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Max	=	100	
Min	=	13	
Mean	=	61	
Median	=	65	
Std.	Dev.	=	24	



Question 1 (25 points): A circuit consists of a 
battery with an EMF V0, and a resistance R. A 
solenoid of radius a, with n turns per length, is 
introduced into the middle of the circuit, as shown. 
The initial current in the circuit Ic(0) = V0/R, and the 
solenoid current Is(t), are both clockwise as shown.  
 
1a (15 points): If the solenoid current increases linearly with time as Is(t) = kt, what is 
the induced EMF in the circuit? Hint: The magnetic field magnitude in the solenoid is 
! = !!!!!.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1b (10 points): What is the current Ic(t) in the circuit, as the solenoid current Is(t) is 
increasing?  
 
 
 
 
 
 
 
 
 
 

V0	

¡  Changing	B	produces	E	

¡  The	resulting	EMF	
opposes	the	change	in	B	

¡  Total	EMF	is	sum	of	all	
individual	EMFs,	
including	induced	EMF	

¡  I	can’t	draw	electric	
circuits	right	



Question 2 (40 points): A parallel plate capacitor has 
plates of radius R, separated by a distance h. The 
capacitor is charged by a voltage source that produces a 
voltage drop between the plates of ∆! = !! sin (!").  
 
2a (5 points): Find the electric field ! !  between the 
plates from this voltage source, assuming the plates are 
close enough that the electric field is uniform between them.  
 
 
 
 
 
 
 
2b (15 points): Find the magnetic field ! !, !  induced by the changing electric field 
from 2a, as a function of radius s and time t, between the plates.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2c (5 points): Find the Poynting vector ! !, !  between the plates due to the fields from 
2a and 2b.  
 
 
 
 
 
 
 
 

¡  Changing	E	produces	B	

¡  Increasing	
electromagnetic	
energy	in	a	volume	
filled	w/	vacuum	
requires	Poynting	flux	
into	volume	



¡  E,	B,	and	k	are	mutually	
perpendicular	for	EM	
waves	

¡  EM	wave	carries	both	
energy	and	momentum,	
in	propagation	direction	

¡  EM	wave	absorbed	by	
surface	exerts	pressure	
on	surface	







Images	show	boundary	conditions	for	case	w/		
no	free	charge	or	current	at	the	boundary	




