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1A. Sketch the bode plot for the system with the transfer function as: 
 

𝑮(𝒔) =
𝟓𝟏𝟐(𝒔 + 𝟑)

𝒔(𝒔𝟐 + 𝟏𝟔𝒔 + 𝟐𝟓𝟔)
 

 
Find the gain margin and phase margin of the system and comment on stability. 
 

(05) 

1B. Obtain the state space model of the system shown in figure 1. 

 
Figure 1 

 

(03) 

1C. Find the time response of the following transfer functions. 
 

𝒀(𝒔) =
𝟐𝒔

(𝒔 + 𝟏)𝟐(𝒔 + 𝟐)
 

 

𝒀(𝒔) =
𝟐𝒔 + 𝟏

(𝒔 + 𝟏 + 𝒋)(𝒔 + 𝟏 − 𝒋)
 

 

(02) 

Instructions to Candidates: 

 Answer ALL the questions. 

 Missing data may be suitable assumed. 
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2A. Consider the system shown in Figure 2. To improve the performance of the 
system a feedback is added to this system, which results in Figure 3. 
Determine the value of K so that the damping ratio of the new system is 0.4. 
Compare the overshoot, rise time, peak time and settling time and the nominal 
value of the systems shown in Figures 2 and 3. 
 

 
 

Figure 2 

 
 

 
 

Figure 3 

 

(05) 

2B. The open loop transfer function of the unity feedback system is given as: 
 

𝑮(𝒔) =
𝟏𝟎𝟖

𝒔𝟐(𝒔 + 𝟒)(𝒔𝟐 + 𝟑𝒔 + 𝟏𝟐)
 

 
Find the static error coefficients and steady state error of the system when 
applicable to input given by 
 

𝒓(𝒕) = 𝟐 + 𝟓𝒕 + 𝟓𝒕𝟐 
 

(03) 

2C. The characteristic equation for a certain feedback system is given as:  
 

𝒔𝟒 + 𝟒𝒔𝟑 + 𝟏𝟑𝒔𝟐 + 𝟑𝟔𝒔 + 𝑲 = 𝟎 
 

Determine the range of value of 𝑲 for system to be stable. 
 

(02) 

3A. Consider the control system whose signal flow graph is shown in Figure 4. 
Determine the system transfer function using Mason’s formula. 
 

 
Figure 4 

(05) 
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3B. A thermometer has a time constant of 𝟏𝟓. 𝟑𝟑 sec. It is quickly taken from a 

temperature 𝟎𝟎𝒄 to a water bath of temperature of 𝟏𝟎𝟎𝟎𝒄. What temperature 
will be indicated after 𝟔𝟎 sec. the transfer function for temperature ‘𝜽’ 
associated with the system is: 
 

𝜽𝑶(𝒔)

𝜽𝒊(𝒔)
=

𝟏

𝟏 + 𝒔𝑹𝑪
 

 

(03) 

3C. Measurement conducted on the servomechanism shows the system response 
to be 

𝒄(𝒕) = 𝟏 + 𝟎. 𝟐𝒆−𝟔𝟎𝒕 − 𝟏. 𝟐𝒆−𝟏𝟎𝒕 
 
When subjected to the unit step input. Obtain the open loop transfer function 
and determine the undamped natural frequency and damping ratio. 
 

(02) 

4A. Sketch the polar plot of the following transfer function of the system and 
comment on stability. 

𝑮(𝒔) =
𝑲

𝒔𝟐(𝒔 + 𝟏)(𝒔 + 𝟐)
 

 

(05) 

4B. Obtain the state space model of the system shown in figure 5 using the modelling 
technique. 

 
Figure 5 

 

(03) 

4C. Show that the steady state error with unit ramp input for type ‘1’ system is 𝟏/𝑲.  
 

(02) 

5A. The open loop transfer function of the control system is given as: 
 

𝑮(𝒔)𝑯(𝒔) =
𝑲

𝒔(𝒔 + 𝟔)(𝒔𝟐 + 𝟒𝒔 + 𝟏𝟑)
 

 
Sketch the root locus and find the breakaway point, angle of departure and 
stability conditions. 
 

(05) 

5B. Consider the spring-loaded pendulum system shown in Figure 6. Assume that 
the spring force acting on the pendulum is zero when the pendulum is vertical, 
or u=0. Assume also that the friction involved is negligible and the angle of 
oscillation u is small. Show that mathematical model of the system as 
 

𝜽̈ = − (
𝟐𝒌𝒂𝟐

𝒎𝒍𝟐
+

𝒈

𝒍
) 𝜽 

(03) 
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Figure 6 

 
5C. Consider the block diagram of the system shown in the figure 7. Determine the 

range of 𝑲 for which the system is stable 

 
 

Figure 7 
 

(02) 

 


