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6 (Short)
(a) Half adder. The logic table, logic expression and the implementation of a
half adder using a XOR gate are shown below:
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(b) (b) The full adder. The logic table, logic expression and the
implementation of a half adder using a XOR gate are shown below:
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7 (Short)
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(b) This is a Grey code, in which only one bit changes at a time. It is used in
sequential logic applications where dynamic hazards must be avoided

(c) To reverse the sequence




8 (short)

(a) For the memory chip, 256 kilobyte = number of data lines x 224dress lines

256 x 1024 x 8 bits = 16 x 22ddress lines

address lines = 17 [4]
(b) A microprocessor with 20 address lines can take eight of these memory chips. The
most significant 3 lines will be used to address these individual chips. The least

significant 17 lines will used for addressing within those individual chips.

The address ranges of these chips in hexadecimal format:

Chip # Al9 Al8 Al7 Al6 A0-A15 | Hex
1 0 0 0 0 0 00000
0 0 0 1 1 1FFFF
) 0 0 1 0 0 20000
0 0 1 1 1 3FFFF
3 0 1 0 0 0 40000
0 1 0 1 1 SFFFF
4 0 1 1 0 0 60000
0 1 1 1 1 7FFFF
5 1 0 0 0 0 80000
1 0 0 1 1 9FFFF
6 1 0 1 0 0 A0000
1 0 1 1 1 BFFFF
7 1 1 0 0 0 C0000
1 1 0 1 1 DFFFF
3 1 1 1 0 0 E0000
1 1 1 1 1 FFFFF

[6]
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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:

E=0, r<R
= ¢ zf, r>R
4mteyr

(b) By definition, the capacitance is:

C =

<SS

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

V=V(R)—V(+oo)—=_jRE.dr:_jR Q4 QJR Q

2 = =
+oo +oo ATTEGT dmegr 4megR

+00

Hence:
C = 4meyR
(c) From above, we have:

C 1x 10712 F

R=——= =8988x 103 m ~ 9
4me, 47 X 8.854 x 1012 Fm-1 =7 mm

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

Q —Q

2= 2mr h 02 = 2nr,h
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The surface current density i formed by the rotation of each cylindrical surface is:

. Qw
li1 =01V = 01wWr; = mwn = ﬂ
1
Q Qw

2T 02V = RN = T h T2 T T 2
2

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

_ _ . s (HoQw .UOQ(U)A_
B—Bl+Bz—(,u011+,uOLZ)z—(Znh >h Z2=0 r<n
A HoQuw
B:B1+32:0+ﬂol1zz_2nh zZ, n<r<mn

B=Bl+BZ=0+0=O, T‘>T2

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

Eo&rA Eo&rA

Czer(d—t)+t=£rd—(sr—1)t

(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:

QZ

W=
2C

where O=CV is the amount of charge on the capacitor plate.

After the dielectric plate is pulled out, the capacitance and electrostatic energy stored
become:

€A _ Q*
-~ 2C,

Therefore, the increase of the electrostatic energy is:
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21 1 2[d  gd— (s — 1t 2(e, — Dt
AW=WO—W=Q—<———>=Q— _r (r ) =Q_u
2 \C, C 2 |gA Eo&rA 2 gy A
1 [ go& AV (e — Dt g5, (6, — DALV?
“2le,d — (g, — Dt g5,4 T 2[e,d — (g, — 1)t]?
AW > 0 shows the increase of the stored electrostatic energy, hence the work done by
the external force to pull out the dielectric plate is:

go&r (g, — 1)ALV?
2[e.d — (g, — 1)t]?

U=AW =

() 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:

Qo = GV

Therefore, the amount of the increased charge is:

AQ=0Q,—Q=(C,—C)V = [EZA B Eo&rA ] _ - g (e, — DALV

gd— (g, — 1t &d— (g, — 1t]d

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

g (g, — DALV?

AW, = —=AQV =
e P VT
At the same time, the change of the electrostatic energy stored in the capacitor is:
AW, =W, —W = 1(C C)V? = L[4 Sy A ]VZ
c— o 20 “2ld  egd- (s -1t

3 g (g, — DALV?
~ 2[e,d — (g, — Dt]d

AW,-<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:

g (g, — DALV?
2[e, d — (g, — 1t]d
AW>0 shows the total energy in the system increases, as the result of the work done by
pulling out the dielectric plate.
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