
PHY2049 Fall 2005 

1 

        Prof. Andrew Rinzler 
        Prof. Paul Avery 
        Nov. 21, 2005 
        PHY2049, Fall 2005 

Exam 3 Solutions 
 
1. An RL circuit with resistance 100Ω is connected in series to a battery with EMF 12V. If the 
current builds up to 1/3 of its final steady-state value in 6.0 sec, what is the inductance L in Hen-
rys? 
 
(1) 1480 
(2) 550 
(3) 600 
(4) 6.8 
(5) 18 
 
In an RL circuit with initial current zero, the current vs time relation is ( )/

max 1 tR Li i e−= − . Thus 

when max / 3i i= , we get ( )/ ln 3 / 2tR L =  or ( )/ ln 3 / 2 1480L tR= = H. 
 
 
2. A loop lies in a magnetic field with the loop�s normal vector perpendicular to a magnetic field, 
B, as shown in the diagram. An external source (not shown) causes a current to begin to flow in 
the loop. What does the loop do? 
 
(1) Rotates around vertical axis 
(2) Rotates around horizonal axis 
(3) Rotates around axis perpendicular to page 
(4) Moves left 
(5) Moves up 
 
From the right hand rule, we see that the right side of the loop is pushed down and the left side is 
pushed up. Thus the loop can be seen to rotate around a vertical axis. 
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3. A long wire is bent 12 times around in the shape of a circle of radius 8 cm. If it spins 8 times a 
second around its diameter in a magnetic field of 3.0 T, what is the amplitude (in volts) of the 
emf generated in the loop? 
 
(1) 36.4 
(2) 3.0 
(3) 1830 
(4) 5.8 
(5) 341 
 
The total flux is 2 sinB r B tφ π ω= . Thus the EMF is 2/ cosBE Nd dt N r B tφ π ω ω= =  and the 

maximum EMF is 2N r Bπ ω  or, using ω = 2πf, 36.4 V. 
 
 
4. A parallel plate capacitor with circular plates of 3.0 mm diameter is charging. The induced 
magnetic field 6.0 mm from the central axis of the capacitor, in a plane that lies between the 
plates (perpendicular to the central axis) is 2 × 10-7 T. At what rate dE/dt is the electric field be-
tween the plates changing, in units of 1012 V/m/sec? 
 
(1) 24 
(2) 18 
(3) 6 
(4) 9 
(5) 12 
 
The B field around a varying electric field is ( ) ( )2

0 0 0 0/ / 2 / / 2EB d dt r R dE dt rµ ε φ π µ ε π π= = , 
where R is the radius of the capacitor plates and r is the distance of the point from the center of 
the capacitor. Solving for dE/dt gives 24 × 1012 V/m/sec/ 
 
 
5. An electron is placed in a magnetic field of 1.5 T. What energy in units of 10-23 joules is re-
quired to �flip� its spin? 
 
(1) 2.8 
(2) 11.1 
(3) 5.6 
(4) 1.6 
(5) 4.6 
 
The potential energy of a magnetic dipole in a magnetic field is U Bµ= − ⋅

!! , where Bµ µ= − , 
where µB is the Bohr magneton or 9.27 × 10-24 J/T . The energy required to flip its spin is thus E 
= 2 × µB × 1.5 = 2.8 × 10-23 J. 
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6. Radio receivers are often tuned by adjusting the capacitance of an LC circuit. If the value of 
the capacitance is C for a frequency of 600 kHz then for a frequency of 1200 kHz, the capaci-
tance must be readjusted to 
 
(1) C/4 
(2) C/2 
(3) 2C 
(4) 4C 
(5) need to know L 
 
The resonant angular frequency is 1/ LCω = . Thus if the frequency is doubled, C has to 
change to C/4. 
 
 
7. In a series RLC circuit the RMS value of the emf is E and the RMS value of the current is i. 
The current lags the emf by φ. The average power supplied by the generator is 
 
(1) i2R 
(2) iE 
(3) i2/Z 
(4) (iE/2)cosφ 
(5) i2Z 
 
The average power supplied by the emf source is the same as the average power dissipated by 
the resistor, which is i2R, where i is the RMS current. Note that iE is not the answer because it 
does not include the power factor φ. 
 
 
8. A plane electromagnetic wave has magnetic component (in Tesla) given by 

8 �2 10 sin( 6 )B j z tω−= × − − . The electric field magnitude in V/m, direction of propagation and 
frequency (careful!) are, in that order,  
 
(1) 6.0,   �k− , 2.9 × 108 Hz 
(2) 6.7 × 10−17, �k , 2.9 × 108 Hz 
(3) 6.0,   �k− , 3.4 × 109 rad/s 
(4) 2.0 × 10−8,   �j , 3.4 × 109 rad/s 
(5) 6.7 × 10−17, �j , 3.4 × 109 rad/s 
 
The speed of light is / 2 /c k f kω π= = , yielding f = 2.9 × 108 Hz. The electric field is E = cB or 
6 V/m. The direction �k−   is obtained from the spatial coordinate in the sin(-6z-ωt) term. 
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9. Unpolarized light of intensity I0 enters a stack of three polarizers (A, B, C in that order). Polar-
izers A and C are cross-polarized (90o to each other) polarizer B is at 55o with respect to A�s po-
larization direction. The measured intensity transmitted through the stack is 325 mW. What is I0 
in watts? 
 
(1) 2.94 
(2) 1.47 
(3) 1.98 
(4) 0 
(5) 0.97 
 
The final intensity is 2 21

02 cos 55cos 35 0.325I I= =  W, yielding I0 = 2.94 W. 
 
 
10. In a particular borosilicate glass, the speed of light for red light of vacuum wavelength 640 
nm is 1.987 × 108 m/s and for violet light of vacuum wavelength 434 nm is 1.971 × 108 m/s. For 
white light incident on the glass at 45o (from air) what is the chromatic angular separation in the 
glass (i.e. what is the angle between the directions taken by the two colors)? Use 2.998 × 108 m/s 
for the speed of light in vacuum and n = 1.000 for the refractive index of air. 
 
(1) 0.2445o 
(2) 27.95o 

(3) 27.70o 

(4) 0o 

(5) 0.1223o 
 
First we have to solve for the indices of refraction, which are nr = 2.998/1.987 = 1.50881 for red 
light and nv = 2.998/1.971 = 1.521055 for violet light. Then we use Snell�s law 
sin 45 sin sinr r v vn nθ θ= =  to solve for the angles, yielding θr =27.9468o and θv =27.7024o, 
yielding a difference of 0.2444o. 


