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a 4 kg lifted at Im see

Power mgo 9 9.81mised
4 9 81 1

39.24 Waltz

VAR IWL 27 25 50 50 153 6283

VA FART 5924562857
74.08

p f 377 053

b Voltage needed 74201 37.04 volts

With a 2011 turns ratio the ilp voltage is
37.04 20 7408 volts

A capacitor parallel across the high voltage
terminals will need to have input as

VARS V 740 8 27 50 C



For a p f of unity this equates to 62.83 VAR

Then C 62 83

740 8 25 50

0364µF

c The minding losses are 3W 4VAR

Inputpower 39.24 3 4224 Watts

Input VAR 6283 4 66.83 VARS

Therefore input VA 4224 66.83
2

79 05 VA

Current is 2
20 Amp

Input 790.5 volts

Input p f 44 0.534
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SECTION C 
 

10 (short) 

(a) Assume the radius of the sphere is R.  By symmetry and Gauss’s law, the electric 
field generated by uniformly distributed charges on sphere is: 

! = 0,					& < ( 

! = )
4+,!&"

-.,					& > ( 

(b) By definition, the capacitance is: 

0 = )
1 

where V is the potential of the sphere if the potential at infinity is set to be zero, which 
can be obtained by: 

1 = 1(() − 1(+∞)−= −7 ! ∙ 9:
#

$%
= −7 )

4+,!&"
9&

#

$%
= )
4+,!&

;
$%

&
= )
4+,!(

 

Hence: 

0 = 4+,!( 

(c) From above, we have: 

( = 0
4+,!

= 1 × 10'("	F
4+ × 8.854 × 10'("	F	m'( = 8.988 × 10')	m ≈ 9	mm 

 

 

 

11 (short) 

(a)  The surface charge densities for the inner and outer cylindrical surfaces are: 

E( =
)

2+&(ℎ
	, E" =

−)
2+&"ℎ
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The surface current density i formed by the rotation of each cylindrical surface is: 

H( = E(I = E(J&( =
)

2+&(ℎ
J&( =

)J
2+ℎ 

H" = E"I = E"J&" = − )
2+&"ℎ

J&" = − )J
2+ℎ 

(b) The surface currents of the two cylindrical surfaces are equivalent to that of two 
solenoids, and the corresponding nI/l=i, Ignoring the fringe effect, the solenoid only 
generates a magnetic field inside, so that: 

K = K( + K" = (L!H( + L!H")M. = NL!)J2+ℎ − L!)J2+ℎ O P. = 0,					& < &( 

K = K( + K" = 0 + L!H(M. = −L!)J2+ℎ M.,					&( < & < &" 

K = K( + K" = 0 + 0 = 0,					& > &" 

 

12 (long) 

(a) The capacitance of the capacitor with the dielectric plate is: 

0 = ,!,*Q
,*(9 − R) + R

= ,!,*Q
,*9 − (,* − 1)R

 

(b) After disconnecting the power supply, the amount of charge Q on the capacitor plate 

remains the same before and after the dielectric plate is pulled out. 

The electrostatic energy stored in the capacitor is: 

S = )"
20 

 
where Q=CV is the amount of charge on the capacitor plate. 
 
After the dielectric plate is pulled out, the capacitance and electrostatic energy stored 
become: 

0! =
,!Q
9 	,			S! =

)"
20!

 

 
Therefore, the increase of the electrostatic energy is: 
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∆S = S! −S = )"
2 N 10!

− 1
0O =

)"
2 U 9,!Q

− ,*9 − (,* − 1)R,!,*Q
V = )"

2
(,* − 1)R
,!,*Q

= 1
2 W

,!,*Q1
,*9 − (,* − 1)R

X
" (,* − 1)R

,!,*Q
= ,!,*(,* − 1)QR1"
2[,*9 − (,* − 1)R]"

 

∆S > 0 shows the increase of the stored electrostatic energy, hence the work done by 
the external force to pull out the dielectric plate is: 
 

[ = ∆S = ,!,*(,* − 1)QR1"
2[,*9 − (,* − 1)R]"

 

 
(c) If the power supply is not disconnected, the potential difference between the two 
capacitor plates remains the same V.  After pulling out the dielectric plate, the amount 
of charge on the capacitor plate becomes: 
 

)! = 0!1 
       
Therefore, the amount of the increased charge is: 
 

∆) = )! − ) = (0! − 0)1 = W,!Q9 − ,!,*Q
,*9 − (,* − 1)R

X 1 = − ,!(,* − 1)QR1
[,*9 − (,* − 1)R]9

 

 
∆) <0 shows that charges flow from the capacitor to power supply when the dielectric 
plate is pulled out, therefore there is corresponding energy ∆S+ flows from the 
capacitor to the power supply: 

∆S+ = −∆)	1 = ,!(,* − 1)QR1"
[,*9 − (,* − 1)R]9

 

At the same time, the change of the electrostatic energy stored in the capacitor is: 

∆S, = S! −S = 1
2 (0! − 0)1

" = 1
2 W
,!Q
9 − ,!,*Q

,*9 − (,* − 1)R
X 1"

= − ,!(,* − 1)QR1"
2[,*9 − (,* − 1)R]9

 

 
∆S,<0 shows that the electrostatic energy stored in the capacitor reduces after the 
dielectric plate is pulled out. 
 
Considering the capacitor and power supply as a whole, the work done by the external 
force, which equals to the total energy change, is: 

[ = ∆S = ∆S, + ∆S+ =
,!(,* − 1)QR1"

2[,*9 − (,* − 1)R]9
 

∆S>0 shows the total energy in the system increases, as the result of the work done by 
pulling out the dielectric plate. 


