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Attempt any four questions. All questions carry equal marks. All symbols have usual meaning.  

1. Given 𝜀 = 0.02, 𝑎 = −2, 𝑓(𝑥) = 2𝑥 − 2, 𝐿 = −6,  find 𝛿 > 0  such that |𝑓(𝑥) − 𝐿| < 𝜀   
whenever |𝑥 − 𝑎| <  𝛿.   
Examine the differentiability of the function 

𝑔(𝑥) = ൝𝑥ଷ sin ൬
1

𝑥
൰ , 𝑥 ≠ 0,

0, 𝑥 = 0.
 

at 𝑥 = 0 and continuity of  𝑔  and  𝑔 at 𝑥 = 0. 

2. For 𝑎 = −1 and 𝑏 = 8, check the differentiability and continuity of the function 𝑓(𝑥) = 𝑥ଶ ଷ⁄  in 
[𝑎, 𝑏].  

Also show that there is no point '𝑐' in (𝑎, 𝑏) such that 𝑓ᇱ(𝑐) =
௙(௕)ି௙(௔)

௕ି௔
. Does this contradict the 

mean valve theorem? Justify.  

3. Find the asymptotes of the curve  𝑦ଷ − 𝑥ଶ𝑦 + 2𝑥𝑦ଶ − 2𝑥ଷ + 7𝑥𝑦 + 3𝑦ଶ + 2𝑥ଶ − 2𝑥 + 2𝑦 +
1 = 0.   

For the function 𝑓(𝑥) =
ଵ

ଷ
𝑥ଷ − 9𝑥 + 2, find all the critical points, intervals in which the function 

increases and decreases and identify relative extrema. Find all inflexion points and intervals in 
which the function is concave up, concave down. Sketch the graph of the given function. 

4. Find the area of the surface that is generated by revolving the portion of the curve 𝑦 = 2𝑥ଷ 
between 𝑥 = 0  and 𝑥 = 2  about the x-axis. And find the volume of the given curve lying 
between 𝑥 = 0 and 𝑥 = 4 about the x-axis.  

Evaluate ∫(𝑟ଶ − 𝑥ଶ)ହ ଶ⁄ 𝑑𝑥 using reduction formula. 

5. Find the equation for the ellipse with foci (1,3) and major axis with end-points (1,6).
 
 

Determine a rotation angle   that will eliminate the xy-term from the equation  
2𝑥ଶ + 5𝑥𝑦 + 2𝑦ଶ + 9√2𝑥 + 9√2𝑦 + 9 = 0. Identify the conic, sketch its graph and label it.  

6. Sketch the ellipsoid  
௫మ

ଽ
+

௬మ

ଵ଺
+

௭మ

ଵ଺
= 1.  

A particle moves along the curve  𝒓(𝑡) = sin 𝑡 𝑖 + cosh 𝑡 𝑗 + (tanିଵ 𝑡)𝑘 , where 𝑡  is the time. 
Find lim௧→଴( 𝒓(𝑡). 𝒓(t)). Also for 𝑭 = sin 𝑥 𝑖 + cos(𝑥 − 𝑦) 𝑗 + 𝑧 𝑘, find grad 𝑭, div 𝑭,  curl 𝑭 
and  ∇ × (∇ × 𝑭).  
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