GATE 2026 TEST SERIES

Control Systems

Test 2



The open loop transfer function of a unity feedback system is given by.
G6)= 7y

" s(+sT,\1+sT,)
T1. T> and specified gain margin, K.

.The correct expression for gain K in terms of

The expression for gain K in terms of K, T; and T, is,

= K=K,(T,+T,)

The expression for gain K in terms of Kg; T; and T, is,

B)
kgLl
T, T,
The expression for gain K in terms of K, T; and T, is,

<) 1
K=K—S(T1+Tz)

The expression for gain K in terms of K, T; and T, is,

D)
Kzi{i+ij
K \T, T,

Correct Answer: D Not Attempted : Marks : 2 / 0.66 (-Ve)



K

Given that, G(s)=

s(1+sT, 1 +5sT,)
Lets=jo,
3 K K
G — — -
(jo) jo(l1+ joT, 1+ joT,) joll+joT, +joT, - o'T,T,)

e 2o K 9= K
joli+jolT, + T,) -0 T,| jo-o(T,+T,)-jo'T,T,

i K
~o' (T, + T,)+ joll - o' T,T,)

The gain margin, K, is defined as the reciprocal of the magnitude of
G(jo) at phase crossover frequency. At phase crossover frequency the
magnitude is purely real. Hence at phase crossover frequency oy, the
imaginary part of G(jo) is zero.

LAtO=0p, 0, (1-0lTT,)=0=1-0 T,T, =0

= —o, T,T, =-1

At ® = @y, the imaginary part is zero,

Put,

". Gain margin, K, =

2
COPC

G(jo) =

L

g

1

:

| K K
|_ T +T, ) 2(Tl +T2)
1 _ o (T, +T,)
|G(Joo] K/cof,c('l'l +T,) K
in the above equation
: (T, +T,)
T LT+ A% . &
K= L= +
E TE. EATD BT

‘]:)
172



The transfer function of a system is:

(s +1)fs +3)
(s+5)s+7)s+9)

In the state-space representation of the system, the minimum number of

state variables necessary is

A) 2
B) 3
c) 4
D) 1
Correct Answer: B Not Attempted : & Marks:1/0.33 (-Ve)

For 3% order system, 3 state variables are required.



3.

The transfer functions of two compensators are given below:

_10(s+1) C. = s+10
Y (s+10) 7 10(s+1)

Which one of the following statements is correct?

A) C;isalead compensator
B) C;isalagcompensator
¢) C;isalag compensator

p) C;isalead compensator

Correct Answer: A,B Not Attempted : € Marks : 2 /0 (-Ve)

£C, =tan™ = i % is always positive

#C. =t % —tan™ % is always negative

- Cyis lead & C; is lag compensator.



: has
s(1+2s)1+s)

The open loop transfer function, G(s)=

A) The phase crossover frequency, o, = 0.707 rad /sec

B) The phase crossover frequency, ®,. = 0.577 rad /sec

€) The gain margin in db =3.5 db
p) The gain margin in db =2.5 db

Correct Answer: A,C Not Attempted : € Marks:2 /0 (-Ve)



To find phase crossover frequency and gain margin

: 1
Given that, G(s)=
) s(1+2s)1+s)
Lets=jo
G(jco)= :
j(o(1+ j20))(1+ J(o)

1
Cjoll + jo+ j20-20°)

1
jolj3e+1-20°)

1
T —30° +joll - 200)

Since @y # 0, 1—20);=0 = —2(:);:—1 = @fx=%

1
= ® =0.707 rad/sec
pC72'

The gain margin, K, is defined as reciprocal of magnitude of G(j») at
phase cross over frequency.
Gain margin,

1 B 1
Gio),_,,, -3

K. = =3, =3x0.707 =1.5

0=

Gain margin in db =20 logK;=201log 1.5=3.5db

At phase crossover frequency the imaginary part of G(jo) is zero.

Hence put ® = @, in imaginary part and equate to zero to solve for op..

s opefl—202 )=0



> The transfer function of a basic PD controller is given by (K’s are real

constants)

K
A) K, +—+K;s
S

B) Kis+Kss
) Ky+Ksjs
K
D) Ky+—
S
Correct Answer: C Not Attempted : € Marks :1/0.33(-Ve)

dx
dt

The PD controller is described by  y(t) = K, x(t) + K,

-

XG) = G(s) = K, +K;5



K

The open loop transfer function of a system is G(s)= .
¥ p Y ) s(1+0.1s)1+5)

A) The value of K =1.837 so that phase margin is 40°
B) The value of K =1.378 so that phase margin is 40°
c) The value of K =1.873 so that phase margin is 40°

D) The value of K=1.738 so that phase margin is 40°

Correct Answer: B Not Attempted : € Marks : 2/ 0.66 (-Ve)



To find K for specified phase margin:

Given that, G(s)= >

= Lets=1o
s(1+0.1s )1 +s) )

K K
joll+ j0.1o)1+ joo)  ©.,90°\1+(0.10) Ltan™ 0.10v1+ 0’ Ltan™ &

G(jo)=

K

L
Gie) 1+ 00107 1+

£G(jo) =-90°-tan"10.10 — tan'®

Let, @g = Gain crossover frequency
bge = ZG(j0) at ® = Ogc

At 0=0g , Oge = LG(j(o)L)_m’: =-90—tan™ 0.1o, —tan™ o,

By definition of phase margin,
Phase margin, y = 180° + ¢
The required phase margin is 40°, .. y=40°

.. 40°=180°-90°—tan"! 0.104 — tan~! o4

= tan™! 0.1@g + tan™! @g. = 180° - 90° - 40°
- tan! 0.1mg + tan™! mg = 50°

On taking tan on either side we get,
tan[tan'0.104 + tan~'og] = tan50°

tanA +tan B

tan(A +B)= l-tan A tanB

tan tan™ 0.1c, + tan tan~ ®,

~ ~ = tan 50°
1-tan tan 0.103:c><tan tan O

0.1o_ +® 1.1o
= = =l.192:>+“2=1.192
l—O.Ic,ogcxoogc 1—0010)gc

=




On cross multiplying the above equation we get,
Llo, =1.1921-0.162 ) = 0.11920, +L.1o, —1.192=0

1.1 1192

o, — =0=> o2, +9.228m, —10=0
01192 :

®. +
£ 01192

~9.228+ /92282 +4x10
=
2

_—9.228+11.1873
2

On taking positive value we get.

_—9228+11.1873 _ 0.98 rad/sec

ge
—

G(jm1w=m!< = K 2 5 =1
0 1+ 0.1, 1+ 0,

At © = g, |G(0) =1 ;

© K =0, [1+0.010} 1+ 0. =0.98y1+0.01x0.98* Y1+ 0.98’

For a phase margin of 40°, K =1.3787.



Consider a transport lag process with a transfer function G, (S)=¢".

The process is controlled by a purely integral controller with transfer

function G_(S)= Iéi in a unity feedback configuration. The value of K;

for which the closed loop plant has a poleat s =—1. is

Correct Answer: 0.36 Answer Range: (0.35, 0.38) Not Attempted : ©
gt R(S
Gp(s) =e* o GelS) s GolS) |8
_K,
Gy =—
S

Characteristics equation 1+ G(s) H(s) =0

=3+ E—*—xe's =0
S

Marks : 2 /0 (-Ve)



.

Consider the transfer function G(s) = . The phase margin of
(s+D(s+2)
G(s) in degrees is :
Correct Answer: 180 Answer Range: (180, 180) Not Attempted : © Marks:1/0 (-Ve)
PM =180 + LG(s)H(s)|_, === (1)
S

@ﬁ)g{

GCOF (o, ):M|_, =1
Now ZG(s)H(s)|, _, =0
=

2
(s+D(s+2)

2
J 1+ @ J4 +oy, Substitute in equation (1)
PM=180+0=180°

\/l+m§c \/4+o);c =2

Square on both side

(1+co§c X4+oo§c)=4;Let W, =%
(x+1)(x+4)=4
X2+5x+4=4=>x2+5x=0

X [x+5]=0

x =, =0 (or) x =0, =-5 [invalid]

W =0



In the control system shown in the figure below, a reference signal
1r(t) = £ is applied at time t = 0. The control system employs a PID
controller C(s) = K, + Ky/s + Kps and the plant has a transfer function
P(s) = 3/s. If K, =10, K; = 1 and Kp = 2, the steady state value of e is

£ € PID [P )
Controller ' '
A) 2/3
B) 0
c) 1
D) ®
Correct Answer: A Not Attempted : € Marks : 2/ 0.66 (-Ve)

K+ B +Kps— t »
R(s) S C(s)

G(s) =(10 - L - 2s)(§)
s s

3(2s* +10s +1)

G(s) =

r(t) =t

Steady state error ey(t?) = [Ki)

a

K, = Lts’G(s) = Lt s3[3(2s i +1)] =3
s—0 s—0 2

S




10.  The below figure shows the polar plot of a system. The transfer

function of the system is

vV 4

. From the plot, G(j0) =5,

o=10 :
o — G(jwo) = 2 £90°
. | P £G(j10) = 45°
5w 5 G(6)=K(+1s) ,K=5

A) 5(1+0.1s) tan”! (10 1) =45°
B) (1+0.55) 10z=tan45°=1, v=0.1
c) 5(1+10s) G(s)=5(1+0.15s)
p) S +5s)

Correct Answer: A Not Attempted : € Marks : 2/ 0.66 (-Ve)



11.

The open loop part of a unity feedback control system G(s) is unstable
and has two poles on the right hand side of the s-plane. However, the

closed loop system is stable. The number of encirclements made by the

Nyquist plot of the (-1, 0) point in the G(s) plane is

Ay 2
B) O
€) =3
D) -1

Correct Answer: A Not Attempted : € Marks : 1/ 0.33 (-Ve)



N=Z-P

Where

N = Number of encirclements of the Nyquist plot of G(s) around the
(-1.30) point.

Z = Number of poles of the CL system in the RH of s-plane.

P = Number of poles of OLTF in the right half of s-plane = 2

As the closed loop system is stable,

Z=0

~N=-P=-2

Negative sign indicates that the encirclements are two in the anti clock
wise direction if the Nyquist closed path taken in the s-plane is

clockwise.



2. The state variable description of an LTI system is given by

For the given state variable description

X, 0 a, 0Yx, 0

0 a, 0 0
X, |=10 0 a,|x, [+ 0] A=|0 0 a,|. B=[0|,C=[10 0]
) a; 0 0 Ax;) 1 =0 0 !
0 a,a,
X AB=|a,|,A’B=]|0
y=( 0 0)x, 0 0
X3

S ; ’ . Controllability matrix
Where y is the output and u is the input. The system is controllable for

0 0 aa,
A) a#0,a=0,a320 S =[B:AB:A’B] = |0 a, 0
1 0 0
B) a1=0,a#0,a3%0 T
c) a=0,a#0,a3=0 ifa; #0 and a, # 0

0 0 0 For Controllability, S should be nonsingular or Rank of S=3 or S #0
D @ FV, 70, 3=
) 1 > 92 >3 | S |=—aja,? # 0, when a; 20 and a, # 0

Correct Answer: D Not Attempted : € Marks : 2 / 0.66 (-Ve) The value of a; is immaterial.



13.

The forward path transfer function L(s) of the control system shown in
Figure (a) has the asymptotic Bode plot shown in figure (b). If the
disturbance d(t) is given by d(t) = 0.1sin(wt) where © = 5 rad/s, the
steady-state amplitude of the output y(t) is

s A
5
d = 40dB f--
| B o)
- S :
1 5rad/s
Figue ) 4 Sradss
-90°

Phase(L) (Deg)

d(v)
r(t) L(s) _’é’_’y
=rL+d
* 1+L
3. 1
d 1+L

> oy O o O it it

o(rad/s) 1+L 1+100

A) 1.00x 1073
B) 2.50x1073
€) 5.00x103

D) 10.00x 1073

Correct Answer: A Not Attempted : Marks : 2/ 0.66 (-Ve)



14.

The polar plot of a type-1. 3-pole, open-loop system is shown in Figure

below. The closed-loop system is

t GH-plane

A\

142 —

®» =0

A) Always stable
B) Marginally stable
¢) Unstable with one pole on the right half s-plane

p) Unstable with two poles on the right half s-plane.

Correct Answer: D Not Attempted : € Marks :1/0.33 (-Ve)

Nyquist plot for the given system is

4Img

-1.42\ —~f

Encirclement of (—1,j0) N=-2
No. of right side poles of open loop system P =0

N=P-Z
Z=P-N
=0 —5y=2

Z =2 implies, closed loop system is unstable with two right hand poles.



15. A signal flow graph of a system is given below.

uy 1

The set of equations that correspond to this signal flow graph is

X = 10
ks p -7 Ofx u,
A) EXz:y a0x1+00m
x| |—o —p 0%, |0 1}~

x| 10 a yY|x] |00

5y Hxldo —a ]z l4]o 1("‘)
d .

d'x, -a B Ofx] [10
& Etx2=—b—70xz+01c‘J
x| [ v Ofx| |0 of*?
d_xl -1 0 Bx Olu
D) a-tx:=70ax2¢00{1)
[X5| [-B 0 ~afx, lOuz

Correct Answer: D Not Attempted : O Marks : 2/ 0.66 (-Ve)

. Given signal flow graph is

X1 ==yX; +BXx; +u,
X2 = YX; + 0 X;

X3 =—Px, —ax; +u,

X =g 4 g X,
Yy 0 a||x,

i
I

Xs -p 0 -af|x



	Slide 1: GATE 2026 TEST SERIES
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21

