PHY 2049C Exam III Fall 2016

Name VID

Make sure to show all of your work neatly and organized with your final answers circled or underlined. Also don't forget
units on your final answers if you wish to recieve full credit! Good luck!

1) A parallel-plate capacitor consists of two parallel, square plates that have dimensions 1.0 cm by 1.0 cm. The
plates are separated by 0.1 mm, and the space between them is filled with teflon. (The dielectric constant for
teflon is 2.1, and ¢, = 8.85x 10712 C2/N.m2)

(a) What is the capacitance with the dielectric inserted.
(b) If a constant potential difference of 80 V is held across the capacitor, how much energy is stored in it?

(c) What would the total capacitance be if only the left half of the vertically oriented capacitor was filled with
dielectric?

2) For the circuit shown in the figure, the switch S is initially open and the capacitor voltage is 80 V. The switch
is then closed at timet= 0.

(a) What is the current in the circuit at t = 0?
(b) What is the charge on the capacitor when the current in the circuit is 33 uA?
(c) How long after the switch is closed does this occur?
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3) A uniform magnetic field of magnitude 0.80 T in the negative z-direction is present in a region of space, as
shown in the figure. A uniform electric field is also present. An electron that is projected with an initial
velocityv 0=9.1 x104 m/sin the positive x-direction passes through the region without deflection.

(a) What is the magnitude of the electric field vector in the region?
(b) What is the direction of the electric field vector in the region?
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4) An L-shaped metal machine part is made of two equal-length segments that are perpendicular to each other
and carry a 4.50-A current as shown in the figure. This part has a total mass of 3.80 kg and a total length of
3.00 m, and it is in an external 1.20-T magnetic field that is oriented perpendicular to the plane of the part, as
shown. What is the magnitude and direction of the NET magnetic force that the field exerts on the part?
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5) As shown in the figure, an insulated wire is bent into a circular loop of radius 6.0 cm and has two long
straight sections. The loop is in thexy-plane, with the center at the origin. The straight sections are parallel to
thez-axis. The wire carries a current of 8.0 A. (up = 4mx 107 T+m/ A)

(a) What is the y-component of the magnetic field at the origin?
(b) What is the NET magnetic field (magnitude and direction)?
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6) As shown in the figure, a rectangular current loop is carrying current! 1 =3.0 A, in the direction shown, and
is located near a long wire carrying a current! ¢, . The long wire is parallel to the sides of the rectangle. The
rectangle loop has length 0.80 m and its sides are 0.10 m and 0.70 m from the wire, as shown. We measure
that the net force on the rectangular loop is4.9 x10~0 N and is directed towards the wire.

W o=4nx10"7T-m/A)
(a) What is the magnitude of the currentl,?

(b) In which direction doesI, flow: from top to bottom or from bottom to top in the sketch?
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7) The figure shows the cross-section of a hollow cylinder of inner radiusa= 5.0 cm and outer radiusb =7.0 cm.
A uniform current density of 1.0 A/ cm? flows through the cylinder parallel to its axis. (Uy=4mtx 10~/ T«
m/A)

(a) What is the magnitude of the magnetic field at a distance the distance a from the axis?
(b) What is the magnitude of the magnetic field at a distance ofd = 10 cm from the axis of the cylinder.
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8) A solenoid is wound with 970 turns on a form 4.0 cm in diameter and 50 cm long. The windings carry a
current] in the sense that is shown in the figure. The current produces a magnetic field, of magnitude

4.3 mT, near the center of the solenoid. Find the current in the solenoid windings. (ug = 4mt x 10=7 T+em/ A)
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formula Sheet

vlaxwell’s Equations:

Qencl

S

QSE «dA= (Gauss’s law for E)

$BedA=0 (Gausss law for B)

E

. d
CﬁB-dl = ,uo(ic+ €, ) (Ampere’s law)
encl

- dod 5
4)E odl =— (Faraday’s law)
dt
.orrentz Force Law:
F = qE + qvxB

standing Waves:

1% 19

v
=n—=mn, n=1273,...
fo=nop=nf )
Joppler effect:
V4V,
v+ Js
Vlechanical Waves:
v=Af (periodic wave)
x x . .

y(x,t) = A cos [a)(— - tﬂ =A cos{Zizf(— - tﬂ (sinusoidal w

y (x,t) = A cos [Zﬂ[% - %ﬂ (sinusoidal wave movin

y(x,t)= A cos(kx— wt) (sinusoidal wave moving it

62y(x,t) _ 1 62y(x,t)
ox’ v or

(wave equation)
F .

v = |— (speed of a transverse wave on a string)
Y7,

1 . . .
P, = 2 uFo*A*  (average power, sinusoidal wave on a string’

(inverse-square law for intensity)

y(x.2)=y,(x,£)+ y,(x.) (principle of superposition)

Electric Field:
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F= >
dre, r

(Coulomb’s law: force between two point cha

F,
9o

E= (definition of electric field as electric force per unit cha

47rle ’% 7 (electric field of a point charge)
0

E=

7= pEsing (magnitude of the torque on an electric dipole

T =pXE (torque on an electric dipole, in vector form)

U =-p+E (potential energy for a dipole in an electric field)



ilectric Potential: Current, Resistance, and Ohm’s Law

w_,=U-U,= —(Ub -U )= -AU (work done by a conservative
a— a a dQ .
I= I = n|q| v;A (general expression for current)
t
1 . . .
= 4—% (electnc potential energy of two point charges g and qo)
T T J =nqu; (vector current density)
=t | b D | D N o E
= are (r + . + . + ]— o z " (pomt charge g, and collectior p= - (definition of resistivity)
0 1 2 3 (U !
U 1 = - ,
y-Y_ q (potential due to a point charge) p (M) =p,[1+a(T—-T,)] (temperature dependence of re:
q, 4meyr
pL . . . .
R=—(relationship between resistance and resistiv
U 1 q . . . A
V=—= 2— (potentlal due to a collection of point charge)

q, 47teo T

V =IR (relationship among voltage, current, and resis
1

4

d . . N
j—q (potentlal due to a continuous distribution of charg;
7 V., =¢&—Ir (terminal voltage, source with internal resi

V.-V,= Jb Eedl = jb E cos ¢ dI (potential difference as an integ P =V, [ (rate at which energy is delivered to or extracted from a ci

2
E=—"- E=—"- E=- i (components of E in te P=V,I=I"R=—2% (power delivered to a resistor
g ox y oy z d R
R,=R+R+R+.. (resistors in series)
+ k—J (E in terms of V)
4
1 1 1 . .
—=—+—+4—+... (resistors in parallel)
R R

_apacitance: R, R 2 3

C= Vg (definition of capacitance)

21 =0 (junction rule, valid at any junction)

C= Vgab =€, 3 (capacitance of a parallel-plate capacitor in vacuum) z 7 =0 (loop rule, valid for any closed loop)
C%q = CLI+ CLZ + C% +... (capacitors in series) g=Ce(l-e")=0,(1- ") (R-C circuit, charging cap
C, =C,+C,+C;+... (capacitors in parallel) i= % = %e”mc =1 Oe’”Rc (R-C circuit, charging capacit

U= % = %CV2 = %QV (potential energy stored in a capacitor) q=0, e "R¢ (R-C circuit, discharging capacitor)
u= % €, E* (electric energy density in a vacuum) j= % __ 1?—2; o RC _ I, ¢"®  (R-C circuit, discharging cap



vlagnetic Force and Magnetic Flux:

F=gbxB (magnetic force on a moving charged particle)

b, = J.Bl dA= IB cospdA= J.E «dA (magnetic flux through a surface)

Cj)l?- dA=0 (magnetic flux through any closed surface)
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(radius of a circular orbit in a magnetic field)

F=1II xB (magnetic force on a straight wire segment)

dF = Idl x B (magnetic force on an infinitesimal wire section)

T = IBAsing (magnitude of torque on a current loop)
=X B (vector torque on a current loop)

U=—jieB=—-uBcos¢ (potential energy for a magnetic dipole)

vlagnetic Field:

- DX 7

B= f—" v > ! (magnetic field of a point charge with constant veloci
T or

_ 1dl x .
dB = f—o > ! (magnetic field of a current element)
nor

s . .

B= P (near a long, straight, current-carrying conductor)
nr
Fplr .
) (two long, parallel, current-carrying conductors)
r

¢B'di = Uyl



Volume and Area Formulae:

Circle:
Area: nr
Circumference: 2nr
Sphere:
Area: 4nr?
Volume: 4/3 e’
Cylinder:
Area: 2mrl
Volume: nr’l

Fundamental Constants:
¢=2.9979 « 10° m/s
k=9.0+10° Nm?* C*

g0 = 4m/k = 8.85-107'% C*/ Nm®
o =4m-107 TA/m

q. = 1.602-10" C

me=9.11.10°" kg



