Final ‘Physics 241
December 16, 2003 o

Please print your name on the top edge of the op-scan sheet.

Use a #2 pencil to fill in your full name, your student identification number, your
recitation division number, and finally the answers for problems 1-12.

One (both sides) 8 1/2” x 117 crib sheet is allowed. It must be hand-written.
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What is the value of fﬁmﬁ' for the path shown below? (Note that® represents a
current coming out of the page, and @ represents a current going into the page; the

arrows indicate the direction of integration).
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{a) S503x10% T-m
() -503%10% T m
(¢} 150 x10% T+m
(d -151x10° T m
fe} 2.51x10°T-m



A particle with a charge of + 2 C moves with a speed of 3 m/s in the +y direction. It
enters a region with a uniform electric field of 6 N/C pointing in the +z direction. What
is the direction and magnitude of the magnetic field in this reglon if the net force on the
particle is zero in this region? (Note that in the figure below the +x axis points out of

the page).
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(a} |B|= 6T, pointing in the +z direction
(by |B|= 6T, pointing in the - = direction
(c) |B|= 4T, pointing in the - x direction
(d) |B|= 2T, pointing in the +x direction
(e) |B|= 2T, pointing in the -x direction



A lens made out of a material having index of refraction 1.5 has sides with radii of
curvature 20 cm and 10 ¢m, as shown below. What ia the focal length of the lens?

(a) =) em
{b) 13.3 cm
(c) 20 cm
{dy -20ecm

(e) 40 cm



What are the currents flowing thru the 6 £ and the 2 £ resistors in the circuit
below?

p izl é A
12N ‘ﬁl 60

() ig=6A,ip=24A
(b) iz=2A.1,=3A
ic) i, =3A i, =4A
(d) l,=2A L,=5A
{e) is=3AiL,=06A



The primary mirror on the Optical Telescope assembly of the Hubble Space
Telescope, which orbits 600 km above the Earth, has a diameter of 2.4 m.
Asszume that the telescope is observing the earth. What is the minimum
separation distance between two objects on the ground such that they can still
be resolved? Ignore all atmospheric effects and assume that the telescope is
receiving light with a wavelength of 550 nm.

(a} 3.53cm
(b} 13.Bcm
(c) 16.8 cm
(d) 2l2em

(e} 325cm



A small shiny fish is in the water 1.0 m below the surface. Where does a fisherman
looking down into the water see the fish; that is, how far below the surface is the
image of the fish? The index of diffraction of water is n = 1.33.

{a) 1.7 m
by 056m
ic) 133 m
(d) Im

&) ©075m



7. Calculate the minimum thickness of 2 soap bubble film (n = 1.33) that will result in
constructive interference in the reflected light if the film is illuminated with light whose
wavelength in free space is A =600 nm

{a) 113 nm
(b} 100 nm
(c) 56.5 nm
(d) 50 nm

(e) 150 nm



A candle is placed 41 em in front of a convex spherical mirror of radius 60 cm.
Where is the image 7

(a) 112 ¢m in front of the mirror
(b} 112 cm behind the mirror
{c) 17.3 cm in front of the mimor
(dy  17.3 cm behind the mirror
(e} 129 em behind the mirror



A convex lens of focal length 25 cm is placed at a distance of 10 cm from a printed
page. What is the image distance i7 What is the magnification M of the image of

the page?

(@ i=T.lcmM=1

{b) i=71lcm, M=1071

(c) i=-7.1cm, M=0.71

() i=16.7cm M=-1.67
(e) i=-16.7cm M= 1.67



Two narrow slits separated by a distance of 0.12 mm are illuminated with light
of wavelength 589 nm from a sodium lamp. If the light is intercepted by a
photographic film placed 2.00 m beyond the slits, what is the distance along the
film between the central maximum snd the first lateral maximum?

@ 12x10%m
(by 245x10°m
i) 9.82x10°m
(d) 19.6 107 m
{g8) 49x10%*m



At a distance of 6.0 km from a radio transmitter the amplitude of the oscillating
electric field of the radio wave is Ey= 0.13 V/m. What is the total power radiated
by the radio transmitter? Assume that the transmitter radiates uniformly in all
directions.

(a) 1 kW
(b) 0.28 kW
<) L6 KW
(d) 2.2 kW

() 10kW



12, A series RLC circuit with L=0.6 H, C=3.5 pF, and R=250 1 is driven by a
generator with V_=150 V and variable frequency . What is the maximum
current [, when the generator frequency is w=377 radians/s?

R=25080
j
V = 150 sin (wm t) Volts L=0.6H
||
[
C=35uF

(a) D663 A
By 0197 A
€y 0255A
(dy 00004

{e) 0.600 A



13. Calculate the average power delivered by the AC voltage source 1o the seres
R1.C circuit described in problem 8 and shown below

J

R=2500

-

v=1susm(mt}vnlts@ % L=06H
|
B

(a)
(b)
(<)
(d)
{e)

1150 W
3B.12W
1629 W
1908 W
B3 W

C=3.5puF



A cylindrical region of radius R=3 cm contains a uniform magnetic field
parallel to its axis (i.e. pointing out of the page in the figure below). If the
field is changing at a rate of 0.60 T/s, then the magnitude of the electric
ficld at a point P, that is at a distance R/2 from the axis of the cylinder is:

{a}y ONC

{(b)  0.0045 N/IC
(c)  0.0090 N/C
(@  0.018 NIC

{e) None of these



15. A physics instructor in an anteroom charges an electrostatic generator to 25pC,
then carries it into the lecture hall. The net electric flux in Nm?/C through the walls
of the lecture hall is:

(ay 0

(b} 25 =108
) 22x10°
(d) 2.8 x10%

(e) It cannot be calculated since the dimensions of the hall
are not given in the problem



16.

An electron (g= -1.6 x10"'* C) moving with speed v, = 3x10* m/s (parallel to x-axis)
enters a region having a uniform electric field E = 200 N/C, as shown in the figure below.
The width of the plates is w =011 m. Find the change in the vertical displacement ¥ of the
electron between the time that it enters and the time that it leaves the electric field.
Assume that the initial position of the electron as it enters the electric field is (0,0

¥

e

{a) 33cm
(b} -1.95 cm
(c) 1.95 cm
(d) =-3.33cm

(e} None of the above



17. A wire bent into the shape of a semicircle of radius R = lm forms a closed circuil and
carries a current I = 10-%A. The circuit lies in the x-y plane and a yniform magnetic field is
oriented along the y-axis. Find the net magnetic force on the wire.,

& A F 1 F =~ &

/"""""\

(&) 125710 N
(b  6.28x10°N
ey 4xI0%N

(d ON
e} 2xI0N



18  Consider a series RLC circuit for which R = 150 0, L = 20 mH, V= 20 V and & = 5000
radiansfs [V, gives the rms amplitude of the AC source). Determine the value of the
capacitance for which the current attains its neak value.

(a) C=80 nF

(b) C=0.25x10PF
(c) C=0.25%1PF
dy C=2uF

() C=0.133pF



Light of wavelength 589 nm in vacuum passcs through a piece of fused quartz (n=1.438).
Find the frequency of this light in quartz.

{n) 2.33 = 10 Hz
(by 5.09x10"™ Hez
{c}y T43x10¥Hz
(dy 4.04x 10" Hz
(e}  MNone of the above



A particle (mass m and charge -q) is projected with speed v, into a region between
two parallel plates as shown in the figure below. The potential difference between the
two plates is V and their separation is d. The change in kinetic energy of the particle
as it traverses this region is:

V,=0 Volts V, =V Volts
m,
C—»
Vg
@  -qvid
(b 2qVimv;?
(c) qv
(d) mv,2

(&) MNone of the above



Helium-neon laser light of wavelength 633 nm is passed through a single slit of
width 0.10 mm, The diffraction pattern is observed on a sereen 3 m away.
What is the distance between the two minima on either side of the central
maximum?

{a) 1.9¢cm
(b) 0.0 cm
{c) 38cm
(d) 7.6 cm

(e) None of the above
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