PHYSICS 271
ELECTRICITY AND MAGNETISM
SECOND EXAMINATION

19 November 1999

INSTRUCTIONS: Answer all questions on the answer sheet provided, it will be
the only paper that is collected. This is a closed book exam.

(25 pts)  1.) For the circuit drawn below:

R; R,
l MW MW 1 18
Ial izl R,

| b

“1

1.a.) What does the junction rule yield?

a) &5+26,=0 c) i, +i,=i,

b) i,+i,+i,=0 d) i ,+i,=i,
2i R +i,R,= &+ &, -2i R, +i,R,=&£- ¢,
i,R,+2i ,R,=0 i,R,+2i,R =0

1.b.) What does the loop rule yield?

a) i +i,=i, ¢) -2i R +i,R,=&- ¢,
i,R,+2i,R =0

b) i+i,+i,;=0 d) 2i R +i,R,= S+ ¢,
2i R \+i,R,= &+ &, i,R,+2i ,R =0
i,R,+2i,R =0



1.c.) What is the current through the source of emf in the left branch?

(2R +R) &, -¢) o (2R, +R, Y £, - ¢,)

D TR (R A R) ) 'R R 4 RY)
- (4,-2) - (R +R)£+8)
D) 1= 2(R, +R,) D 1= 4R (R, +R,)

1.d.) What is the current through the source of emf in the right branch?

. R2(€1—€2) . _(2R1+R2)(£1_€2)
VTR R R MY Ry
_la-s) _Rlea)
by 15 2(R, +R,) D e 4R (R, +R,)

1.e.) What is the current through the source of emf in the center branch?
(2R +R,X &, -¢))

a) i,= c) i,= (51_52)
* 4R(R +R,) > 2(R +R,)

b ._(52_51) d) i.=
) 127 2(R +R,) ) o=

1.f.) The potential difference V.-V is equal to

(2R +R,)£,+ R, &,

a) Va—r/b:iReq c) Va_Vb: 2(R +R)
1 2

‘ 2(R, +R,) ’ 2(R, +R,)



(25 pts)  2.) Consider the circuit drawn below. The curved segments are arcs of circles of radii a
and b. The straight segments are along the radii. Assume current i flows in the circuit.

\ 48
\% "

A

2.a.) The direction of the magnetic field at P is

a) B points up ¢) B points to the right e) B points into the page
b) B points down d) B points to the left f) B points out of the page
g) B =0

2.b.) The magnitude of the magnetic field at P is

B—ﬂ'l(l+l) B =0, since P is outside the |

a) —4”12 2t ¢) B =0, since P is outside the loop
Ho . (1 1) Hol

b) B=—i60 (——— d) B=

) B= 420\ a ) B [a-n+0ar0)

2.c.) The magnetic dipole moment u of the above current loop is

a) in(a’-b’), into the page ¢) u =0, since P is outside the loop

|
b) %i (a® - b?) ,into the page  d) i6 E(GZ ~5%) , into the page
T

(25 pts) 3.) Below is drawn a cross section of a hollow cylindrical conductor of radii a and b,
carrying a uniformly distributed current i flowing out of the page.




3.a.) Determine the magnetic field for radius r>b .

i
a) B= :;0 o tangent to circles in CCW direction
Mol
b) B = Z;O? , out of the page
i
¢) B= éu . . tangent to circles in the CCW direction
V4

d) B= Hol out of the page
2rr

3.b.) Determine the magnetic field for radius r<a .

i
a) B= % , tangent to circles in CCW direction
T

b) B=0
i

¢) B= :;_0 ~ , tangent to circles in the CCW direction
Wi

B =2
d) P out of the page

3.c.) Determine the magnetic field for radius a<r<b .

y7 (7‘2 - az) . . .
a) B= — » tangent to circles in CCW direction
2w ¥ (b —-a )
. 2 2
M, (r -a )
b) B= Py (b2 —az) , out of the page
J729 (r2 -a’ . . N
¢) B= s—% , tangent to circles in the CCW direction
4z r (b -a )
Mol ( i _az)

d) B= t of th
) 47rr(b2_a2)’ouo e page



(25 pts) 4.) Arod lies across frictionless rails in a uniform magnetic field B, as shown.
The rod moves to the left with constant speed v and at #=0 its position is x(1=0)=x, .

4.a.) In order for the emf around the circuit to be zero, the magnitude of the
magnetic field should

a) not change d) increase quadratically with time
b) increase linearly with time e) decrease quadratically with time

¢) decrease inversely with time

4.b.) A rod with resistance R lies across frictionless conducting rails in a constant
uniform magnetic field B, as drawn above. Assume the rails have negligible
resistance. The force that must be applied by a person to pull the rod to the left at
constant speed v is

)0 d) B*I*v
a
R
b) BL B*Lxv
v
) )~
BLv
c) —



Physics 271 Electricity and Magnetism
Examination 2: Equation Sheet

i:% ; j = Nqu; ; zz/gjdff (1)
/V%dwfs;-dz:o )

j=cE V=iR ; R:% (3)
P=iV P:fR:‘g (4)

Kirchhoff’s First Rule: At any junction, the sum of the currents leaving the junction
equals the sum of the currents entering the junction.

Kirchhoff’s Second Rule: The algebraic sum of the changes in potential encountered
~in a complete traversal of any closed circuit is zero.

Parallel Resistors: R%q =N, -I%—i Series Resistors: R, = YN | R;
F=q(B+3xB) ; ]{Sé-d/T:O (5)
dF =idsx B F=iLxB (6)
ji=NiAn F=jixB U=—ji-B (7)
dg:%idizf ; EI%/C,idi;F (8)
§ B d5 = oo £=-=2 9)

@B:/SB’-M : 5:74015-(15:—— B-dA (10)



