Given two conducting spheres A and B . There are positive charges on
B; ie., Qg > 0. The set up is in static equilibrium.
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What is the sign of the net charge on A?
A) negative B) positive
C) neutral D) negative or neutral
E) positive or neutral

Coulomb’s law is F’A =k 7 ap, which tells us that unlike charges

QiQB .
2

r
attract. Consequently, if Qg > 0 then Q@4 < 0; i.e., negative.

However if the net charge on sphere B is neutral, the influence of the
positive charge on sphere A will polarize sphere B, such that the right-hand
side of sphere A will become negative and the left-hand side of sphere A
will become positive. This will produce an attractive force between sphere
A and sphere B.

The answer is “negative or neutral”.

Answer D.

23.03-03 Electrostatic’ Attraction 2006-9-14



Q@ is at the origin, +4 () is on the positive x-axis a distance a from the
origin, and —3 () is on the positive y-axis a distance a from the origin.

-3Q O A

II I

Y

I1I IV

+Q O O +4Q

a

Determine which quadrant contains the electric force on the charge 4@
at the bottom left-hand corner (at the origin).

A) 1 B) 1II C) 1III D) IV

QaQB

r2

Coulomb’s law is F’A =k 4B , which tells us that unlike charges

attract and like charges repel.

\'FHQ « -30Q)

N

Flig « 140
Answer B.

23.03-04 Electric ' Force 2006-9-14



Q@ is at the origin, +4 () is on the positive x-axis a distance a from the
origin, and —3 () is on the positive y-axis a distance a from the origin.

_3QO

II I

Y

I1I IV

+Q O O +4Q

a

Determine the magnitude of the electric force on the charge +@Q at the
bottom left-hand corner (at the origin).

2 2
A) FI=3%. C) IF| =55,

- = Q2
B) [F|=4%. D) |F] =5
:

Coulomb’s law is F’A =k @a 2Q B AB , which tells us that unlike charges
r

attract and like charges repel.

NFHQ « —3Q)

-«

(+Q «+ +4Q)

2 2
Wl :\/42+32%:5%.

Answer C.

23.03-05 Electric ' Force 2004-3-24



Four point charges are located a distance a apart at the corners of a
square.

+Q O O +Q

a -QQOP

QOO @

Determine the direction of the electric force on a negative charge —(Q)
located at the center of the square.

A/ C) N\
B) N\ D) v

Coulomb’s law is F’A =k @a 2Q = AB , which tells us that unlike charges
r
attract and like charges repel.
2 2
1Pl =22 =42

Answer C.
23.03-06 Electric ' Force 2004-3-24



Four point charges are located a distance a apart at the corners of a
square.

+Q O O +Q

a -QQOP

QO 0

Determine the magnitude of the electric force on a negative charge —@Q)
located at the center of the square.
2

A IFI =42 C) P =v2=.
. 2 o Q2
B) |IF|=2=. D) |IFll =%

Coulomb’s law is F’A =k @a 2Q = AB , which tells us that unlike charges
r

attract and like charges repel.

Answer A.
23.03-07 Electric ' Force 2004-3-24



Imagine a charge in the middle between two parallel plate conductors.

There is no net charge on the plates, and the plates are not connected to
ground.

q

What will happen if the charge is moved a little away from the middle?
A) The charge will return to the middle.
B) The charge will remain stationary.
C) The charge will move away from the middle.
D) All of these can happen, depending on the size of the charge.

There will be an image-charge attracting it towards each metal surface.
The charge will move towards the plate closest to it because the image-charge
attracting it will be closest and thus stronger.

Any charge (free to move) will go toward the closest conductor it can
find.

Answer C.
23.03-08 Inside Parallel Plates 2004-9-9



Imagine a charge in the center of a conducting, hollow sphere. There is
no net charge on the sphere, and the sphere is not connected to ground.

What will happen if the charge is moved a little away from the center?
A) The charge will return to the center.
B) The charge will remain stationary.
C) The charge will move away from the center.
D) All of these can happen, depending on the size of the charge.

There will be an image-charge attracting it towards each metal surface.
The charge will move towards the metallic surface closest to it because the
image-charge attracting it will be closest and thus stronger.

Any charge (free to move) will go toward the closest conductor it can
find.

Answer C.
23.03-09 Inside’a’Sphere 2004-9-9



Four point charges are located a distance a apart at the corners of a
square.

+Q O O +Q

QOO @

Determine the direction of the electric field at a point P located at the
center of the square.

A S C) N\
B) D) v
Coulomb’s law is E = k% r.
= @ Q@
1Bl =2 =17
(75)
Answer B.

23.04-01 Electric Field 2004-3-24



Two point charges are located a distance a apart and lie on the x-axis.
Point P is located a distance b from the charge +4 @ (the left-most charge).

M
° N\ O
P b +4Q ’ —2Q

At P, the direction of the electric field due to the —2 () charge and the
+4 () charge are in opposite directions.

Compare the magnitude of the electric fields from the two charges at a
point P to the left of the +4 () charge on the z-axes.

A) Only E_ 59> FEy4q is possible.
B) Only FE o= FE.4q Iis possible.
C) Only E_99 < Ei4g is possible.
D) All of the above are possible.

E) None of the above are possible.

Coulomb’s law is E = k % r.
r
P |+ 4Q)
|Brsqll = b 3
= | —2Q)] | —2Q) |+ 4Q)
E_ =k k k
” QQ” (a n b)z < b2 < b2 ?
therefore only E_5¢o < Ei4¢g 1is possible.

Answer C.
23.04-02 Electric Field 2 Points 2004-3-24



Two point charges are located a distance a apart and lie on the x-axis.
Point P is located a distance b from the charge —2 @ (the left-most charge).

()
¢ N\ O
P b g Y 440

At P, the direction of the electric field due to the +4 () charge and the
—2 (@ charge are in opposite directions.

Compare the magnitude of the electric fields from the two charges at a
point P to the left of the —2 () charge on the z-axes.
A) Only E.49> FE_5¢ 1is possible.
B) Only FE.j9= FE_s¢ Iis possible.
C) Only E.i9 < E_3g is possible.
D) All of the above are possible.
E) None of the above are possible.

Q .

Coulomb’s law is E = k 2 r.
20 +4 Q)
—k =k
b? (a + b)?
2 4
> (a+Db)
a + b _ \/5
b
a

V2-1’

therefore if P is closer to —2 @, then ”E'_QQH > |Ef40|  and if P is

farther away from —2Q, then ||E_y¢| < HE+4QH
Consequently, “All of the above are possibl
Answer D.

23.04-03 Electric Field 2 Points 2004-3-24



Two point charges are located a distance of a apart and lie on the z-axis.

O Z O
+Q -Q

Determine the electric field vector E due to —Q at +@Q).

A) |E| =k % direction : <
B) ||E| = +k % direction : <
C) |E||=-— % direction : —
D) ||E| = +k% direction : —

The magnitude of a vector HEH is always positive. Since the charges are
of opposite sign || E|| = +k % direction : <
Answer B.
23.04-04 Electric Field 2'Charges 2004-3-24



Two point charges of equal magnitude are a distance of a apart and are
located on the z-axes.

P

A

1T I
1A

II1 v

B a
+@Q —Q
Determine the direction of the electric field at a point P located on a
perpendicular bisector of a a distance h away from the z-axes.
A) The direction of E is in the I quadrant.
The direction of E is in the II quadrant.
The direction of E is in the IIT quadrant.
The direction of E is in the IV quadrant.

The direction of E is along the x-axes or y-axes.

Blaol

Q

Coulomb’s law is E = k — r.
r

Q
@74

P E sum
=
\
o

Therefore the direction of electric field Esum at point P lies along the
positive x-axes.

Answer E.
23.04-05 Electric 'Field 2006-10-10



A dipole (electrically neutral) is placed in an external field.

(a) (b)

%%

I I S ) ) Iy |
1T 1T 1T T T T T 1T 1T 171
.
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shown above is the net force on the dipole zero?

N—"

For which situation(s

(a) only
(b) only
Both (a) and (b)
Neither (a) or (b)

SaoBEZx

Basic Concepts: Field patterns of point charge and parallel plates of
infinite extent.
The force on a charge in the electric field is given by

F=qE
L kA
AB = P29

7"

Symmetry of the configuration will cause some component of the electric
field to be zero.

Solutions: The electric dipole consists of two equal and opposite
charges separated by a distance. The electric fields are uniform for situ-
ations both Figs. (a) and (b). The force will be largest where the field is
the strongest, but both ends of the dipole will have the same field strength.
Consequently, there will be NO net force on (a) or (b).

Answer C.

23.04-06 Dipole’in’'a’Parallel Field 2004-3-24



A dipole (electrically neutral) is placed in an external field.

(a) (b)

%%
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For which situation(s) shown above is the net torque on the dipole zero?

(a) only
(b) only
Both (a) and (b)
Neither (a) or (b)

SQBZz

Basic Concepts: Field patterns of point charge and parallel plates of
infinite extent.
The force on a charge in the electric field is given by

F =qE
AE:E%?
-

Symmetry of the configuration will cause some component of the electric
field to be zero.

Solutions: The electric dipole consists of two equal and opposite
charges separated by a distance. Only in Fig. (a), the electric field is along
the direction of ¥, where 7 is the vector between the pair of charges. There-

fore the force F is also along 7. This will lead to zero torque, since
T=FxFxPx7=0.

For Fig. (b), the torque on both charges are not equal, nonzero, and the net
torque is nonzero.
Answer A.

23.04-07 Dipole’in’a Parallel Field 2004-3-24



A dipole (electrically neutral) is placed in an external field.

(a) (b)

@ = © ¢

For which situation(s) shown above is the net force on the dipole zero?

A) (a) only

B) (b) only

C) Both (a) and (b)
D) Neither (a) nor (b)

Basic Concepts: Field patterns of point charge and parallel plates of

infinite extent.
The force on a charge in the electric field is given by

F =qE
AE = —m?qA
.

Symmetry of the configuration will cause some component of the electric

field to be zero.
Gauss’ law states:
Py = 7{ Boai-9
€0

Solutions: The electric dipole consists of two equal and opposite charges

separated by a distance. The electric fields are nonuniform for situations

both Figs. (a) and (b). The force will be largest where the field is the

strongest. Consequently, there will be a net force in both (a) and (b).
Answer D.

23.04-08 Dipole’in'a’'Radial Field 2004-3-24



A dipole (electrically neutral) is placed in an external field.

(a) (b)

@ = © ¢

For which situation(s) shown above is the net torque on the dipole zero?
A) (a) only
B) (b) only
C) Both (a) and (b)
D) Neither (a) nor (b)

Basic Concepts: Field patterns of point charge and parallel plates of
infinite extent.
The force on a charge in the electric field is given by

F=qE
L kA
AEJ_;JA

/'ﬂ

Symmetry of the configuration will cause some component of the electric
field to be zero.

Solutions: The electric dipole consists of two equal strength poles a
distance apart. Only in figure (a), the electric field is along the direction of

7, where 7 is the vector between the pair of charges. Therefore the force F
is also along . This will lead to zero torque, since

—

T=rFXFxrxr=0.

For figures (b), the torque on both charges are nonzero and the resultant
torques are also nonzero. opposite charges separated by a distance.

Answer A.
23.04-09 Dipole’in'a’Radial Field 2004-3-24



A rod with linear charge density A < 0 and length £ lies along the z-axes
with its left-hand end a distance d from the origin.

v
< d >4
| -

By inspection E is pointing along the positive z-axes, since the charge
on the rod is negative A < 0.

What is the magnitude of the electric field at the origin?
d+/¢ 1

A) HEH_k)\/ — do

B) HEH—k)\/—da:
d—l—fl

0) |B| = / y da

D) HEH / — dx

Yy T —>|Aa|j<—
x |
| ——
A
Since AFE = x—? and AQ = \Ax
AAx

d+/ 1
=k / — dx .
d X
Answer A.

23.05-01 Electric Field due'to’a’Charged Rod 2004-3-24



Consider the space of a cubic box.
The Electric field is parallel to the x-axis.

Flux entering from left: |®7| = 4 Nm?*/C.
Flux leaving from right: |®z| = 2N m?/C.

Y
Oy o
L — (I)L (I)R L ——
e
xT
yA

Find Q¢pc, the net charge enclosed.

Qencl =4¢
Qencl =2¢
Qenct = —2¢€
Qencl = —4¢g
Qencl =0

Gauss’s Law states that &g = Qe"d.
€0
Here &g is the flux leaving the cubic region.
Qencl _ (I)S
€0
= —|®z| + | g
=442
= —2, SO0
Qencl = -2 €0 -

Answer C.
24.01-01"A Cubic'Box 2004-3-24



Given: A constant electric fields E along the z-direction.

The first rectangle abcd has an area A; perpendicular to E. The second
rectangle abc'd’ has an area A, and it is inclined with an angle /4,7 = 0.

b 6
5 i \v ;
Er > D N | - > [, >
— c C’ R o
d *
VA

Find ®,, the flux due to the field E through the second rectangle abc'd'.

A) QQZEAQ B) @QZEAQCOSH

C) ®y=F Ajcosb D) &, = F A;sinf
E) (1)2 =F Al sin

For the second rectangle, the projection of its area which is perpendicular
to F is
A, = area sy = Ascosf.
Answer B.
24.01-02 Electric ' Flux 2006-9-14



Consider an electrostatic situation. A point charge @) is located at the
center of a thick spherical conducting shell. The net charge on the shell is

1
—3 Q) . Let S (dashed circular line) be a concentric spherical surface (Gaus-

sian surface) with a radius r.

Find the flux &5 emanating through S, the Gaussian surface.

Q) Q 3Q
A) dg=2 B) ®g=-—* Py =%
) 5 €o ) 5 260 C) 5 260
D) ®g=0 E) @S:—%

For an electrostatic case, inside of a conductor or in a conducting

— —

medium, e = 0. This implies that &g = ]{E A=0.
S
Answer D.

24.03-01 Conducting Shell'and Point Charge 2006-9-14



Consider an electrostatic situation. A point charge @) is located at the
center of a thick spherical conducting shell. The net charge on the shell is

1
—3 Q) . Let S (dashed circular line) be a concentric spherical surface (Gaus-

sian surface) with a radius r.

What is the charge on the outer surface of the thick spherical conducting
shell?

1 1
A) Qouter surface — _5 Q B) Qouter surface — _*_5 Q
C) Qouter surface — _Q D) Qouter sur face — +Q
3
E) Qouter surface — _5 Q

For an electrostatic case, there must not be charge(s) inside of a con-
ductor (otherwise Ej;si4e 7 0). So the charges can only reside on the inner
surface and outer surface of the conducting shell. Since &g = 0, the enclosed
Charge Qinner sur face + Q — 07 thus Qinner surface — _Q .

: net __
Since Qe = Qinner surface + Qouter surface » We have

Qouter surface — Zﬁ(tgll - Qinner sur face
1
=—-Q+
~Q+Q
1
— 5 Q .

Answer B.
24.03-02"Conducting Shell'and Point Charge 2006-9-14



Consider an electrostatic situation. A sphere (insulator) has a uniform
charge () and radius R. Its charge density is therefore p = % :

Q

Construct a Gaussian surface S having concentric spherical surface with
radius 7.
Determine the charge enclosed by S'.

4
A)  Qenclosed = 3 mr’ P B) Qenclosed = mr’ p
4
C) Qenclosed = 2 mr’ P D) Qenclosed = 3 ™ R’ P

E) Qenclosed =27 R2 P

For an electrostatic case, the charge(s) inside of a conductor. The volume

4
of a sphere is V = 3 Trs.

Qinside — PV
4 3
=p=-T7r

P3

4 3
_ — h.
371"/“7“0

Answer A.
24.03-03 Uniformly Charged Sphere 2006-9-14



A sphere (insulator) has a uniform charge @ and radius R. Its charge
density is therefore p = %

Construct a Gaussian surface S having concentric spherical surface with
radius 7.

Determine the magnitude of the electric field E at the Gaussian surface

S.
= 4p - 2p
A E —_ 3 B E = —
) IB =52 ) 1B =L
- lp 5 i Lp
C E|| =— D) [|FE||=—
) IBl= 52 ) 1B =52
For an electrostatic case, the charge(s) inside of a conductor. The volume
4
of a sphere is V = = 7 r3.
4 3
Qinside =pV =pgmr, so
E — 1 Qinside
drey 12
_ 1 4T p
dmey 312
_Lopr
N 3 €0 .
Answer D.

24.03-04 Uniformly Charged Sphere 2004-3-24



A hollow thick spherical shell (made of an insulating material) has an
inner radius of Ry and an outer radius of R3. The net charge on the shell
is Q > 0, and the charge is uniformly distributed throughout the shell. Let
S (dashed circular line) be a concentric spherical surface (Gaussian surface)
with a radius R;.

Q

Find the direction of the electric field at a point R; from the center of
the spherical conducting shell.

A) E is directed radially inward.
B) E is directed radially outward.
C) The direction of E is undetermined since E = 0.

Since the charge distribution is spherically symmetric, ||E|| must be the

same everywhere on S . And by symmetry E must be directed radially, either
outward or inward. However there is no charge enclosed in the Gaussian

— —

surface, therefore ®g = 7{ E-A=0, or specifically £ = 0.
S
Answer C.

24.03-05 Charged Spherical Shell 2004-3-24



Consider an electrostatic situation. A point charge ; > 0 is located at
the center of a hollow thick spherical shell (made of an insulating material)
that has an inner radius of Ry and an outer radius of R3. Naturally, the
charge on the shell’s inner surface is —();, and the charge on the shell’s
outer surface is Q2 > 0. Let S (dashed circular line) be a concentric spherical

surface (Gaussian surface) with a radius R; .

—_ -~

! Q2 \ Find F;, the magnitude of the ra-
/ \ dial electric field vector at the surface
of the Gaussian surface S, which is

| Ra i
\ ‘ 51 4 distance R; from the center of the
/ spherical conducting shell.

)S(\\\\\\\ ’//////Rl
= 1@ > 1@
A) E= izl B) E— w2
) 47ey R ) 4mey RE
= 1 i +Q
C) E=
) 4rey R?

Since the charge distribution is spherically symmetric, ||E|| must be the

same everywhere on S . And by symmetry E must be directed radially, either
outward or inward. However there is a charge enclosed in the Gaussian sur-
S — - 1
face, therefore &g = ]{ E-A= A B2 , or specifically £ = Q—g :
g €0 dmey Ry

Answer B.
24.03-06 Charged Spherical Shell 2006-9-14



A point charge )1 > 0 is located at the center of a hollow thick spherical
shell (made of an insulating material) that has an inner radius of Ry and
an outer radius of R3. The net charge on the shell is (); and the charge is
uniformly distributed throughout the shell. Let S (dashed circular line) be

a concentric spherical surface (Gaussian surface) with a radius R; .

—_ -~

! Q2 N Find E;, the magnitude of the ra-
/ \ dial electric field vector at the surface
of the Gaussian surface S, which is

.' R .
\ ‘ ; a distance R; from the center of the
\ / spherical conducting shell.

LS:\\\ ///R1
= Y = 1 Qs
A) E= — B) EF= —=
) 4ey R ) 4rey RE
= 1 Q1+ @
C) E=
) 4reg RE

Since the charge distribution is spherically symmetric, ||E|| must be the

same everywhere on S . And by symmetry E must be directed radially, either
outward or inward. However there is a charge enclosed in the Gaussian sur-
2oz Q1+ G I Q1+ Q2

face, therefore &g = ]{ E-A , or specifically E = 5
S €o 4 €o Rl

Answer C.
24.03-07 Charged Spherical Shell 2006-9-14



Consider an electrostatic situation. A parallel plate system has a plate
charge +() on the left-hand plate and a plate charge —( on the right-hand
plate. Each plate has an area A.

+Q 0@
T M
| | ‘ Determine the the electric field
i p i X E,., at P, within the gap.
A 4
A) E to the right C) E 2@ {5 the right
= ——, to the right. = —, to the right.
€0A7 g €0A7 g
5 - 2
B) E= 60%, to the left. D) E = 60—?4, to the left.
The areal charge density is o = 1 therefore
c_ @
Epp=—=—.
N |
Answer A.

24.04-01 Field Between Plates 2004-3-24



Consider an electrostatic situation. A parallel plate system has a plate
charge +() on the left-hand plate and a plate charge —( on the right-hand
plate. Each plate has an area A.

+Q —Q
H HR K
i i ‘ Determine the the force F' the
| | L right-hand plate exerts on the left-
| | hand plate.
—_ —_
= Q° = Q*
A)  El; = —— to the right. C) Eop = —>—, to the right.
) left €A’ 0 the rig ) Fiep 2€ A 0 PHE TS
F & he lef D) F : he lef
B) Fleft—eoA,toteet ) left_QeOA’tOteet'

The areal charge density is o = % , therefore
o _ @Q
Euw=—=—.
I ey €A

The electric field due to be right-hand plate alone contributes to one-half of
the total field in the gap; i.e.,

0 Q = Q*
= = F = ,
2 €o 2 €o A left 2 €o A

Elept = to the right .

Answer C.
24.04-02 Field Between Plates 2005-9-15



Three point charges are placed at equal distance from O.

—qb-;

14 O 14
®

(B3 a < a

Find the potential at the origin O.

V=—+k<
a
V=+3k1
a
V =4k 1
a
V=-3k2
a

At the origin O, we have

k k k k
a a a a

Answer C.

25.03-01 Potential 2004-3-24



Three point charges are placed at equal distance from O.

—qb-;

+q O +q
@ @

(B3 a < a

Find the potential energy required to bring these charge from infinity to
the positions shown above.

- ] -
A) U=k¢|—=-1 B) U=k¢*|V2-<
) q e ) q _ 5

3 | ! =

C) U=kd*|=—-V2 D) U=kq®|1 - —
) q _2 | ) q \/i_

U— —k [(—Q)(+Q) (—9(+9) | (+Q)(+Q)]

Answer C.
25.03-02"Work Done 2006-9-13



A positive point charge () is located at O.
Given: The work in bringing another positive charge g from infinity to
the point A is W4 =1 J.

Q q
——————— @ - KN ————®
O A B o0

Find the work required in bringing the same ¢ from infinity to the point
B, where OB = 2a, with a = OA.

A ==
) W ;
C) W=11J
D) W=2]
E) W=41J]

1
WOO_>B:U|B:/€@:—/€@. HerekﬁzlJ,sinceitisthe
2a 2 1a a
potential energy at A. So Wy~p = 5 J=0.51]

Answer B.
25.03-03 Potential Energy Work V'and'E 2004-3-24



Three charges are located at the vertexes of an equilateral triangle, see
sketch.
B —q

Excluding the charge at A, determine the direction of electric field vector
and the potential at A.

A) The direction of E’A is \ and the potential is V4 =0.

5 2k
B) The direction of E4 is \ and the potential is V4 = — 2re .
a
C) The direction of E, is \ and the potential is V4 = 0.
: : = . 2kq
D) The direction of E4 is \ and the potential is V4 = — —

At A, the vector diagram of E,p + F ¢ is given by

k k
VA=VA3+VA(;:—7Q+ 7‘1:0.

Answer C.
25.03-04 Three Charges'at Corners of an Equilateral Triangle 2004-3-24



Two charges are located on the z-axis.

+Q A O P20
Find the potential Vp, at the point P on the y-axis.
2k
A) Vp=+ TQ
2k
B) Vp=-— TQ
4k
C) Vp=-— TQ
4k
D) Vp =+ ¢
r
k k k 3k 2k
v k@ kK _kQ 3kQ _ 2kQ
r r r r r
Answer B.

25.04-01 Potential V'and Components of E 2004-3-24




The field pattern and a pair of equipotential curves of a dipole are shown

in the sketch.

Compare potentials at A, B and C.

A) Viy>Vp and Ve > V.
B) Vai> Vg and Ve = Ve
C) Vi< Vp and Ve < V.
D) Vi< Vg and Ve = Ve
A,,,_JA,\\

, —-o-B \\\\

-7 “\.\C \

By inspection on the sketch above,

Answer A.
25.04-02 Potentials at Different Points Near'a ' Dipole 2004-3-24

V4> VA/ ,

Vy=Vp=0, and
Vg > Vo



A dipole field pattern is shown in the figure. Consider various relation-
ships between the electric potential V' at different points given in the figure.

Which one of the following expressions is correct?

A) Ve=Vp > Vo
B) VB>V0<VD
C) Ve =Vp < Vg
D) Vi< Vo< Vg
E) Va>Ve > Ve

For a dipole system, the total potential at any place is the sum of po-
tentials due to one positive point charge and one negative point charge (Su-
perposition Principle).

From symmetry considerations, it is easy to see that the electric field
lines are perpendicular to a line which passes through the midpoint C' and
points B and D.

No work needs to be done to move a positive test charge along the
mid-plane because the force and the displacement are perpendicular to each
other. Therefore, Vg =V =Vp

Furthermore, moving along the direction of a electric field line (i.e.,
moving in the direction from positive charge to negative charge along the
electric field line) always lowers the electric potential, because the electric
field will do positive work to a positive test charge in order to lower its
electric potential energy.

Therefore, V4 < Vg by considering the line going from B to A, and Vp <
Vr by considering the line going from F' to D. Therefore, Vy < Vo < Vg

Answer D.

25.04-03 Potential 2004-3-24



Two conducting spheres are far apart and are connected by a wire.

k k
Assume: V| & Ql, Vo ~ Q2.
1 2
E1 )

Ey
2\ AN
1 Q2

Compare the charges on the two spheres; i.e., Q)1 vs Qs.

A) Q1> Qs
B) Q=@
C) @1 <@
Vl:’“Ql:vZ:@.so@:ﬁ<1,orQ1<Qz.
1 T2 Qo )
Answer C.

25.05-01"Two conducting Spheres which are Far Apart 2004-3-24



Given a uniformly charged sphere with a total charge Q and a radius R.
It can be shown that the electric field B = 2.

€0
B

Find the potential difference AV between A, where OA = r < R and
B, the point along the same radial line on the surface of the sphere.

A) AV:—/ E dr
R

B) AVZ/TECZ’I"
C) AV = E(R—r)

AV = —F - As. For the present case F¥ depends on r. So the potential
difference must be evaluated through an integral. By inspection, answer A

gives the desired positive potential difference.
Answer A.

25.05-02 Uniformly Charged Sphere 2004-3-24



Given: Two conducting spheres separated by a large distance are con-
nected by a wire with an open switch. One is smaller than the other; i.e.,

r1 < ro. Each has a positive charge ()1 = Q2 = @ on it. Being far apart, the
potentials on the spheres are assumed to be approximately given by

Vlmk%, and %zk@

1 ro

Tro
1

0O

Q2

When the switch is closed, describe the direction of the “apparent flow”
of positive charges.

Note: Technically speaking, electrons are the ones which are flowing in
the opposite direction.

A) Positive charges flow from sphere #1 to sphere #2.

B) Positive charges flow from sphere #2 to sphere #1.

C) No flow due to same charges on both bodies.

Since r; < 79, from the equation above V; > V,. The flow of positive
charges is from sphere #1 to sphere #2. We mention once again, what really

happens is that the negative charges flow from sphere #2 to sphere #1.
Answer A.

25.06-01"Two Conducting Spheres 'which'are Far Apart 2004-3-24



Given: Two thin concentric conducting spherical shells with charges @)
and —(Q) on the inner and outer shells respectively.

(1)

—Q r
P
Find V at P in region I, which is a distance r from O.
Ay V=k %
B) V=0
Q) ve-kY
7“

D) none of the above

In region I, using the superposition principle,

V:%nner+%ut6r:k%_k%:0°

Answer B.
25.06-02 Potential Dueto Two Conducting Spherical Shells 2004-3-24



Given: Two thin concentric conducting spherical shells with charge @)
on the inner shell (with radius a) and charge —@Q on the outer shell (with
radius b).

|
Find AV, =V, —-V,.
A) AV =9 By Av=k2_ ¥
b—a b a
C) AV—kQ+kQ D) AV = Q—kg
a b a b
E) AV =0

In region II,

EOb
_ _kQp_ Q@ @
r la a b

Answer D.

25.06-03 Potential Due'to Two Conducting Spherical Shells 2006-9-13



< »

Q

N—" N N

Consider a conducting sphere with a radius R, and charge ().
It is in electrostatic equilibrium.

B

Find the potential V4 at A, OA = r < R, and the potential Vy at O .
@

VA =k 7 and VO = OQ.
Vi=0 and Vp=0.
Vi = and Vp =k

]

| ORO

Va=k and Vp = o0.

k
Being inside of an equipotential body, Vp = V4 = Vg = WQ

Answer C.
26.02-01 Potential of 'a’conductor 2004-3-24



Given: A spherical capacitor, see sketch.

It consists of an inner conducting sphere with a radius “a”, and a con-
centric conducting shell with an inner radius “b” and an outer radius “c”.
The shell is grounded. There is a positive charge +) on the inner sphere.

Determine the magnitude of the field at the point P located at the top
on the outer surface of the shell.

Q
Q
C) E =0

Suppose there were charges at the surface of the shell, there would be
an electric field perpendicular to the surface, since

O-S’U/I‘ ace
E, = Zsuface.
€0

In turn, there would be a charge flow between the surface of the shell and
the ground. This is contrary to the fact that the shell is grounded; i.e., there
is no potential difference between the shell and the ground. So there can be
no field at the surface.

Answer C.

26.02-02'Spherical Capacitor 2004-3-24



An ungrounded spherical capacitor has a sphere and a concentric shell.
Both are conductors. The charge on the sphere is +(). The net charge on
the shell is zero.

Find the potential V{ at the origin.

A) Vo=0
B vt 9
a
Q) VoszG—%+%)

The superposition principle implies that at O
1 1 1
V():Va+Vb+Vc:kQ<———+—> .

a b c

Answer C.
26.02-03 Potential'at' O of an"Ungrounded System 2004-3-24



Two plates a and b are separated by a distance d. The “plate charge” is
(@ . Between the gap E is constant.

Find the potential difference AV, =V, — V}.

A) AV, =Ed
B) AV,,=-Ed
E
C) A%a — 7d
E
D) A%a —_ — 7d

From the sketch, AV,, =V, —V, = —FE AS cos180° = E d.

An independent check, we recall that the natural tendency for a positive
charge is to move along E. So V, > V. The sign is therefore correct.
Answer A.

26.02-04" A Parallel Plate Capacitor 2004-3-24



Given 1-plate pattern, F; = 5
A +Q A E1 El _Q

+l4++ + +++ A Y = = = = Y—

+1+ + + + —p— - = = = A—
v E; FEq

+Q, A I

+ + + + + + + +
II

Y

-Q, A I11

Find electric fields E of parallel plate system in I, IT and III.
A) EI =0 and EH =2 E1 l and EIII = 0.
B) Ei=E! and Ep=2E/! and Egp=EFE/.
C) EI = E1 T and EH = E1 T and EIII = E1 l .

Apply the superposition principle

Top Bottom Both

plate plate plates
Er +FE; —F; 0
En —F; —F; —2 FEy
En —En +F 0

Answer A.
26.02-05'0One Plate’ vs Two Plates 2004-3-24



A parallel plate system has a plate charge Q).

— o
Within the gap Fgap, = plate _
0

Determine electric force F' with which the bottom plate pulls the top
plate.

A) F=QEg
1
B) F= 3 Q) Eqgap

The electric field due to the bottom plate as shown is

n E . E
E, = ;2:0;11 = ;ap. This leads to F' = Q F; = —Q 2gap
Answer B.

26.02-06 Attraction between Plates 2004-3-24



A variable air capacitor used in tuning circuits is made of N semicircular
plates each of radius R and positioned d from each other. A second identical
set of plates that is free to rotate is enmeshed with the first set.

Determine the capacitance as a function of the angle of rotation 6 , where
0 = 0 corresponds to the maximum capacitance.

A) CZGONdRQH

B) 0260(2]2)}229
. eONR2d(7r )

b C:eo(zN—1C)iR2(7r—9)

Considering the situation of 8 = 0, the two sets of semicircular plates
in fact form 2 N — 1 capacitors connected parallel, with each one having
capacitance

T R?
C_G()A_ €0 92 _eowRQ
S d/2 d/2 d

. €T R2
So the total capacitance would be (2N — 1) y

area of the two sets of plates varies linearly when one set is rotating, so the
capacitance at angle 6 is

. Note: The common

(2N —1)R* (7 —6)
C = :
d

Answer D.

26.02-08 Variable Capacitor 2004-3-24



Given C; =1uF, Co=2uF, £E=3V.

1uF 2 uF
A || B || D

|l |
( Q1 3V Q2
P

Find the ratios %

2

A) % 1
o)
Q2
o)
Q2
o)
Q2

g a =
I I I I
Wl N = N

Note: Each capacitor is a neutral system, so for C'y and C5 the corre-
sponding charges must be (@, —Q2) and (Qz, —Q)9).
From the figure it follows that ¢y =

Answer A.
26.03-01 Two Capacitors'in Series 2004-3-24



Q
Q
Q

i
=
=

C/2
I
l

C/2
I
l
C
I
|l

B Bl BII

Determine the resultant capacitance Cap for the above network.

C
A) Cap= g
B) CAB — 5
C) Cap=C
D) Cyg=2C
E) Cxg=4C
n¢
A” “
- - — — =
C/2 C C/2 C/2 C
3" R
" A | /
A il A
o — —
C
BII B Bl

By inspection, Cyrgr = Cyrgr = C.
This leads to

C
Cap = sketch = 7
Answer B.
26.03-02 Capacitors Network 2004-3-24



N ol S
Iy

Which one of following diagrams represents the same network as one

above?
02 03
A) 4 >< B
Cl C14
Cy Cs3
B) 4 B
Cy Cy
02 C’3
c 4 B
Cl C4

Using the deformation rule, one finds that C is the match.
Answer C.

26.03-03" A Capacitor Network 2006-10-10



Two parallel-plate capacitors are shown below. Both are identical except
one has a dielectric slab inserted into the gap between the plates. Both
capacitors contain the identical charges on their plates.

E U Uy Q? Q?
Hint: E,=—,u=—— =— , U=—,and U, = :
R R P AR Y AR Yo A A Yo

_|_ Q (XA X X XX X XXX X XX XX X X XX XX XXX

U
A) g
0
B) —==«
. 1
o) -
U K
_U _Q_€0E2
u—A—d, and U 50 = 9
. Uk and U — Q _€0E2_€0/£2E2_K,60E2
"TAd " o2kC 2k 2k 2
Be k.
U
Answer B.

26.05-01 Energy 2004-3-24



Given: Capacitances C and Cy, where Cy > C] .

™

Find the comparison between Vg4 and Vip.

A) Vg > VCB
B) Vpa=Ves
C) Vea < Veop
D) Cannot be determined.

_Q
V=2

Therefore, the larger voltage drop will be across the capacitor with the
smaller capacitance.

Answer C.
26.05-02 Capacitors and Dielectrics 2004-3-24



A Capacitor with capacitance C is connected to a battery with a voltage
V . It has a plate charge Qand a total energy U . Fill the gap with material

which has dielectric constant x. The corresponding new quantities are '
and U’.
C

.

/
Determine the ratio of charges — .

, @
A) ?22’—/1
B) £ —
) 8/ 11
V’—%:V:%, or
QI_C/_
6—6 K.
Answer A.

26.05-03"A 'Fixed V' Case 2004-3-24



Consider a typical capacitor, such as a parallel plate capacitor or a spher-
ical capacitor. For each case, capacitance is defined by C = v In the pres-

ence of a dielectric with a dielectric constant (x > 1), while keeping @ fixed,

E
the electric field between the gap will be reduced to E' = —.
K
Prior to the insertion of a dielectric we have the electric potential V'

and the capacitance C and after inserting a dielectric we have V' and C’,
respectively.

Choose the appropriate relationships.

A) Vi=kV and (C'=kC
B) V'=kV  and C’:g
C) V’:% and C'=kC
D) V':K and C"zg
K K
E) V=V and C'=C
Since V = E d, we have
v_maFA_V
K K
and since C' = %, we have

_ Q@ _rQ _
C_V’_ v =xrC.

Answer C.
26.05-04 Capacitors and Dielectrics 2004-3-24



A dielectric slab is half-way into a charged capacitor.

Find the direction of the force on the slab.

A) The direction of the forces is to left.
B) The forces is zero, thus its direction is undetermined.
C) The direction of the force is to right.

Going from no slab to the presence of a slab corresponds to going from
a high potential energy to a low potential energy. The natural tendency is
to have the slab moving toward filling the gap. In other words, there is an
attractive force to the right.

Answer C.

26.05-05Insert 'a ' Dielectric’Slab 2004-3-24



A dipole with charge +q and —q separated by a distance d is placed in
a uniform field E . /\

Determine the net force F),.; on the dipole, and the potential energy U

released in flipping the dipole from the left-hand figure to the right-hand
figure.

A) F=0 and |AU|=qFEd

B) F=0 and |AU|=2qFEd
C) F=2gFE and |AU| =2qFEd
D) F=2¢E and |AU|=4q¢Ed

Electric forces on the two charges asserted by the electric field are equal
in magnitude and opposite in direction; i.e., FF ' =0.
For the +q charge the potential energy released is AU = qFE d. The —q

charge displacement releases the same potential energy:; i.e., for both charges
IAU|=2qFEd.
Answer B.

26.06-01 Flip'a Dipole 2004-3-24



Given: A=mnr*, py=p1,

E,
A) —=2.
) E,
E,
B — =1.
) E,
Ey 1
©) =3

A2:2A1, L2:2L1, and ‘/2:‘/1

Using Ohm’s law, we have

Answer C.

27.02-01 Concepts'in'Ohms’law 2004-3-24



A

Given :

I

A) Z=2.
) T
I

B) Z2=1.
) T

L 1

) Z=-_.

) 173

=nr’, pa=p, Ay=2A4,

L2:2L17

and Vo =V;.

Using Ohm’s law, we have

Answer B.

Vs
I, (E) R
L (Vi\ Ry

(&)

Ly L
() (2)

o5 (&)

27.02-02 Concepts'in'Ohms’law 2004-3-24




Visualize free electrons moving through a crowded medium. They collide
with the atoms along the way.

As the temperature increases, what will happen to the average collision
time, 77

What will happen to the resistivity, p?

1) 7 increases, and p increases.
2) 7 decreases, and p increases.
3) T increases, and p decreases.
4) T decreases, and p decreases.

When the temperature is increased, the atoms in the medium are “vi-
brating” with faster average speed. Free electrons will collide with atoms
more frequently. So the average collision time 7 is decreased.

The resistivity p = ———; i.e., p is inversely proportional to 7. As the
ng*T
collision time decreases, resistivity increases.

Answer 2.
27.03-01 Thermal Effect on Resistivity 2004-3-24



For an ohmic conductor, we have

qF
Vaie = a7, a = W’ and J = n q Varife.-

So the drift speed or the current density is proportional to E. This relation
holds only if 7 is strictly constant.

Estimate how much will 7 be changed, if vg,s is doubled, for a typical
case where the average thermal speed is vy, ~ 10°km/s, and average drift
speed, vgug &~ 107 m/s.

1) It increases by more than 0.01%.
2) It stays essentially the same; i.e., the change is less than 0.01%.
3) In decreases by more than 0.01%.

Based on thermo energy considerations the reader should convince him-
self/herself that the percentage of the maximum change in in v is less than

2 Varige 2 % 107
v 106
Answer 2.

27.05-01"Average Collision Time 2004-3-24

— 2 x 1078%. This is less than 0.01%.




Three identical bulbs are connected in two ways as shown.

WQ@@—L

I vV
A
CASE 1

CASE 11

P
Determine %, where P is the power per bulb in CASE I, and Py is in
I
CASE 11

Answer A.
27.00-01 Power'in Two Circuits 2004-3-24



Given battery has emf £ = 10 V and the internal resistance r = 12, as

shown in the figure below. An external resistance R = 0.01 €2 is connected
to the battery.

R

A E r B
Compare Vy p with £.

A) Vup k€.
B) VAB%(C;.
C) Vup>E.
Rtotal:R_i_/r
&
J =
R+r
.01
Vip = l E 0.0 10V =.09V

R+r  0.0l+1

This simple calculation shows Vg = .099V < £. In other words, when

r > R, most of the potential drop is across the internal resistance r.
Answer A.

28.02-01a' EMF and internal resistance 2004-3-24



Given battery has emf £ = 10 V and the internal resistance r = 12, as

shown in the figure below. An external resistance R = 100.0 €2 is connected
to the battery.

R

A E r B
Compare Vy p with £.

A) Vup k€.
B) VAB%(C;.
C) Vup>E.
Rtotal:R_i_/r
&
J =
R+r
1
Vap = ki E 00 10V=99V

R+r 100+1

This simple calculation shows Vg = 9.9V =~ £. In other words, when

r < R, most of the potential drop is across the external resistance R.
Answer B.

28.02-01b"'EMF and Internal Resistance 2004-3-24



x@ 20
P Q °

. QQCO A

When the switch is open, what is the resistance R4p?

1
A) RAB — Z Q
1
B) Rup= 5 Q
C) Risp=1.01Q
D) Rsp=2.0%
E) Rap=4.0%
1Q 2 Q)
A B
2 Q) 4 Q
Y AMA—
3 Q
A AMNWWA B
6 ()
AMNWWA
2 Q
A B
Answer D.

28.02-02a’Equivalent Diagram 2004-3-24



x@ 20
P Q °

. ]Qg) &

When the switch is closed, what is the resistance R4p?

1
A) RAB — 6 Q
1
B) Rup=3 9
C) Risp=1.01Q
D) Rup=200
E) Rup=4.009
1Q 2 ()
— WA AW
A B
1Q 6 2

0.5 1.5 Q
A B
: AV AV :
2 Q
A B
Answer D.

28.02-02b Equivalent Diagram 2004-3-24



What is the resistance R4g?

2
A) RABzgR
3
B) RAB:gR
2
C) RAB:gR
3
D) RAB:?R
2
E) Rap=:=R
7
2R
A
1 1
Rap = 1+1+2: 1+2+4 — 7
2R R R 2R 2R 2R
Answer E.

28.02-03 Equivalent Diagram 2004-3-24



Hint: The resistance to the right of A'B’ is the same as the resistance
to the right of AB; that is, Rap = R, /y-
Given an infinite chain with a repetitive pattern as shown.
r r r

AW WA

2r 2r 2r

B B’

Select an equation with R4p and r which can be used to solve for R4p
in terms of r.

2r R
1) Rap=r 27“:— }ng , therefore Rup =27
2r R 5)
2) Rup=r ﬂ, therefore Rip=—r
T RAB 2
3
3) Rap=r+2r— Ryp, therefore Ryp= 57‘
So the infinite chain can be redrawn as follows
r
A A
27 Rap
B T B
1 QTRAB
R = —
AB =T + 1+ 1 T+RAB+27“
2r RAB

Ry —TRup—27r=0

rea/r2+42r) r+3r
2 2

27.

Rap =

Answer A.
28.02-04"An’Infinite’Chain 2004-3-24



Three identical bulbs are connected in two ways as shown. Denote the
current I when the switch is closed and I’ when the switch is open.

T T
20 20
T T
h W k QW
C /-\C
O D
The ratio of currents through the bulb B is given by
I, 4
A B_—_Z
) Ig 3
I/
B) =1
) 7,
I, 3
I, 2
D) Z2-Z
) Ig 3
v
Iy _ 2R _3
Iy V4
3R
2
Answer C.

28.02-05 Series and Parallel Circuits 2004-3-24



Three identical bulbs are connected in two ways as shown. Denote the
brightness without a prime when the switch is closed and with a prime /
when the switch is open.

MA s
a0 20
I ME F B
—U —U
C 04

Compare the respective brightnesses of bulbs A and B when the switch
is closed to when the switch is open.

A) B>B and 4'>A
B) B'<B and A'> A
C) B'>B and A'< A
C) B'<B and A'< A

-
I, 9p 3
Is V4

3R

2

-

I, 3r 3
L 1 .V 2
2 3R
2

Since the brightness is directly proportional to the power P = I’ R,

B' < B and A’ > A.
Answer B.

28.02-06 Series and Parallel Circuits 2004-3-24



N N
T | T

Which one of following diagrams represents the same network as the one

above?
R, Rs
A MWW AMW—— B
A) —— R R,
MWW
R, Rs
——— VWW—AWW—
A B
B) R R, B
AW MWW ———
RQ R3
MWW MWW
B
¢) “— R R, [ —
——AWW— ——AWW—

Using the deformation rule, one finds that C is the match.
Answer C.

28.02-07 Equivalent Diagram 2006-10-10



52 7;2 R2
A ._|| — AW— B
7:3 R3
El———amww\ d

Find the loop equation for the loop ABF FEA.
A) 52—7;2R2—7;3R3=0
B) 82+7;2R2—7;3R3=0
C) Ey— 19 Ry+13R3=0
D) 52+i2R2—i3R3:0

For loop ABFEA, we have &9 — 19 Ro + 13 R3 =0

Convention 1: A & =| B AV =V -V =+€&

A |=g B AV:VB—VA:—E

) R
Convention 2: ¢ —— /\/\/\/\/\_l? AV =Vp—-—Vog=—iR

C < D AV =Vp-Vo—+iR
: ANN— p— Ve 2

Convention 3: Currents into a junction are positive and currents out of
a junction are negative.
Answer C.

28.03-01'Kirchhoff Rules 2004-3-24



Rl gll 7’1
DWW
52 7;2 R2
AL —— w15
L3 Rs
El———amww\ d

Find the loop equation for the loop ABCDA.

EotiaRy—E+11 R =0
E—toRo+E — 11 R =0
Es+i19Ry—E —11 R =0
E+i9Ry+E —11 R =0
E—t9 Ry —E+11 R =0

BEQEE

For loop ABCDA, we have &5 — 19 Ry — &1+ 11 R =0

Convention 1: A

A | € B

7

R
Convention 2: C —o> /\/\/\/\/\_l?

1

¢ < 2

AV =V —Vi=+E

AV =Vg—Vy=—¢

AV =Vp—Ve=—iR

AV =Vp—Ve=+iR

Convention 3: Currents into a junction are positive and currents out of

a junction are negative.
Answer E.

28.03-02'Kirchhoff Rules 2004-3-24



& 12 Ry
AL —— w15
7:3 R3
El———amww\ d

Find the node equation for the junction A.

A) 11+ 12 +13=0
B) il—i2+’é3:0
C) 11+19—13=0
D) iy —iy— iz =0

For the junction A, the sum of the currents exiting minus the sum of
the currents entering the junction is zero, ¢ + 49 + i3 = 0.

Convention 1: A & =| B AV =V -V =+€&
|
A |=g B AV:VB—VA:—E

) R
Convention 2: ¢ —— /\/\/\/\/\_l? AV =Vp—-—Vog=—iR

C < D AV =Vp-Vo—+iR
: ANN— p— Ve 2

Convention 3: Currents into a junction are positive and currents out of
a junction are negative.
Answer A.

28.03-03 Kirchhoff' Rules 2004-3-24



Given: A cubic network has identical resistors, each with a resistance r.
A current I enters the network at A and leaves at G.

Find current I; and Iy in terms of the total current I through the net-
work.

I I
A) _[1:? and I2:§
B) 11:§ and IQ—§
C) Ilzg and 12—6

By symmetry, at A, I is equally divided into 3 equal branches. So

I
I = 3 By symmetry, at B, I is equally divided into 2 equal branches. So
L T
L==—="C.
2 6
Answer C.

28.03-04"A'Cubic'Network 2006-10-10



Given: A cubic network has identical resistors, each with a resistance r.
A current I enters the network at A and leaves at G.

T
o G —F—

T
B
r
-
I
A
Find the network resistance ry, in terms an individual resistor r.
27
A) Ttotal = ? B) Ttotal =T C) Ttotal = 2r
4r or
D) Ttotal = ? E) Ttotal = ?

By symmetry, at A, I is equally divided into 3 equal branches and the
potential at the junctions B, E, and D are the same, the these points can
be joined together without changing the network resistance ;.. The same
is true at the junctions F', C, and H. The redrawn network is shown below.

— MWW —
—ANW—
AMWWA AW
A BED MWW rcH G

— MWW — — MWW —
— MWW —
—AW—

Answer E. Ttotalzlr+1r+1T:5T

3 6 3 6
28.03-05"A"Cubic'Network 2004-10-22



The current enters at A and leaves at B.

Hint: From symmetry, I; = I;. Then for the junction equation I5 =
Iy — I, = I — I5. Write down the loop equation for ACDA.

The left-hand loop equation is

L) - L(1Q) 4+ L(20Q) =0
—L(1Q) - (Is—L)(192)+2,(1Q2) =0
LR - LA+ L) +21(10) =0
LA —L(1Q)+3L(102) =0
25, (19) + 3L, (1) =0
13L(1Q) =21 (19)

L 2(19)

I, 3(1Q)
2
=3

Answer C.
28.03-06a Two Loop Network 2004-3-24



The current enters at A and leaves at B.

«
Determine the equivalent resistance R., of the network.

A) Req =R+ Ry
1
B)  Be =5 (Ih+ Ry
R{ Ry + Ry R3+ Ry Rs
C) R, =
) ! Ry + Ry
1 Ry Ry + R1 Rs + Ry R3
D = —
) Be 2 Ry + R
1 Ri Ry + R; R3 + Ry R3
B) Rey=3 R;

Hint: The network is symmetric.

The left-hand and right-hand loop equations are

—L1 R —1I3R3+ 11 Ri =0and also —I, Ry + I, Ry + I3 Ry =
Rl R2
A A B
Rl R2
1 1 1 1 1 1
TSI T T T T T
R, R Ry Ry Ry R,
Rl R2
AMN———
A MWW B
Rl R2
MWW AN ——
1 1 1
Rey = T =5 =5 (Bt R
_|_
Ri+Ry, Ri+Ry R, + R;
Answer C.

28.03-06b Two Loop Network 2004-3-24

0 thus Is =0.



The current enters at A and leaves at B.

The loop equations ACDAis —I; Ry —Is Ry + I, Ry = 0.
Determine the equation for the loop CDBC' in terms of Iy, Iy, and I5.
) ([1—[2)R3—(IQ—|—I5)R4+[5R5:0
B) (Il—Ig)Rg—(IQ—I5)R4—|—I5R5:O
C) —-(Lh—-L)R3s+ (L+I;)Ry+I3R;=0
D) (15—11)R3+(IQ—I5)R4—|—I5R5=0
E) (11+I5)R3—(I5—12)R4—I5R5:0

Hint: Use the node equations Is = Iy — I5 and Iy = I, + Is.

The right-hand loop equation is

—IsRs+ Iy, Ry+ Is R =0
—(Lh —=Is)R3+ (Ia+1Is) Ry +Is Rs = 0.

Answer C.
28.03-07 Two Loop Network 2004-3-24



ANVWA =| — C
82 | I2 R2
—  — ——WW—1 D
A B |
3 Rg
— AW E

Find the potential difference V4 — Vp.

A) VA—VB:(€2—|—(€1+R1[1

B) VA—VB:52—12R2+51—R1[1
C) Va—-Vp=&E+ DL Ry— I3 R3

D) Va-Vp=&&+ L R;

E) VA—VB:52+IQR2+R1[1

E | B

Convention 1: A I | %

) R
Convention 2: ¢ ——> /\/\/\/\/\_l?

For loop BDEA

AV =V —Vy=+E

AV =Vp—Vo=—iR

VA_VB252_12R2+I3R3

=& + I3 Rs,

since Iy = 0.
Answer D.

28.03-08 Potential Difference 2004-3-24
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