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Topic 1: Review of Vectors

Reference: Elementary Linear Algebra, 9 ed. by Howard Anton and Chris Rorres

1.4 Vectors in 3D Space: i, j, k Notation

Vectors can be added and subtracted easily when they are broken down into their components. A vector u= (U,
u,, ;) can be expressed in terms of fis X, ¥, and z components:

) =(uy 0, 0)+ (0, 1, O)+ (0, 0, wy=ul, 0, 0) +uy 0, 1, 0) +us(0 0, 1)

u = (U 14,

i, j, and k represent unit vectors in what are commonly known as the x, y, and z directions, respectively (Fig.

1.1)

They can be defined by:
i=(1,0.0) 1=(0.10) k=(0.0,1)

Using these definitions, a vector u = (U U 1,) can be expressed using i, j, k notation:

n=1ugl,0,0)+ 10, 1,0) +u(0,0, 1) = ud +ugj Tu:K

[

Figure 1.1 i, j. and k represent unit vectors in the X, v, and z directions, respectively.
(Diagram borrowed from hitp:/fwww. Intmath.com/vectors/7-vectors-in-3d-space.php)

Example 1.1:

zZ
A
" In Figure 1.2, express vector OP ni,jk
L P(2,3.9 notation.
#
/
i ion:
; / Solution:
OP = (OP,, OP,, OP;)=(2,3,5)=2i+ 3k +5j
Q 3 J

(4]

Figure 1.2 Vector OP
{Diagram borrowed from http:/Avnwe. intmath.com/vectors/7-vectors-in-3d-space.php)
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1.2 Dot Product (a.k.a. Scalar Product, Euclidean Inner Product)
Deafinition

by:

If u and v are vectors in 2D or 3D, andBis the smaller angle between them, then the dot product u * v is defined

u v = llulllivicos®# ifu =0andv =0
u-v=20 ifu =0orv =0

Where [|ul| represents the magnitude of the vector u: [juf| = J w? +uy? +u?

Practically, the dot product can be calculated as follows:

Example 1.2

Consider the vectors u = (7, -3, J)andv=(-2 -2, I). Find u - v and determine the angleBbetween them.

Solution:
WV =S Uelp + Uy + U0, = (1)(=2) + (—3)(=2) + (5)(1) =9

lull= 12+ (-3)2 +352 =5

lell = (=2)* + (-2)? + 12 =3
u-v = [jullllv]cosd

Uu-v 9 3

cos8 = vl ~ G5 =5

Thus, & =53. 12,

Properties of the Dot Product
Lurv=u-v
2. Ifa and b are numbers and u, v, z are vectors then (u+bv)ez=a(uezr)+b(ve z)

J.uta>0ifa#0;andu*u=0ifand only ifu=0
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1.3 Cross Product (a.k.a. Vsctor Product, Euclidean Inner Product)

Definition

Tfu=(uy 4, %) and v = (vy vy v3) are vectors in 3D, then the cross product u X v is defined by:

u X v= (U0, = UpVy, UpVy — WV, UpVy = u,v,)

An sasier way to calculate the cross product is tc use |, j, k mtanon. and the 3‘{3 determmant

Example 1.3

Consider the vectors u = (J, -3, ) andv=(-2 -2, I) again. Findu X ».

Solution:
i k] 3 5 1 1 -3
uxv=,|1 -3 5 i— j+ k
[—2 2 1 [-2 1] [ 2 1] { 2 —zl
= [(-3)(1) = (5)(=2)}i - (1) - B)(=D)j + [(V(=2)— 3(-2)k

~11j -8k

Properties of the Cross Product
1.Ifu x v = 0 then u and v are parallel vectors

2. 1.1fu x v =0 thenu X v is orthogonal to both #and v

Useful Rules
iti=juj =k-k=1
ilj:jﬁk:k.i:ﬂ
ixi=k

jxk=i
kxi=j
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Topic 2: Electric Fields

{Reference: Physios for Seientists and Engineers by Serway and dewell, 70 ed., Chapter23)

2.1 Coulomb’s Law

Two charges will exert forces on each other of equal magnitude and inversely proportional to the square of the
distance between them, r. Coulomb’s law gives the magnitude of electric force between two point charges:

i

* F, is the magnitude of the electric force between the two point charges,
k. =8.9876 x 10° N m?/C? is the Coulomb constant, and is also written k, =

- dmey

* € =88542 x 1072 C?/N - m? is the permissivity of free space
®* gy, ars point charges with the unit of Coulom bs, C
* risthe distance between the point chargas

The smallest charge that exists in nature is the charge on an electron (-

e)or proton(+e), with a magnitude of
e = 1602 x 107°C.

1 Coulomb of charge = 6.24 X 10*® electrons or protons of charge

Example 2.1
Three point charges, g, g, gs, are positioned as shown in F igure 2.1, What is

the electric force on q;7?

a(+21C) a1 (~41C) Solution:
=9 _ 1 laillagl
S = keT’
= - |Zpc||—4pc]
5 F3, = 8.9876 x 10° N - m?2 /cz;p—z—"— = 0.0080 ¥
- : 9 A7 .2 jp22ncli~1pc] "
A F21 = 89876 x 10° N -m?/c22EG _ g 45y

Racall that opposite forces attract and similar forces repel. Since
q: and gs are positive and g, is negative, thay exert atfractive
foress on q,. Therefore the dirsctions of their respective force
vectors, Fyy and Fy), point from s toward themselves,

The resultant of the two forces Fp can be found using the
Pythagorean Theorem:

Fe= [F” +F’= | 0087 +.00452 = 0.0092 N

Jn 4 B
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Example 2.2

Two identical small charged spheres, each having a mass of 5.0 x 10~ kg, hang in equilibrium as shown in
Figure 2.2. The length of each string is 0.10 m, and the angle @ is 6.0°. Find the magnitude of the charge on
each sphere.

=
=

T W W

L=010m
8=6.0°

Figure 2.2 Two identical spheres carrying the same charge suspended in equilibrium. The free body
diagram is for the sphere on the [eft.
(Source: hitp:/\waw.nelsonbrain.com/content/serwayi 2445_0495112445_02.01_chapter23.pdf)

Solution:

Force balance for lefi-hand sphere:
(DEF =Tsinf— F,=0 - Tsind=EF,
(Q)LF, =Tcos@— mg=0 — Tcosd =mg

. Divide (1) by (2):

Fs
tand = — = F, = mgtanf
mg

9.81m
52

Fe=(50x 10-2kg)( )tan(6.0°) =516x 1072 N

Using the geometry of the triangle:
a
sind = Fss Lsing = (0.10m) sin(6.0°) = 0.010m

Coulomb’s law for each sphere:

T [E@a?  [Gi6x 102 M)z 0.010m) ]
=l —— — = = =i
gy 7 K. \f k. 8.9 x 10° N -m?/c? =
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2.2 The Electric Field

If an electric force is exerted on a test charge, an eleetric field exists,

An electric field exists in a region of space
around a charged object

S F
E=Elect” rie! =22 [N/C]

o

The direction of E is in the direction of the force a positive test charge feels when placed in the field.

= c [ 4 t 4
Fo=for exer onteslchard
q, = testchar 9

?E =qE > 1Ifa charge q is put in an electric field, the force exerted on q is equal to its

charge times the
electric field,

Let g be the source charge and g, be the test charge. Then P is a unit vector directed from g to ¢, By Coulomb’s
Law, the force exertad by the source charge ¢ on the test charge g, is:

= qq
Fo=k,—5t
Source charge g Test charge g,
@ " O—»
r E
- - . — on ¢

Therefore the electric field caused by a source charge g is: E = k. r—q:-i‘

And the electric fleld caused by a number of charges g, is: E = kX, f—z‘—

Example 2,3
(Borrowed from

hutp/www.colorado.edwplysics/phvsli 20/phys 1120 faQ9/LectureNotes/ChargesE lectricFiglds. pdf)

Example: Electric fields (qualitative) Four point charges, labeled 1 through 4, all with the same
magnitude q, are placed around the origin as shown. Charge 2 is negative, the rest are positive. What is
the direction of the E-field at the origin?

Ya
ot 1 _o2
. | The total E-ficld at origin is the vector sum
§F i L 5 Elm:E!+E2+EJ+E4
| "
- H— E= f;‘;4 *x (Il use bold type to indicate vector.)
Notice that E; and E, cancel since they have equal magnitude,
l a o2 but opposite directions. The total E-field points right.
b <
\\ ’.‘
s ld
\\ El/ ”
~
N D
D = B o
3 .
E, .

P T e .
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What would be the direction of the force on an glectron (charge q = —¢) placed at the origin?
Since E =F/q,wehave E,, =qE. Ifqis negative, the dircction of the force on q is opposite the

direction of the E-ficld. So the force is to the left.

F ~¢ F
D . Am va
B

. =9E

In this equation, the E-ficld is duc to all the other charges, not the field due to the charge q itself.

Example Electric fields (quantitative) Two charge Q= +2¢ and Q, = ~3¢ are placed as shown.

What the x-component of the electric field at the origin?

yt £, =E+E;, = E,, =B, +E,
” Qf‘ _3c 1 . 1 p-
“““ =
b 3 E;:k-r—;=k%,Ez=k—5%|—,_—=k-;%
! . 2r
& r E.=? | o E ( )
Q= +2e (Have used the fact that the distance from the origin to
Q:is ¥2r)
b Eix = By , since E, is along the x-axis.
= -3¢
%’_ E,. = E,cosB = E,cos45° = 0.707E,
E: E,, =E,+E, = 2 4+ 0707k
A 0 N r 2r°
QW +2 E — o ; ¢ b
p=+2e = 2+0.70703/2)] k< = 3.06k—
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2.3 The Electric Field of a Continuous Charge Distribution

Coulomb's Law gives the force betwesn two point charges. We have also determined the Electric field due to
4 single point charge or several point charges. Now we will iook at how to handle a continuous charge

distribution. We can sum up the alectric field caused by ach tiny, infinitesimal part of the charge distribution.
This means an integral over the charge distribution (F ig. 2.3),

Recall the electric field for a point charge:
= q
E= kg'ﬁ r

And for multiple charges:
= T .
E=k, ;3]‘
i
Now we have a distribution of charge and we must replace g by
Aq and E by AE:
- dg
E= ke 1—5?
- dg _
I’ E=k, ?r
/
/ p Convenient concept of charge densities p, ¢ and :

For a uniform charge distributed:
AE e  Throughout a volume V: p=Q/V [C/ni:’]
® Overa surface area A: 6 = Q/A [C/m’]
¢ Alongaline of length |: 2=Q1 [C/m]
. % & v
féﬁuaxﬁiﬁ;;fﬁifi ?ﬁl: ;:cé:or For a nonuniformly charged distribution. the infnitesimal
sum of the infinitesimal electric fields AE ~ Charges are accounted for:
due to all of the infinitesimal charges Aq. dq =pdVv HE K odA dq = Adl

Example 2.4: Electric Field due to a Charged Rod

Required: Find the magnitude of the electric field at P duz to one segment of the rod having a charge dq.

Solution: y

Charge per unit langth: L= Q/L - X ilq =Adx

Charge on segment dx: dg=idx "'—“—‘ - W.:f___ X
dg _  Adx D L

&,
{D(L+D) |
R

BEETT

=[], = w52
=R, TRl Il

11
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Example 2.5: Electric Field due to a Charged Ring

Required: Find the magnitude of the electric field at P due to the ring having charge dg, The ring carries a
uniformly distributed total charge Q.

Solution:

Due to symmetry, the perpendicular components of the field cancel. Therefors, only the parallel components,
(in the x direction) need to be considered.

The parailel component of an electric field contribution from a segment of charge dq on the ring:
dq x X

. = :
T R TR T ke i Ty

dq
dE, = ke-r—z-cose =k

~ x
E;= j Ke (x2 + {12)3_,-_2 dq = k. —(:{2 T a2)3f3 j dg

Since the total charge is equal to Q, [dg=Q,s0

Example 2.6: Electric Field due to a Charged Disk

Required: Find the magnitude of the electric field at P due to the disk having a uniform charge density o. The
ring carries a uniformly distributad total charge Q.

" " "lq

Solution:
I I L odA = o (2ardr) = 2nordr e

From Example 2.5,
P

he x
dE. =k, qu = keWZHUI‘d
R R R 3
2r 2 3
E, = koxn’ j sdr = kexn® f L dr =k’ f (22 +r¥)72d(r?)
0 (x2+12)2 0 (x2412)2 0
e L
xZ +7.2 -3 J
= ke:amcr (——-—)—— =4 2k o |l— l >
e (x? + R2)2
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2.4 Motion of a Charged Particle in an Electric Field

If a particle of charge q and mass m is placed in an electric field E, the electric force exerted on the charge
causes the particle to accslerate.

F.=qE=ma
The acceleration of the particle is

a=

3|8y

If the chargs is positive, its acceleration is in the direction of the fisld. If its charge is negative, its acceleration
is in the opposite direction of the field.

E xample 2.7

= = A charge q is released from rest at A, What is its velocity when it reaches B?
E - q ty

= constant = ma
e =qE

A B 5f=xi+v;t+‘/zat:
J ] vi=vii+ 2a(x— x)=vi+ 2a(d) = 0 + 2a(d)
e )
V= (Zad)h'
Example 2.8

e e . o . ga  am s a am b b g 4 = 4 &4 o 4 B B B

ey
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Required:
¥ Find the magnitude and electric field at O, the center of
) o the uniformly charged rod bent into a half-circle.
\, .
¢ e Given:
7N o The length of therod is 15 cm.
/ hY e Therod has a total charge of -8.5uC.
{ f;{ ‘*53 - .
. &

-
Cra—

.....‘..s—. r:_ N KQ— E'r=\/
o V= KQ LA

scalar [l
Solution: - ¥Q 4 atile
) Us - K90z 7y 0= Vaa=Ue
e L=150cm=0.15m: Q=-8.54C; Eat0? Y
s Since the rod holds a continuous uniform charge, E = k. | ‘:—f? A K+ A uE = O

(V-F' Kl)*' (A\fﬁ-ﬁ 'qo\
(k- m? )+ -Ed\qe=(

¢ E= E,+E,= Esinf + Ecosd

¢ Due to symmetry, E,,= 0

e E,=[dEsin8 =k,_f%{sinﬂ dg = }dL \“' = tqu
= jds &
Ardf s m
= &5 f —r—z-sinﬂ = Adiré) 2
" = jrdd
koA
E J d6sing
+
kAT
From 0°to 180° E, = TJ dfsiné
1]
E. = *[~cost]j
g pp. M2 10~% - =_Q/L_
8.99 x 10° N T 5,667 X =17 =8 5uC
E.= 015 [—cosm + cos D] 0.15m
=om = 5.667%107° Cim
7 2(0.15m) =2ar
E, =213 X 10" N}C @ JJ!?::} = Ovﬁm
T

e Since therod has a nezative charge, the direction of the electric field at 0 is in the negative x direction:

14
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Topic 3: Gauss’s Law

(Reference: Physics for Scientists and Engineers by Serway and Jewelt, Tth ed Chapler 24)

3.1 Eleetric Flux

Electric flux is proportionate to the number of electric field lings that enter and exit a surface (Fig. 3.1), If the

electric field is uniform and the makes an angle & with the normal to a surface with area 4, then the electrie flux
going through the surface is given by:

®5;=E-A=EFAco S I And more generally, for a non-planar area: D = Lw.f“’ ‘E-da

(Recall the dot product: u - v = |Jul|||v||cos f}

: Figure 3.1 The electric flux is
SHeitie o determined by the dot product of
flux=® = F4Acos@ b= j E cosOdA the area A and electric field E.

e When the area is treated as a
vector in this manner, the
magnitude of the vector is equal to
the area and the direction of the
vector is perpendicular (or normal)
to the surface.

(Source: hiep:/ iy perphysics plp-

astr.gsuedwhbase/electric/ganlaw
At

Gauss’s law states that the net electric flux ®; through any closed Gaussian surface is equal to the net charge
qininside the surface, divided by the permissivity of free space, €,

Gauss’s law provides a convenient way to calculate the electric field due to various symmetric

charge
distributions, which will be reviewad in the sample problems at the end of this section.

3.3 Conductors in Electrostatic Equilibrium

An electrical conductor contains charges that are free to move about in the material. When thers is no net

motion of charge within a conductor, the conductor is in electrostatic equilibrium. and has the following

properties:

L. The electric fiald is zero everywhere inside the conductor, whether the conductor is solid or hollow.
If an 1solated conductor carriss a charge, the charge resides on the surface.

The elsctric field just outside a charged conductor is perpendicular to the surface of the conductor and
has a magnitude o/s,, where ¢ is the surface charge density at that point:

[ ]

[¥%]

= GA o
rbs:j{’E'dA:EA:-—uq"‘:— - E=—
€, &, €,

4. On an uregularly shaped conductor, the surface charge density is greatest at locations where the radius
of curvature of the surface is smallest,

(Serway & Jewett, 2008)

15
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Topic 3: Gauss’s Law Sample Problems

Example 3.1

A uniform slectric field E = al + bj intersscts a surface of area A. Determine the fiux through this area if the
surface liss:
(a) In the yz plane, (b) in the xz plane, and (¢) in the xy plane.

Solution:
y ¢E=E-E=(ai+bj)-At=
A Since components of the electric field in the J direction
| B are parallel to the surface area, the do not contribute to the
& :::: electric flux.
/
X

1

(a)
®;=F-A=(ai+bj) 4] =
Since components of the electric field in the I direction
are parallel to the surface area, the do not contribute to the
electric flux.
E .
/ - = R
N Pl
Ry
(b)

Y
L o; =[0]
A ?E Since the electric field is parallel to the surface, thereis
/// | no electric flux through the surface.
-1 [

(c)

16
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Example 3.2

A pyramid with horizontal square base, 5.0 m on sach side, and a height of 6 m is placed in a vertical slectric
fisld of 55.0 N/C. Calculate the total electric flux through the pyramid’s four slanted surfaces.

Solution

E=20nT The number of electric field lines entering a closed surface
' squals the number of electric field lines leaving the surface.

' The vertical field lines enter thrgugh the hqrizontal basa of area
A A=03.0m) = 250m"

r
i
!
£ - ™. The normal to the horizontal surface points away from the

o II 't pyramid, vertically downward. Since the slectric field lines are
| ~y directed vertically upward, the angle 8 batween the E and the
| . normal to the surface is 1802,
l

“ | A @5 =E 4 = EAcosf = (55.0 N/C)(25.0 m? )cos180°
e = —-1375N-m?/C

The total electric flux through the pyramid’s top surfaces is
@y = +1375N - m?/C

Example 3.3: Gauss’s Law Application

An infinitely long line charge having a uniform charge per unit length 1 lies a distance d from point O as
shown. Find the total electric flux through the surface of a sphere of radius R centered at O that results from
this line charge i}
(aA)R<d, and (b) R > d.

Solution g
— ~in
D = S
X
XN All charge is located outside of the closed surface of the sphere, and
e ET -
There is no net flux through the sphera,
b)IER>d:
1 Any line through the origin of a circle and perpendicular to any chord on that
5 IR ™ circle will bisect the chord and thersfore the length of the line falling within the
) g ¢ | sphere is | = 2vR2 — 42
L T~ H---%R i

dg = )dl and q,,, = 2ANRZ — d¢

in  2AWRZ-d?
P = I
€ €
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Example 3.4

A solid, insulating sphere with a radius a has a uniform charge density p and total charge Q. This sphere is
located inside of an unchargad, conducting hollow sphere with inner and outer radii of  and ¢ as shown.

(a) Datermine the magnitude of the electric field in the following areas:

1. r<a
2. a<r=<bh
3. b<sr=c
Lorze Insuiator
Solution:
= IA 1 ~“Conductor
¢5=5££-d‘4=£(4w2)=& N
€, OB
1. r<a
Uniformly charged volume: p = Q/V
.38
Tr
Gin—Q=pV= P;nrg == E(amr®) = f-)gf b d E= _39_?_
a Ep
r——

2. g <r <bh:
Electric field due to uniformly charged sphere in the region external to sphere: gy, @
Q

-
4mre=g,

E(4nr?) = 2 E=
ED

Since the shell is a conductor, it has no effect on th field due to the inner uniformly charged sphere.
Therefore the electric field on the inside of the conducting shell (@ < r < b) and the electric field outside the
shell (# > ¢ vary only with their distance r from the uniformly charged sphere.

L b<sr<e:
E = 0 since the slectric field is zero everywhere inside a conductor.

4, r > ¢: Sespartl
(b) Determine the induced charge per unit area on the inner and outer surfaces of the hollow sphere.
Solution:

. o = surface charge density
= e = induced charge on inner surface of hollow sphere

Since E = 0 inside the conductor, g, = —Q to cancel the charge +Q from the solid inner sphere.

=0
Therefore. | 0, =
erefore. | o, ———z-b

Gous = induced charge on the outer surface of the hollow sphere. Since the hollow sphere (shell) is
uncharged, qin + Gour = 0.

Therefore qour = +Q and || Gpye = #32.

18
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Topic 4: Electric Potential

(Reference Physics for Scientists and Engineers by Serway and Jewelf 7™ ed. Chapter 25)

41 Potential Difference

The potential difference, AV between tow points A and B in an electric field E is defined as

AU B
ﬂVE—-—"'--J E-ds
qs a

The electric potential V = U/q, is a scalar quantity and has the units of joules per coulomb, where 1 J/C is
equivalentto 1V,

An equipotential surface is one on which all points are at the same elsctric potential. Equipotential wurfaces
are perpandicular to electric field lines,

When a positive test charge g, is moved between points A and B in an electric field E. the change in the
potential energy of the charge-field system is

E
AU = —gq, ] E-ds
A
The potential difference between two points A and B separated by a distance d in a uniform electric field E,
were s is a vector that points form A toward B and is parallel to E, is
8
AV = —E[ ds = —Ed
<4
[fV =0 atr =00, the slectric potential due toa point charge at any distance r from the ¢ harge is
g
F= g

The electric potential associated with a group of point charges is obtained by summing the potentials due to the
mdividual chargas,

4.2 Electric Potential Energy due to Point Charges

The potential energy associated with a pair of point charges separated by a distance r; is

U=k, Q192
. ~ ¥ " 1‘12 .
We obtain the potential energy of a distribution of point charges by summing the potential snergies over all
pairs of particles.

If the electric potential is know as a function of coordinates X, ¥, and z, the components of the electric field can
be obtained as foliows:

4.2 Electric Potential Energy due to a Continuous Charge Distribution

The electric potential due to a continuous charge distribution is
d
V=%, [ =
Jor

Each point on the surface of a charged conductor in electrostatic equilibrium is at the same electric potential.
The potential is constant everywhere inside the conductor and equal to ifs value at the surfaces,
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Topic 4: Electric Potential Sample Problems

Example 4.1
An insulating rod with a linear charge density of A =30.0 HC/m and linear mass density of 4 = 0.200 kg/m is

released from rest in a uniform electric Feld E =110 V/m directed perpendicular to therod.

Required: Find the speed, v, of the rod after it has traveled 3 m.

Solution:
d=30m
- L = length of rod
E E vi=0
AV =-Ed
AU =q, AV
2 H g, =L
m =ML
Energy Balance:
AK+ AU =0
(K — KD+ U, -0 = 0
1
(Eyva —0)+(0—ALEd) =0
_|zALE4 _ [2(30.0% 10-8)(110)(3.0)
= il ( ©20) =l 0.443m/s
Example 4.2
7 the triangle shown below due to the three charged

Calculate the electric potential at the midpeint of the base o
particles at the vertices. Assume q = 6.00 uC.

h = /5.00%2 — 1.50% = 4.77em

.
- Aoy 7 .'"‘-, £ g =« Does NoY Gepetd
J A\ on YNOPT or stze
> ; V= —606MV oniy QCQ"’- Qe
4 )
' L. GOUSS'SILOW o
. . » & h(bE =EACO%Qbe1wcxn y ok AQNAE B
* ‘ o . ? #rive_reason Pe
€= Qin 6o: QU 30 ot I
= RcosB&o e e charge. .
BE - 2N % ¢E—EP¢CO€(OO N wry QeSS \('\L\
= TrdE > 160(2) § =1ON/cM oS CLE G
- ) Ec Ea( ¢e'EI\COSQ"(j_|‘_r-\ g@ﬁ\o% net ¢ =0
pm  SHEDL SERe. COUSS\GW ; € ¢ Sallyy
” %\GP'L'\SO\C}VE '%O\r A . = Qin % OULOOLS US=.G
Sl 3: 2 or b.uhorisg .4 EiTE,] gy
Step 4 S\pify -
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Example 4.3

Arod of length L lies along the x axis with its left end at the origin and has a non-uniform charge density J=ux
(where u is a positive constant).

(a) What are the units of @7 (b) Calculate the electric potential at A

Solution:

(a) Recall that the linear charge density is 1 C/in and the unit
of length is 1m. Whenever there is a relationship between two
physical quantities expressed in the form of an equation, the

umits on both sides must be the same. This requires that the
coefficient u in the squation A(x) = ux has unit C/in2

Appendix B, Serway and Jewett:
J’ xd X a In "
aths b Eret )
Here,a=dand b = 1, so.

xd®
k,a f -g:-; = kyalx —di'™(d + 014 = k,all — dI™(d + 1) — dind]
Jd+

d+I
akea[l a5 )]

-

RoA
/ Q}Cmvg\c%g%r _——/_’- Gmmf'q

L N =Qr (c/m) (Y 6:%\1 (¢/m2) @ ()E\JQJ Lt jon V)

\
b
‘ AOUSs LW m@g‘((}\—(oﬂ
inO4e 4D (ro D) Hinrte 1D wire
infinite 2D (PO, diso) Hoite ap diseplate)

3D sy ical (ephere, oy inces )

e e al e e am o e e o a . aa am aan o o e . g An e ah . e AR e A A B A
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Topic 5: Capacitors and Dielectrics

(From: Physics for Scientists and Engineers by Serway and Jewelt, 77 ed Chapter 286)

5.1 Capacitance

A capacitor consists of two conductors carrying charges of equal magnitude and opposite sign. The
capacitance C of any capacitor is the ratio of the charge Q on sither conductor to the potential diffarence DV
batween them:

Q

C=E;

The capacitance depends only on the geometry of the conductors and not on an external source of charge or
potential difference. The unit of capacitance is coulombs per volt, or the farad (F): 1 F = C/V.

The electric dipole momnent p of an electric dipole has a magnitude p = 2aq where 2a is the distance batween
the charges g and -q. The direction of the electric dipole moment vector is from the negative charge toward the
positive charge.

5.2 Combinations of Capacitors

If two or more capacitors are connected in parallel, the potential difference is the same across all capacitors.
The equivalent capacitance of a paraliel combination of capacitors is:
Cuq=C1+C2+C3—...

If two or mere capacitors are connectad in series, the chargs is the same on all capacitors, and the equivalent
capacitance of the series combination is given by:
UCeq=1Ci1+ 2+ HCs+..,

These two equations snable you to simplify many electric circuits by replacin 2 multiple capacitors with a single
equivalent capacitance,

5.3 Energy Stored in a Charged Capacitor

Energy is stored in a charged capacitor because the charging procass is equivalent to the transfer of charges

from one conductor at a lower electric potential to another conductor at a hi gher potantial. The energy stored in
a capacitor of capacitance C with charge Q and potential difference DV is:

U _Q2_1 !_\V—ICAVZ
e—i—c*-zQ =3 (AV)

5.4 Capacitors with Dielectrics
When a dielectric material is inserted between the plates of a capacitor, the capacitance increases by a
dimensionless factor k. called the dielectric constant:
C=xrCsy
where Cois the capacitance in the absence of the dielectric,

5.5 Electric Dipole in an Electric Field
The torque acting on an electric dipole in a uniform electric field E is the cross product t=px E

The potential energy of the system of an electric dipole in a uniform external electric field E is the dot product
U g=—=p" E.
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Example 5.1 Combinations of Capacitors

Find the equivalent capacitance C between terminals X and Yof the infinite set of capacitors represented in the
figure below, from Physics for Scientists and Engineers by Serway and Jewett, 7° ed., Chapter 26. Each

capacitor has capacitance Cy. Hints:

e Imagine that the circuit is cut at the line AB
e  The equivalent capacitance of the infinite section to the right of AB is also C.

Co

A

‘ . X
Reg\sior COPACHOr
&) \
oo SE

“a
| I
H

JL.
oL

Il It
1 I
i

[
I
|
|

ek icHy rechNQrg-+ -
eaprie

Il
R

E 3
“IP\P‘@ Solution: B B
fes) The circuit can be represented as follows: el ) I . dq =
(clogged) %00 : @ow ot ) gt T\2A
RESISTON CAPACITON . ] % Sf\e%%zﬂ L4106t
=2k~ T
" —H& E "7
L ) . A eomh‘m\r C+Co
e CO— It
AT
{3We¥\\\ G
R=\ Cz% urggm 12 4
CanpOt cannGH T
crarge R oo &
N 1_ 2C+3Co
—s  coMOINOHOM : €~ Co(C + Co)
—W—A\\— T =
R\ R2 QL%HCE;' CoC?+ Co? =2C% + 3COC
\
Req=Ri+Qq .. AL, ) SRINNESD = 202 + 200 - co?
Ti=Ta=T. G QCQ---__:Q E—
IT_,TI‘ '~ Q, lnG)a.C=T—2COiJ(zc?))—4(2)c,Co2)
= 2(2
m— D— Roraied -
l I2Ra e, €= —5(Cot V3Co)
Q_ESZJL'L*] Cﬁq:C\"’C.Z--- c
I _EIQI\ _‘-[EQ. Qr=Qi+02 €= -7t V3
r=I+1a B

Only the positive{go&%s)pi&smmm g
_ 2
Rugs - IR Ue~ 3

use goicc. § 2C
«A'nN+40 z
ﬁ sg\ve_%mo.ﬁ-i o\ Q
= YR .\ 3erive Wsing
T VI ( AT €qQiv

Co =
= -é-(\f3-1)

()
L

PG G G G G AN W e e o B B B R B L L LR LR E E 1
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Example 5.2 Capacitance
(Saurce: hitp:/iwww. phys. hawaii edu/~morse/P272fall10-7_pdf pdf)

» Calculate the capacitance:

« Assume +0, -Q on plates with 4
potential difference V. ++ e

E =3 g,.. = --—-Q-—-.‘_.
g Ag

B
- T Q_ Ag
K—V—-—_‘!"I-_-dl—k‘d-gd — [‘“v 7

« As expected, the capacitance of this capacitor

depends only on Its GEOMETRY (Ad). DOES NOT
DEPENDon QoronV it}

» Note that C ~ length; this will aflways be the case!

Example 5.3 Energy Stored and Power Generated in Capacitors
(Saurce: hitp //www enginaeringtoolbox. com/capacitors-energy-power-d_1388 fitmi)

Calculate the energy stored in a /0 uF capacitor charged to 230 V.
Ug== %C(AV)Z
U= 1/2(10x10° F) (230 V)*
= 0.26 Joules
Hypothetically - if this energy is dissipated within 5 us the potential power generated can be calculated as
P =(0.26 Joules) / {5107 s)

= 52000 W

Il
v
LIS

kW

Be aware that in any real circuit, discharge starts at a peak value and declines. The energy dissipated is a very
rough average power over the discharze pulse.
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Topic 6: Current and Resistance

(From. Physics for Scientists and Engineers by Serway and Jewelt, 7% ed., Chapler 27)

8.1 Electric Current and Resistance
The electric current I in a conductor is defined as

dq

] =—

dt

where dQ is the charge that passes through a cross section of the conductor in a tima interval dt. The SI unit of
current is the ampere (A), where 1 A=1 Cis.

The resistance R of a conductor is defined as:

where DV is the potential differance across the conductor and I is the current it carries. The SIunit of resistance
is volts per ampere, which is defined to be 1 chm (); thatis, 1 V=1 V/A.

For a uniform block of material of cross-sectional area A and length /, the resistance over the length /is

{
R = 2 H
where p is the resistivity of the material.

8.1 Elactrical Power

If a potential difference DV is maintained across a circuit element, the power, or rate at which enarpy is
supplied to the element, is:
P =]AV

Because the potential difference across a resistor is given by AV = IR we can express the power delivered to a
resistor as:

(av)?
P=PR=-"2
R==3

Example 6.1

A 500 W heating coil designed to operate from 100 V is made out of wire 0,400 mm in diameter.
Assuming the wire's resistivity remains constant at p = 1.6 X 10750 - m; find the length of wire usad.

Solution:

A=nr?=n(0.200m x 1073)2 = 1.26 X 10~ "m?
_any? fee (avy* (1oov)®

P " eoow 1870
: RA S 1.26 X 1077m? i3
= A= e o<t m - L31m

bJ
[

-
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Topic 7: Direct Current Circuits

(From. Physies for Scientists and Engineers by Serway and Jewell, 7 od | Chapter 28}

7.1 Resistors in Series and Parallel

Parallel Circuit l

enginseringtootbox.com

The sum of current in a parallel network can be expressed as
{=ly+ips..+1, (1)
where
! = sum of currents (Amps)

The total resistance in a parallel circuit can be expressed as
1/R=1/Rg+ 1/Ao+ ... +1/R, @

whera
R = total resistanca in the parallel netweork (Ohms, 0}

Example 7.1 Parallel Network
(Source: hilp./iwww engineeringloolbox com/parallel-networks-d_1385 htmil)

The total resistance in a network with three resistors 7, = 100, H2 =200 and A3 = 30 1] can be calculated as
1/R=1/(100)+1/{200)+ 1/(30 )
= 0.183 (/)
R=1/0.183
=548(0)
Connected to a 12 V battery the sum of currents can be calculated
1=U/R
= (12V}/(5460)
= 2.2 Amps)
The current threugh each resistor can be calculated as
Li=U/R,
= (12V}/{10 (D
= 1.2 (Amps)
la=U/Rs
= (12V)/ {200}
= 2.8 (Amps)
ly= U/ Ry
= {12V) /{30 )
= 0.4 (Amps} R
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Series circuits

A series circuit is a circuit in which resistors are arranged in a chain, so the current has only one path to take. The current is
the same through each resistor. The total resistance of the circuit is found by simply adding up the resistance values of the
individual resistors:

equivalent resistance of resistors inseries : R=Ry + Ry + Ry + ..

Ry Rz Ry

_L—MM N
T
&

Y

A series circuit is shown in the diagram above. The current flows through each resistor in tumn. If the values of the three
resistors are:

Ri=80, Rp=8Q, andAg=4%, thettalresistance S8+8+4=200,
With a 10 V battery, by V = 1 R the total current in the circuit is:
I=V/R=10/20=05 A. The current through each resistor would be 0.5 A,

A parallel resistor short-cut

If the resistors in parallel are identical, it can be very easy to work out the equivalent resistance. In this case
the equivalent resistance of N identical resistors is the resistance of one resistor divided by N, the number of

resistors. So, two 4(-ohm resistors in parallel are equivalent to one 20-ohm resistor: five 50-ohm resistars in
parallel are equivalent to one 10-ohm resistor, ctc.

When calculating the equivalent resistance of a set of parallel resistors, people often forget to flip the 1/R
upside down, putting 1/5 of an ohm instead of 5 ochms, for instance. Here's a way to check your answer. If
you have two or more resistors in parallel, look for the one with the smallest resistance. The equivalent

resistance will always be between the smallest resistance divided by the number of resistors, and the smallest
resistance. Here's an example.

You have three resistors in parallel, with values 6 ohms, 9 chms, and 18 ohms. The smallest resistance is 6

ohms, so the equivalent resistance must be between 2 ohms and 6 ohms (2 = 6 /3, where 3 is the number of
resistors).

Doing the calculation gives 1/6 + 1/12 + 1/18 = 6/18. Flipping this upside down gives 18/6 = 3 ohms, which
is certainly between 2 and 6.

Circuits with series and parallel components

Many circuits have a combination of series and parallel resistors. Generally, the total resistance in a circuit
like this is found by reducing the different series and parallel combinations step-by-step to end up with a
single equivalent resistance for the circuit. This allows the current to be determined easily. The current
flowing through cach resistor can then be found by undoing the reduction process.

General rules for doing the reduction process include;

1. Two (or more) resistors with their heads directly connected together and their tails directly connected

together are in parallel, and they can be reduced to one resistor using the equivalent resistance equation
for resistors in parallel.

2. Two resistors connected together so that the tail of one is connected to the head of the next, with no

other path for the current to take along the line connecting them, are in series and can be reduced to one
equivalent resistor,

Finally, remember that for resistors in series, the current is the same for each resistor, and for resistors in
parallel, the voltage is the same for each one.

Sovrce: Intp:/ physics. buedu/py 106/ uotes/Circuits. himi
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7.1 Resistors in Series and Parallel
(Source. hitp://www. electronics-tutorials ws/decireuits/dep_4. himl

| 3
* A0 CICCURE v oevnessior
Kirchhoff's First Law - The Current Law, (KCL) Q(\Q 8&%\3&&\& QC, -—\O

Kirchhoff’s Current Law or KCL, states that the "fotal current or charge entering a junction or node is
exactly equal to the charge leaving the node as it has no other place to go except to leave, as no charge is lost
within the node". In other words the algebraic sum of ALL the currents entering and leaving a node must be
equal t0 2er0, Ieting) + Lenteriog = 0. This idea by Kirchhoff is commonly known as the Conservation of

Charge. _fo\\/\ Q\(QJ\\* LOTEN —b ‘ \(\ =
Kirchhoff’s Current Law ‘T\UWD(&WK‘\ K\rcr\ C}r{- g

Node

L

Currents Entering tha Noda
Equals

Currents L eaving the Node Curreris

Cut

I, +I?+)'_3+(-I¢+-I5>=0

Here, the 3 currents entering the node, I, I, I are all positive in value and the 2 currents leaving the
node, I and I5 are negative in value. Then this means we can also rewrite tha equation as:

-
g : Li+L:+Lk-L -1:=0
D
b
J
5
)
)
)
|
i
i

The term Nede in an electrical circuit generally refers to a connection or junction of two or more current
carrying paths or elements such as cables and components. Also for current to flow aither in or out of a node a
closed circuit path must exist. We can use Kirchoff's current law when analyzing parallel circuits,

Kirchhcif's Second Law - The Voltage Law, {(KVL)

Kirchhoff’s Voltage Law or KVL, states that "in any closed loop nerwork, the total voltage around the faop is
equal to the sum of all the voltage drops within the same loop" which is also equal fo zzro. In other words the
algebraic sum of all voltages within the loop must be equal to zero. This idea by Kirchhoff is known as

the Conservation of Energy.

Kirchhoff’s Voltage Law

: The sum of all ths Vicltage
| Lrops around e loop
is aqua to Zoro

Vg + Vae + Vop +Vpy =0
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Starting at any point in the loop continue in the same direction noting the direction of all the voltage drops,
sither positive or negative, and returning back to the same starting point. It is important to maintain the same

direction either clockwise or anti-clockwise or the final voltage sum will not be equal to zero. We can use
Kirchoff's voltage law when analyzing series circuits.

When analyzing sither DC circuits or AC circuits using Kirchoff's Clrcuit Laws a number of definitions and
tarminologies are used to describe the parts of the circuit being analyzed such as: node, paths, branches, loops
and meshes. These terms are used frequently in circuit analysis so i is important to understand them.

Cirecuit - a circuit is a closed loop conducting path in which an elactrical current flows,

Path - a line of connecting elements or sources with no elements or sources included more than once.
Node - a node is a junction, connection or terminal within a circuit were two or miore circuit elements are
connectad or joined together giving a connection point between two or more branches. A node is indicated

by a dot.
4. Branch - a branch is a single or group of components, such as resistors, that are connected between two

nodes.
5. Loop - aloop is a simple closed path ina cireuit in which no circuit element or node is encountered more
than once.
5. Mesh - a mesh is a single open loop that does not have a closed path. No components are inside a mesh.
7. Components are connected in series if they carry the same current.
8. Components are connected in parallel if the same voltage is across them.

S;a 19—

'Nodesl
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A

\
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&
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Y

Loop
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L
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Example 7,1
Required:
Find the current flowing in the 40Q Resistor, R;

(F e
t

Solution:
The circuit has 3 branches, 2 nodes (A and B) and 2 independent loops.

Using Kirchhoff’s Current Law, KCL the equations are given as:
¢  Atnode A: L=+ L=1;
®  AtnodeB: I;=I,+1

Using Kirchhoff's Voltage Law, KVL the equations ara given as;
L] LOOP 1is gx'\-‘en as: 10=R1X11 +R; x13=1011 +40I;
e Loop 2 is given as: 2W0=RixL+R;x[; = 201; + 40I;
¢ Loop3isgivenas: 10-20=10- 201,

As I; is the sum of I; + T, we can rewrite the equations as;
* Eq.Nol: 10=10I, + 40, + L) = 50I; + 405,
¢ EqNo2: 20=20D+40(I;+ L) = 401, + 60,

We now have two "Simultaneous Equations" that can be raducad to give ys the value of both 1, and I
*  Substitution of I, in terms of I, gives us the value of I = -0.143 Amps
e Substitution of I, in terms of [, gives us the value of I, = +0.429 Amps

As: L= I+ I,

*  The current flowing in resistor R; is givenas: Iy= -0.143 + 0,429 = 0.286 Amps

*  And the voltage across the resistor R; is givenas: Vi3=0.286 x 40 = 11.44 volts
The negative sign for I; means that the direction of current flow initially chosen was wrong, but never the lass
still valid. Tn fact. the 20v battery is charging the 10v battery,

Application of Kirchhoff's Circuit Laws
These two laws enable the Currents and Voltages in a circuit to be found, i.e., the circuit is said to be
"Analyzed", and the basic procedure for using Kirchoff's Circait Laws is as follows:

1. Assume all voltages and resistances are given. (If not, label them V L V2. RL.R2, atc.)

2. Label each branch with a branch current. (I1, 12,13 ete.)

3. Find Kirchhoff's first law equations for each node.

4. Find Kirchhoff's second law equations for each of the independent loops of the circuit.

3. Use Linear simultansous equations as raquired to find the unknown currents.
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Example 7.2

{Source: hitp //www pa.msu.edu/course s/1997spring/phy232/tectures/kire hoff/fexamples html)
Problem:
Find tha cuments through all he resistors in the circuit below:

DATA: Vp=12 V, Ry = 10W, Rp= 15 W, Ry =20W

Solutien:
Summing the voltages arcund the left and right loops gives the following two squations:

LV, =iR +4R,
2 ¥, =R ~(i~5)R

whera i has baan replacad by Jy - iz Muitiplying Eq. (1) by Ry multiplying Eq. (2) by Ry, than adding e aquations yialds:

(R, +R W, =i(RR +RR +R.R)

which rearanged yields
L= (Rﬁ"'ﬂ’%’ OneaI,isknovm,E-q.'(ﬂcanbausodwgall,.andf,canbe!cundasmdiﬁammi,-!,
RR, +RR,+ RR
3= 0.554 amps, I;= 368 amps, /4= - 165 amps
Example 7.3
Source. hitp www. pa. msu edu/courses/1987sprin glphy232/ectures/iircheif/examples. htmi)
Problem:
Eird the charges on all the capacitors in the circuit below:
c
—
% % |
va. e cz'== 2, T‘: v.
)
DATA: V=12 V, G¢ = 10 mF, 2= 18 mF, 3 =20 m~
Sofution:
Summing the voltages around the left and right loaps gives tha folfowing two equations
1 % = .g- - _Q.'“!
4 G
2 ¥, :___,——*(QC;Q’L,%

where Qg has been raplaced by Qy - Q2. Dividing Eq. (1) by €3, dividiing Eq. (2) by Cy, than adding the equations yieids:

,,;[_},+i] :Qg(_l_+;:,,_:l_]
G G GG GG GG

which rearranged yields
0,-¥,G5+GG
G+G+G

Once @3 ls known, Eq. (1) can be used lo get Qy, and Qg can be found as the difference Qy - Qz.
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Example 7.4
{Source: hifp Swww.pa msu edu; courses/1397spring/ph }f2-3E‘x’:’e-::!mea.-"frir:..!mH}-‘f.-;s'.;if;r;p!e;s_.hrmf}

The circult below has been in pasﬂionaforasongm.thmet-amammmhmmmmiﬁm b DATA Vp=12V,C=10 mF R=20W

a R

d
- ""-.
Vb( :J—___ b v

Ll T

a.) Wnat is the curnent through the resistor just BEFORE tha switch s thrown'?

I=0

b.)Whmlsthawnmtmmgh the mimmsmmmmmmm’e
Solution: 1= YR

I=0.5 amps
¢.) What Is the charge across tha capacitor just BEFORE the switch s thrawn?
Solution: @ =V

2=120 mC
d.) What is the charge on the capacilor just AFTER the switch Is thrown?
Solution: Tharge does not change instantaneously,

@=120 mC
.) What Is the charge on the capacitor at attime t= 0.3 msec aftar tha switch is thrown?
Sciution: Q-rot;(-mj,wnemHmnO‘me

Q=288 mC

Example 7.5

{Source: hitp/lwww pa.nsu eduicaurses/1997spring/ph y2.32/.’e:;!uresz’k:’{'::hcafff'exam,sles html)
Qmidemgmamnecl.'wit.nnrywmthoemd]Wmfmahauumuﬂamazvmbmfn Positon & for 3 iong tima. DATA Vo= 12V, C=10mF R=20W

A.) What is the cument theough the rosistor just BEFCRE the swich s thrown?

I=0
b.) What is the currant through the resistor just AFTER the switch Iy theawn?
Soltion: 1 = WR
7=08amps
.} What i the charge seross the cagacior just BEFORE the switch is thrown?
Solution; @ =CV
g=0
d.) What 5 the charge on 1he capacor just AFTER Lhe swilch s thrown?
Selution: Cherge doss not change nstantanesusly,
@=0
@] What s iva charga on the capasitor at &l time ¢ = 0.3 meee after the switch Is thrown?
Solution: Q= Qp({1.0 - 2xpl-Un) , whers t = RC = 0.2 meac
g=02me

fal
L]
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Topic 8: Magnetic Fields and Forces

(From: Physics for Scientists and Engineers by Serway and Jewelt, 7% ed , Chapter 29)
8.1 Motion of a Charged Particle in a Uniform Magnetic Field

If a charged particle moves in a uniform magnetic field so that its initial velocity is perpendicular to the field,
the particle moves in a circle, the plane of which is perpendicular to the magnetic field. The radius of the

circular path is:

my
o=

gB

where m is the mass of the particle and q is its charge. The angular speed of the charged particle is

When a particle with charge q and moving with velocity v is placed in a magnetic fisld B, it experiences a magnetic
force given by
?5 =4 P X -B‘
The diraction of this magnetic force is perpendicular both to the velocity of the particle and to the magnetic field. The
magnitude of this force is
Fy = |glvBsinf

where u is the smaller angle between v and B. The SI unit of B is the tesla (T), where 1 T= 1 N/A - m.

8.2 Magnetic Force Acting on a Current-Carrying Conductor

If a straight conductor of length L carries a current I, the force exerted on that conductor when 1t is placed ina
uniform magnetic field B is
x B

t~y

Fy=1
swhere the direction of L is in the direction of the current and |L| = L.
If an arbitrarily shaped wire carrying a current T is placed in a magnetic field, the magnetic force exerted on a very
small segment ds is

dF, =1ds x B
To determine the total magnetic force on the wire, one must infegrate the equation over the wire, keeping in mind that
both B and ds may vary at éach point.
8.3 Torque on a Current Loop in a Uniform Magnetic Field
The torque T on a cunent loop placed in a uniform magnetic field B is
=1 xB

The potential energy of the system of a magnetic dipolz in a magnetic field is

U‘a:—ﬁ'g

33
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Example 8.1

The magnetic field of the Earth at a certain location is directed vertically downward and has a magnitude of
60.6 uT. A proton is moving horizontally toward the west in this fiald with a speed of 6.00 x 10°m/s.

(a) What are the direction and magnitude of the magnetic force exerted by the fisld on this particle?
(b) What is the radius of the cireular arc followad by this proton?

Solution:
1_;; I
F
® B
B =60.0 uT
‘ Y, =6.00x 10°m/s
B

(@)Fg = |qlvBsing; 6= gQe
F3 = qvB = (1.6 x 10-19¢) (6,00 x 10% ?) (60.0 uT) =5.76 x 10~V
The direction of the magnetic force is south,

-

O 2 (1.67%107274g) (.00 x 1052
(b)F3=Fac=‘m,.i = 576 x10°VN = 22 oy ;) = r= 1.04m

Example 8.2

A particle with positive charge q =5.00 x 10 C moves with a velocity v = (37 + 4j — k) /s through a
region where both a uniform magnetic field and a uniform electric field exist, If @ = (3i +5j+ k) T and
E=(5i-j—3k) Vim,

(a) Compute the total force on the moving particle (nijk notation),
(b) What angle does the force vector make with the positive ¥ axis?
Solution:
(@)X F = Fod Pos qE + q¥ x B
=500x107°[(5i~j — 3k) + (3i + 4 — k) x (Bi+57+k))]

L
vxa=fs 4 Sl= - e Yre=oi-6j+ 5
3 5 1

ZF = (5.00%107C)[(5i — j - 3K) + (93 — 6] + 38)]

= (5.00x107°C)[(14i - 7j)N /]

=(7.0i — 3.5§) x 10-18xN

LR}
ey
o

o

(b) rand = %—- =
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Topic 9: Sources of the Magnetic Field

{(Fram: Physics for Scientists and Engineers by Serway and Jewelt, 7 ed., Chapler 30)

9.1 The Biot-Savart Law

The magnetic flux Fs through a surface is defined by the surface integral

The SI unit of magnetic flux is the weber (Whb): 1 Wb=1 Tm’

The Biot-Savart law says that the magnetic field dB ata point P duetoa length element ds that carries a steady

current I is
E oIS X
T4 12

where pt, is the permeability of free space, r is the distance from the element to the point P, and 7 is a unit vector
pointing from ds toward point P. We find the total field at P by integrating this expression over the entire current

distribution.
9.2 The Magnetic Force Between Two Parallel Conductors

The magnetic force per unit length between two parallel wires separated by a distance a and carrying currents I
and I has a magnitude

é . Hofﬁz
I 2ma

The force is attractive if the currents are in the same direction and repulsive if they are in opposite directions.

Example 9.1

(Source: hitp:/iwww phvs. it edi/~huwig2d Teaching/Phys2401/LectureNotes/Chapter3 0 pdf)

Example: A thin, straight wire carrying a constant current /. fmportant Result:

Calculate the total magnetic field at point P. {1) The magnetic field lines penerated by a long straight
current-carrying wire are circles concentric with the wire
and lie in planes perpendicular to the wire.

(2) The direction of the field can be determined by a Right-
hand rule,

{3) The magnitude of the magnetic field deereases with the

incrense of the distance from the m Q Q\

Solution: Using the Right-Hand Rule,
direction of the field at £ is into the

papet.
r=vst+ R .
sin@ =sin(x —6) = -
i ;52 + R°

I Rds
T .. S
B=2Ix a7 _3;(5-. ’.RZ)LE ¢

- gl . ‘ W, T !
2aR (J:z i-Rz)I‘5 " . IT - g;

i I

B - _llg.i... = _l. L "
2aR R (=) 6y
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Topic 10: Faraday’s Law

(From. Physics for Scientists and Engineers by Serway and Jewell, 7% ed | Chapter 31)

By <

10.1 Faraday’s Law of Induction

Faraday’s Law of Induction states that the induced emf's in a coil is proportional to the negative of the rate of

change of magnstic flux:

dég

S

For a coil that consists of N loops, the total induced emf would be N” times as large:

| E = — ’EI_..{E.E.
|_dt |
Lenzs & 3% ot \oopS
KES

10.2 Lenz’s Law LOw

Lenz’s law determines the direction of the induced current. The induced current produces magnetic fields that
tend to oppose the change in magnetic flux that induces such currents,

Example 10.1

A toroid having a rectangular cross section (a = 2.50 em by b =23.30 cm) and inner radius R = 4.40 cm consists
of N = 600 turns of wire that carry a sinusoidal current 7 = bz Singot, With L, =60.0 4 and a frequency

J =@/27="7T0.0 Hz. A coil that consists of N’ = 20 turns of wire is wrappad around one section of the toroid as
shown, Determine the emf induced in the coil as 2 fimction of time,

’ i b ‘q--le

d¢g 60% 1. b+ R
e = N"ar =20[—&]maln[ % ]coswt

2T

As we found in example 9.1, the magnaetic field due to a
current-carrying wire at a distance r away is
3 178

2mr

0
For 600 turns, B = M
&7r
(S‘I)Op.‘:.!n.mfshrtc'J
- 2ar
0 .
50 ;,:‘,I,_.I;sinwr

B =
2ar

0 X .n r

i 60 p,l,, si wt [ ad
¢5=jgd*’4:_._#_ﬁm“__ﬁ_ il
2T ¥

x

0
60 Holmg i
g = —————a@asi
2

b+ R
cutln[ ]

0 x

60 u I L+R

=20 [——23—@—} waln [ J co wt
Ir

-7

L, N) (60 4)

0 1
%
60 (4Tt "

().033 m o+ 0.040 m

(440 %) (0.02° m)ln[

2

} coowt = (=0 953 V}ces' i
0.04" m ' .
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Example 10.2
Source: http:/iweb.mitedw/viy/ EM/visualizations/coursenotes/modules/guide10.pdf

An infinite straight wire carries a cusrent J is placed to the left of a rectangular loop of
wire with widthw and length [, as shown in the Figure 10.9.1. 3 {pO\POMENSYT

= NO+4+he TENC
‘—a__t == mCCGg \Q_ = 7
a"%)@ €} ) 1ng “‘Qm! [@ =B 0 IA
& s 'a @) oL L
IOGRRE Fieid | B c SBAd coswn
= WQC P = = CcOS
yin ool g 0 € A s
R Figure 10.9.1 Rectangular loop near a wire -~ *BAwS\ﬁ\_\%S
O WNCIUCe (a) Determine the magnetic flux through the rectangular loop due to the current /.

eecticny . . ok

® . (b) Suppose that the current is a function of time with/(f)=a+bt, where a and b are

ﬂﬂq“mng&c positive consani. What is the induced emf i the loop and he direction of the induced
current? Ez(gy_:mP AYE =A cOSE Q

i R"S_Q_ .t)-.-.e?t-a-?-{-_ﬂ(} ___é _és‘h

crarge B s.,auﬂ.:.: ) SRSy (202 43)
'.'
(a) Using Ampere's law: ©) (Ewmgym(0.25) 280+ =

| @changein SXANPE
A

Bi=x0T Be=0 At =3xies §B-di=pl T € L0282 B . A
* tgt cécm;;%-cmingwht at a distance r away is
@\'O\EI-\Q D\SK ES{Q\T\blﬁ A
inibany #rnal ORAA g
LeNZ Loy SN L A
-y Th gk:a‘ﬁg’get%écﬂ b, through the | be obtained by i
: e total ma ux P, thr oop can obtain summing over
TT\'Q.\(\QUCfd contributions from all differential area elements d4 =/ dr:

W m@rﬁt@ induced, L A
'\l\ﬁ\Q ‘\S Oﬁmw@, ®,= jdfb‘, =|B-dA= "i‘;‘j: ‘;"‘““‘“zx'“lﬂ['s—] (10.9.3)

OF *hve. AL
C (] we have chosen the area vector to point into the page, so that ©, >0,

(10.9.2)

N MOQNetic
{L\U\X (b) According to Faraday's law, the mdmed emf i; | |
o, a5 (5:_*2]._4!.,-.#_»*1 (m) ,
f dt dt| 2z m[ s ]] Ir:m s ) dt 27 - s {1024

@?mé whers we have used df/dt = b,

m(\[}\—m The straight wire carrying a current / prqduca a magnetic_ flux into the page through Fhe
\'{_ “he : rectangular loop. By Lenz's law, the induced current in the loop must be flowing
mg counterciockwise in order to produce a magnetic field out of the page to counteract the
PASSes increase in inward flux.
THIeUgN Qise

AS TR GEFOOANES, MOQPEt 21k Y - ifey couner

other side OfdiRK, O MOGNET tanes, MOQNEe $1uy 1
- CUTRNTT dockise.

R I S P e YR R

.

s aEm O Aam e AR am Em. AR S R

e amn A s cmh AN O ams amn s B o ame s aAn ws s A
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Topic 11: Inductance

(From: Physics for Scientists and Engineers by Serway and Jewelt, 7™ od, Chapter 32)
11.1 Self-Induction and Inductance
When the magnetic field generatad by a coil changes with time (due to a change in current) the magnetic flux

enclosed by the coil will also change. This change in flux will induce an emf in the coil, and since the emfis
due to a change in the current through the coil it is called the self-induced emf. The self-induced emfis equal to

di
EMF = -L %
: dt

L is called the self-inductance of the coil. The self-induced emf will act in such a direction to oppose the
changs in the current.

11.2 RL Circuits

An RL circuit consists of a resistor and an inductor placed in series with a battery (see Figure 32.4), Applying
Krichhoffs second rule to this single-loop circuit we obtain the following differential equation

di
-iR+E-L—=0
iR+ %

R N

This differential equation has as a solution

K
:'-R;(l—e "') The RL circuit,

This solution is valid if the battery is connected at t = 0. Equation (32.51) shows that the current at t=0sis
equal to 0 and grows steadily to reach a final value of e /R at t = [infinity]. The time censtant of the RL cireuit
is L/R. If the current has reached a steady value and the battery is suddenly disconnected, the conductor can
generate a current through the resistor that will gradually decay as function of time. If the initial current is equal

to [epsilon] R, the current at time t will be equal to RN Cl%ktﬁ:j"rc;
., E & 7R“\B ;E,‘US\I:QUO ) ) CQX(\,UWQ
iﬂEQ £ }___-.52? l-nf'fhl"l'e —-2__ _Mﬂ i o~

frtoom  Stagne 2T | 2T o5 T Sm- - QUNFENY NS

I=5A -
UD :[m-§ B .dg
Bl2wr) when v

2Tt WheN re R bisy
Example 11.1 1N~ HQcxionT, (FONOWS ratio)

(Source: http:hws. Jsit ech ~Fdnwling/BHYS21024SP07 lectures/lecture ] 9. pef
fiely : 2 e

Bih&idt= Ao (%_IT)
\ﬁ 38

Iinz—g;.l'r
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» The current in a 10 H inductor is B —
decreasing at a steady rate of 5 A/s.

* Ifthe cument is as shown at some instant ——W—-
in time, what is the magnitude and
direction of the induced EMF?

* Magnitude = (10 H}(S A/s)=50V

* Current is decreasing
@50V —>» * Induced emf must be in a direction
¢ that OPPOSES this change.
(b)50V * So, induced emf must be in same

direction as current

Example 11.2

(Sowrce; http:/iphys. Isu edw/~jdowling/ PHYS21024SPO7 Tectures/lecture 1 9. pef)

Immediately after the switch is
closed, what is the potential

dxi'fcmncc across the inductor? -—l 10 Q
(a)0V .

(b)9 V
(c)09V

s

= 9V 10H

e
E

* Immediately after the switch, current in circuit = 0.
« So, potential diffcrence across the resistor = 0! |
* So, the potential difference across the inductor = E =9 V!

Ex:smple 11.3

aree: hup:/iphys.lsueduwjdowling/ PHYS21024SP0 7/ lecruresilecture19.pdf)

- A ae an A e e B e AR e . a e
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PHYS 205 - ELECTRICITY AND MAGNETISM

Example

Ol + Immediately after the switch is
closed, what is the current ;
through the 10 € resistor?

(3)0.375 A
(®o3A * Immediately after switch is closed,
©0 | current through inductor = 4,

* Hence, current trhough battery and
through 10 Q resistor is
i=(3V)/(10Q)=03 A ;

b) * Long after the switch has been closed,
what is the current in the 409 resistor?

(@) 0375 A '+ Long after switch is closed, potential
(b)0.3 A - across inductor = (),

|

w | = Hence, current through 400 resistor ~

©O0.075A  <iomy | |
~P9 Uchlade] | (3 v)/(40Q) = 0,075 A
ACRIPONe s, e | (3 V)X )=0075A = ]

QesE\m-CQmmr S10wW\
Rereircurs  SXkhhae) T=RC G e i Y
reiaHoNSNID

_[__‘3“’ W +me rMuUnPe Re.

I10H

Switen -

idl‘scm,g,-nq) E Qeny= Cee = T.% La=02 {3_5_) =

|t

So~Iw =-'l§:.t-

P

<

dexaus
L tmw} SWHCINOH,

Forde  Voraging o = £ (1-e-%)
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Topic 12: Alternating Current Circuits

{From. Physics for Scientists and Engineers by Serway and Jewett. 77 ed., Chapfer 33)

e In an AC circuit with a sinusoidal voltage source V() =V, sinex, the current is
given by I(t)=1,sin(wt—¢), where 1, is the amplitude and ¢ is the phase

constant. For simple circuit with only one clement (a resistor, a capacitor or an
inductor) connected to the voltage source, the results are as follows:

o Resistance Current
Circuit Elements /Reactance Amplitude | Phase angle ¢
R v,
I =
A A A R 0= 0
L _ ;. =to 7i2
000, Ly =mb 2TX current lags voltage by 90°
C X.= ,,_l,__ [ = ...;E.L -7l2
- ® €~ oC €7 X, | current leads voltage by 90°

where X, is the inductive reactance and X . is the capacitive reactance.

s For circuits which have more than one circuit element connected in series, the
results are

Circuit Elements Impedance Z Current Amplitude Phase angle ¢
R L 2 2 I= Vs f_
ANy | VEEL BT 0<p<3
¥ 3 3 V" T
’ﬁ"ﬁ\l“_”'g —o} WX lqn:;ﬂhx,’. ~F Sy
v, ¢>0 if X, >X,
R I c ‘[——_:’_‘ 1, = e - L &
AN |} R +(X, - X.) "R (X, - XY $<0 if X, <X,

where Z is the impedance Z of the circuit. For a series RLC circuit, we have

Z= JR: X, ~X.)
The phase angle between the voltage and the current in an AC circuit is

X, =X,
’-=t311_‘ L 4
oo (B3]

41
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Example 12.1

(Source: http:/Aiveb. mit edu/viz EM visualizatic nsicoursenotes/imodules/guidel 2. pdf)

Suppose an AC generator with ¥(¢)=(150V) Jsin(100¢) is connected to a series RLC
circuit withR =40.0 Q, L=80.0 mH, and C =50.0 4F, as shown in Figure 12.9.1.

R

o

GE—— AT
@5 L

L (4) =¥, sincot
d

7‘!}'\__._...4 >

-

|

* Figure 12.9.1 RLC series circuit

(a) Calculate ¥,,, ¥, and ¥, the maximum of the voltage drops across each circuit
clement.

{(b) Calculate the maximum potential difference across the inductor and the capacitor
between points 4 and d shown in Figure 12.9.1,

Solutions:

(a) The inductive reactance, capacitive reactance and the impedance of the circuit are
given by

1 1

X .=—= =200 Q 12.9.
“ wC (100 rad/s)(50.0x10™ F) 0389
X, =wL =(100 rad/s)(80.0x10™ H)=8.00Q (12.9.8)

and

Z=\R*+(X,-X,) = J(40.0 Q) +(8.00 Q-200 QF =196 O (12.9.9)

respectively, Therefore, the corresponding maximum current amplitude is

v, 150V
[, =2=——"=0765A 9.
Y Z 196Q (129.10)
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The maximum voltage across the resistance would be just the product of maximum
current and the resistance:

Voo =I,R=(0.765 A)(40.0 Q) =306V (12.9.11)
Similarly, the maximum voitage across the inductor is

V,, =1,X, =(0.765 A)(8.00 Q) =6.12V (12.9.12)
and the maximum voltage across the capacitor is
Ve =1,X.=(0.765 A)(2000Q) =153 V (12.9.13)

Note that the maximum input voltage ¥} is related toV,,, ¥,, and ¥,., by

Vy =V’ + (Voo =Ve) (12.9.14)
(b) From b to d, the maximum voltage would be the difference between V,,and ¥V :

[Vt [=1Pe + ¥ 121V, =V |=16.12 V=153 V]= 147V (12.9.15)
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Phys 205, sectlon 03 = Winter 2012
Problem Set #1
Due date: January 18" 2012

For each problem you must draw a clear dlagram detalling the situationl

Grading: Out of 25 points, each problem’s weight Is indicated. Assignments that are late will be

penalized 20% per day that they are late, Late assignments can be slipped under my offlce door. No
homework should be identical, collaborating does not mean copying,

Format: Write your name and ID, my name, “Problem set #1”
at the top of the first page (write the names of people with w
Zero point will be given for a good answer without the pro
detall (briefly) the logic of the steps that you are using.

and the date you turn your homework In
hom you collaborated on this hemework),
per intermediate steps, Write clearly and

Notes: Problems with a * are more challen

solve all the problems without a *, then you are doing fine. If not, please seek help right away, either via
your 5L sections, your peers, or my office hours. ;

Problem 1 (3 points) Adding vector forces in 2-dimensions (x-y plane)

A charged object has two forces acting on it: P—",_ (4 Newtons, pointing up at 120° from the positive x
axls), and ﬁ‘z (8 Newtons, pointing down -30° from the positive x-axis).

{a) Write down Fiand Fiin terms of the unit vectors £ (along x-axis) and f (along the y-axis).

(b) Compute the total (net) force acting on the object and write it down In terms of fandJ.

(c) Write down the total force In polar form, l.e. give its magnitude (In Newtons) and its orlentation
(angle from the positive x-axis),

Consider the three point charges shown below. (a) What Is the total electric force 13. (magnitude and
direction) on charge g,? (b) If these 3 charges are placed in the Earth's gravitational fleld (use § =
‘10523 J)» and the mass of charge g, is my=1 kg, what Is the total acceleration, @), of g,?

H=+1uCc P
T

12 meters
y i
[ gz= -2 uC ’

i1 meter
X q3-+1pC‘

Problem 3 (3 points b ectric field and force from point charge

Four point charges are placed on the corners of 2 rectangle as shown In the diagram below,
(a) Determine the electric field (vector) at the locatlon of the charge -g.
(b) Determine the force (vector) on charge -g. -

ging and should be answered last. If you find that you can '

a a & B a8 & = 8 &
e e M s m A G G e e A A a A e A B e A A e A A s s am A
A @ aE Jun S . A 4



€ . ©)
€z g-r - E'?’- L-‘. E‘ﬁ
lﬁe - B

Ez
SR e
1 ¥
) Téi}l » £189) iy
Ex= = (= ¢ Magnitude
13
“E = 2 zZ
El{aﬂﬂ(ﬁ;j) -1l Vexirey
W3] picecsians
®aram

@sirnpit) bt ik o

@use originQl %@(U\ Nide,

- FeCHONecT
BXHNQ o %gw-em\m ot sogmcs\ -
V=V Va4, SHQrT OF S 3

=xiq) | K(&) 4 ki)
Y Y

=¥ (4 & 8
Ay

L HOQ Ahe oreiQL ener
Ex FOQ e (-4 ) *oneeqw IS fFEIC0sed O iInginte winO- s
Ue =VTt ) e SinQl veocky

A + AU=0



* Id fro charge di o

The figure below represents a uniformly charged solid cylinder (not hallow) with a total charge -Q. What
is the electric fleld at the point O which Is a distance h above the central axis of the cylinder? (hint: first
divide up the cylinder into Infinitely thin disks, and then the disks into rings. Find the contribution of one
ring, then one disk (see textbook). Then add the contribution of all the disks making up the cylinder, use
a table (book) to find the result of the Integrall)

Problem § (2 points) Electric fleld lines

Consider an infinite plane with a uniform negatlve surface charge density. Draw a cartoon (side view Is
ok) representing the electric field lines above and below the plane.

- Problem & oint: otlo uniform elect g

A negatively charged ball having a mass of 10 grams falls from rest in vacuum from 2 height of 3 meters
in a uniform vertical electric fleld of 10* N/C. The ball hits the ground at a speed of 10 m/s. (a) Is the
electric field pointing up or down? (b) What Is the charge on the ball?

Problem 7 I Electrl
A point charge g is at the middle of a cylindrical box of length a and radius b (b<a). The box has a

uniform surface charge density a. What is the electric flux through a cubic box, whose side’s length is 2a,
and which Is also centered on the point charge q? (hint: no complicated math is necessary)

Problem 8 (2 points) Gauss’ Law - plang

Consider an Infinite non-conducting plane (sheet) of charge. The sheet has a uniform charge density
+30. (a) Caleulate the electric fleld above and below the plane. (b) If a second plane with the same
charge density Is placed parallel and a distance d above the first one, what Is the electric fleld between

the two planes?

Problem 9 (3 points) Gauss’ Law - sphere

Two co-centric hollow spheres have radli of R; and R; and have uniform surface charge densitles oy and
oz The two charge densitles are positive. Derive an expression for the electric fleld (vector) outside the

two spheres (r > R,).

Proble 2 points) G Law = cylinde

An infinite stralght wire has a uniform charge density A= +1uC/m. This wire sits inside and on the axis of
a hollow infinite cylinder of 0.5m diameter which has a surface charge density o= -0.2 uC/m? What [s
the electric fleld 1 meter away from the straight wire?
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Phys 205, section 03 - Winter 2012
Problem Set #2
Due date: February 1*

~ When using the Physlcs HW drop-box: Do not forget to write the Instructor's name and sectlon number.

Grading: Out of 25 points, each problem’s welght Is Indlcated, The problem set must be handed-
In on the due date. Assignments that are late will be penalized 20% per day that they are late, Late

assignments can be slipped under my office door. No hamework should be Identical, collaborating does
not mean copying. Plaglarism Is easy to detact,

Format: For each problem you must draw a diagram detallin
given for a good answer without the proper derivation (Intermediat
(very briefly) the logie of the steps that you are usi
will lose marks,

Notes: Problem with a * are more challenging, but you should at least attempt them to get
partial credit. [f you find that you can solve all the problems without o % you are doing fine. If not,
* please seek help right away, either via tutorlals, your Peers, ar my office hours,

g the situation, Zero point will be

@ steps). Write clearly and detall
ng. If | cannot understand what you are doing, you

Problem 1 (2 points) Potential energy
Explain why (one sentence + one equation) a force which only changes the

direction (angle) of the
veloclty _of”an object and not its speed (magnitude) does not perform any work o

n the object?
Probie 0 atentla erenc lectric fiel

An electron starts at rest In a uniform electric fleld of 5x10%/m, (a) Throu
has it passed after moving 5 cm? (b) What is its change in pote
units of eV and Joules, (c) What s its velocity after moving 5 cm?

gh what potentlal difference
ntlal energy? Give your answer both In

P nje ‘ E 'H".I Sl aii] E = i' - = :
Twao Identical point cha 8es (9;=g:= -1 uC) are located on the x-axls. One Js at Position x= +2 meters, and
the other at x = - 1 meter. (a) Find the electric potentlal at x = 0,

(b) Calculate the change in potential
energy of the entire system if a third charge (g;= -2uC) Is brought from Infinity to (x= 0,y =+ im),

roblem 4 ric potenti u

.
The figure below represents a uniformly charged cylindrical shell (hollow) with a total charge -Q, What Is

the electric potentlal at the point O which Is a distance h above tha central axls of the cylinder? (hint:
decompose the cylinder Into a stack of rings) . -

obl oints otent

(a) The electric fleid In a region of space Is given by § = (2x+ 2%t V/m (points along x). Calculate the
potentlial difference AV between the positions x; = 1m, and ¥z =2m. Which has a higher potentlal?
(b) If V=0 at infinity, what Is the potential at paint “0”, If it sits 3 dist

ance L above the end of a rod of
length L which carries a uniform linear charge density and has a total charge Q?

"“.‘A
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Consider an electric dipole (two point charges of oppesite charge) which has a value p = qd, where glsthe
magnitude of the charges and d Is the distance between them. You are told that the potential due to a
dipale Is given by V = pcos@/(4me,r?) . What Is the radial component of the electric fleld (£, ) due to
this dipole ?

Problem 7 (1 points) Parallel plate capacitor
A parallel plate capacitor Is connected to a battery with a potential difference 4V. If the two plates are
brought closer together, the electric fleld between the plates Increases. Explain why (ona sentence + ane

equatlon).

Problem 8 (2 points) Capacitance

Metallic carbon nanotubes were first discovered about 15 years ago. They are small conducting cylinders

made of a wrapped sheet of carbon atoms (one atom-thick), Consider a double-wall carbon nanctubes (two

concentric cylinders), were the smallest tube has a radlus of 1 nm (10®m) and the larger tube has a radius
of 2 nm. Assume that the two shells are infinitely thin and are separated by air. If the tube Is 2 um long,
what Is the capacitance of this double-wall nanotube? (hint: You de not need to re-derive the expression
for the electric fleld, take it from the book. You do need to derive the expression for the capacitance.)

< Problem 9 (4 points) Combination of capacitors  / = \()\/

Consider the circuit below. (a) What Is the equivalent capacitance to this clrcult of 3 capacitors? (b) Which
capacitor Is storing the largest charge? (c) Which capacitor has the largest potential difference across it? (d)

N Ceq = (3 +3)7 =3 Q) V- \/a‘ P Vg - &
= | 5 CF ‘0 3 C‘5 - A
b)QT._ C.c \/ = 8 \ '-'|ISC. ‘3=C_) —-""5 —5_:'5 ‘.
A ) to) :VrpkﬂQQ\(\ I \%elq
Q@ Qa @ o “‘“‘f‘g‘f v i akrees 8 e’w\,
\. z =
\s 10 e 208
+Q
£ L _wi _G“ LI‘J‘:Q?’E U‘gf' H’:_:?’
T\ i 2C) 2Ca 2C3

D-\thch capacitor Is storing the largest potentlal energy in its electric fleld? ©=15 ¢, = 3

I181=15

OSIARI grapn 4sH |
w&ﬂm GiroNualy | @t

=4 Cpraralle) =3

Q‘QQU = ‘5

@u T ¢
@ G+ @ ir\CTX\\JiQUGl | (&Cg;éc

SinoividuQi @ 2(1s)

C=ic = [ L Ceq = -]
Q@s+5 T_1g b3
Si0s) L1015

) L O FeSIRIONS
MMEM& ERNCEe @ i I
Consider the parallel plate capacitors show below. (a) Find an expression for its capacitance In terms of the

area of the metal electrodes, A, d, &,, and &, x3,%s. (b) How much work must be done to remove the block
of dielectric x; from between the plates?

. L

Z I
5 | 7
L/2 L/2

Metal electrode
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Phys 205, section 03 - Winter 2012
Problem Set 43
Due date: February 35t

Grading: Out of 25 points, each problem’s weight Is Indlcated, The problem set must be handed-in on the due date,
Assignments that are late will be penalized 20% per day that they are late, Late asslgnments can be slipped under
my office deor, '

Format: For each problem you must draw a dlagram| detalling the situation, Zero polint will be given for a good
answer without the proper derivation (intermediate steps). Write clearly and detail (very briefly) the logie of the
steps that you are using, If | cannot understand what you are doing, you will lose marks,

The quantity of charge g (in Coulombs) passing through a wire of square cross-sectlon (2 ¢cm sides) varles In time
and Is given by gft) = 4in(t) + 3¢ where ¢ Is In seconds (t#0). (a) What Is the current through the wire at t=2
seconds? (b) What s the current density versus time In the wire?

Conslder the circuit below. The smaller wires (cylinders) have a radius of 1cm, and the larger one 2cm. Al cylinders
are 10cm long. (a) If you assume that the thin wires (black lines) are perfect conductors, what Is the equivalent
resistance across the battery? (hint: look In your textbeok for the resistivity of gold and copper, given for T=20°C ),
(b) What Is the equivalent resistance at 200 °C? (use the temperature coefficlents from the book)

ro SCo [+] l
For a metal with a volume density of charge carrlers (free electrons) na 5x10% m™, and carrying a current density of
2 Afem?, (a) what is the drift velocity of electrons? (B) If Vipgrmy=10° m/s, what s the average kinetlc energy
transferred by an electron when it collides with an atom? (kinetic energy=1/2 mv?)

Pro | | |

~ Assume that the heating element of your stove operates at 240V and carrles a current of 5 A, If you use [t to

heat up one liter of water from 25°Cto 100°C and assume that all the heat from the element goes into the
water, how much time does It take? (specific heat of water Is 4.186 Joule/(gram ’C))

Proble atlon of rasis

Conslder the circuit below, When the switch Is open (as shown) the current In the battery Is 1.4 mA, when the
switch Is in position 1 the current In the battery is 1.6 mMA, and when the switch Is In position 2, the current Is
2.2 mA. What are RyuRaR5?
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For the circult below, (a) What Is the current across the 2 Ohm rasistor? (b) The potentlal differenca between

points @ and b? v | : *\‘N\DGT*Q\'\‘\-‘

iow

Ful:{.he ciIrcult below, (a) find the currants Y 4 a\r&%&b};he potential differe
R = \
LOOP:  wiweryPatz, (€q'n4) 1eqn2), $—KE_

140 —\C00T 4 - 2000UT 5=071

resi { .
oopa Bty 4 atar, ~oqmeT
Leop3++10- oo, +OOOCLS =0 eqing

£ \
' Problem 8 (2 points) RC clreuit | ‘ NINOHNHEAUN2 33
| In the circuit below, (a) determine the RC time qorkmisgﬁ' when &%I%i) m
l
:

S Gpen. (b) determine the RC time
constant when the switch Is closed.

4 -3000 (4 usscms)-zooo:.g,:o
W -1c00T, -2O0T+15) =0 . %O\\}-Q—Q-O(;?_OO :
| 2000(L1+14y- 4 VAT~ ] Son 3

.- ¢ \He WI{
Ii=4-500071, ] [ ’ Soe tey
2000 e

: i
Problem 9 (2 points) RC eireuit || QCEMaEON 2

In the clrcuit below, no charga Is on the two capacitors before the su)ltch Is closed. What Is the charge (as a
function of time) on each of the two capacitors after the switch Is closed?:

. 4ne Sk {-% Q[\SLO‘QX_ t% (—}
LE”— QO COMMEITT:

~— T RAITY Qdrcenis

Problem 10 ts 0 b 1 I Id-te \(‘QC\‘J[OT\ B (.“l"\

A uniformly charged rod of length L with total charge -Q runs along the x-axls as shown

distance L away from point 0. A uniformly charged semi-circular rod (radius L) wit
located as shown below; point O is at the center. And a charged sphere of cha
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Phys 205, sectlan 03 - Winter 2012 -
- Problem Set 14 .
Due date: Mareh 7th

of the steps that you are using. If I can
. Prol 2 goints) Magnetic fore | |

P. le oints

An electron a distance L=1m away from an
outward at a speed y = 10" m/s.

Probl Ints) Force on 2 i
Consider a wire which s 5 meters-lo

né and carryin
eld of 1 Tesla. wh

g a cu__rrént of 10
at is.the magn;
to the magnetic fleld? ‘ - :

A in a region of SPace where there js 3

v

tude of the force on the wire jf the current is a¢ a3o°

[ 7
N B N

| - A = b & & i a & 8 &

. = A i

y P T S e
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Problem 5 . otlon in a uniform magnetic f
Explain why it s lmposs:ble for a magnetic ﬂeld to change the speed (magnltude of veloclty) ofa charged

particle. (1sentence +1 equatlon)

roblem 6 lot-S

Find the magnetic ﬂeld at the center of the square loop shown below. (hint: use the superposiﬂon principle)

=

What Is the magnetlc field (vector) at point P ? The straight portluns of the wire are verv long, and the part
which is bent is an arc of a circle of radius R.

z EI @

Probl ol Force between 2 wire
Find the force on an equilateral triangular loop (shown helow) of side length § and placed a distance 5 away

from an infinite straight wire (you can use the formula for B from an infinite wire from the book). Bothcarrya

current 1. Define an x-y-z coordinate system and give your answer in vector form..
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Phys 205, section 03 - Winter 2012
Problem Set #5
Due date: March 21*

Grading: Out of 25 points, each problem’s weight Is indicated, The problem set must be handed
 date. Assignments that are late will be penalized 20% Per day that they are [ate,

slipped under my office door., _

Format: For each problem you must draw a diagram| detailing the situation, Zero point will be glven for 3

good answer without the proper derivation (Intermediate steps), Write clearly and detail (very briefly) the loglc

of the steps that you are using. If | cannot understand what you are doing, you will lose marks.

-In on the due
Late asslgnments can be

Pro 1(4 po A re's Law

A current I flows down a long cylindrical wira (shown below). Using Ampere’s Law (a) find the

both Inside (r < R) and outside (r > R) if the current Is distributed
magnetic field both inside (r < R) and outsida (r>R) if all of the current

magnetic field

uniformly Inside the wire, (b) find the
flows only on the surface of the wire.

Mﬂ-ﬂﬂ@ﬂpﬁmj&ﬂu ‘ ) .
Two long coaxial solenolds each carry a current 7 =1A in Opposite directions (shown below). The Inner solenoid

has a radius 1m and 1000 turns per meter, the outer solenoid has a radius 2

M and 500 turns per meter. Find §
(a) inside the inner solenoid, (b) between the two, and (c) outside both, Use

the superposition principlel

. A,

QL

Problem 3 (2 points) Magnetic flux
) z
QYp=BA cogo -
=0.2x0.8) e

=1 T B=02T

¥,

;
2

,
=0.201%0.5)COSE0 c"ﬁw Q

A coil of resistanceR =1 and sides of length'a = 0.5mand b=
fleld of strength B8=0.2T, as shown above, (a) What Is the magne
flux if B makes an angle of 50° with respect ta the z-axis? -

1m liesin a plane perpendlﬁular toa magﬁetlc
tic flux though the loop? (b) What weuld be the



T@‘D:ﬂ- \ | | ' @ } z=
/) Q=0.Sm ‘ - ' | é

] R=\0 b=\'ﬁ

Conslder again the circuit shown In Problem 4, when the magnetlc field Is along the z-axls. Suppose that the

magnetlc field Is reduced at a uniform rate until it Is entirely turned off after 100 ps, as shown below. (a) What
is the Induced emf (g) around the loop? (b) What Is the Induced current (magnitude and direction)? (c) What Is

the induced current after t=100 ps if B remalns zero? T 2L = ( 0.5 1 1555+ « Amp
At =100 g - - !BO.Z ﬁ ‘ 1. i
AR " oy B SN NG =
“ae" B-Bi _0-0.9 o1 Erot oerercous*C Forenange

B ol i  t(used)

mE-=. 0 i -

£ f-\c@s@g_g =M-5$l)g‘3§g{o-azo ‘ 50 100
] 100%10’*]

Problem 5 (3 points) Faraday'slaw2  UNI+Vg -

In the circuit shown below, the bar Is moving at a constant velocity #. There Is a uniform magnetic field B
pointing out of the page everywhere. The circuit has zero resistance except for the resistor R. (3) What is the
induced & In the circuit? (b) How much power is dissipated in the resistor R? (c) What Is the force (magnitude

and direction) exerted on the bar by the magnetic fleld? oI=E - \OV _
| R g 2m

NI e |
| athB ' OSQ%V J i'&no?.ls Caieckien %\kgcgtr\—h‘f‘

CIOCKWISE #1610 coit ek

T Ave vage)

A D S% “CBLVEE] oM
AILEIE B (0 L0 it
¥ L-V at— {"" u = 1 - i .
Problem 6 (3 poi rn urrent o =N Q )
A rectangular loop of N turns of length @ and width b Is rotated with a frequency fIn a uniform magnetic field % o] H
directed Into the page (see below). (a) Calculate the induced the Induced emf that appears in the loop Q“TQC"{OE 3
(generator) as a function of time. (b) Design a loop (give dimenslons) that will produce a peak value of 220V (- ﬂ‘\\QCML

NE o . 3 4.,. )
| DT ~TLBEN0 Joa |

ose out
anerat

when rotated at 60Hz in a 1T field. _ aNTECHANCON FOwerdoUsat
S R!WP =2.5Q ‘ ON vOO, | . C-lC‘C/K- ‘
T BX x i X E:!P.D“gfd = FR-
b misofromation |1 _ 3 St
. /t,l X X brushes : P Power =F\J=-201D
~ Generator ‘ \ ) = 2000t
X T ' Object being S
‘ le—0a4a —_—] . powered up
Problem 7 (2 points) Eddv currents COMMERT : ONSESAOHVE OF

A metal pendulum (shown below) is moving into a magnetic field. (a) What Is the orientation of the induced eney
eddy currents? (b) What is the direction of the force on the pendulum that results from the eddy currents? q‘l

B is out of the page
/ inthis region and

@ @ zero everywhere else




J'
.
'
3
®
®
®
B
®
®
®
®
®
9
”-
®
®
®
9
9
®
]
®
®
8
9
b
)
)
'|, 

|

Phys 205, section 03 . Winter 2012
’ Problem Set #¢ ‘
Due date: April 4th

Grading: Out of 23 points, each'problem’s weight Is

door or dropped In my mailbox in the Physics dept,

Iﬁdlcated. This assignment can be s!lppe& under my office
that they are late,

Assignments that are late will be penalized 20% per day

Format: For each problem you &lust draw a diagram detalling the Sltuation, Zerg Point will be given for a good
answer without the proper derivation (Intermediate steps). Write clearly and detaj| (very briefiy) the logie of
the steps that you are using. If l.cannot understand what You are doing, you wil) lose marks,

Problem : ol clreyi

For the circuit shown below, let L =5 H R=9Q

+£=12V. (a) What s the self-induced gng across the
inductar, 0.1 s after the switch Is closed? ( b) What s the current 0.2s after the switch |s closed?
..‘ : - . S 5 o

[

-

Problem 2 (3 poj C clreui ‘ : " -
Consider the LC circyit shown below, If the Capacitor has an injtja| charge Q (befora the switch s closed), and
the switch is closed at t=0, At t = 55,

» What [s the energy stored in the (a) Capacitor, (b) Inductor, (c) the whole
Circuit? (hint: give your answer interms of L,C, ang Q, and harmonic functlons, Try it first With numbers it

helps you.)

P'o le in Voh:é acrossL and
(a) An inductor of 1H carries a current / = Scos
(b) A capacitor ¢ = 10 pF carri

"eacofRClci , _
For the circuits branches below (a) and (b), give their tota| impedance Z ang the phase angle ¢ between the
current and voltage across them, :

o-”-—w/—oﬁ . ® ...R |

£ 2 P L
-~
S-S S



10 kV rms (i.e. 10 000V).

" direction. Find (a) the amplitude,

TRy N W N Ny Rw Wy Ny Ty -
o Ny ey QY 9y oy
. - ar_ Wy oy iy Ry oy oy oy v gy

Pro 4 points) Powerin R circui
For the clrcuit below, what Is the power dissipated In (a) the whole circuit? (b) between points a and b?
e AR — sl A0 —se— b . Avig
a ; t
—_

R=0.5Q L=SmH  C=5mF

~

Tr
n

o 1= 5 Asin(100¢) 7 =

Problem 6 (2 poi ransfor. Co -
In a transformer, the voltage across the primary coil is 120 V rms, and the voltage across the secondary coil is

The Impedance Z of the primary coil is 50 Q, and the transformer is Ideal (100% power
jo Ny/N,? (b) What is the Impedance of the secondary coll?

transmission). (a) What Is the number of turn rat
"

Pr oints) Electromagnetic wav.
The electric field inan electromagnetic wave

E, = 20cos(107x — wt) where x Is the position a
(b) the wavelength and (c) the frequency

is given by the following (using the standard 'Gnits)
long the x-axis and the electric field points along the y-

fof the B fleld oscillations.

Problem 8 (2 points) E!gg:omagnet]g wave 2
| directions with a total power of 100 Watts. If you stand 5

A light bulb radiates an electromagnetic wave in al

_ meters away from the bulb, what is the amplitude of the magnetic field (Bmax) Of the radiation hitting you?

Problem 9 oints) Energy car an E&M wav \ .
The intensity of sunlight hitting the Earth is about 1300 W/m?. (a) Find the amplitude of the electric and

: magnetic fields? (b) How much pressure (per square meter) does it exert?

L
7

Thanks for your hard work this semester; and good luck on your finalsl

.

Alex




