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Question 1 to Q. 20 Carry one mark each

1 11
The rank of the matrix [1 —1 0f is

1 11
(A) 0O (B) 1
(C) 2 (D) 3

Hence (C) is correct answer.

We have
gt
A=|1 -1
1 11 H I
Since one full row is zero, p(A4 E p

=—2#0, thus p(A)

Now

1 —1‘
VXVX P, where P is a vector, is equal to

(A) PXVX P—-V*P (B) V’P+V (VX P)
(C) V*P4+Vx P (D) V(V-P) -V*P
The vector Triple Product is

AX(BxXxC)=B(A-C)— C(A-B)
ThusVxVx P =V (V- P) — P(V-V) =V (V- P) —-V°P

Hence (D) is correct option.

/ (VX P) - ds, where P is a vector, is equal to
(&) fP-a (B) f IxVx P-di

(C) v P-di o) [[[ V- P

The Stokes theorem is

ff(VxF)'ds:ﬁA'dl

R3 —

R
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Hence (A) is correct option
A probability density function is of the form

p(g;) = KC_O“I‘,Q; e (_ OO’OO)
The value of K is

(A) 0.5 (B) 1
(C) 0.5 (D) «
Hence (C) is correct option.
We know / O;B(a:) dr =
Thus fooKe_“mdx =1
0 oo
Ke™d Ke *dr =1
or [OO € .I'-i-.[ e x
K (e k — QT |0
or o G e = a)[e =1
or §+

or

0d

f &
A solution for the differential equ ah i(t) + 2x(t) = 6(t) with initial condition
(B

z(07) =0 is
(A) e u(t) e u(t)
(C) e"u(t) (D) e'u(t)

Hence (A) is correct option.
We have z(t) + 2z(t) = s(t)
Taking Laplace transform both sides
sX(s) —z(0)+2X(s) =1
or sX(s)+2X(s) =1 Since z(0) =0

1
X6 =53

Now taking inverse laplace transform we have
z(t) = e u(t)

A low-pass filter having a frequency response H(jw) = A (w) ¢’ does not produce
any phase distortions if

(A) A(w) = O, (w) = k)’ (B) A(w) = G, ¢(w) =
(C) A(w) = Cu,¢(w) = b (D) A(w) = C,¢(w) = k!
A LPF will not produce phase distortion if phase varies linearly with frequency.

¢ (w) o w
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ie. ¢ (w) = kw

Hence (B) is correct option.

The values of voltage (Vp) across a tunnel-diode corresponding to peak and valley
currents are V), Vp respectively. The range of tunnel-diode voltage for Vp which the
slope of its I — V) characteristics is negative would be

(A)VD<O (B)OSVD<V;;
C)V,= W<V, (D) Vp= 1V,
For the case of negative slope it is the negative resistance region
I
-
Lyfeerieoeea ; !
Ve, Vv, V. V,

Hence option (C) is correct.

The concentration of minorit ers in an extrinsic semiconductor under
equilibrium is
(A) Directly proportional danlcc&:entration

(B) Inversely proportional to the doping cencentration
(C) Directly proportional to the inthémentration
(D)

For n-type p is minority carrier concentration

Inversely proportional to the intrinsic concentration

np = n;
np = Constant Since n; is constant

1

P« n

Thus p is inversely proportional to n.
Hence option (A) is correct.

Under low level injection assumption, the injected minority carrier current for an
extrinsic semiconductor is essentially the
(A) Diffusion current (B) Drift current

(C) Recombination current (D) Induced current

Diffusion current, since the drift current is negligible for minority carrier.
Hence option (A) is correct.

The phenomenon known as “Early Effect” in a bipolar transistor refers to a
reduction of the effective base-width caused by
(A) Electron - hole recombination at the base

Brought to you by: Visit us at:



Page 4

SOL 1.10

McQ 1.11

SOL 1.11

MCcQ 1.12

SOL 1.12

McQ 1.13

SOL 1.13

GATE EC 2006 www.gatehelp.com

(B) The reverse biasing of the base - collector junction
(C) The forward biasing of emitter-base junction

(D) The early removal of stored base charge during saturation-to-cut off switching

In BJT as the B-C reverse bias voltage increases, the B-C space charge region width
increases which zp (i.e. neutral base width) > A change in neutral base width will
change the collector current. A reduction in base width will causes the gradient in
minority carrier concentration to increases, which in turn causes an increases in the
diffusion current. This effect si known as base modulation as early effect.

Hence option (B) is correct.

The input impedance (Z) and the output impedance (Z)) of an ideal trans-
conductance (voltage controlled current source) amplifier are

(A) Z=0,Z=0 (B) Z=0,% = o

(C) Zi=00,2=0 (D) Zi= o0, 2y = o

In the transconductance amplifief it i§idesirable to have large input impedance and
large output impedance.
Hence (D) is correct option.

An n-channel depletion MOSFET hasfallowing two points on its Ip — Vg, curve:
(i) Ves =0 at Ip =12 mA and

(ii) Ves =—6 Volts at Ip =0 mA

Which of the following () point will given the highest trans conductance gain for
small signals?

(A) Vas =— 6 Volts

(C) Vas =0 Volts

(B) Vas =— 3 Volts
(D) Vas = 3 Volts

Hence (C) is correct option.

The number of product terms in the minimized sum-of-product expression obtained
through the following K - map is (where, "d" denotes don’t care states)

1{ofof1
ofd|ofo
0lo|df1
1{o]of1
(A) 2 (B) 3
(C) 4 (D) 5

As shown below there are 2 terms in the minimized sum of product expression.

1 0 0 1
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0 0
0 1

Hence (A) is correct answer.

Let z(t) < X(jw) be Fourier Transform pair. The Fourier Transform of the signal
z(5t— 3) in terms of X (jw) is given as

_Bw 1 Bw '
(A) $¢5 X<%> (B) 3¢ X(%)
1 —Jj3w . w
(C) ze* X(%) (D) 5613 X(?)
Hence (A) is correct answer.
() X (jw)

Using scaling we have

(5t) —— %X(%‘*’

Using shifting property we get
5

]Bw
X

gate

The Dirac delta functlon ) is"defined &
1
(A) () = { h 1 EIP

otherwise
t=0

o

otherw1se

1 o
and | 6(t) dt =
{0 othervvlse '[00( )

and 05 t)dt =
otherwise '[OO( )

Dirac delta function 6(?) is defined at ¢ =0 and it has infinite value a ¢t = 0. The
area of dirac delta function is unity.

Hence (D) is correct option.

If the region of convergence of z[n]+ m[n] is —< z[< 3 2 then the region of

convergence of m[n] — 1[n] includes

2
3 1 2

The ROC of addition or subtraction of two functions z(n) and 2 (n) is RiN R,.
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We have been given ROC of addition of two function and has been asked ROC of
subtraction of two function. It will be same.
Hence (D) is correct option.

The open-loop function of a unity-gain feedback control system is given by

Tk
) =G+

The gain margin of the system in dB is given by

(A) 0 (B) 1

(C) 20 (D) o

Given system is 2nd order and for 2nd order system G.M. is infinite.
Hence (D) is correct option.

In the system shown below, z(t) = (sint) u(t) In steady-state, the response y/(t) will
be

at)  [1]

@ Jpome-5) 03 T E® L)

(C) % e 'sint h E(I)pin t—cost

Hence (A) is correct option

As we have z(t) = sint, thus w=1
Now H(s) = s—il— i

or H(jw) = jwl—l—lzj—ll—l

or H(jw) :%4—45o

Thus y(1) = ——sin(t—7)

The electric field of an electromagnetic wave propagation in the positive direction
is given by E = a,sin(wt — (2) + a@,sin (wt — fz+ 7/2). The wave is
(A) Linearly polarized in the z —direction

(B)
(C) Left-hand circularly polarized
D)

(

Hence (C) is correct option.

Elliptically polarized

Right-hand circularly polarized
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We have FE = a,,sin(wt — (82) + a,sin(wt — Bz + 7/2)
Here |E;|=|Ey| and ¢, = 0,9, = &
Phase difference is 7, thus wave is left hand circularly polarized.

A transmission line is feeding 1 watt of power to a horn antenna having a gain of
10 dB. The antenna is matched to the transmission line. The total power radiated
by the horn antenna into the free space is

(A) 10 Watts (B) 1 Watts

(C) 0.1 Watts (D) 0.01 Watt

Hence (A) is correct option.
We have 10log G =10 dB

or G =10
Now gain G = Lt
P,
o 10 = Lud
or B.; =10 Wat

Q.21 to Q.75 Carry twogalae%he
The eigenvalue and the correspondiﬁﬁ(rvector of 2 X 2 matrix are given by

Eigenvalue E
)\1 =8 v = Il]
1
)\2 =4 Vo = l 1]
—1
The matrix is
6 2 4 6
Wl ¢ ® g 4
2 4 4 8
©) |4 2 D) |5 4

Sum of the Eigen values must be equal to the sum of element of principal diagonal
of matrix.

6 2
Only matrix [2 6 satisfy this condition.

Hence (A) is correct answer

For the function of a complex variable W= 1n Z (where, W = u+ jv and Z = z+ jy
, the v = constant lines get mapped in Z —plane as
(A) set of radial straight lines (B) set of concentric circles

(C) set of confocal hyperbolas (D) set of confocal ellipses
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SOL 1.22  Hence (B) is correct answer.
We have W =Inz

u+ ju = In(z+ jy)
u+ ju

or e =z+Jy

or e = x+jy

e"(cos v+ jsin v) =z+Jy
Now = e“cosv and y = e“sinv

Thus 2%+ ¢ = Equation of circle

MCQ 1.23  The value of the constant integral f. ﬁdz is positive sense is

jo=il=2

SOL 1.23 We have
1
~dz
5'5 2+ ,f / 21)

|2-7|= |z-j|= 2
P(0,2) lies inside the circle z— 2 a,nd P(0, — 2) does not lie.
Thus By cauchy’s integral
I =27 m(z = 2mi _m

bas ‘hé+| z—2z )~ S22 2
Hence (D) is correct answer.

MCQ 1.24  The integral f "sin®0dh is given by

1 ’ 2
oF (B) 2
4 38
(© 4 ) &
SOL 1.24  Hence (C) is correct option.
I = [ sin*0do
'/(; sin
:fw<3SiDOZSin39>d0 sin36 = 3sinf — 4sin®0
0
3

e =[] Bl

MCQ 1.25  Three companies X,Y and Z supply computers to a university. The percentage
of computers supplied by them and the probability of those being defective are
tabulated below
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Company % of Computer Sup- | Probability of being
plied supplied defective
X 60% 0.01
Y 30% 0.02
Z 10% 0.03
Given that a computer is defective, the probability that was supplied by Y is
(A) 0.1 (B) 0.2
(C) 0.3 (D) 0.4
SOL 1.25 Let d — defective and y — supply by Y
yy_ Py d
P(q) = P(d)

P(ynd) = 0.3%0.02 = 0.006
P(d)_06><01+03><002+0 1x0.03 = 0.015

A1) = o015 =

Hence (D) is correct answer.

the digenyalu q drfesponding to the eigenvector
» l e& ponding to the eigenvect
(©) 6 hE(m

SOL1.26  Hence (C) is correct option

MCQ 1.26 For the matrix

101]
101] *®

4 (4 2
We have =19 4
Now [A )\I =0

4—\ 101 '0
or 2 4- >\ 101] ~ {0
or (101)(4— X)) +2(101) = 0
or A=6

McQ 1.27  For the differential equation ill—zz + K*y = 0 the boundary conditions are

(i) y=0 for z=0 and (ii) y=0for z=a
The form of non-zero solutions of y (where m varies over all integers) are

_ . MTT _ mrz
—;Amsm " (B) y—;Amcos "

:ZAmx% (D) y:ZAme‘mgx
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Hence (A) is correct answer.

d2y kz
We have —< 4+ =0
v i Y
or Dy+Ky=0
The AE is m* 4+ =0

The solution of AF is m =+ ik
Thus y = Asin kz+ Bcoskx
From x=0, y=0 we get B=0 and z= a,y = 0 we get

Asinka =0
or sinka =0
L — mmz
a
_ . T
Thus y = ;Am&n(ia )

Consider the function f(¢) having Laplace transform

F(s) =% _R
(s) o e[s]

The final value of f(¢) would be

osimsr  JaAlBn
Hence (C) is correct answer. hE I p

—__ W
P& =gy
L'F(s) =sinw,t
f(t) = sinw,t
Thus the final value is —1 < f(o0) < 1

eﬂ?

As z increased from —oo to oo, the function f(z) = e
e

A) monotonically increases
B) monotonically decreases
)

C

D) decreases to a minimum value and then increases

increases to a maximum value and then decreases

(
(
(
(

Hence (A) is correct answer.

We have f(z) = e
) =5

For x — oo, the value of f(z) monotonically increases.

A two-port network is represented by ABCD parameters given by

|-

g

www.gatehelp.com
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If port-2 is terminated by Ry, the input impedance seen at port-1 is given by

A+ BR; AR+ C
(A) C+ DR; (B) BR;,+ D

DR+ A B+ AR,
(©) Br,+C D) b cr,
The network is shown in figure below.
L
o=
vV, V,.Z R,
B B

—
Now W =AV,— BL (1)
and L = CVo— DL .(2)
also Vo =— LR .(3)
From (1) and (2) we get

W _ AV,— BL

Thus L~ CV_ DL

Substituting value of V5 from (3) we ge

Input Impedance Z, = — L EQ
- _ AR+ B h I

or Zn = CR,+ D E p

Hence (D) is correct option.

In the two port network shown in the figure below, Z;, and Z,; and respectively

o

(A) 7. and Bn
(C) 0 and Br,

(B) 0 and —@3n
(D) 7 and —Bn

The circuit is as shown below.
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At input port V=mnl
At output port Vi = (k- 8F) =— 8L+ n
Comparing standard equation
Vi=zh+ a2k
Vo = 21 h+ b
22 =0 and 2 =— np
Hence (B) is correct option.

The first and the last critical frequencies (singularities) of a driving point impedance
function of a passive network having two kinds of elements, are a pole and a zero
respectively. The above property will be satisfied by

(A) RL network only (B) RC network only

(C) LC network only (D) RC as well as RL networks

For series RC network input impedance is
Z. =L 4+ R= 1+ sRC

- sC s
Thus pole is at origin and zero 10
For parallel RC network input impedance is
o fo
A SC
" 1+ sR
<" ““help
Thus pole is at —m and zero is at infinit

Hence (B) is correct option.

A 2 mH inductor with some initial current can be represented as shown below,
where s is the Laplace Transform variable. The value of initial current is

1(s)
0.002s
1 mV
(A) 0.5 A (B) 2.0 A
(C)10A (D) 0.0 A
Hence (A) is correct option.
We know v = Ld_cfz

Taking laplace transform we get
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V(s) = sLI(s) — Li(0")
As per given in question
—Li(0Y) =—1mV

Thus  i(0%) = 22 =05 A

McQ 1.34  In the figure shown below, assume that all the capacitors are initially uncharged. If
v;(t) = 10u(t) Volts, v,(t) is given by

1 kQ
—AM—
o——— O
+ I +
]

v; 4pF 410 =4 puF 7,

o o

(A) 8¢/%0% Volts (B) 8(1 — &%) Volts

(C) 8u(t) Volts (D) 8 Volts
SOL 1.34 At initial all voltage are zero. So ut is also zero.

Thus 1 (07) =0 Iﬂ
At steady state capacitor g a:)p Ecmt

1 kQ '][3"]
—’b_—m

4 pF
Ui 4 kQ 4 '»LF fUO
° °

Thus, v(co) :%xw:%x 10 =8

The equivalent resistance and capacitance can be calculate after killing all source

1kQ
—AMV—

I
I
ELER e

=4 puF

Req =1/4=0.8 kQ
Cog =4[1 =5 pF
= R, Cp = 0.8kQ X 5pF = 4 ms
Uo(t) = (%) — [u () — w(0)] e
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—8— (8 _ 0) e—t/0.004
w(t) = 8(1 — e ") Volts
Hence (B) is correct option.

1

Consider two transfer functions Gi(s) = — n ) and

Ga(s) = % The 3-dB bandwigths aﬁ)fk their frequency responses are,
respectivselir as +

(A) V> —4b,v a® + 4b (B) Va®+4b,v/ a* — 4b

(C) va*—4b,v a* — 4b (D) v a®+4b,v/ a® + 4b

Hence (D) is correct option.

A negative resistance R, is connected to a passive network N having driving point
impedance as shown below. For Z(s) to be positive real,

R

neg

° AA'A%
+
(9

Zy

’—> N
|(s)

24

gate

(A) | Rueg| < Re Z (jw), Vo h E(En}zneg, <|Z(jw)|, Ve

(C) | Rueg | < Im Z (jw), Vw (DY Rueg | < £Z1(jw),Vw
Hence (A) is correct option.

Here Z5(8) = Ryeg+ Z1(8)

or Z(8) = Ryeg+ Re Z1(s) + jIm Z ()

For Z(s) to be positive real, Re Z(s) =0

Thus R, + Re Zi(s) =0

or  ReZ(s) =Z— Ry

But R,., is negative quantity and — R,., is positive quantity. Therefore

Re Z(s) = | Ry |
or | Rueg| < Re Z(jw) For all w.

In the circuit shown below, the switch was connected to position 1 at ¢ < 0 and at
t =0, it is changed to position 2. Assume that the diode has zero voltage drop and
a storage time &. For 0 < t < t,, vg is given by (all in Volts)
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(A) vg=—5 (B) up=+5
(C)OS’UR<5 (D)—5SUR<O

For t < 0 diode forward biased and Vzp=5. At t=0 diode abruptly changes to

reverse biased and current across resistor must be 0. But in storage time 0 < t < ¢

diode retain its resistance of forward biased. Thus for 0 < ¢ < ¢, it will be ON and
VR =—5YV

Hence option (A) is correct.

The majority carriers in an n-type semiconductor have an average drift velocity
v in a direction perpendicular to a uniform magnetic field B. The electric field F
induced due to Hall effect acts in the direction

(A) vxX B (B) Bxwv

(C) along v (D) opposite to v

According to Hall effect the direction of electric field is same as that of direction
of force exerted.
E =—uvXB
or E =BXvw
Hence option (B) is correct.

Find the correct match begeeaGIuﬁ and Group 2

Group 1 roup 2

E - Varactor diode 1. Peference

F - PIN diode 2. High frequency switch

G - Zener diode 3. Tuned circuits

H - Schottky diode 4. Current controlled attenuator

(A)E-4,F-2,G-1,H-3
(B)E-3,F-4,G-1,H-3
(CO)E-2,F-4,G-1,H-2
D)E-1,F-3,G-2,H-4
The varacter diode is used in tuned circuit as it can provide frequently stability.
PIN diode is used as a current controlled attenuator.
Zener diode is used in regulated voltage supply or fixed voltage reference.
Schottkey diode has metal-semiconductor function so it has fast switching action
so it is used as high frequency switch
Varactor diode : Tuned circuits
PIN Diode : Current controlled attenuator
Zener diode : Voltage reference
Schottky diode : High frequency switch
Hence option (B) is correct.
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A heavily doped n- type semiconductor has the following data:

Hole-electron ratio :0.4

Doping concentration :4.2 X 10° atoms/m?

Intrinsic concentration :1.5x 10" atoms/m3

The ratio of conductance of the n —type semiconductor to that of the intrinsic
semiconductor of same material and ate same temperature is given by

(A) 0.00005 (B) 2000

(C) 10000 (D) 20000

Hence option (D) is correct

We have 2 — 0.4

Hn
Conductance of n type semiconductor
On = NGl

Conductance of intrinsic semiconductor
oi = 1t + f1)

Ratiois o —__ "o _
Oi i (o =+ 1) )
8

At t =0 the switch S is closed. The the capacitor at ¢ = 1 millisecond is
In the figure shown above, the OP pplied with £15V.

1.5 % 10" E
For the circuit shown in th ollowmji , the capacitor C' is initially uncharged.
is Iu

(A) 0 Volt (B) 6.3 Volt
(C) 9.45 Volts (D) 10 Volts
The voltage at inverting terminal is

Vo=V, =10V
Here note that current through the capacitor is constant and that is

Vv _10 _
I =1 =1 =10mA

Thus the voltage across capacitor at t = 1 msec is

1 1m 1 im 4 Im
:—ffdt:—/wmdt ~ 10 fdt:mV
C 0 1# 0 0
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Hence (D) is correct option.

MCQ 1.42  For the circuit shown below, assume that the zener diode is ideal with a breakdown
voltage of 6 volts. The waveform observed across R is

6V

_Iq_—gr
12 sin wt@ Rg V

6V 6V

(A) (B) _[\—[\_

-12°V

12V

) it o — s
< help*

SOL 1.42 In forward bias Zener diode works as normal diode.
Thus for negative cycle of input Zener diode is forward biased and it conducts
giving Vz = Vj,.
For positive cycle of input Zener diode is reversed biased
when 0 < V;, < 6, Diode is OFF and V3 =0
when V,, > 6 Diode conducts and voltage across diode is 6 V. Thus voltage across
is resistor is
Ve =Vin—6
Only option (B) satisfy this condition.
Hence (A) is correct option.

McQ 1.43 A new Binary Coded Pentary (BCP) number system is proposed in which every
digit of a base-5 number is represented by its corresponding 3-bit binary code. For
example, the base-5 number 24 will be represented by its BCP code 010100. In
this numbering system, the BCP code 10001001101 corresponds of the following
number is base-5 system
(A) 423 (B) 1324
(C) 2201 (D) 4231
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Hence (D) is correct answer.
100010011001
iz 3 q

An I/0O peripheral device shown in Fig. (b) below is to be interfaced to an 8085
microprocessor. To select the I/O device in the I/O address range D4 H - D7 H,

its chip-select (CS) should be connected to the output of the decoder shown in as
below :

gn — DATA <=~
AAESE bl forp—
4] 3 to-8 D TOWR—n 1/0
’ Decoder D, |— A Peripheral
D, — —
47 D A —]
D.—

- )J 1
A

(A) output 7

(C) output 2

(
The output is taken from g a l$e.e

Hence (B) is correct answ

For the circuit shown in figures be\hB\IP - bit parallel - in serial - out shift
registers loaded with the data shown are tised to feed the data to a full adder.
Initially, all the flip - flops are in clear state. After applying two clock pulse, the
output of the full-adder should be

(B) output 5
D) output 0

YN N B S TG s P
Lok gull Adder

D[P o— (=]
LK Q D

CLK<—‘

CLK

(A) S=0, Gy=0
Q) S=1, C=0

(B) S=0, Cy=1
(D) S=1, G=1

After applying two clock poles, the outputs of the full adder is S=1, Gy =1
A B G S Go
st 1 0 0 0 1

2nd 1 1 1 1 1
Hence (D) is correct answer.
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MCQ1.46 A 4 - bit D/A converter is connected to a free - running 3 - big UP counter, as
shown in the following figure. Which of the following waveforms will be observed

GATE EC 2006

at Vp 7
Q,
T ull
Clock gj

3

2

1

Do oo

3

1 kQ

3- bit counter

In the figure shown above, the ground has been shown by the symbol V
N M N m
© m o) JJ_,—'JJ_LL'—LI_l_'J_,—'JI

In this the diode D, is connected-to-the-ground. The following table shows the state
of counter and D/A converter

SOL 1.46

D/A converter

+

1 kQ

QA | Dy=0Q | Dy=0 | Di=Q [ Dy= G v,
000 0 0 0 0 0
001 0 0 0 1 1
010 0 0 1 0 2
011 0 0 1 1 3
100 1 0 0 0 8
101 1 0 0 1 9
110 1 0 1 0 10
111 1 0 1 1 11
000 0 0 0 0 0
001 0 0 0 1 1

Thus option (B) is correct

McQ 1.47 Two D - flip - flops, as shown below, are to be connected as a synchronous counter

that goes through the following sequence
00 -01-11-10-00 — ...

The inputs Dy and D; respectively should be connected as,

Brought to you by: Visit us at:
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SOL 1.47

MCQ 1.48

SOL 1.48

McQ 1.49

GATE EC 2006 www.gatehelp.com

] Do Qo — ] D1 Ql —
Clock >CK >CK MSB
Q- Q
(A) @, and Q (B) Q, and @
(©) @QO and 61 Qo (D) 61 ao and @1 Qo

The inputs Dy and D, respectively should be connected as @y and Q
where Qg - D and Ql — Do
Hence (A) is correct answer.

Following is the segment of a 8085 assembly language program
LXI SP, EFFF H
CALL 3000 H

3000 H LXI H, 3CF4
PUSH PSW

SPHL g d fe
POP PSW

On completlon of RET execution, tJ(:lcgvlJJ of SP is

(A) 3CFO H ) 3CF8 H

(C) EFFD H (D) EFFF H

LXI, EFFF H ; Load SP with data EFFH
CALL 3000 H ; Jump to location 3000 H

3000H LXTI H, 3CF4 ; Load HL with data 3CF4H
PUSH PSW ; Store contnets of PSW to Stack
POP PSW ; Restore contents of PSW from stack
PRE ; stop

Before instruction SPHL the contents of SP is 3CF4H.
After execution of POP PSW, SP + 2 — SP

After execution of RET, SP + 2 — SP

Thus the contents of SP will be 3CF4H + 4 = 3CF8H
Hence (B) is correct answer.

The point P in the following figure is stuck at 1. The output f will be
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A

B«E 1 f
ot

(A) ABC (B) 4
(C) ABC (D) A

SOL 1.49 If the point P is stuck at 1, then output f is equal to A

Hence (D) is correct answer.

MCQ 1.50 A signal m(t) with bandwidth is first multiplied by a signal g(¢) where
g(t) = Z( 1)*8(t =105 x40 k)
The resulting 51gnal is the gh an ideal lowpass filter with bandwidth
1 kHz. The output of the g:p& ould be

(A) o9
(© 0 he Ei]w

SOL 1.50 Let m(t) is a low pass signal, whose frequency spectra is shown below

M(f)
—500 500 fiHz)
Fourier transform of g( t)
e[0) R —— 25 f—120 X 10°k)

0.5 x 101,44
Spectrum of G(f) is shown below
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—20 k 20 k

Now when m(t) is sampled with above signal the spectrum of sampled signal will
look like.

Sampled signal

—20 k —500 0 20 k

When sampled signal is passed ‘thro a LP filter of BW 1 kHz, only m(t) will
remain.

Hence (B) is correct optiog a I e
MCQ 1.51 The minimum sampling es/sec) required to reconstruct the
following signal from its samples wi a iﬂrtion
z(t) = S(Mf +7(2 )2 would be

Tt ( i
(A) 2x10° (B) 4x10°
(C) 6x10° (D) 8x10°

SOL 1.51 The highest frequency signal in z(¢) is 1000 X 3 = 3 kHz if expression is expanded.
Thus minimum frequency requirement is
f=2x3x%x10*=6x10° Hz
Hence (C) is correct option.

McQ 1.52 A uniformly distributed random variable X with probability density function

£ (x) = {gpula+5) - u(z—5)

where u/(.) is the unit step function is passed through a transformation given in the
figure below. The probability density function of the transformed random variable
Y would be

Y
1

x

-2.5 2.5
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SOL 1.52
McQ 1.53

SOL 1.53

McQ 1.54

SOL 1.54

McQ 1.55

SOL 1.55

GATE EC 2006 www.gatehelp.com

(A) £(1) = £ u(y+25) — u(y—2.25)

(B) f(y) = 0.56(y) +0.56(y — 1)

(C) £(y) =0.256(y+ 2.5) +0.256 (y — 2.5) + 56 (y)

(D) () = 0.256 (y+ 2.5) + 0.256 (y — 25)+%[ w(y+2.5) — uly — 2.5)]

Hence (B) is correct option.

A system with input z[n] and output y[n] is given as y[n] = (sinmn)z[n]. The
system is

(A) linear, stable and invertible

(B) non-linear, stable and non-invertible
(C) linear, stable and non-invertible
(D) linear, unstable and invertible
Hence (C) is correct answer.

y(n) = (sin%wn)x(n)
Let z(n)

Now y(n) = smO =0 gouae1 e BIBO stable

The unit step response of stem sﬁtln from rest is given by c¢(t) = 1 — ¢ > for

t=> 0. The transfer function of the s

1
(4) 1+ 2s 2 + s
1
() 2+s (D)1+28
Hence (B) is correct answer.
c(t)y=1—¢"
Taking laplace transform
O(s) = Cls) _ 2 2

- U(s) s(s+2)xs_ s+ 2

The Nyquist plot of G(jw) H(jw)for a closed loop control system, passes through
(— 1,40) point in the GH plane. The gain margin of the system in dB is equal to
(A) infinite (B) greater than zero

(C) less than zero (D) zero

If the Nyquist polt of G(jw) H(jw) for a closed loop system pass through (— 1,50)
point, the gain margin is 1 and in dB
GM =—20log1
=0dB
Hence (D) is correct option.

Brought to you by: Visit us at:



Page 24 GATE EC 2006 www.gatehelp.com

McCQ 1.56  The positive values of K and a so that the system shown in the figures below
oscillates at a frequency of 2 rad/sec respectively are

R(s) K(s+1) C’(=s)

(s'+as'+2s+1)
(A) 1,0.75 (B) 2,0.75
(€) 1,1 (D) 2,2

SOL 1.56 The characteristics equation is
1+ G(s)H(s) =0

K(s+1) B
S+ as?+2s+1
$S+as+ 2+ K)s+K+1=0

The Routh Table is shown belog. For system to be oscillatory stable
a2+ K)— (K+1) _0
a

or Eraﬁte (1)
Then we have
ass + K+1=0 hEIp
Ww=—4

1+

At 2 rad/sec we have

§=jw— 8 =—
Thus —4a+K+1=0 .(2)
Solving (i) and (ii) we get K =2 and a = 0.75.

s 1 24+ K
& a 1+ K
g (1+Ka=(1+K)

& 1+ K

Hence (B) is correct option.

MCQ 1.57 The unit impulse response of a system is f(f) = e ',t = 0. For this system the
steady-state value of the output for unit step input is equal to

(A) -1 (B) 0
(C) 1 (D) oo
SOL 1.57  Hence (C) is correct answer.
) =e' > H(s) =t
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y(t) =u(t) — e’
In steady state i.e. t — oo, y(o0) =1

McQ 1.58 The transfer function of a phase lead compensator is given by G.(s) = 111—3771;8
where T'> 0 The maximum phase shift provide by
such a compensator is
i i
(A) 1 (B) I
™ ™
T (D) T
SOL 1.58 The transfer function of given compensator is
GC(S):71+3T3 T>0
: o, 1+ Ts
Comparing with
_1+aTs a
G.(s) = T 75 Ve eetez
The maximum phase sift i a I e
Oumax = ta,n_1 a— Ig
= tan 1——tan &EID
i
or Orax = 6

Hence (D) is correct option.
MCQ 1.59 A linear system is described by the following state equation
X(t) = AX(t) + BU(t),A =

—-10
The state transition matrix of the system is
A cost sint B —cost sint
( ) —sint cost ( ) —sint —cost

—cost —sint

(©)

SOL 1.59 Hence (A) is correct optlon

e f k)

S

4 s —1 i
A= o=

§+1

— sin t cost cost sint

cost —sin tl

Jr

b6(1) = e = [V[(sT— A)] = cost sint
—sint cost
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McCQ 1.60

SOL 1.60

McaQ 1.61

SOL 1.61

MCQ 1.62

SOL 1.62
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The minimum step-size required for a Delta-Modulator operating at 32k samples/
sec to track the signal (here u(t) is the unit-step function)

z(t) = 125[u(t) — u(t— 1) + (250¢)[u(t— 1) — u(t — 2)]
so that slope-overload is avoided, would be

(A) 2710 (B) 2°®
(C) 2°° (D) 2
We have

z(t) = 125t[u(t) — u(t— 1)] + (250 — 125¢) [u(t — 1) — u(t — 2)]
The slope of expression z(?) is 125 and sampling frequency f is 32 X 1000 samples/
sec.

Let A be the step size, then to avoid slope overload
A >

T = slope z(t)

Af = slope z(t)

AX 32000 = 125
125
>
A= 32000

-2 gale

Hence (B) is correct optio

A zero-mean white Gaussian noiseh@elsﬁ through an ideal lowpass filter of
bandwidth 10 kHz. The output is then uniformly sampled with sampling period
t, = 0.03 msec. The samples so obtained would be

(A) correlated (B) statistically independent

(C) uncorrelated (D) orthogonal

The sampling frequency is

_ 1 _
b= G03m — 33 k7

Since f = 2f,, the signal can be recovered and are correlated.
Hence (A) is correct option.

A source generates three symbols with probabilities 0.25, 0.25, 0.50 at a rate of
3000 symbols per second. Assuming independent generation of symbols, the most
efficient source encoder would have average bit rate is

(A) 6000 bits/sec (B) 4500 bits/sec
(C) 3000 bits/sec (D) 1500 bits/sec

Hence (B) is correct option.
We have p; = 0.25, p, = 0.25 and p3 = 0.5
3

= Z Mlogzi bits/symbol
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1

= pllogz— + pglogg 1

+ D3 10%2 L

= 0.25logy + 0. 25log2 + 0.5logs ——

555 555
— 0.25logs4 + 0.251ogsd + 0.510gy2
= 0.5+ 0.5+ =3 bits/symbol

05

R, = 3000 symbol/sec
Average bit rate = RH

- %x 3000 = 4500 bits/sec

McQ 1.63  The diagonal clipping in Amplitude Demodulation (using envelop detector) can
be avoided it RC time-constant of the envelope detector satisfies the following
condition, (here W is message bandwidth and w is carrier frequency both in rad/

sec)
1 1

(A) RC<W (B) RC>W

(C) RC< L (D) RO>l
. alg

SOL 1.63 The diagonal clipping in ‘Q op detector can be avoided if

1 1
o << RC< 4 hE I p

But from Wiesin Wi

RC — 14 pcos Wt
We can say that RC' depends on W, thus

1
RC<W

Hence (A) is correct option.
McCQ 1.64  In the following figure the minimum value of the constant "C", which is to be added
to i (t) such that y (¢) and w(t) are different , is
@ is quantizer with L levels,

stepwise A allowable signal
dyanmic range [-V, V]

(1) with range

{_%,% Q WG?—» Q u(t)

C
(A) & (B) 5
(©) £ (D) £
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SOL 1.64

McQ 1.65

SOL 1.65

MCQ 1.66

SOL 1.66

GATE EC 2006 www.gatehelp.com

When A/2 is added to y(t¢) then signal will move to next quantization level.

Otherwise if they have step size less than % then they will be on the same
quantization level.

Hence (B) is correct option.

A message signal with bandwidth 10 kHz is Lower-Side Band SSB modulated
with carrier frequency f; = 10° Hz. The resulting signal is then passed through a
Narrow-Band Frequency Modulator with carrier frequency f, = 10° Hz.

The bandwidth of the output would be

(A) 4x10* Hz (B) 2x10° Hz

(C) 2x10° Hz (D) 2% 10" Hz

After the SSB modulation the frequency of signal will be f — f, i.e.
1000 — 10 kHz= 1000 kHz
The bandwidth of FM is
BW =2(B+1)Af
For NBFMj3 << 1, thus
BWagry =2 A f =2(10° ) =2 %10’
Hence (C) is correct option.

A medium of relative perﬂtay¥ e 2 forms an interface with free - space. A
point source of electromagnetic-energy-is-located in the medium at a depth of 1
meter from the interface. Due to thehE nal reflection, the transmitted beam
has a circular cross-section over the"i . The area of the beam cross-section

at the interface is given by

(A) 27 m2 (B) 7° m2
(C) % m?2 (D) 7 m?
Hence (D) is correct option
. 1 1
sinf = — = ——
NEEE)
— o _ T
or 0 =45° = )
The configuration is shown below. Here A is point source.
A
45°
B

(0}

Now AO =1m
From geometry BO
=1m
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MCQ 1.67

SOL 1.67

McCQ 1.68

SOL 1.68

MCQ 1.69
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Thus area =71 =7X OB= 7 m?
A medium is divide into regions I and IT about z = 0 plane, as shown in the figure
below.

Region I  Region II
=y K=

€,=3 €,=4
o,=0 0,=0
E, > > [,
<0 =0 >0
Fig Q.67

An electromagnetic wave with electric field Ey = 4a, + 34, + 54, is incident normally
on the interface from region I. The electric file E» in region II at the interface is
(A) 2= E (B) 4a,+0.754, — 1.25a,

(C) 3a,+ 3a,+ 5a. (D) —3a,+ 3a,+ 5a.

Hence (C) is correct option.

We have B = 4w, + 3u, + du

Since for dielectric material at t dary, tangential component of electric field
are equal

=I5, = 3%
at the boundary, normal c @alag.\sﬂacement vector are equal
ie. D,s = h I
or ey, = glEln E p
or de, Fo, = 3e,4a,

or By = 3a,
Thus E, = B+ Eby = 3a,+ 3a,+ 5a.

When a planes wave traveling in free-space is incident normally on a medium
having the fraction of power transmitted into the medium is given by

(a) 3 (B) &
(OF (D) =

Hence (A) is correct option
e _ V-V 14/ 124
etm A 1V 144
The transmitted power is
3:(1—r2)3:1—l:§

B _38
or P9

A rectangular wave guide having TFjy mode as dominant mode is having a cut
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off frequency 18 GHz for the mode TFE3. The inner broad - wall dimension of the
rectangular wave guide is

(A) % cm (B) 5 cm
(C) % cm (D) 10 cm

SOL 1.69 The cut-off frequency is
_c /imye my
F=5v () * (%)

Since the mode is TE3, m=3 and n =10

_cm
Jﬁ_2 a
or  18x10° = 3x10°3
2 a
or CL:%OIH:%CIH

Hence (C) is correct option.

MCQ 1.70 A mast antenna consisting of a er long vertical conductor operates over a
perfectly conducting ground plane. It is base-fed at a frequency of 600 kHz. The

radiation resistance of theg\tﬂats e;ms is
9
Al

(a) 2 h kr) :
E
(€) 4 (Dl:lzoyr2
SOL 1.70 Since antenna is installed at conducting ground,
Ryt = 807 (LY = s0m?(— 50y _4rq)
! (3) 0.5 % 10° 5

Hence (C) is correct option.

Common Data for Questions 71, 72 and 73 :

In the transistor amplifier circuit shown in the figure below, the transistor has the
following parameters:
ﬁDC = 60, VBE = 0.7V,h¢e — OO
The capacitance Cy can be assumed to be infinite.
In the figure above, the ground has been shown by the symbol V
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12V

1 kO
53 kQ

5.3 kQ2 +

McQ 1.71 Under the DC conditions, the collector-or-emitter voltage drop is
(A) 4.8 Volts (B) 5.3 Volts

(C) 6.0 Volts (D) 6.6 Volts

SOL 1.71 The circuit under DC condition is shown in fig below

12V

gate
Applying KVL we have h E I p

Veo — Re(lo+ Ip) — Ver =0 (1)
and Vcc—RBIB— VBE =0 (2)
Substituting Io = B in (1) we have

Vcc—Rc(ﬁIB-i-IB) — Veg =0 (3)
Solving (2) and (3) we get
Vew = Voo — —voe=Vor (4)
. Ry
Re(1+P9)
Now substituting values we get
Ve =12 — 12 ‘Qg] —5.95V
SR )

Hence (C) is correct option.

McQ 1.72 If Bp¢ is increased by 10%, the collector-to-emitter voltage drop
(A) increases by less than or equal to 10%
(B) decreases by less than or equal to 10%
(C) increase by more than 10%
(D) decreases by more than 10%

SOL 1.72  Hence (B) is correct option.
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McQ 1.73

SOL 1.73

McQ 1.74

SOL 1.74

McQ 1.75
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We have 3 = %x 60 = 66
Substituting ' = 66 with other values in (iv) in previous solutions
Vor =12 - —22=00— —529 v
S e o1
Thus change is = % X 100 =— 4.3%

The small-signal gain of the amplifier % is
(A) -10 " (B) -5.3
(C) 5.3 (D) 10

Hence (A) is correct option.

Common Data for Questions 74, 75 :
Let g(t) = p(t)*( pt), where * denotes convolution & p(t) = u(t) — u(t—1)lim
with u(¢) being the unit step funetio o

The impulse response of ﬁﬁr ﬁLtTedéo the signal s(t) = g(t) — 6(1 —2)* ¢(¢) is

given as :

(A) s(1—1) (B) —s(1—-1)
(C) — (1) hE(ﬁ](t)
Hence (A) is correct option.
We have p(t) = u(t) —u(t—1)

g9(t) = p()* p(1)

s(t) = g(1) = 6(t—2)* g(t) = g(t) —g(t—2)
All signal are shown in figure below :

p(t) 9(t)=p(t)*p(t) s(t)=g(t)—g(t=2)
! 1% 1V\
t t t

The impulse response of matched filter is
h(t)=s(T—1t) =s(1—1t)
Here T is the time where output SNR is maximum.

An Amplitude Modulated signal is given as

zan (t) = 100[p(t) + 0.59(¢)] cosw.t

in the interval 0 <¢<1. One set of possible values of modulating signal and
modulation index would be
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(A) £,0.5 (B) £,1.0
(C) ,2.0 (D) £,0.5
SOL 1.75  Hence (A) is correct option.
We have zam (1) = 10[P(t) + 0.59(t)] cosw,
where p(t) = u(t) —u(t—1)
and gty =r(t)—2r(t—1)+r(t—2)
For desired interval 0 < ¢t<1, p(¢) =1 and ¢(¢) = t, Thus we have,
zam () = 100(1 — 0.5¢) cosw,
Hence modulation index is 0.5

Linked Answer Question : Q.76 to Q.85. Carry two marks each.

Statement for Linked Answer Questions 76 & 77:

A regulated power supply, sho ure below, has an unregulated input (UR)
of 15 Volts and generates a regulated entput V,,;. Use the component values shown
in the figure.

15 V(UR) Q. a_t_Le
1 KO kS,
e AP I

24 kQ

NN

6V

TV

In the figure above, the ground has been shown by the symbol V
MCQ 1.76  The power dissipation across the transistor Q1 shown in the figure is

(A) 4.8 Watts (B) 5.0 Watts

(C) 5.4 Watts (D) 6.0 Watts

SOL 1.76 The Zener diode is in breakdown region, thus
Vi=V,=6V =1,

We know that vV, = Vi, <1 + %)
1

or Vout:Vo=6(1+ﬁ)=9V

The current in 12 k{2 branch is negligible as comparison to 10 2. Thus Current

chIEzJ;%f:%:o.gA
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McaQ 1.77

SOL 1.77

McCQ 1.78

SOL 1.78
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Now Vo, =15-9=6V
The power dissipated in transistor is

P ="Veglpr =6xX09=54W
Hence (C) is correct option.

If the unregulated voltage increases by 20%, the power dissipation across the
transistor Q1
(A) increases by 20% (B) increases by 50%

(C) remains unchanged (D) decreases by 20%

If the unregulated voltage increase by 20%, them the unregulated voltage is 18 V,
but the V; = V,, = 6 remain same and hence V,,; and Io remain same. There will
be change in Vg
Thus, Vor —18—9=9V

I =09 A
Power dissipation P = Voglo =9X0.9 =81 W
Thus % increase in power is

81—-54 —
5 X 100 = 50%

Hence (B) is correct option.

gate

Common Data for Question 78 alllésl
The following two question refer to IE! stationary stochastic process

It is desired to generate a stochastic process (as voltage process) with power spectral
density S(w) = 16/(16 +«*) by driving a Linear-Time-Invariant system by zero
mean white noise (As voltage process) with power spectral density being constant
equal to 1. The system which can perform the desired task could be

(A) first order lowpass R-L filter

(B) first order highpass R-C filter

(C) tuned L-C filter

(D) series R-L-C filter

Hence (A) is correct option.

We know that Syy (w)=| H(w)P.-Sxx (w)

Now Syy(w) = 161—|€5u12 and Syy(w) = 1 white noise

16
Thus =|H(w)P
16 + o [Hw)]

or | H(w)| = 4

V16 +

or H(s) = 4
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SOL 1.80
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which is a first order low pass RL filter.

The parameters of the system obtained in previous ¢ would be

(A) first order R-L lowpass filter would have R =4Q L =1H

(B) first order R-C highpass filter would have R =4Q C= 0.25F
(C) tuned L-C filter would have L = 4H C'=4F

(D) series R-L-C lowpass filter would have R = 1Q), L=4H, C=4F

Hence (A) is correct option.

R 4
We have o= = 15
or % 4

Ltrs d+s

Comparing we get L =1 H and R = 4%}

Common Data for Question nd\81 :

Consider the following Amplitu odulated (AM) signal, where f, < B
Xam (t) = 10(1 + 0.5sin27f, t) cos 27k

The average side-band po‘g fatl¥ @1 signal given above is
(A) 25 (BYy12.5

(C) 6.25 h E(I)I]a.m

Hence (C) is correct option.

We have Tam (t) = 10(1 + 0.5sin27f, t) cos 2mf t
The modulation index is 0.5

2
Carrier power P = % =50
2
Side band power P, = (12) =50
2 2
Side band power P, = m2PC = (0'5)2 (50) =6.25

The AM signal gets added to a noise with Power Spectral Density S, (f) given in the
figure below. The ratio of average sideband power to mean noise power would be :

S5.(/)

N,/2

Jo-B fe -f+B feB fo fAB g
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25 25
(4) SN B (B) AN, B

25 25
() 2Ny B (D) N B

SOL 1.81 Hence (B) is correct option.
Mean noise power = Area under the PSD curve

_ 41 Ny _
_4[2><B>< 2]—BNO

The ratio of average sideband power to mean noise power is

Side Band Power _ 6.25 _ 25
Noise Power NyB  4N,B

Statement for Linked Answer estions 82 and 83 :

Consider a unity - gain feedbac trol system whose open - loop transfer function
is: G(s) = %—;1

MCQ 1.82  The value of a so that the tea hTs zﬂhase - margin equal to % is approximately
equal to

(A) 2.40 h ( 40
(C) 0.84 E( 74
SOL 1.82  Hence (C) is correct option.

We have G(s) = L—;l
s

ZG(jw) = tan " (wa) — 7

Since PM is ™ i.e. 45°, thus

4
% =7+ £G(jwy) wy — Gain cross over Frequency
or % =71+ tan ' (w,a) — 7
or % = tan ' (w, a)
or aw, =1

At gain crossover frequency |G (jw,)| = 1

2 2
Thus Y1t oW 4

w;
or Vi+l =w, (as aw, = 1)
or Wy = (2)%
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MCQ 1.83  With the value of a set for a phase - margin of 7, the value of unit - impulse
response of the open - loop system at ¢t = 1 second is equal to
(A) 3.40 (B) 2.40
(C) 1.84 (D) 1.74

SOL 1.83 For a = 0.84 we have
84s+1
G(S) _ 0.8 Sg‘l‘
Due to ufb system H(s) =1 and due to unit impulse response R(s) = 1, thus
C(s) = G(s) R(s) = G(s)

_084s+1_ 1, 084

S S 8]

Taking inverse laplace transform
c(t) = (t+0.84) u(t)

At t=1, c(lsec) =1+0.84

Hence (C) is correct option.

Statement for Linked AgwaQIes&ms 84 and 85

A 30 Volts battery with zero sourhr i ce is connected to a coaxial line of
characteristic impedance of 50 Ohms

cond and terminated in an unknown
resistive load. The line length is such that it takes 400 ps for an electromagnetic
wave to travel from source end to load end and vice-versa. At ¢t= 400pus, the
voltage at the load end is found to be 40 Volts.

McQ 1.84 The load resistance is
(A) 25 Ohms (B) 50 Ohms

(C) 75 Ohms (D) 100 Ohms
SOL1.84  Correct Option (D)

MCQ 1.85  The steady-state current through the load resistance is
(A) 1.2 Amps (B) 0.3 Amps
(C) 0.6 Amps (D) 0.4 Amps

SOL 1.85 Correct Option is (B)
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