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Attempt any four questions. All questions carry equal marks. 

 
1. Test the continuity and differentiability of the following function at 𝑥 = 0 and 𝑥 = 𝜋 2⁄  

𝑓(𝑥) = ൞

1 −∞ < 𝑥 < 0
1 + sin 𝑥 0 ≤ 𝑥 < 𝜋 2⁄

2 + ቀ𝑥 −
𝜋

2
ቁ

ଶ

𝜋 2⁄ ≤ 𝑥 < ∞

  

Also, find the points at which the function  
𝑔(𝑥) = |𝑥 + 1| + |𝑥 − 2| 

is not differentiable. 
 

2. If 𝑦 = (sinିଵ 𝑥)ଶ, prove that  
(1 − 𝑥ଶ)𝑦௡ାଶ − (2𝑛 + 1)𝑥𝑦௡ାଵ − 𝑛ଶ𝑦௡ = 0 

and find 𝑦௡(0).  If 𝑢 = tanିଵ ቀ
௫మା௬మ

௫ା௬
ቁ, then prove that 
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sin 𝑢 . 

 
 

3. Find the radius of curvature of the following curves: 
(i) √𝑥 + ඥ𝑦 = 1   at   (1 4⁄ , 1 4⁄ ) 
(ii) 𝑦 = 𝑒௫  at the point where it meets 𝑦-axis. 
Determine the nature and position of the double points for the following curves: 
(i) 𝑥ସ − 4𝑦ଷ − 12𝑦ଶ − 8𝑥ଶ + 16 = 0 
(ii) 𝑦ଶ = 𝑏𝑥 sin(𝑥 𝑎⁄ ) 
Prove that 𝜌ଶ 𝑟 ⁄ is a constant for the cardioid  𝑟 = 𝑎(1 + cos 𝜃), where 𝜌 denotes the radius of 
curvature. 
 

4. Find the equations of the tangent and normal at any point of the curve  
𝑥 = 𝑎𝑒ఏ(sin 𝜃 − cos 𝜃),     𝑦 = 𝑎𝑒ఏ(sin 𝜃 + cos 𝜃) . 

Find the asymptotes of the following curve 
𝑥ଷ + 𝑥ଶ𝑦 − 𝑥𝑦ଶ − 𝑦ଷ + 𝑥ଶ − 𝑦ଶ − 2 = 0 . 

Also, trace the curve  
(𝑎ଶ + 𝑥ଶ)𝑦 = 𝑎ଶ𝑥 . 

5. Verify Rolle’s theorem for the function given by  
𝑓(𝑥) = 𝑥ଷ − 6𝑥ଶ + 11𝑥 − 6      𝑖𝑛      [1,3] 

Use Lagrange’s Mean Value Theorem to prove that  
1 + 𝑥 < 𝑒௫ < 1 + 𝑥𝑒௫,       𝑤ℎ𝑒𝑟𝑒   𝑥 > 0 . 

Also, show that  



sin 𝛼 − sin 𝛽

cos 𝛽 − cos 𝛼
= cot 𝜃   ,   𝑤ℎ𝑒𝑟𝑒 0 < 𝛼 < 𝜃 < 𝛽 <

𝜋

2
 . 

 
6. Find by Maclaurin’s Theorem, the first four terms and the remainder after 𝑛 terms of the expansion 

of 𝑒௔௫ cos 𝑏𝑥 in a series of ascending powers of 𝑥. 

Determine  lim௫→଴(cot 𝑥)ଵ ୪୭୥ ௫⁄    𝑎𝑛𝑑     lim௫→଴ ቀ
ଵ

௫మ − cotଶ 𝑥ቁ. Further, show that 𝑓(𝑥) =

sin 𝑥 (1 + cos 𝑥) is maximum when 𝑥 = 𝜋 3⁄ . 
 

 


