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1A. Illustrate linear system with neat block diagram. Obtain the state-space model of the 

mechanical system as shown in Fig. Q1A by choosing the minimum of three state 

variables. 

5 

1B. Consider the satellite attitude system shown in Fig. Q1B. The diagram shows the 

control of only the yaw angle θ. Small jets apply reaction forces to rotate the satellite 

body into the desired attitude. The two skew symmetrically placed jets denoted by A 

or B operate in pairs. Assume that each jet thrust is 𝐹/2 and a torque 𝑇 =  𝐹𝑙 is applied 

to the system. The jets are applied for a certain time duration and thus the torque can 

be written as 𝑇(𝑡).The moment of inertia about the axis of rotation at the center of 

mass is 𝐽. Obtain the state space model of this satellite attitude system 

3 

1C. The state model of a linear time invariant system is given by 

𝑋̇(𝑡) = 𝐴𝑋(𝑡) + 𝐵𝑈(𝑡) 

𝑌(𝑡) = 𝐶𝑋(𝑡) + 𝐷𝑢(𝑡) 
Obtain the expression for transfer function of the system. 

2 

2A. Establish the most general form of the dimensional decoupled equations of longitudinal 

symmetric motion referred to aeroplane body axes. 
5 

2B. Establish the relationship between the aircraft body rates and the attitude rates using 

angular quantities transformation 
3 

2C. Establish relationship between geopotential and geometric altitudes.  2 

3A. Derive mathematical model of a six DOF  non-linear missile. 5 

3B. Derive Bernoulli’s equation. 3 

3C. Illustrate control surface (𝜉, 𝜂, 𝜁) convention for the missile system using neat diagram. 2 

4A. Using Cramer’s rule, obtain the elevator response transfer function models 

(
𝒖(𝒔)

𝜼(𝒔)
,

𝒘(𝒔)

𝜼(𝒔)
 and 

𝜽(𝒔)

𝜼(𝒔)
) from the following equations of longitudinal symmetric motion 

for aircraft system 

𝒎𝒖̇ − 𝑭∘
𝒙𝒖 𝒖 − 𝑭∘

𝒙𝒘̇ 𝒘̇ − 𝑭∘
𝒙𝒘 𝒘 − (𝑭∘

𝒙𝒒
− 𝒎𝑾𝒆) 𝒒 + 𝒎𝒈𝜽 𝐜𝐨𝐬 𝜽𝒆

= 𝑭∘
𝒙𝜼 𝜼 + 𝑭∘

𝒙𝝉
𝝉 

−𝑭∘
𝒛𝒖 𝒖 + (𝒎 − 𝑭∘

𝒛𝒘̇ )𝒘̇ − 𝑭∘
𝒛𝒘 𝒘 − (𝑭∘

𝒛𝒒
+ 𝒎𝑼𝒆) 𝒒 + 𝒎𝒈𝜽 𝐬𝐢𝐧 𝜽𝒆

= 𝑭∘
𝒛𝜼 𝜼 + 𝑭∘

𝒛𝝉
𝝉 

5 

Instructions to Candidates: 

 Answer ALL the questions. 

 Missing data may be suitably assumed. 

 Notations are standard and provide specific meaning for aerospace system. 
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−𝑴𝒖
∘ 𝒖 − 𝑴𝒘̇

∘ 𝒘̇ − 𝑴𝒘
∘ 𝒘 + 𝑰𝒚𝒒̇ − 𝑴𝒒

∘ 𝒒 = 𝑴𝜼
∘ 𝜼 + 𝑴𝝉

∘𝝉 

𝜽̇ = 𝒒 

4B. Derive continuity equation for steady fluid flow. 3 

4C. Illustrate Euler angles and aircraft attitude with neat diagram 2 

5A. Establish the equation of motions for quadrotor model. 5 

5B. Resolve the velocity of the aircraft through both the incidence angle and the sideslip 

angle into aircraft axes. The situation prevailing is assumed to be steady and is shown 

in Fig. Q5B. 

3 

5C. Write short note on standared atmoshphere. 2 

 

 

 
 

Fig. Q1A 

 
 

Fig. Q1B 

 
Fig. Q5B 


