Physics 2306 Exam 3 (Arsenault) Spring 2006

Name g{ E Y Student ID

Check your (CRN) section number (- 2 points if not checked):

CRN |[time

14291 {8:00 - 8:50
14288 |9:05 - 9:55
14296 |{10:10 - 11:00
14295 (11:15 - 12:05

Students may also use their own two sided 8.5” x 11” formula sheet in
addition to the formula sheet that is on the last 2 pages of this.
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1,2. Coaxial Cable: A solid conductor with radius a is supported by
insulating disks on the axis of a conducting tube with inner radius b and
outer radius c. The central conductor and tube carry equal currents I in
opposite directions. The currents are distributed uniformly over the cross

sections of each conductor.

1. Find an expression for the magnitude of the magnetic field as a function

of the radial distance from the center of the inner conductor, r, for

a<r<bhb:

P 2T /4/ 9 \\ \
- [ << N/ \;\ !
L= TANVANE \

f /v\nf,\ k
< ( a ?1 U |
\\\* // . //
I

1/0 6 |wNI

2 |wol/ (2nr?) 7 |pol/ (4mr?)

(3} oI/ (27r) 8 |wlI/(4nr)

411/ (2mper) 9 |I/(4muer)

5|1/ (2mp,r?) 10 |1/ (4mpor?)

2. Find an expression for the magnitude of the magnetic field as a function
of the radial distance from the center of the inner conductor, r, for r> c:

lo *+e.
= >

e 6 |ueNI

2 oI/ (2nr) 7 |wI/ (4xr) = B =|°

3|wlI/ (2nr?) 8 |moI/ (4nr?)

4|1/ (2mp,er) 9 |I/(4mu,r)

5|1/ (2nuor?) 10 |1/ (4mpor?)
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As in a lecture demonstration: After a long time the switch, s, above, is
closed.

3. What is the current going through the inductor at the instant the switch

is closed? .meﬁ-{wﬁ"w s ke an  open M".{%QU;;&A
.

) 6 |1A A (0) ﬁ% 2\

210.01 A 7 |6 A '

310.06 A 8 |10 A

410.1 A 9 (30 A

5(0.6 A 10 |60 A

4. A long time after the switch is closed, what is the power emitted by the
light bulb?

p = VL = ((v%@‘/@ {o@ w

"

1o [6) 0.6 W
2(0.1 W 7 3.6 W
3/0.12 W 8 [21.6 W
40,441 W 9 |42 W
5|0.514 W 10 |60 W
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5. After the switch has been closed for a long time the switch is opened.
What will be the power emitted by the light bulb at the instant after the
switch is opened?

i"ﬁ% bzz o ” i‘iz y Q&VE”% é:; @m}&ﬁ
/Z (c»@\}“g“—%ﬁ“ Qwﬁ% e oa) R
gm ’ gé:}m?b V/"' o et s ‘:
N — g =l21.6 W
és} } WWMWP’“
10 6 |0.6 W
2/0.1 W 3.6 W
3/0.12 W 8) [21.6 W
410.441 W 9 |42 W
5(0.514 W 10 |60 W
6. A long, straight wire carries a time-varying current, i(t) = I, + o t, where

I, and o are positive constants. This means that the current in the long wire
is increasing with time. The long wire and a rectangular conducting loop
are positioned in the same plane as shown in the picture below. The loop
has a total resistance R. The position of the wire and loop are held fixed.
Find the current that is in the loop.
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10 6 |uwea b In(5)/(2nR)
2l b In(2)/(28R) |7 |mwoa b 1n(2)/(4nR)
(3o o b In(3)/(21R) — |8 [wea b 1n(3)/(4aR) —
4lpe o b In(4)/(2nR) 9 |wea b In(4)/(4nR)
Sluwe o b In(1/2)/(2nR) 10 {|up ¢ b 1n(1/2)/(4nR)

B —
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7. Along, straight wire carries a constant current I. The long wire and a
rectangular conducting loop are positioned in the same plane as shown in
the picture below. The loop has a total resistance R. The position of the
wire is held fixed while the loop is moved to the right at constant speed v.
Find the current that is in the loop.

I
¢
f\) o j?f " Vs o 4 A 4 ”}”A roug b Va
Yhe loop T
2a
g ‘;WA @?ﬁ) _ O l
d t: N <« b —

&

wo I v b In(5)/(2nR)

6
2iwe Iv b In(2)/(2nR) 7 lueIv b In(2)/(4nR)
B3iuwe Iv b In(3)/(2nR) 8 |uweIv b In(3)/(4nR)
4lue Iv b In(4)/(2nR) 9 |weIv b In(4)/(4rnR)
5/ue Iv b In(1/2)/(2nR) |10 jue Ivb 1n(1/2)/(4nR)
8-10. The amplitude of the voltage source
in the circuit shown is 10V with frequency
250 Hz. 100 Q
6’ 10V
250 H
z 0.2 H
1.5 pF
i |

??%/f
V e
10 6 |1A T = T v
f @.ﬂ@ Tomfe !
2 (3.8 mA 7 |13 A 27f &
67.2 mA 8 4.4 A
4 [100 mA 9 |7A y
5 [200 mA 10 [8.67 A = o —~ =
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9. Find the phase angle, ¢, between the current and the source voltage,

where we define the current as i = I cos ot, and the voltage source as

v =V cos(ot + ¢), where V=10V, o=2r 250/s. ] —
ALl V

//f g N ‘zwg’ﬁ?m\f 2’} @fﬁ %Eﬁ ?ﬁf&@wig 5,
Fan - 4an |
@S . iﬁ‘ | ot ” {

PE———

110 ¢° Q. |-26.6 ° e
206.6 ° DINEE
3(26.5 ° 8 |-67.3°

4(34.2° 9 |-72.4°

5167.8 ° 10 |-87.8 °

10. If the 250 Hz source voltage frequency can be varied, at what
frequency will the power through the resistor be maximized? 5

", Z T e
, o | . e
_ = Z\ — % = Lo oo = i«%%}g ¥
><xﬁ = X < = ko Lo e L«
- ! g
—{ M
1]0.29 Hz 291 Hz = 0= W \) — Ha
210.91 Hz 913 Hz ' ,. o b
3|1.83 Hz 8 |1825 Hz -
4 |50 Hz 9 |11,470 Hz
5 1200 Hz 10 |15,150 Hz
11. A space probe 2x10!° m from a star measures the total intensity of
electromagnetic radiation from the star to be 5 x 10* W/m?. If it radiates
uniformly in all directions, what is the total average power output from the
star? \ 2 é;a w
P L po (4ne) D gm (e I
T = —— (——— -
RN . é o W
— QT o W ™ G,aém X

6 |1.26 x 10" W
5 x 10 W 7 |2 x 10 W
1.26 x 10> W
2.5 x 10 W
5 x 102 W

U W N
O = = OO
N | X IN|©
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12-14 A bar of length L=0.8m is free to slide without friction on horizontal
rails, as shown in the figure. There is a uniform magnetic field B=1.5T
directed into the plane of the figure. At one end of the rails there is a
battery with emf of 12V. The bar has a mass of 0.9 kg and resistance 5
ohms, and all other resistance in the circuit can be ignored. The bar starts

at rest (v=0).

vAE
R

_ v
IS
= LAB =
‘ gmﬁ

12V (o) (L5T)

V=12V

X X X X

|+

X X X X

X X X X

X X X X

X X X X

(6.9 ) 5)

X X X X

12. What is the acceleration of the bar when it is just released (v=0)?

=g :7) 2 M/m 5
R
e
L9 ..gJ) 3.2 m/s?
210.64 m/s?2 |7 |4 m/s?
412.56 m/s? |9 |16 m/s?
51(2.88 m/s? |10 |32 m/s?

13. What is the acceleration of the bar when the speed of the bar is

v=2m/s?

- (Vo) RE

(v - v BRRE

N s

m &
1|0 6 |3.2 m/s?
210.64 m/s? |7 |4 m/s?
312 m/s? 8 |8 m/s?
4))2.56 m/s? |9 |16 m/s?
512.88 m/s? |10 |32 m/s?

&

-

. (KZ.,V - 2"%& ;“‘E”) %m}){a wm g

(0-9ks ) (5 )
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14. What is the terminal speed of the bar? Put another way: what is the
speed of the bar after a long time (assuming that the rails are very long)?

\/m@%%%% =7

0 (9 10 m/s

1 m/s 12 m/s

7
2 m/s 8 |13.5 m/s
3.2 m/s |9 |15 m/s

s WiN |-

8 m/s 10 |20.25 m/s

15.

s 8
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i

g ﬁb;

< 8cm-»

L O M/%

< 8cm-—»

You sight along the rim of a glass with vertical sides so that the top rim is
lined up with the opposite edge of the bottom. The glass is a thin-walled
hollow cylinder 16cm high and has a diameter of 8cm. While you keep your
eye in the same position, a friend fills the glass with a transparent liquid,
and then you see a dime that is lying at the center of the bottom of the
glass. Ignore the size of the dime. What is the index of refraction of the

?ﬁ% 2 f {/E}%ym

liquid?

1/0.54 [6 [1.4
2 ]0.8 7 1.5
3|1 8 |1.6
4(1.2 9 [1.7
501.3 10)|1.8
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I = [ 343
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16. /

.

= N, g;;».,( ?&ﬁ“ﬂ{f}} = Q.

Light is incident along the normal on the face A B of a glass prism of
refractive index 1.3, as shown in the figure. Find the largest value the
angle o can have without any light being refracted out of the prism face A C
if the prism is immersed in air.
= —sin(d=10) = ““”;: = cofel = e

, ,, )
SSOE-PNGCL Sl B WEZEZ
= | — Co¥ '(_j___\)

6 |41.1°
° 7 150.3 °
° 8 |62 ° ’?iﬁ’” g
° 9 |70 °
° 10[-10 °

17,18 A resistance R, and capacitance C, and inductance L are connected
in series with a voltage source with amplitude V and variable angular
frequency . If the angular frequency, o, is set to the resonant angular
frequency oo o= L

L
17. What will be the maximum current through the resistor? and 1= %‘ = P

1|LC/R 6 |5 L (V/R)?
2 |VLC/R 7 |5 C (L/R)?
3 |R/V 8 |5 C V2
/R 9 |5V (1/LC)? 2=
5/V/(LC) 10 /% R (V/C)? -

18. What will be the maximum energy stored in the capacitor?

I b P L. b g
~ . N v — L - e , - X A
Eoe = 32 & < 7 s z@% R o€
¢
1/LC/R 6% L (V/R)? v 2y
2 |VLC/R 7 |5 C (L/R)?2 -1 L Lte _ L Uﬁ% )
3[R/V 8 |5 C 2 r & = = R
4|V/R 9 |V (1/LC)?
- s g~ y
5|V/(LC) 10 |5 R (V/C)2 Same af  max en™h)
Vi y VvV =TR 9 ‘;4”\ | = @gu@’}n% ?\v
V.
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19. Three polarizing filters are stacked, with the polarizing axis of the
second and third filters at 23° and 62°, respectively, to that of the first. If
unpolarized light is incident on the stack, the light has intensity 75 W/cm?
after it passes through the stack. If the incident light is kept constant, what
is the intensity of the light after it has passed through the stack if the
second polarizer is removed?

; & (k‘&‘f\
i T = gjﬁu} *«@%E;Ew ﬁmﬁﬁggym“&i ) g0
'L/%@ -G , L ettt
’ ! = ichw “c2° = I ":‘“’:;:glm%zwm}
Tz |
75 WL et S
= b ) 2%23%)}
10 6 |41 W/cm? cost 2D’ © (6
219.7 W/cm? 7 |55 W/cm? ‘
(2.7 05 W]
3/19.5 W/cm? 8 67.3 W/cm? C’Z‘ Ll
4(24.3 W/cm? 9 |71 W/cm? _—
(5132.3 w/em? 10 |75 wW/cm?

20. A circular loop of wire is in a region of spatially uniform magnetic field.
The magnetic field is directed into the paper. Determine the direction
(clockwise=cw, counterclockwise=ccw, or none) of the current in the loop
when the the magnetic field is a) increasing, b) constant, and c) decreasing.

el {‘fﬁ >0
X X XX X EEXTX X X

a b C a b C
1|/cw, none, ccw nepRe;—CCW,; ™ €W~
L24Ccw, none, Cw none——Cew;——~EEw-
none;— wy—none Cw, none..none
4 |nones;—eews—hone JEW———one;—CwW...
5 | cws——CCW; " CCW 10 |cews——none;——CCw
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