




Chapter 10 Resistors in Series and Parallel; Measuring | & V

10 Resistors in Series and Parallel; Measuring | & V

( 55 5 )
< § A 5
( ( ( 5
55 )
5 ) )
©) )
( @ (?)
5 ) ) ¢) -5

Resistors in Series

+ 5
?
)R R
— A A
R R
V
l
5 ) R R
(
R R
R R
MWWV AAAY
R
A%A'AY
|
|I
,
> 5 D = 720 ?
? 8
¢ : )



b

Chapter 10 Resistors in Series and Parallel; Measuring | & V

not

R
R.
|V
|I
R R)
C8 ) R.
R R
5 )
) ? equivalent
N ( 5¢(

R,=R +R +R.+



Chapter 10 Resistors in Series and Parallel; Measuring | & V

Resistors in Parallel

( E (
A C F /) )R R
R
R
R.
|V
|I
+ )R R
R R
AN AN
R-
AA'AA%
|
||
Vv
not
3 R R
|
Vv
gR
R
—




Chapter 10 Resistors in Series and Parallel; Measuring | & V

AN

— +—+—+
R R R.



Chapter 10

Example
5 )
Solution
B P
F)
5 v
@ ) 5 (
R
ABC APC
E APC
O’I’le one
(
( F<(

Resistors in Series and Parallel; Measuring | & V

5 8 (
B%25 )
%25
%25 )

5)
R
5)
lower

%
%25

) ABC



Chapter 10 Resistors in Series and Parallel; Measuring | & V

A
— A
Q I" B V‘ l

-%



VIIR O

Chapter 10 Resistors in Series and Parallel; Measuring | & V

(9
5 5
5
75
5 ) 7

[ ]
[ ]
~
©

[=2"1*<

5
¢ - <

4

5

/1

2"1

55 1



Chapter 10 Resistors in Series and Parallel; Measuring | & V

| ] 5 )
8 AC 5
I R 1*-Q
—_
B V -
Q R.1%1Q
s BV\{/W—
| |
4+— |I
"X
I12"1*< 71 5
E F 8

. 5 5 R
, ) )
-y s
- > ) 5)
Vo
V1 5
vy



Chapter 10 Resistors in Series and Parallel; Measuring | & V

R) V LR L.

I R 1*Q
—» B

V1 5

R.1%1Q
— B'\/\/\/\z_

L V.1 5

—)
S
I12"1*< 715

V.1 5
1.12




Chapter 10 Resistors in Series and Parallel; Measuring | & V

R 815 1

I R 1*Q
—> B A=

V1 5

Q BR.,I%lQ
ANNN—
7 V.1 5

I12"1*<




Chapter 10 Resistors in Series and Parallel; Measuring | & V

J12 -1< R1 %) R1$ Q
=2 AAMA—AAMN,
BV_ BV -
BR..I%lQ
— A=
L12 2-< V.

e |
VI 5

I12"1*<

V=IR
V=2 -1<E %QF

V=%$%5

V=%%5
1121

V=2 -1<t$ OF

V =-%5

12

R F



Chapter 10 Resistors in Series and Parallel; Measuring | & V

V =-%5
112 1

How to Connect a Voltmeter in a Circuit

< ") 5 5
8 )
EF & (
? 5
< )
& 7 5 5
(
<5 ; ( 0
? E F - ;
(
E
? F 5 (
5 F
< ( 5
yV
5 5 R
AVAVAY
R.




Chapter 10 Resistors in Series and Parallel; Measuring | & V

AVAVAY,
R.
§R
§R
E——
< E F) )
)
How to Connect an Ammeter in a Circuit
) 5 ) (
| ] (?
( 5 E 7 I
E F
< (
y A
R
AN
R.
§R
§R
—




Chapter 10 Resistors in Series and Parallel; Measuring | & V

) some disassembly is requiredl



Chapter 11 Resistivity, Power

11 Resistivity, Power

8

5
L
R=r=
A
R
r 5 (
A ? )
L
5 5 ( 5 5
+H $ % r
Silver *x 2O
Copper “x 2 O
Gold $x 2 Q.
Aluminum " 20
Tungsten h*x 27 O
Nichrome 2x 2 Q-
Seawater 2 %Q"-
Rubber x 2 Q.
Glass x 2° x 2 $Q-
Quartz hx 2 -Ux 2 Q.
(

1%

?F



Chapter 11 Resistivity, Power

R=r—) 5 (r

1%

5 (



Chapter 11 Resistivity, Power

qrEAx = g Ap
Y
Ax
Ap
Ax
AV
Ax &
5 14 )
E-L
L
5 ( ?
)
5 )
y
EE=—F
7 ) ) ( )
( R) ?
&
. e
L
5 5
5 ( )
) 4 4
279 4 )
? R:r£ 8
A
( N 8
? ? ) smaller
? F 5 5
E:K < )
L
A
L=vAt
ar=t

1*

»5 x
7 5
?
? )
)
" E
)
A & (
& (
E
( 5
5 (v



Chapter 11 Resistivity, Power

7 7 5
E F At
5 )
5 v
5 / 5 5 (5 I LA)
? A /
) 5 ( At )
) ) 5
) 5 ( <
A
2
A
0] 8 8 8
( <) (
( ( ) &
&~ °
( )
( 0 t
) ( 5
(1 Pt
) ¢ 5 2
(=jPEt'th’



The Power of a Resistor

( ( <
(qV
) ;
) 5
? 5 5 8
E (
F
5 5
E( F
) (
-
( 5
(
5 14
5 (
> 14
( 7
P
(
I
14 5

Chapter 11 Resistivity, Power

5 V) (
q)
(" ( <
qV
_(
(
/
( )
(
( 5
" -
( 5
(+ (
87 ( ( 5
) ( -
I
Ji D )
8 )
PLIV
8
(
8
<1 —
8 (
F
5 5 5 1

11



The Power of a Seat of EMF

8 ( ) -

Chapter 11 Resistivity, Power

5
)
( 5
&
(
0 0
)
5
¢) » 5
€
(
. 5
- 5 (
P=1I¢
( VE &F
P=1IV
- 5 (

11



Chapter 12 Kirchhoff's Rules, Terminal Voltage

12 Kirchhoff’s Rules, Terminal Voltage

7 ( ( (
5 C ( (
6 7 )" A6
A 3 C ) ) (
( )
(( 9 B 5 )
F
Kirchhoff’s Voltage Law (a.k.a. the Loop Rule)
5 ( 6 70 )8 5 &
; 77 ( 2 / (
< ( ) (
( ) ( 5 ( 5
) ( 5 ( 5 =
( ¢ (
) ( ( 5
( ) 5
( E ( (5
) ED
5} ) F O (
)
O « 7 5}
( 5} 5}
1 = ) ( ( )
) ( ( @ )
) )
( ( 5
E F
; )
8 ( ( )
< )
(( 5 9
( ) )
)8 A ,
( ) (
5 F

12



Example

Vi

%5

%5

Chapter 12 Kirchhoff's Rules, Terminal Voltage

) (
B (
F 5
5 8
) 5 (
Q %*2 Q)
— VW AN
—— _— -5
II
15
) T 5
R 1 Q R 1%*2Q
—\ VW AN
—_— _— Vi -5
II
V.1 15
A_C & ?



Chapter 12 Kirchhoff's Rules, Terminal Voltage

RI O R 1%*2Q
—\VVV NNV\NN———
V1 %5 —B__— _— V1 -5
- B
|
_|B
V.1 15
= - 5 A C <A C ;
) E ) F :
D < ( ) )
( 5
I RI O R 1%*2Q
— AN NNNN———
ll..
V1 %5 —B__— _— V1 -5 TI
- B
|
_|B
V.1 15

Note: In defining your current variables, the direction in which you draw the arrow in a
particular leg of the circuit, is just a guess. Don’t spend a lot of time on your guess. It doesn’t
matter. If the current is actually in the direction opposite that in which your arrow points, you
will simply get a negative value for the current variable. The reader of your solution is
responsible for looking at your diagram to see how you have defined the current direction and
for interpreting the algebraic sign of the current value accordingly.

= ) ( ) 5
lose ( ( ) ) (

EBF) ) : ?
E-F



Chapter 12 Kirchhoff's Rules, Terminal Voltage

I RI O R 1%*2Q
— S AVAVAY. NNNN——
B — l[_ - B
V1 %5 —B__— _— V1 -5 Tl
- B
|
- |B
V.1 15
= 7 5 5
I RI O R 1%*2Q
E—\V\VAVAV NNN\———
B Ty, - ll-- y, B
Bl -
V1 %5 — _— V1 -5 Tl
- B
|
_ |B
V.1 15

= B P Vs Vs
8) ) v, 5 55 ) ) E
5 F v, E F 8§V
5) R (
& 5 ( "y 5 8
5 Vs
& ? ABC A C APC A
)C ( ( 3 g
5
() A/ -
) ) C< )
8 ) ( =5
F g )



Chapter 12 Kirchhoff's Rules, Terminal Voltage

I R 1%*2Q
AA SAVAVAVAVE——
i v, B
V1 %5 —B__ V1 -5 Tl
g
V.1 15
= 60 ( 3 6
0 F ®)
60
BV PV,BV 12
( ( ;
5 ; ) )
Al2C / )
)V 8 5 v
E-F EBF :
) )V 5 =
5 R E-F 7
> )V, 5 <
, E-F
EBF 5 )V 5
. Al 2C
&
60 O
~VBV,PV.12
& ) . v, LIR V, LI R)
; F& : F8
5 6 7

I$



Kirchhoff’s Current Law (a.k.a. the Junction Rule)

6 70
) E3 )
F 87 ( " ( (
+ ( ( 9
I RI O A R 1%*2Q
L YAVAYAY » NNNN =
By Y- Jl," - B
V1 %5 —B__— _— V1 -5
- B
B
5
8 ( )8
6 7 ) )8 D AA C
— ) A 8
D 8 ) I )
I ( D < )
5 ) D /) ( 7
A (0 9 )C D
6 A
IBIPLI 2
= 5 [ < P, A
1. D ) i (
( 6 7 ) A )
D C 8 ) ( 7
5)
6 A
IBII L
+5

Chapter 12 Kirchhoff's Rules, Terminal Voltage

1%



Chapter 12 Kirchhoff's Rules, Terminal Voltage

Terminal Voltage — A More Realistic Model for a Battery or DC Electrical Power
Source

+ ( . 8 -
( ( ( (
/ N > N
& ) 5 (
( > N
( ( 5 ( (
( 8 (5 ( 5
5 ( ) C ( %M
< ( - < ( 5
5 ( . ) )( 5
- ) ( (( 5
( -
(

EBF

1*



Chapter 12 Kirchhoff's Rules, Terminal Voltage

not
ABC

F

B
E
not
A B not9

A BEVF 8 (

EBF

E-F

E-F

EBF



Chapter 12 Kirchhoff's Rules, Terminal Voltage

<@
ABC

< —
S
~ |r H*
NN o o
™
o) L (7
m
¥
N
S
Ny N Ly N
= S o
5 _—
Lo " < 0 v
Me ©
[ — ~ ~ .
| I NI
1 Lo o’
~ o % —~
m ' — —

o _lm ~ 2.9 - NS
IR T s Y
“ |
||||||||||| 1

<o TR —
(90] N\
o’ L
— Err > o ©
- . o0 <
Ll
) ¥
< o =~
~ .
To) m ME
m
[ee] —
< TN —
Lo A LN
To)

11



Chapter 13 RC Circuits

13 RC Circuits

/ ( ¢)
- 5 i
( 5 ( O
|4 q,) 7, 1CV,
B|B
C=—=4q,)V,
= (
=—TATAEY
9 )(
cZ=a) SR
2 )




Chapter 13 RC Circuits

# 5 )
<
4 g1 Cy VIght) 5
@ ) ) 5
5 & ( 5
< V I IR) 11 VHR)
/) 5 7
5 0 5 ) (9
5 ) (9 + 5
) 5 ) )
t 7 (

60 ()
BVPV, 12

K glcv ; V:% v, L IR)
4 _r=2
C
) 5

:
F I 5
-_%
dt

22



Chapter 13 RC Circuits

/ er=_99¢ ) 94 _R=2F(
dt C
q+ﬁR:2
C dt
dq
a rc?
EfF 5 5 S
q ) RC
( 5 5 : e
F-—F . 5 5 EfF
( RC q
t : (gitF=ge ®¢ = ) ( (
dq !t dq
_— = _— —— D
( 4 rc?l€ 4 rc!
7 R v 5
)i
< C 4 5 /
v
RC
(rc]=2 _ _ _
< < H
/ : e € " & 7 e
=) q g=qe X ; 5 (/7
q 8 ( 5 2
g=qe * ( glq ) q 5
+ RC A3 C ( T
8 )
1 RC E'™F
T also 3 8 7) ; q
ot
q=qe °*



v

e

& ’
E
v/

gl Ccv 5

(

@ g,

/

Chapter 13 RC Circuits

"7 F



/ 9 )
Charging Circuit
9 )
?
?

V,1 I,R

5

Chapter 13 RC Circuits

@

|||w

1 oo

—q,=0

"E



Chapter 13 RC Circuits

2%

5 » € -
U R
SO
v, -
B
& — C——
N < < )
/ N 8
U R
SO
v, -
é’%__ C%Z?q,V
< ) 5
E S
- F
) ( -
( ) 4 V, 1 IR) Il VHR)
(
v,12 112
2)
. 2
» O
. 5 2
. [2=é 2
R

ql C¢é

V18

&



+* () 5 .
BOV) g

&

60 (O
BEPV,PV 12

Chapter 13 RC Circuits

[ |U:l

[ |U:l

2%

> 7
1 R
B’\/\/\/
MAS
B
— C—_—gqV
1 R
AVAYAY,
O
BB
— Cl==¢V
:CVC
nz%
e-IR-L =2
C
R+L-¢

Eg 1 2F



&3

) 87

Chapter 13 RC Circuits

[@_{_L:éj 5 (
dt RC R

t
g=CeE —e xck

B 1 2F)

t
gitF=CeE —excF 5

2
gtk =Cce b —e ek

=Cé’E —eZF
=cek - F
qE2F =2

giF=CéE —ethF (
(N

2*



Chapter 13 RC Circuits

L
gitF=  CeE —excF

11—

=Cé E —e "
-c¢ E-—F
X—>0 e
—c¢e E-_F
oo y
—ceE - _F
yoo Y
—ceE —oF
gEtF = Cé
. . .
5 5 .
) 5 é) Ccé
( ; qEtF
S gk C ( . )
gl CV)

t
5 V 1giC ) g=Cé6E —excF 5

t
vy =¢F —e rcF E "98F
EP VPV 12

V1 EPV
_r
) v =6k —ercF

t
v,16P&6E —e ncF



Chapter 13 RC Circuits

t
V,1 P EBEe kC

t

V1 Ee RC
V., 1 IR
A
R
_r
VoI Ee &) :
t
Iléeiﬁ
R
2) 5 EXR EHR 2
TEF
s
Il 1,e k¢
7 5 7 (
8 )
s
; ( ) B/l I,e RCF
1 R
SYAYAY
B v
B 3
BB B
C——q)V R%ll & — C_—qV
? ) 8 ? )
5 )
> ) g

21




Chapter 14 Capacitors in Series & Parallel

14 Capacitors in Series & Parallel

5 ?
5}
5} )
5 ) ) 5
Capacitors in Series
I
_—C
V——"
— G
& ?
——:C
i::ic
5 ( - O Vo)
> ) 7
.
_—C

aQ

21



Chapter 14

Capacitors in Series & Parallel

(
5
BB -
V ———
— )
7 ( -
7 5
) 5
F ( 5
5
¢ 2= C
V ———
q_EC

S5F

LF

(F



Chapter 14 Capacitors in Series & Parallel

cC 55 v ==L
C
y =4
C
BB cyr
V ———
BB
—_ C)V
@( )
O 2Ec)y
y BL
=)y
60 ()
V-V -V =2
V=Va+V
V:i_{_i
c C
V=q|—+—
q= V
7+7



/) 7
q= V
7+7
cC C

@(
< .

Chapter 14 Capacitors in Series & Parallel

( 5 |4 ?
——iC
i::ic
|4 5
7_’_7
C
) 5 3
9
=
9 ?
=
/ 5
q q
_( g _ 5
14 |4 L
c cC
7_’_7
c C
i i ( S C/:
——| o
'___:I___JC c C
; 5 (
C, = ESF
— 4
cC C ¢C
( ) 70 ( )
( ; parallel @ ) this

series



oo

Capacitors in Parallel

/

C

Chapter 14 Capacitors in Series & Parallel

5 14
V—— —_—C — g
5 D
s (\)
Vv ——— —_—C)r —_——C)V
G - N <
q=CV cC g =CV
BB BB
VT e =01V g ==C)V
5
glgBg

gV C VBCV

gVECBCFV



Chapter 14 Capacitors in Series & Parallel

/5 ] )g 1EC BCFW) .5 C) i)
(
9d-c+cC
v
C,1CBC
8
——cC ——cC ( ——C,1C BC
/) .5 ( 5
E ( series Fa( 5 )
; ( ) (
C,1ICBCBC.BV E$2F
Concluding Remarks
S)
) ) ( ( 5
( ( ( ( ( (O
A C
E Q F 0 A C
5 ) )
S) same



Chapter 15 Magnetic Field Intro: Effects

15 Magnetic Field Intro: Effects

& ( ) ) (
0 ( 5
& 5
< 5 ) 5}
; &
5 ) )
) 5
D (- magnetic dipole moment) )
< D 9 5
<
D
) Q
( &
D) ( D
D
E ? F &
) 55
< ) :
5 )
2 2 2 ? 29
H ( E5 F
8§ 5 (A C
(
5 )
5 5
* =) x
* E
) E
5
, u ( )
q ( ml!  x 27
ull -x 27%<.
=H ) < E
/8 ( )
8 @ ) 5 W,

%



Chapter 15 Magnetic Field Intro: Effects

¢ 5 )
5 ) 5
B *=)x )
t=uB 6
8 /8 ( ) = ? F
t=uB 0 " =) H“ 5
E< F 0 5 ) B 5 79 79
0= 5 : ) 5
I =
<.
Example 15-1
5 ul228h < )
. %2x 27
; ) (
wr e

g
v

v

v

v

v

tr=uB 6
r=(2%<- )w2x2* ) -

rlllx 27°<



Chapter 15 Magnetic Field Intro: Effects

3 5
<.
11lx 27 < . —
<.
111x 27 =
) : 11x 27 = " ) 5 5
Example 15-2
< 5 Y122 %< 1-22"%< fB22%< Kk
R N T/ AL S,
7 (
* =) x
0 3 %
*=| 22 %< —22"%< 22 h<
222 "= oo T g
< < <

. {(_2 "< )(—2 22"*:—j—(2 2 h< )[2 22%": j

+3| 22 u< )[2 2" j_(zz ' )(_222"*:—j

<

+%[ (22 u< )[222%": j—(—22"%< )[222 "

Il
N



Chapter 15 Magnetic Field Intro: Effects

The Magnetic Force Exerted Upon a Magnetic Dipole

< ; (@)
( - - ]
0 5 ( o -
<) ( ( ) ( 5 (E G
( 9 5 ) ( E
F ) )
) ( &
5 ( 5 @ (
) ( ) >
80 NO )
?
) 87 5
/ ( ? ?
) ? E F
D E*=)x F @ ) ? E )
f ) F ; force
5 (
L=VE)- F E % F
@ ( 5
))
) A0 )
5 5
) X) y) zE ) F
= ( ) ) ( 5 5 5 x) y)
z 5
6 ( . ) )
Nk ) ( )=ut+ud+ ik
=Bi+B5+B%k 5 ()

) =fut+uf+ukFEBY+B 5 +BEF

) =uB. +uB +uB



Chapter 15

Magnetic Field Intro: Effects

< ) E ( . %? "F 5 (
vey. Fo0D) Fq 0D Fo 0D
ox oy 0z
5 5 E ) =uB +uB +uB. D SF
oB)- F 68X+ 5By+ 6BZ)
Ox Pooe T T e
oB)- F 68X+ 5By+ 6BZ)
o My TR TR,
oE)- F 0B, N OB, N 6824
Oz s T Ty
5 -~ 5
5 < 5 5
55 # 5 5 (" ) ) ) (
5 5 x) ( y oz ( 0
9 ) « - 55)C 5 5 x) )
E 5 F) 5 ;
Example 15-3
;) ) ) 5 5
(
=-%1 x 27 . ( T+ %1 x 27 . —3
X +y X +y
< ’
5 (
)=% $<- 7%
E2 2 )2)2F



Chapter 15 Magnetic Field Intro: Effects

Solution ) "
A
y
\
j x'
/ 5 ) ) ; (
,=VE)- F
G=VE® $< FE-%1 x 27 . Copig1x2r . 2 4n
x+y x+y
@=V(— x 27°<. .. ( J
x +y
s=— Mx 2"=  VY(Ex +y F X
. e .0 R A
o= — MWx 2= JZV(Ex +y F M +—V(Ex +y F X +—Y(CEx +y F Xk
Ox oy oz
s=— Mx27= @ Fx +yF xt+Ex +yF + (@ Fix +y F pxf+2%)
o=— MHx27= - x( T+ - ( 5
Ex +y F x+y Ex +yf*F
3 5 5 ; 5 )

5 B2 2 )220



Chapter 15 Magnetic Field Intro: Effects

e 5" B2 2 2 E2F a
o=~ MNx 27 = - T+ - J
Y2 2 F +2X E2 2 F+2 Y2 2 F +2X

o=— $-x2°=3

Characteristics of the Earth’s Magnetic Field

& 5 ( @
) (5 )
7 5 ( ( /)
) ) () 1
; (
( ; / <
) 9 %$° & = (
( *1 1° 9 O L
( 5 N87 ( lF O (
7 ) / <
) %t-x 27" g
+ | H - Y4 - /0 112
3 $ -
— % $° B2 2-$°H(
8 E < F *] 1° —2 21%}(
. Bk 27" 22 x 27" H(
> 9 "y 27" B222$x 27" H(
o) %22x 27" 22 $x 27" H(
< ( 5 ;
I ; -
9 7 )
A c 3 . (
E F )
5 7 EK / F=
z ( E=- F HH 5 H H
8 5 5 8 $ °%17-C)

- ( -/ ) F
(2 22* 5 . 8 5 7



Chapter 16 Magnetic Field: More Effects

16 Magnetic Field: More Effects

<
5
5 . (<
7 5 A C
+ ) ( 8
)
>
. H o<
¢d® F12 R
. H o<
) )
q@—‘/’
F12 g
v >
«—OHgq

Fl12

v

v



Chapter 16 Magnetic Field: More Effects

E*?F

.+ < does ;
) 5 ) 5 ( ) )
5 (
=qVXx
— ( 5
; 5 (
) ( 5 0 5
7
5 (7 5 5 (v 0 :2(
( B;
yA _
. >
% >
. R
g &
#x -
V X =g VX
Y - (
‘Vx‘ D 5 5
7 5
= 5 B;
/) ) 5 ) ) B;
v
%
5
( 5 D 0



Chapter 16 Magnetic Field: More Effects

) 5 ) 5
:qV)(
[ =l |
‘ ‘:|qu 9|
+" () 7" =gvx & V X
) q 8 ¢q 5) ) ¢ 5 vx (¢
E F) 5 vx /) 5 E
? F VX s =qVXx
But) q negative) ) ( 5 V X (gt F) 5
vx /) vx  ( ?
5 ) 5 9 E
negativef =qVXx opposite V X
7 5 vx E
=qvx F) 5 v

; _ ( right ( ¢ (




Chapter 16 Magnetic Field: More Effects

0 ( (
( )
5
v
@ (
V X
x (
( (
% B
VX () ] .
q B
=qgvx 8
5 8 q 5 /) =gqvx
V X
Y b
VX /2 2}

v

v

v

%

v



+4 -5

Chapter 16 Magnetic Field: More Effects

v

v

v

12

v

A 4

v

v

+i <

v

v

v

v

v

v

v

v



Chapter 16 Magnetic Field: More Effects

7 ( ) (
(
=1 1x
2 2 ? (
)
0 )

E

v

v

v

v

v

v

v

=/1x



Chapter 16 Magnetic Field: More Effects

Effect of a Uniform Magnetic Field on a Current Loop
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The Magnetic Field Due to a Loop or Coil
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30 The Electric Field Due to a Continuous Distribution of
Charge on a Line

Every integral must include a differential (such as dx, dt, dq, etc.). An integral is
an infinite sum of terms. The differential is necessary to make each term

infinitesimal (vanishingly small). '[ fExFdx is okay, '[ gEyFdy is okay, and
j hEtF dt is okay, but never write '[ fExF, never write '[ gEyF and

never write j hEeF.

7w ( 5




Chapter 30 The Electric Field Due to a Continuous Distribution of Charge on a Line

Example 30-1 (A Review Problem)

x? ; ( J)g xlx
g xlx x \x X )
)5 x?y x\x
E < ) )
, . 4
Yoo Ex)y,FIIF; g r=4Ex—xF +y
r . E
. yi o X=X _ X—Xx
— X —>l— x —x - 73
x —> xx x — X7 / EX:k—q
r
(
PE x))Ff q q E. = kq X=X
P (lex—xF +y ) VEx—xF +y
- kqEx—xF
E =E _+E E =——4777% v
) T E. [Ex—xF +y]
y e E
E
Ex) yFé 12
)yl,:P
91 //:
I"/ |
E, x ;o
q. qT,\ez )
E . ! .
= 9 s R
E x i
E =E 0 g :
) 2 E = kq Ex—xFy
( [Ex—xF +y]
g _ka / E =E_+E) 5
r
g kqEx—xF kg Ex—xF
kq o 7 7
E=—- 06 - -
= [Ex xF+y] [Ex xF+y]

*1




Chapter 30 The Electric Field Due to a Continuous Distribution of Charge on a Line

Linear Charge Density
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31 The Electric Potential due to a Continuous Charge
Distribution
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32 Calculating the Electric Field from the Electric Potential
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8 311) )
By E2)dHiF Pg EJPHE 5 (
k k
o= q B q
Jeo(om) e oo+
/
(
Solution: & ( (
) ( 5 @ ) 7
; ( 8 ) 5
)
9 ;7( ) D 9
<
:—V(o
=— 6—¢?+6—¢"
ox oy
7 %9
ox
op O kq kq

11



Chapter 32 Calculating the Electric Field from the Electric Potential




Chapter 32 Calculating the Electric Field from the Electric Potential

5 kq[wdj kq[y—dj
99 _ _
ECCINEE]
x +|y+— X +|ly——
< ) ) ) 9
yl12
kq[2+dj kq[Z—dJ
99| _ _
oy 2 . "
l:x +[2+dj :l l:x +[2—dj :l
09| _ kqd
ayyzz { p }
X +—
$
# 99 _ %9 _ kgd ——(a—(o?+a—¢j‘j(
ox |, oy =2 T ox oy
X +—
=
S Y S A
s
X+
5 )
_ kqd :j‘
d
X +—
a1
< ) P( ) (



Chapter 32 Calculating the Electric Field from the Electric Potential
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Chapter 33 Gauss’s Law

33 Gauss’s Law
When asked to find the electric flux through a closed surface due to a specified non-trivial
charge distribution, folks all too often try the immensely complicated approach of finding

the electric field everywhere on the surface and doing the integral of dot . over the
surface instead of just dividing the total charge that the surface encloses by €
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How You Will be Using Gauss’s Law
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Using Gauss’s Law to Calculate the Electric Field in the Case of a Charge Distribution
Having Spherical Symmetry
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34 Gauss’s Law Example
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Chapter 35 Gauss’s Law for the Magnetic Field, and, Ampere’s Law Revisited

35 Gauss’s Law for the Magnetic Field, and, Ampere’s Law
Revisited

Gauss’s Law for the Magnetic Field
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36 The Biot-Savart Law

@ 5 5 ( (
) T P) @ 5
7 (
( + ( ) C 5
+ )
P 5 ) ) ' 5
( O " (
electric " Chapter 30 The Electric Field Due to a Continuous Distribution of Charge
on a Linek ) ) ) -
@ 5 5 P
7 (
D @ 5
dB
P

@ %75

i I Ixr

BT B F
T r

@ %75



Chapter 36 The Biot-Savart Law

Example "*?

( 1
59 ; (
Solution
04
1 dB
r P Ex,y,zF
d/ (
Z$
7 ( .
p
rS ; £2)2) zSF P E)y)zF
r=Ext+yf+kF-2'%
r=xt+y} +Ez—2Fk
r
/“:\/x +y +Ez-Z'F
15 B9 ; 1 =d'%
& ; r)n 1 @ 5 )



Chapter 36 The Biot-Savart Law

ul dz'T:x(x'l‘+yj‘+Ez—z I-JI;)

~ $x [x +y +Ez-Z'F ]"H

uI dz'(x’l‘tx'l‘+yll\:><j‘+Ez—z I'JI;X/I;)

S [x +y +Ez-Z'F ]"H

_ul  d(xF-y7)
$7 [x +y +Ez-Z'F ]"H

_ny dz' ?+ny dz' 3
$7 [x +y +Ez—-Z'F ]"H $7 [x +y +Ez—-Z'F ]"H

7 - ; ) 5
dBX=—ﬂIy dz .
$7 [x +y +Ez—z'F]
5 2 -0 o (
I dz'
B, =-% | -
$7 " [x +y +EZ—Z'F]
87 5
ulzPz
dul PdZ) ) dzS=Pdu
K 5 ulzPz zZ1oo( —00
5 ulzPz 21— ( o0
/)
I 7 —du
B, =-£2y .
$7 w(x +y +u)
8
B :_ny du




Chapter 36 The Biot-Savart Law

dx X

_ = ( T ( x +y
'[Ex +a P a x +a
) u X )
Bx=—ﬂIy : |
$7 " x +y \/u +x +y ‘_w
)8 - ; u o0 u —0
)8 u ; @ )8 5
; Ju +x +y ) . 5 \/EZ—ZF+x +y
( 5) ukb zS F 5
5 /) 8 u ; ) 87 5 5
Ju +x +y =\/u ( +—+y—)=|u| +2 v X))
u u u u
Bx=—éfy |u—|
T X +y |u
d \/+x+y
u u |,
i e )
* $7 " x +y +2+2 +2+2
B =-£1L, EF
$7 " x +y
Bx=——Iy
TOX +y
( 3
_ uI dz A+yI dz 3

$7 g [x +y +Ez—-Z'F ]"H I $7 : [x +y +Ez—-Z'F ]"H

dBy=ﬂIx dz' .
$7 [x +y +Ez—z'F]




Chapter 36 The Biot-Savart Law

Py () ;
Py ; dB, x ; dB,F)
5 28 ) ) ¢ 7 )
cC/) B B, D Py)
B.) x 8 ) 5
) 5
B =‘u—Ix
g T X +y
5 9 :
_ ul dz' ?+yI dz'

$7 g [x +y +Ez—Z'F ]"H

$7 . [x +y +Ez—Z'F ]"H

N

J

5 9
B.)B,) B DIOLEE ) E=
BJ+BkF 5
——’u'[y "+’u'[x 7+2k
TX +y TOX +y
_H#L E-yT+x3F
T X +Yy
(x+y D r) P
E )
9 ; —o0  BooF
=ﬂ—I—E—y'|‘+xj‘F
T
) 5 E—yT + xJF \/E—yF + X =\/x +y =r >
J, E—y1 + xJF 5 (
_y?+xj Ya, XA
Ja r PR
5 ) 5

)

E-yT + xJF



Byt +xJF=r],

Chapter 36 The Biot-Savart Law

Byt +xJF=r),

7

; =———FE-yT+xJF (
Tor
_'u_I_er
T r
:”_I_JB
T r
I
) (B=ES)
Tr
< 1 JB:—X?+
r
Ex)y)2F) ) A
E -
(



37 Maxwell’s Equations

8 ) 9
( 6
(
9 9 )
5 ' » 7
5
8 . 3 7
2 8 5
5
3 5
@
q Ve
5 (
=q VpX
) ( 0 Lorentz Force
5 )



5 (E 5 (v=-v.F
5 5 ) ;
B
FE
v q
& A C ( 5
(; )
( )
B
E
4
5 ( 5 5
( 5 5 ) ) 5
5
direction of v I direction of x
(0] 5 5
E3 2)
F
5 2
direction of v 1 direction of x
. 7
+ . 7 ¢ 8
5 ( ) 0
) )
5 5 (

)



( 7 5 ?

( ( 5 ) ) ?
5 5 ( inward

) ) ? 5 5 ( outward

( (C 5

electric +
C ) 5 )
% ( F (

= .. E-7F



)

V X

#

"-7 Eg, =vBdlF (

D

5 (
( 5
dg, = BdA
d@, = Bdldx
( dt
90 _ pap &
dt dt
$o = Bdlv
P = VBd!
)
vB 8 )

v, F) 5 E1vB 3

¢, = Edf

8

A 1 dldx)

=—V X E
vB

)

Il_?

dr)

2?



direction of v 1 direction of
- 1 5 @
( )
) 5
1 5)

x F /
5






A
< X >
E
v @
(
5
& ( (5
< I
F
§ ' ! :/Ll[>3+K:>
! = 1,6,0 » 7
< S)
’ ! :ﬂ1>3+K:>+ﬂ2€2cD
» 1 8
5 (
_ Q: +/
§ .. =2=




Name and Corresponding
Conceptual Statement

< 17 Q (
§ . . =9 u 5 7 8
€
§ . . =2 < 1 7 # - 8
, 1 78
/0 V77 #=7 , = 8
§-!:u1>3+K:>+u2€2_ ) )
) 5 5
> 7 7 8 ) '
9) 5
> 7 7 8 - ;
5 5 V- EA CF V x EA
CF O 7 ) C



Integral Form of

Differential Form of
Maxwell’s Equations

¢ - 1=y I+ €

Maxwell’s Equations
$ . . ZQ:—” V- =rfe,
€
$ . . =2 V. =2
d
. ! = — V)( = ——
¢ —© dt
d
Vx = +/‘2€2§

Name and Corresponding

Differential Form of
Maxwell’s Equations Conceptual Statement
< , V7 Q
V. =rife, 5 7 8
1 -
V. =2 < 17 H 8
, 1.7 8
V x =—d—
dt
/0 , V77 #H#=7 , =
d
VX =u, +/‘2€2E )




