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Answer All The Questions
The first question (20 Degrees)
a) For the circuit shown in Fig. (1)
Find :
L, Ve,V & Py
b)For the circuit shown in Fig. (2)
Find :
R Js , 1, &V,

The second question (25 ) Degrees)

a) For the circuit shown in
Fig.(3) :
Use node voltage method to
find V,

b) For the circuit shown in
Fig.(4) :
Find the instantaneous
capacitor voltage (v,) &
sketch it

The third question (25 Degrees)

a) For the circuit given in
Fig (5) , Find Z, , that will
absorb maximum power &
calculate this maximum
power & also the power
factor .

b) For the circuit given in
Fig(6)
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i)Sketch the power Triangle &
find input power factor & I..

ii)The value of capicator which
must be connected to improve the

power factor to unity .

The fourth question (20 Degrees)

a) For a series resonant circuit of
Fig (7) i) Find the circuit
capacitor for resonance
frequency of 50 KHz &

coil resistance for circuit quality

of 10

ii) The circuit band width.

iii) The minimum output voltage
& output voltage at cut off
frequency.

iv) Sketch the output voltage
versus frequency & what is the
name of this filter.

b) Determine the admittance
parameters of the circuit shown
in Fig.(8) ;and draw its
equivalent circuit .
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Good luck
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Remarks: (Answer the following questions. Assume any missing data...)

| Problem number (1) ( 10 Marks)

(a) Find the domain of the function Z = ,/(x — 1)(y + 2), give a sketch for the domain region.

oz
bLlet Z=x?>—-y3, x2—u?=y?>~Lnv and y?+ Lnv =u+ x3, find =.

i 2
| (c) Given u =tan™! (Zx-) , use Euler’s theorem to prove that:
X Uyy + 2XYUyy, + y*uy, = —sin2usin®u .

Problem number (2) (14 Marks)

(a) Find the dimensions of a rectangular tank whose volume is 32 m? and the sum of the surface

area of the base and the vertical walls is minimal.
(b) Find Maclurine series of  f(x,y) = ye* *¥ |
(c) Find the envelope of the straight line § + % = 1, which is moving and makes with the two

axes x,y a triangle with constant area C .

n!

- 1 e
@ [e ®dx==, prove that fowx"e Yl = ===

Problem number ( 3) ( 14 Marks)

(a) Find the work done by the force field F = x3y [ —x J in moving an object along the circle,
x2+ 2 =1 inthe counter clockwise direction.
(b) Verify Green’s theorem for the integral §C (x* + y?)dx —2xydy , where C is the -

rectangle in the Xy plane boundedby y =0, x=0, y=b, x=a .

-x
(c) Evaluate the integral, fow fym-e-— dxdy.

X

(d) Find the volume boundedby Z =16 —x%, x =0, y=6, Z=0, y = 0.
| Problem number (4 ) (47 Marks)

(a) Solve the following first order differential equations:

1) (siny) ¥y’ = cosx (2cosy — sin?x)
2) y =2xy' —yy”
(Page 1 of 2)




3) (v + xy*)dx + (x — x*¥)dy = 0, assume that the integrating factor which is
a function of (xy)
4) (4x+3y+2)dx + (3x+2y+1)dy =0.
(b) Derive the general solution of the O.DE. a,y™ + a,_,y® D 4+ a,_,y®2 4
"+ @y = f(x) , where a,, @5, Gy, ..., A are constants, using the method of

variation of parameters.
(c) Solve the following D.E.’s :
1) (D?~1)y= x5+ 5% + 2 cosx cos 3x
2) y" =3y'+2y = e?*(1 - e?*)~1
3) x%y" —2xy' + 2y = 2xLnx.
(d) Find the current I(t) of a simple RLC series circuit when L = 20H,R =80Q,C = 107%F

connected in series to a variable power supply E = 50 sin 2t .

With my best wishes
Dr. Assem Et-hepawy
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Remarks: Please Read the question more than once to fully understand it before you start
solving, Do not forget to make verification and validation for your answers.

Problem number (1) (25 Marks)

a) Give one word for each of the following sentences, then explain each in details
specially the diagrams and internal design:

1- Device that is used to choose between different inputs to be outputted to a single
line.

2- Memory device that is used to temporally store one bit of data.

3- Circuit that is used for deciding whether the two numbers equal or which is
larger.

b) Simplify the following functions into sum of products and product of sums:
1~ Fl(A,B,C,D) . 2(192’39798a9)
2- F2(A,B,C,D) = n(0,2,4,6,7)
3- F3(A,B,C,D) = 3(0,2,5,6,11,12,13), Don’t care(A,B,C,D) = >(1,3,15)

Then choose the best of the two methods (sum of products and product of sums) to
implement each of the functions and why?

Choose only three of the following questions. Only the first three answers will be
corrected so choose wisely.

Problem number (2) (20 Marks)

a) Do as shown between brackets:
1- Priority encoder and traditional encoder. (Compare_in details)
2- D flip flop gives three functions: set, reset, complement.  (Correct and explain)
3- Simplifying the logic circuit can reduce many factors.  (State and explain these

factors)

b) Show how to implement 4-to-10 decoder using two 3-to-8 decoders. Draw the truth
table of 4-to-10 decoder and show how to divide it to be suitable to use 3-to-8 decoders.

¢) Implement the following function using 8-to-1 Mux then by 4-to-1 Mux.
F (A,B,C) =Y (1,2,4,6,7)

Problem number (3) (20 Marks)

a) “Boolean algebra can produce poor simplification for the function” Explain why
and use the foll(/)wing example of simplification to illustrate your answer. (Example:
F=ABC+ ABC'+ AB'C was simplified using Boolean algebra to be F=AB + AB C)




b) Use a decoder to implement the following functions:
1- F1(A,B,C,D) = 3(1,2,4,6)
2- F2(W,X,Y,Z) = WX + X'YZ + WYZ/
3- F3(A,B,C) == (2,4,5,6,7)

¢) Design a circuit that accepts 4 bit number and produces two outputs. The first one
shows that this number is divisible by 3 while the other shows that this number is
divisible by 5.

Problem number (4) (20 Marks)

a) State why:
1- We need enable line in the decoder.

2- Use demultiplexers.
3- Use control line (i.e. Clock pulse line) in the flip-flops.
4- 00 (or 11) is not used in RS flip-flop.

b) Encoder circuit suffers from two problems. What are they and how the designer can
solve them? Use 4-to-2 encoder to show your answer.

¢) Draw and explain the circuit that uses a Mux to choose one of 4-bit two words (A,

B) to be entered to a 4-bit Full adder circuit. The second word entering the FAs is C
which is also a 4-bit word.

Problem number (5) (20 Marks)

a) What is the purpose of decoders and Multiplexers? Draw the block diagram,
function table and internal structure of 2-to-4 decoder and 4-to-1 Mux.

b) Draw the following two functions:

F1=ABC'+A'B'+ AC F2 = A’ (C+D)) + ABC
Compute the time required to produce the output in each of the two circuits if you
know that the gate delays are: AND gate =5 ns, Or gate = 5 ns and NOT gate = 3ns.

Can you implement these circuits in another way that consumes less time and how.

¢) What are the usage of registers and counters?

Good Luck

Course Coordinator: Assoc. Prof. Dr. Amany Sarhan
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Choose the right answer :
In the active region the base~emitter junction is forward bias where as the collector-base
junction isreverse bias () True ( ) False
2. |In the saturation region the base-emitter and collector-base junction are forward biased.
( ) True ( ) False
3. |Line regulation is determined by changes in output voltage and input voltage
( ) True ( ) False
4. |The diode peak current in a half wave rectifier, is directly proportional with the frequency of
the input voltage . ( ) True ( ) False
5. If one of the diodes in a bridge full wave rectifier opens, the output is zero volt .
( ) True ( ) False
6. When a 60 Hz sinusoidal voltage is applied to the input of a full wave rectifier , the output

frequency is 60 Hz

( )True ( ) False

7. If a certain zener diode has a zener voltage of 3.6 V , it operates in avalanche breakdown.

| ( ) True ( ) False
8. For an operation of an amplifier, the base of an npn transistor must be positive with respect to

the collector.

\ ( ) True ( ) False
9. If I is 50 times larger than I then § is 500

( ) True ( ) False

10.‘ When operated in cut off and saturation ,the transistor acts like amplifier.

‘ ( ) True ( ) False

\
(b) A diode operates in the forward bias region, if we wish to increase the diode current by 15
;timcs . How much change in ¥} is required.

(c LDctermme the electron and hole drift velocities through a 5 um piece of intrinsic silicon
cross which a voltage of 10 V is applied. Assume JL, = 1359 cm?/V and Hp =480 cm’/V

r{(2 0

(a)|(i) Explain the effect of reverse bias on the junction capacitance of a pn junction.

(ii) A pn junction is doped with Ny = 10'” cm™ and Np = '® cm™. Determine Cj, at zero
reverse bias ,and the capacitance Cj at a reverse bias voltage of 2V . Discuss your results.
Given : g5 = 1.04 x10" F/em , q=1.6x10"° C., Vo= 0.728V

b) For the circuit shown in Fig.1, if the peak value of vi = 10 V, sketch the output voltage v,
and determine its positive and negative peak values assuming ideal diodes.

P.T.O. Page: 1 /2
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Juestion k) Y NVigrk
(a) () A 3V adaptor using a half wave rectifier must supply a current of 0.6A with a maximum
ripple of MmemaﬁeqlmcyofGO}h,deMmineﬂieminhnmnrequimdsmoahing
capacitor.
(ﬁ)Skchchﬂnecimuitdiagmnofavohgedoublermdexplainilsopemﬁm.

(b) For the circuit shown in Fig.2, using constant voltage model (Vp=0.7V) , find the voltages
and currents indicated.

. Ouestion mumber (4) (20 Marks)
| (a) (1) Explain how a zener diode is used in voltage regulation.
4 (ii) A transistor with Is = 6 x 10'° A must provide a transconductance of 1/(13Q) .What base-
| (b) Calculate the collector current of Q1 in Fig.3, ifs=3x 107 A
|
(a)Daumhetheopuaﬁz?poi:nmdﬂnmllsi@almodelon! for the circuit shown in Fig.4.,
Given: Is=3x10""A,B=100,and V, =0

(b)DMnﬁneﬂlevalneofPthatpthlatﬂnedgeofacﬁvemodeinl"ig.s.
Given: Is=8x10"°A -

D, b,
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Problem number (1) (14 Marks)

Rewrite the following sentences and complete the missing word: (4 points)

i) ... (1) ... have no enough free electrons and their electrons hold on tightly to atoms

ii) ... (2) ...polarization occurs in materials containing permanent dipoles that cannot rotate
freely

iii) The minimum value of the real component of dielectric constant equals ... (3) ...
iv) The ... (4) ...losses depend on the maximum flux density in ferromagnetic materials

Decide if the following sentences are true or false. (4 points)

i) The value of W, for diamagnetic materials is slightly lower than 1.

ii) Dielectric materials cannot be subjected to 3 types of polarization at the same time.

iii) Piezoelectricity depends on the mechanical deformation of some crystals that have
nonuniform charge distribution

iv) When the magnetic dipole moment is inserted inside a magnetic field, it will be
subjected to a magnetic force.

Use the Clausius-Mossotti equation to calculate the dielectric constant for a dielectric
having a number of molecules per unit volume of 4.425*10'® ¢cm™ and a polarizability of

3%107* F m’. (6 points)
Problem number (2) (21 Marks)

a) Calculate the active and reactive power loss in a dielectric when subjected to an electric
field of 120 kV/cm under a frequency of 50 Hz. The active and reactive values of the
dielectric constant at this frequency are respectively: 2.5 and 0.015. What is the value of
tangens delta under this condition? (6 points)

Compare between soft and hard magnetic materials and mention the main fields of
utilization of each type. (4 points)

Describe the basic properties of superconductors showing the effect of temperature and
flux density on their performance. (4 points)

Calculate the total loss per unit volume for a certain magnetic circuit at a frequency of

50 Hz. The lamination thickness is 0.5 mm and the resistivity of the core is 500 pQ.m.

Assume that the maximum magnetic flux density is 2.0 tesla and the coercive force is

0.02 A/m. How can you reduce the magnetic loss of this magnetic circuit? (7 points)

Problem number (3) (13 Marks)

a) If the silicon density equals 2.33 g/cm?, its intrinsic concentration is 1.5 * 10 em™
fiy = 1300 cm?/V.s | p,, = 500 cm?/V. s, and its atomic weight equals 28.1, then:

(8 Marks)

P.T.O. Page: 1/2
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i. Using Avogadro’s number (6.022 ¢ 10%*), find the concentration of atoms.
. Find the resistivity of intrinsic silicon at 300°K.
iii. If a donor-type impurity is added to the extent of 1 part in 10® silicon atoms, find the
resistivity.
iv. If the silicon were a divalent (i.e. two valence electrons) metal, find its resistivity.

b) Calculate the built-in voltage of a junction in which the p and » regions are doped equally
with 10'® atoms/cm’. Assume n, > 10%/cm® and £, = 184X 107*2F /em. With no
external voltage applied, what is the width of the depletion region, and how far does it
extend to into the p and n regions? (5 Marks)

Problem number (4) (10 Marks)

a) If a metal or a semi-conductor strip, which carries a current I in the x-direction, is placed

in a transverse magnetic field B in z-direction. Show, using sketches and equations, that:
wWy
Ry = and p=oRy
where p is the mobility, 6 is the conductivity, w is the strip width, Vy; is the Hall voltage,

and Ry, is the Hall coefficient. (5 Marks)

b) A sample of Si has the dimensions (Imm x Imm) area, and 1 cm length. The current
flows along the length direction (x-direction). The magnetic field is in the z-direction.
The Hall voltage, measured between the upper and lower surfaces is — 10 mV, current in
x-direction is 10 mA, and the voltage in the x-direction is 1 V. The magnetic field is 1
Tesla. (6 Marks)

i. What is the type of conduction (n or p)?
ii. What is the mobility? And what is the carrier concentration?

Problem number (5) (12 Marks)
a) Draw only the Czochralski system for silicon crystal growth. (3 Marks)

b) The silver crystal has a cubic FCC structure. The atomic radius r= 1.44 A®: (9 Marks)
i. Sketch one unit cell sample.
ii. Deduce the relation between the lattice constant @ and r.

iii. Calculate the atomic packing factor.
iv. Calculate the atomic planar density for the plane (011).
v. Calculate the atomic planar density for the plane (211).

Good Luck

Course Examination Committee
Dr. Salah Khames Dr. Ahmed Refaat

Dr. Ahmed Shobir
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