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1A. A T-37 has the following stability derivative values during a no-flap final approach 

at 100 𝑘𝑛𝑜𝑡𝑠 equivalent airspeed: 
 

𝑪𝒍𝜷 −𝟎. 𝟏𝟏 𝒅𝒆𝒈⁄  𝑪𝒍𝜹𝑹
 𝟎. 𝟎𝟏𝟕𝟐 𝒅𝒆𝒈⁄  

𝑪𝒏𝜷
 𝟎. 𝟏𝟐𝟕 𝒅𝒆𝒈⁄  𝑪𝒍𝜹𝑨

 𝟎. 𝟏𝟕𝟖 𝒅𝒆𝒈⁄  

𝑪𝒏𝜹𝑹
 −𝟎.𝟎𝟕𝟒𝟕 𝒅𝒆𝒈⁄  𝑪𝒏𝜹𝑨

 −𝟎. 𝟎𝟏𝟕𝟐 𝒅𝒆𝒈⁄  

 
Assume that the pilot lands with the fuselage aligned with the runway. With 

𝛿𝑅𝑚𝑎𝑥
= ±150 and 𝛿𝐴𝑚𝑎𝑥

= ±100, what is the maximum crosswind component 

allowable and which is the limiting control (aileron or rudder)? 
 

(05) 

1B. Give the physical explanation for the aerodynamic mechanism responsible for 

𝐶𝑌𝑃𝑉
 derivative with proper illustration. 

 

(03) 

1C. Estimate the pitching damping derivative, 𝑪𝒎𝒒
, for an aircraft with the following 

characteristics: 𝑪𝑳𝜶𝒉
= 𝟎. 𝟎𝟕𝟓/𝒅𝒆𝒈, 𝜼𝒉 = 𝟎. 𝟗𝟖, �̅�𝒉 = 𝟎. 𝟑𝟕𝟓,  (𝑿𝒉/�̅�) = 𝟑. 𝟎 

 

(02) 

2A. The perturbation equation of motion for A-4 Skyhawk airplane in horizontal flight 

at 50,000 𝑓𝑡 height, forward speed of 774 𝑓𝑡/𝑠𝑒𝑐, mach no. 0.8 with rudder 
chosen as actuator is given as: 
 

[
 
 
 
�̇�
�̇�
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= [

−𝟎. 𝟐𝟒𝟖 𝟎 −𝟏. 𝟎
−𝟐𝟑. 𝟎 −𝟏. 𝟔𝟖 𝟎. 𝟖𝟎𝟖
𝟏𝟑. 𝟓

𝟎
−𝟎. 𝟎𝟑𝟓𝟔

𝟏
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𝟎

    

𝟎. 𝟎𝟕𝟐
𝟎
𝟎
𝟎

] [

𝜷
𝜸
𝝆
∅

] + [

𝟎. 𝟎𝟎𝟕𝟐𝟗
−𝟎. 𝟒𝟕𝟓
𝟎. 𝟏𝟓𝟑

𝟎

] [
𝜹𝒂

𝜹𝒓
] 

(05) 
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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. 

 

2B. Explain how the differentially deflected stabilizers in fighter jets generate rolling 

moment? 

 

(03) 

2C. With negative 𝐼𝑋𝑍 for an aircraft, what does the equation 𝑷𝟐𝑰𝑿𝒁 = −𝑰𝒀𝒀�̇�   

Indicates? 

 

(02) 

3A. For a given aircraft at a given flight condition, the numerical expression for the 
characteristic equation is  
 

𝟖𝟕𝟕 𝑺𝟒 + 𝟏𝟏𝟎𝟗 𝑺𝟑 + 𝟕𝟎𝟗𝟕 𝑺𝟐 − 𝟒. 𝟗𝟔𝟔 𝑺 − 𝟏𝟏. 𝟒𝟐 
 

a) Check the stability criteria using the Routh-Hurwitz Criterion. 
b) Verify the stability by solving the expression and comment on stability. 
c) Comment on why the aircraft is stable or unstable. 

 

(05) 

3B. What is a windmill effect? How would you explain the rolling moment resulting 

from an asymmetric thrust in right engine out condition in both jet and propeller 

configurations? 

 

(03) 

3C. Does the moment coefficient 𝐶𝑚 accounts for the aero elastic effects on the 

aircraft? 

 

(02) 

4A. The full longitudinal characteristic equation for the Cessna T37 aircraft at cruise 
flight conditions is given by (𝒁𝜶 = −𝟒𝟑𝟕. 𝟒,𝑴𝒒 = −𝟐.𝟒𝟕𝟕,𝑴𝜶 = −𝟏𝟗. 𝟒,𝑴�̇� =

−𝟏. 𝟏𝟓𝟓𝟑,𝑽𝒑𝟏
= 𝟒𝟓𝟔

𝒇𝒕

𝒔𝒆𝒄
, 𝑪𝑫𝒖

= 𝟎, 𝑪𝑻𝑿𝒖
= −𝟎. 𝟎𝟕, 𝑪𝑳𝟏

= 𝟎. 𝟑𝟕𝟖) 

 

𝟒𝟓𝟕 𝑺𝟒 + 𝟐𝟏𝟎𝟕 𝑺𝟑 + 𝟗𝟗𝟏𝟕 𝑺𝟐 + 𝟏𝟏𝟕. 𝟑 𝑺 + 𝟖𝟖. 𝟐𝟑 
 
Find the percentage error in the values of natural frequency and dampening ratio 

from associated roots (True baseline values) and by approximations for short 

period mode phugoid mode. 

 

(05) 

4B. When a fuselage is added to the wing, there is an effect on the aerodynamic 

center of wing plus fuselage. Explain this effect of fuselage on aerodynamic 

center (Munk Effect)? 

 

(03) 

4C. What is the physical significance of having a ′𝑠′ in the heading transfer function 

in Lateral directional dynamics? 

 

(02) 

5A. Suppose an airplane is constrained to a pure yawing motion (∆𝒓) characterized 
by  the following equation: 
 

                                        ∆�̈� = −𝟎. 𝟕𝟔 ∆�̇� − 𝟒. 𝟓𝟓∆𝝍 − 𝟒. 𝟔∆𝜹𝑹   

(05) 
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a) Write the yawing moment equation in state space. 
b) The characteristic equation and eigenvalues of the system. 
c) Comment on system behavior and find damping ratio and undamped 

natural frequency. 
 

5B. Which sideslip derivative has an influence on Dutch roll dynamics and why? 

 

(03) 

5C. If the aircraft C.G. is located aft of the neutral point, the aircraft is stable or 

unstable longitudinally? 

 

(02) 

6A. An A-37 is loaded with two 500 𝑙𝑏 bombs as shown. The distances of the bombs 

from the aircraft center of gravity are shown. What happens to 𝐼𝑥𝑥 if both bombs 
are dropped? What is the value of the change in 𝐼𝑥𝑥? 

 
 

(05) 

6B. In analyzing the quasi steady derivatives, why there is greater tendency for 
positive side force to be developed at the right wing tip as the flow migrates from 
lower to upper low pressure surface? 
 

(03) 

6C. Find the moment derivative of �̇��̅� 𝟐𝑼𝟏⁄  for the F-4C aircraft at the conditions 

given at 𝟑𝟓, 𝟎𝟎𝟎 𝒇𝒕 and 𝒎𝒂𝒄𝒉 𝟎. 𝟗, 𝑼𝟏 = 𝟖𝟕𝟔 𝒇𝒕, �̅� = 𝟐𝟖𝟑. 𝟐 𝒍𝒃/𝒇𝒕𝟐, 𝑺 =
𝟓𝟑𝟎 𝒇𝒕𝟐, �̅� = 𝟏𝟔 𝒇𝒕, 𝑪𝒎�̇�

= −𝟏.𝟑 𝒑𝒆𝒓 𝒓𝒂𝒅. If �̇� = 𝟎. 𝟓 𝒅𝒆𝒈/𝒔, find the perturbed 

pitching moment 𝒎𝑨. 
 

(02) 

 
 
 
 


