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1A. Lateral perturbation equation of motion for Boeing 747 in horizontal flight at 

40,000 𝑓𝑡 height, forward speed of 774 𝑓𝑡/𝑠𝑒𝑐, mach no. 0.8 with rudder chosen 
as actuator is given as: 
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Find the open loop poles. Identify all the modes of the aircraft and calculate the 
time constants, damped frequencies, damping ratios and discuss stability. 
 

(06) 

1B. Explain the terms : Roll Helix Angle and Mach Tuck Derivative 

 

(04) 

2A. Explain in detail all the yaw rate 𝑟𝑏 2𝑈1⁄  derivatives and show that the side force 
and change in angle of attack at the vertical tail results from positive yaw rate. 
 

(06) 

2B. What is the first order approximation of applied aero forces and moments? How 
do we non-dimensionalize the perturbed values. 
 

(04) 

3A. The transfer function for the un-augmented McDonnell F-4C Phantom 

describing the pitch attitude response to elevator when flying at Mach 1.2 at an 
altitude of 35,000 𝑓𝑡 is given by 
 

𝜃(𝑠)

𝛾(𝑠)
=

−20.6(𝑠 + 0.013)(𝑠 + 0.16)

(𝑠2 + 0.017𝑠 + 0.002)(𝑠2 + 1.74𝑠 + 29.49)
 

(06) 

Instructions to Candidates: 

 Answer ANY FIVE FULL questions. 

 Missing data may be suitably assumed. 
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Write down the longitudinal characteristic equation and state whether the 
aircraft is stable, or not. Reduce to state space and what are the numerical 
parameters describing the longitudinal stability modes of the McDonnell F-4C 
Phantom? 
 

3B. Find the time response for the following system: 𝑥̈ + 10𝑥̇ + 16𝑥 = 32; 𝑥(0) =

0; 𝑥̇(0) = 0 

(04) 

4A. Describe all the roll rate 𝑝𝑏/2𝑈1 derivatives and the role of three aircraft 
component which have primary influence on the value of roll damping 
derivative. 
 

(06) 

4B. What is Spiral mode, Roll mode and Dutch roll modes of lateral directional 
stability analysis? 
 

(04) 

5A. Describe all the kinematic equations of the aircraft in motion. How many 
degrees of freedom does an aircraft have? How many are translational and 
how many are rotational? 
 

(06) 

5B. Describe the coordinate transformation System which includes both Earth Axis 
to Body axis and Stability Axis to Body Axis transformations. 
 

(04) 

6A. Yaw rate feedback and side slip feedback have been added to an aircraft for 

turn coordination. The transfer function of resulting aircraft and aileron servo 

are respectively 
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For the bank angle control system shown in figure design a suitable system by 

drawing a root locus plot on which your design is based. 

a) 𝜉 = 0.8,  for the inner loop. Find 𝐾𝑟𝑟𝑔 . 

b) 𝜉 = 0.6,  for the inner loop. Find 𝐾𝑣𝑔 . 

c) Find 
∅(𝑠)

∅𝑐𝑜𝑚𝑚(𝑠)
 

 

 
 

(06) 

6B. Discuss the short period mode and phugoid period mode of longitudinal stability 
analysis of an aircraft. 
 

(04) 

 


