
INDIAN INSTITUTE OF TECHNOLOGY, KHARAGPUR 
End Semester Exam 

Introduction to Flight Vehicle Control 
Please carryout all the seven problems. ,4l{ 9 ~~l &/'N) Gt~t-· ~ 

Date: April19, 2013 Full Marks: 60 Time: 3 Hrs 

1. Sketch the Nyquist plot for an open loop system with transfer function 8~ along a contour enclosing 
the entire right half complex plane. Determine the unity feedback closed loop system stability from the 
Nyquist criterion and the Nyquist plot. 

Marks 6 

2. Derive the expression for the phase margin of a second order system given by the transfer function 

2 
G(s) = wn 

s(s + 2(wn) 

Marks 4 

3. Design a non inverting PID controller using operational amplifiers and obtain the transfer function for 
the same. 

Marks 8 

4. The very flexible circuit shown in Fig. (1) is called a biquad because its transfer function can be made 
to be the ratio of two second order or quadratic polynomials. By selecting different values of Ra, Rb, Rc 
and Rd the circuit can realize a low, band-pass, high-pass, or band-reject (notch) filter. (a) Show that if 
Ra = R and Rb = Rc = Rd = oo, the transfer function from Vin to Vaut can be written as the low-pass 
filter: 
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where A = }i
1 

, Wn = R
1
C, ( = 2~2 • First derive the transfer function for the whole system then reduce it 

to the above form. Also show the bode plot (approx.) for the above transfer function. 
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Figure 1: Operational amplifiers composing a biquad circuit 

Marks 8 

5. A simplified model of the longitudinal· motion of a certain helicopter near hover has transfer function 

9.8 (s'f- 0.5s + 6.3) 
G ( 8 ) = ~( s-+-0 .-66..:.,.)._,.( s-::2:---0 .-24_s_+-'-0 .-1-:-5) 

and characteristic equation is 1 + D(s)G(s) = 0. Let D(s) = kpat first, (a) compute the departure and 
arrival angles at the complex poles and zeros; (b) sketch the root locus for this system for parameter 
K = 9.8kp· Use axes -4 :::; x :::; 4, -3 :::; y :::; 3. 

~viarks 7 
2 

6. For the closed loop transfer function Gc(s) = 2 +'2tn ·+ 2 , derive the following expression for the band-
s Wn.'l Wn 

width WBW of the Gc(s) in terms of Wnand (: WBW = Wn J1 -2(2 + yf2 + 4(4 - 4(2. 
Marks 6 
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7. Consider the plant G( s) = ~(:~"1~ around which the loop is closed. Compute the closed loop characteristic 

equation and find the approximate poles of the closed loop system. For what values of (T, A) is the system 
stable'? Draw a rough sketch of the root locus. 

' , · l · . }.larks 8 

8. Consider the system whose transfer function is G(s) = Q 2 :owo~ 2Q. This is a model of a tuned circuit s w0 s w 0 

with quality factor Q. Define the bandwidth as the distance between the frequencies on either side of 
w0 where the magnitude drops to 3 db below its value at w0 and show that the bandwidth is given by 
BW = ~;;' = 2~'Q. Bandwidth is the frequency at which the output is attenuated to a factor of 0. 707 
times the input that is 3 db below the unit gain. 

Marks 7 

9. A schematic for the satellite and scientific probe for the Gravity Probe-B (GP-B) experiment is sketched 
in Fig. (2). Assume that mass of the spacecraft plus helium tank, m 1 , is 2000 kg and the mass of the 
probe, m2 is 1000 kg. A rotor will float inside of the probe and will be forced to follow the probe with a 
capacitive forcing mechanism; however, this will have no effect on m 2 . The spring constant of the coupling, 
k, is 3.2 x 106 . The viscous damping, b, is 4.6 x 103 . (a) Write the equation of motion for the system 
consisting of masses m 1and m2 using inertial position variables, y1 and y2 . (b) The actual disturbance, 
u, is a micrometeorite and the resulting motion is very small. Therefore, rewrite your equations with the 
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Figure 2: Schematic of the GP-B sa~ellite and probe 
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