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Instructions: You have a total of 55 minutes to complete this test.
Answer each question completely showing complete details.
For complete credit you must include correct Sl units with numerical answers.
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[1] Consider a parallel plate capacitor with plates of area A
separated by a distance d as shown. You may assume this to be
+O —O an infinite parallel plate capacitor. The surface charge density at

\} x=0 is +o0 and the surface charge density at x=d is -c as shown.

(a) Sketch the vector electric field for the following regions:
(x<0), (0<x<d) and (x>0) on the diagram.
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(b) Showing complete details and assumptions (using sketches as needed), calculate
the vector electric field inside the capacitor. You must show full details here for credit.
Your answer involves ¢ and «o.

Choose a cylinder with ends of are A'. Orient the cylinder so that the ends are parallel
to the planes. let the cylinder cut through the plane at zero but not at d. On the end
between the plates, E is parallel to the end and uniform. On the LSA, E is perpendicular
to A. On the end outside the capacitor, E=0. Thus:
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(c) The capacitance of the parallel plate capacitor is given by C=€o% . Suppose the

separation of the plates is d=0.1 m and the area of the plates is A=1 m?. If the
potential difference between the plates is V=10V, find the energy density together with
correct Sl units inside the capacitor.
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(e) Suppose in a region of space, the potential is given by V =5x. Find the vector
electric field in this region.
E=— AV sx
AX
Note that the electric field is the negative slope of the potential (with a vector).
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[2] A wire of radius a carries a uniform current density

y given by ]zmﬁ which is directed out of the page as
shown. The wire carries a total current I.

a (a) Which direction does the magnetic field circulate around
the wire? (circle the correct answer below).

(b) Calculate the magnitude of the current density in terms of | and a.
The current is uniformly spread over the cross section of the wire so the current density

is given by: |J|:—L:$

(c) Showing complete details, including sketches as necessary, calculate the vector
magnetic field inside the wire in terms of |, a and the radius vectorr.

Choose a circular path centered on the wire of radius s<a. On that path, B is uniform in
magnitude and direction (it circulates parallel to the path) . Then from Ampere's law we
have:

B-AS=u,l =B(2xr)=u,—=nr'=u
AZSi i |M0c ( )‘OT[a l0a 2T[a
(d) Showing complete details, including sketches as necessary, calculate the vector
magnetic field outside the wire in terms of |, and the radius vectorr.
Choose a circular path centered on the wire of radius s>a. On that path, B is uniform in
magnitude and direction (it circulates parallel to the path) . Here, however, all the
current is enclosed by the path chosen. Then from Ampere's law we have:

ol 4

> BAS=u,l.=B(2nr)=u,l=B=="-06
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i 2nr
(e) Suppose I=1 A and a=0.1m. Find the magnitude of the magnetic field at the surface
of the wire with correct SI units.

uol  4nx1077x1

_ -6
xa.  2ax01 2010

at the surface of the wire, [B|=
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[3] Consider the circuit shown to the

left.
(a) Provide the Kirchoff's laws
R]. |1 gquaFions for the following loops and
f junction:
+ -
(afeba):
V1 R5 “I,R,~V,~1;Rs—,R,~V,~1,R,=0
R4
V2 R2
b3 e (be\?Cbl)'R I.R.+V,—1.R.+V.=0
VBL_’-l'I' |2 TVt hR,=I3Rg+ V=I5 R3+ V3=
y R6
fc\-li/\/\/—l @e: |,—1,—1,=0
#-d
R3 V

(b) Suppose for the following values: (R1,R2,R3,R4,R5,R6)=(1,2,3,4,5,6)Q
and for the following voltages: (V1,v2,V3,v4)=(1,2,3,4)V
the following currents result: I11=-.118A, 12=-.914A,13=.797A.
Calculate the total power dissipated in the circuit (with correct Sl units).

P=(R,+R,+R,)Z+R,I2+(R;+R)153=(1+5+4)(.118) +2(.914)*+(3+6)(.797)°
P=0.14+1.67+5.71=7.53W

(c) What is the interpretation for the value of the current 127
The current actually flows in the opposite direction to the assumed direction.
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[4] Note: be sure to include correct Sl units with your answers below.

(a)Graphite has a resistivity of 7.84x10° Om. What is the resistance of a 1 m long
graphite rod of cross sectional area A=0.01m? in the shape of a cylinder across the
ends?

L

R=p--=(7.84x10°)x 1

=7.84x197*Q
01 X

(b) Graphite has a dielectric constant of about 15. What is the capacitance of a
rectangular piece of graphite of area A=0.1m? and thickness d=0.01m?
Note from problem 1(c) the capacitance of a parallel plate capacitor.

C=1<Cgeo:15xe0%=15x8.85x1012xb—11=1.32x109f

(c) If a 300Q resistor is placed in series with a 600Q resistor, what is the equivalent
resistance?
R, series R,=R_,=R,;+R,=300+600=9000Q

(d) If a 300Q resistor is placed in parallel with a 600Q resistor, what is the equivalent
resistance?

1 i+i 1 N 1 2+1 3 LR, =600=200Q

R.., R, R, 300 600 600 600 @ 3

eq

R, parallel R,=

(e) If a 4uf capacitor is placed in series with a 6uf capacitor, what is the equivalent
capacitance?

: 1 1 1 1 1 3+42_5 12

C C —t—==+== =Ce="1
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(f) If a 4uf capacitor is placed in parallel with a 6uf capacitor, what is the equivalent

capacitance?
C, parallel C,=C,,=C,+C,=6+4=10uf=1.0x 10°°f

=2.4uf=2.4x10"°f



