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1. Find the values of following. 

i. lim𝑥→1 (𝑥 + 4) 

ii. lim𝑥→2 (𝑥2 + 3𝑥 + 1) 

iii. lim𝑥→1 (𝑥3 + 3) 

iv. lim𝑥→4 4√𝑥 

v. lim𝑥→1 
𝑥2−1𝑥−1  

vi. lim𝑥→3 
𝑥2−9𝑥−3  

vii. lim𝑥→3 
𝑥3−27𝑥−3  

viii. lim𝑥→−4 
𝑥3+64𝑥+4  

ix. lim𝑥→1 
𝑥4−1𝑥−1  

x. lim𝑥→2 
𝑥2−4𝑥2−2𝑥 

xi. lim𝑥→−1 
𝑥3+2𝑥2+𝑥𝑥4+𝑥3+2𝑥+2 

xii. lim𝑥→√2 
𝑥4−4𝑥2+4√2𝑥−10 

xiii. lim𝑡→0 
(1+𝑡)4−1𝑡  

xiv. lim𝑥→1 ( 1𝑥−1 − 4𝑥−7𝑥3−3𝑥2+2) 

xv. lim𝑥→1 (𝑥+𝑥2+𝑥3+⋯+𝑥𝑛−𝑛𝑥−1 ) 

xvi. lim𝑥→0 [√1+𝑥+𝑥2−1𝑥 ] 

xvii. lim𝑥→1 
√3+𝑥−√5−𝑥𝑥3−1  

xviii. lim𝑥→1 
𝑥13−1𝑥−1  

xix. lim𝑥→1 
𝑥3−1𝑥−1  

xx. lim𝑥→3 
𝑥√𝑥−3√3𝑥−3  

 

2. Find the values of following. 

i. lim𝑥→2 
𝑥15−215𝑥12−212 

ii. lim𝑥→0 
(1+𝑥)12−1(1+𝑥)13−1 

iii. lim𝑥→∞ (2𝑥 + 3) 

iv. lim𝑥→∞ (3𝑥2 + 4𝑥 + 5) 

v. lim𝑥→∞ 
4+3𝑥𝑥  

vi. lim𝑥→∞ 
2𝑥2+4𝑥+34𝑥2−2𝑥+1 
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vii. lim𝑥→∞ 
(3𝑥−1)(𝑥−1)(4𝑥−1)𝑥2+2𝑥+1  

viii. lim𝑥→∞ (√𝑥2 + 2𝑥 + 3 − √𝑥2 + 4𝑥 − 7) 

ix. lim𝑥→∞ √4𝑥2 + 𝑥 + 1 − 2𝑥  
x. lim𝑥→∞ (3𝑥 − √9𝑥2 + 𝑥) 

xi. By Substituting 12 + 22 + 32 + ⋯ + 𝑛2 = 𝑛6  (2𝑛 + 1)(𝑛 + 1) 

find lim𝑛→∞ 
𝑛312+22+32+⋯+𝑛2   

xii. lim𝑛→∞ 
5𝑛+4𝑛+3𝑛4𝑛− 3𝑛  

xiii. lim𝑛→∞ ( 121−𝑛3 + 221−𝑛3 + 321−𝑛3 + ⋯ 𝑛21−𝑛3) 

xiv. lim𝑛→∞ (13 + 132 + 133 + … + 1𝑛3) 

 

3. Find the values of following. 

i. lim𝑥→0 
sin 4𝑥7𝑥   

ii. lim𝑥→0 
sin(7𝑥2 )3𝑥  

iii. lim𝑥→0 
tan5𝑥63𝑥  

 

4. Find the values of following. 

i. lim𝑥→0 
sin 5𝑥3𝑥 cos 𝑥  ii. lim𝑥→0 

sin 𝑎𝑥sin 2𝑏𝑥 

iii. lim𝑥→0 
tan7𝑥3sin2𝑥5  

 

5. Find the values of following. 

i. lim𝑥→0 
4𝑥 sin3 𝑥−5 sin 𝑥23𝑥2  ii. lim𝑥→0 cos 3𝑥 sin 7𝑥sin 2𝑥

 

6. Find the values of following. 

i. lim𝑥→0 
1−cos 𝑥𝑥2   ii. lim𝜃→0 

1−cos 2𝜃𝜃2  

iii. lim𝜃→0 
1−cos 𝜃𝜃     

 

7. Find the values of following. 

i. lim𝑥→0 
𝑐𝑜𝑠𝑒𝑐𝑥−𝑐𝑜𝑡𝑥4𝑥   ii. lim𝑥→0 √2−√1+cos 2𝑥√2 sin2 𝑥

 

8. Find the values of following. 

i. lim𝑥→𝜋2 
1−sin 𝑥(𝜋2−𝑥)2   

ii. lim𝑥→𝜋2 
cos 𝑥𝑥−𝜋2    

iii. lim𝑥→1 
sin 2𝜋𝑥𝑥−1  
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iv. lim𝑥→1 (1 − 𝑥) tan (3𝜋𝑥2 ) 

v. lim𝑥→𝑎 
cos 𝑥−cos 𝑎√𝑥−√𝑎  

vi. lim𝑥→𝜋3 
√3−tan 𝑥𝜋−3𝑥  

vii. lim𝑥→𝜋 
√2+cos 𝑥−1(𝜋−𝑥)2  

viii. lim𝑥→0 
4 sin−1 𝑥3𝑥   

ix. lim𝑥→0 
√4+3𝑥−√4−3𝑥5 sin−1 𝑥   

x. lim𝑥→0 
(sin−1 𝑥)22−2√1−𝑥2  

xi. lim𝑥→2 
(tan−1(2−𝑥))2𝑥2−4𝑥+4    

xii. lim𝑥→0 
17𝑥 tan−1 (3𝑥−𝑥31−3𝑥2)   

xiii. lim𝑥→0 
𝑒5𝑥−1𝑥    

xiv. lim𝑥→0 
𝑒𝑝𝑥−𝑒𝑞𝑥𝑥    

xv. lim𝑥→0 
𝑎𝑥−1𝑥    

xvi. lim𝑥→0 
𝑥(𝑒3𝑥−1)1−cos 2𝑥    

xvii. lim𝑥→0 
5𝑥−4𝑥3 tan 𝑥   

xviii. lim𝑥→𝜋2 
𝑎cos 𝑥−12 cos 𝑥    

xix. lim𝑥→0 
𝑒5 tan 𝑥−𝑒𝑥5 tan 𝑥−𝑥    

xx. lim𝑥→𝜋2 
5− cos 𝑥−1𝑥(𝜋2−𝑥)    

xxi. lim𝑥→0 
𝑙𝑜𝑔|1+𝑥|𝑥    

xxii. lim𝑥→5 
log𝑒 𝑥−log𝑒 5𝑥−5    

xxiii. lim𝑥→1 ( 𝑥𝑥−1 − 1log𝑒 𝑥)   

xxiv. lim𝑥→√5 
log𝑒|√5+𝑥|−log𝑒|𝑥−√5|𝑥−√5    

xxv. lim𝑥→0 
15𝑥−3𝑥−5𝑥+1𝑥 sin 𝑥   d 

 

9. If lim𝑥→0 
15𝑥−3𝑥−5𝑥+1𝑥 sin 𝑥   

i. Show that 𝑎 > 0 úg lim𝑥→0 log𝑎 𝑥 = 0   

ii. Show that lim𝑥→∞ 
𝑥log𝑎 𝑥 = ∞ 

iii. When 0 < 𝛼 < 1, Show that lim𝑥→∞ 𝑛𝑎𝑛 = 0 
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iv. Show that lim𝑥→∞ 𝑥𝑥 = 1  

 

10. lim𝑥→1  𝑥13−(2−𝑥)132(𝑥−1)   

 

11. Find the values of following. 

i. lim𝑥→1 (4𝑥 + 3) 

ii. lim𝑥→2 (3𝑥 − 3) 

iii. lim𝑥→−1 (5𝑥 − 3) 

 

12. Find the values of following. 

i. lim𝑥→1 (𝑥2 + 3𝑥 + 1) 

ii. lim𝑥→3 (𝑥2 − 4𝑥 + 3) 

iii. lim𝑥→−2 (4𝑥2 − 𝑥 + 1) 

 

13. Find the values of following.  

i. lim𝑥→1 (𝑥3 − 3𝑥 + 1) 

ii. lim𝑥→−2 (2𝑥3 − 3𝑥2 − 𝑥 + 1) 

 

14. If 𝑓(2 − 𝑥) = 3𝑥2 + 2 find lim𝑥→0𝑓(2 − 𝑥 )  
Hence find lim𝑥→2𝑓(𝑥)  

 

15. If 𝑓(3 + 𝑥) = 5𝑥2 + 𝑥 + 3 find lim𝑥→0𝑓(3 + 𝑥)   

Hence find lim𝑥→−3𝑓(𝑥). 

 

16. Find the values of following.  

i. lim𝑥→3 𝑥2−9𝑥−3   

ii. lim𝑥→4  𝑥2−16𝑥−4   

iii. lim𝑥→−2 𝑥2−4𝑥+2   

 

17. Find the values of following.  

i. lim 𝑥→3 𝑥2−9(𝑥−3)(𝑥+1)  
ii. lim𝑥→4 𝑥3−8𝑥−2   

iii. lim𝑥→−3  𝑥3+27𝑥+3  
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18. Find the values of following. 

i. lim𝑥→1  2𝑥2−𝑥−1𝑥−1  

ii. lim𝑥→5 2𝑥2−9𝑥−5𝑥−5   

iii. lim𝑥→1  𝑥2+𝑥−23𝑥2−4𝑥+1  

 

19. Find the values of following.  

i. lim𝑥→−4 𝑥3+64𝑥+4   

ii. lim𝑥→−1 𝑥3+𝑥2+𝑥−3𝑥3−1   

iii. lim𝑥→−2  2𝑥3+6𝑥2+7𝑥+6𝑥3+3𝑥2+3𝑥+2   

 

20. Find the values of following. 

i. lim𝑥→4 ( 1𝑥−4 − 1𝑥2−4𝑥) 

ii. lim𝑥→−3 𝑥3+27𝑥2−𝑥−12  

 

21. Find the values of following.  

i. lim𝑥→2 ( 1𝑥−2 − 1𝑥3−2𝑥2)  

ii. lim𝑥→3 ( 1𝑥−3 + 9𝑥27−𝑥3)  

 

22. Find the values of following. 

i. lim𝑥→√2  𝑥4−4𝑥2+3√2𝑥−8 

ii. lim𝑥→0  √𝑘+𝑥−√𝑘−𝑥𝑥   

 

23. Find the values of following. 

i. lim𝑥→4  1−√𝑥−3𝑥−4   

ii. lim𝑥→5  𝑥+1−√𝑥+31𝑥−5   

 

24. Find the values of following. 

i. lim𝑥→1  √3+𝑥−√5−𝑥𝑥3−1   

ii. lim𝑥→1  √𝑥2−𝑥+1−1𝑥−1   

 

 

25. Find the values of following. 

i. lim𝑥→3  5−√22+𝑥1−√4−𝑥   



Limits 

6 

 

ii. lim𝑥→0  √𝑝+2𝑥−√3𝑥√3𝑝+𝑥−2√𝑥  

 

26. Show that lim𝑥→𝑎  𝑥𝑛−𝑎𝑛𝑥−𝑎 = 𝑛𝑎𝑛−1 and find following. 

i. lim𝑥→1  1−𝑥131−𝑥23  

ii. lim𝑥→𝑘  𝑥√𝑥−𝑘√𝑘𝑥−𝑘   

iii. lim𝑥→−1  1+𝑥131+𝑥15  

iv. lim𝑥→1  𝑥5−1𝑥−1   

v. lim𝑥→1  𝑥17−1𝑥−1   

 

27. Find the values of following. 

i. lim𝑥→∞ (3𝑥 + 4)  

ii. lim𝑥→∞ (3𝑥2 + 4𝑥 − 1) 

iii. lim𝑥→∞ (𝑥 + √𝑥2 + 1)  

 

28. Find the values of following. 

i. lim𝑥→∞ (𝑥 − √𝑥2 + 3𝑥 + 1)  

ii. lim𝑥→∞  4+3𝑥5−𝑥   

iii. lim𝑥→∞  𝑥𝑥2+𝑥+1  

 

29. Find the values of following.  

i. lim𝑥→∞ (√3𝑥2 + 𝑥 + 1 − √𝑥2 + 𝑥)  

ii. lim𝑛→∞  12+22+33+⋯+𝑛2𝑛3  

iii. lim𝑥→∞  4𝑥3+𝑥−1𝑥2+2  

iv. lim𝑥→∞  5𝑥2+𝑥+1𝑥3+ 𝑥2−2 

 

30. Find the values of following.  

i. lim𝑥→∞  𝑥3+𝑥2−6𝑥+84𝑥3+5𝑥−8   

ii. lim𝑥→∞  3𝑥3+4𝑥2+8𝑥+94𝑥3+8𝑥2−𝑥−5   

iii. lim𝑥→∞  √4𝑥2+2−2𝑥√9𝑥2+𝑥−1   

iv. lim𝑥→∞ 4𝑥4+𝑥−1𝑥3+3𝑥−2  
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v. lim𝑥→∞  √𝑥2+𝑥−√𝑥+1√4𝑥2+1+𝑥   

 

31. Find the values of following. 

i. lim𝑥→0  sin3𝑥24𝑥   

ii. lim𝑥→0  4 sin(7𝑥5 )3𝑥   

iii. lim𝑥→2  3 sin(𝑥−2)𝑥−2   

 

32. Find the values of following.  

i. lim𝑥→0  tan(5𝑥4 )3𝑥  

ii. lim𝑥→0  3 tan(2𝑥5 )4𝑥    
iii. lim𝑥→𝑎  tan  (𝑥−𝑎)3(𝑥−𝑎)   

 

33. Find the values of following. 

i. lim𝑥→0  sin(𝑥2−5𝑥) 𝑥  

ii. lim𝑥→0  sin 4𝑥  sin −2𝑥𝑥2   

iii. lim𝑥→0  (tan 4𝑥tan 9𝑥) 

 

34. Find the values of following.  

i. lim𝑥→0  (𝑥−𝑠𝑖𝑛𝑥𝑥 )  

ii. lim𝑥→𝜋  1+cos 𝑥sin2 𝑥   

iii. lim𝑥→𝜋2  𝑐𝑜𝑠𝑒𝑐𝑥−12𝑐𝑜𝑡2𝑥   

 

35. Find the values of following. 

i. lim𝑥→0  cos 5𝑥−cos 7𝑥𝑥 sin 𝑥   

ii. lim𝑥→4  𝑠𝑒𝑐2𝑥−2tan 𝑥−1   

iii. lim𝑥→𝜋4  sin 𝑥− cos 𝑥(𝑥−𝜋4)   

 

36. Find the values of following. 

i. lim𝑥→1  sin 𝜋𝑥𝑥−1   

ii. lim𝑥→1  1+cos 𝜋𝑥(1−𝑥)2   

iii. lim𝑥→1  1−𝑥2sin 𝜋𝑥  
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37. Find the values of following. 

i. lim𝑥→𝛼  𝑠𝑖𝑛𝑥−sin 𝛼𝑥−𝛼   

ii. lim𝑥→𝜋2  cos 𝑥𝑥−𝜋2   

iii. lim𝑥→𝜋  1+cos 𝑥𝑡𝑎𝑛2𝑥  

 

38. Find the values of following. 

i. lim𝑥→𝜋2  1−sin 𝑥(𝜋−2𝑥)2  

ii. lim𝑥→𝜋3  √3−tan 𝑥𝜋−3𝑥   

iii. lim𝑥→𝛼 cos 𝑥−cos 𝛼𝑥−𝛼  

 

39. Find the values of following.  

i. lim𝑥→0  2(tan 𝑥−sin 𝑥)𝑥3   

ii. lim𝑥→0  tan 2𝑥−sin 2𝑥4𝑥3   

 

40. Find the values of following. 

i. lim𝑥→𝜋4  √2−cos 𝑥−sin 𝑥(4𝑥−𝜋)2   

ii. lim𝑥→0  sin 𝑥(1−cos 𝑥)𝑥3  cos 𝑥   

iii. lim𝑥→0  cos 𝑝𝑥−cos 𝑞𝑥cos 𝑚𝑥−cos 𝑛𝑥  

 

41. Find the values of following.  

i. lim𝑥→0  𝑒𝑎+𝑥−𝑒𝑎𝑥   

ii. lim𝑥→0  5𝑥−1sin 𝑥   

iii. lim𝑥→0  𝑝𝑥−𝑞𝑥sin 𝑥   

 

42. Find the values of following. 

i. lim𝑥→5  log𝑒 𝑥−log𝑒 5𝑥−5   

ii. lim𝑥→0  log𝑒 𝑥 |1+7𝑥|𝑥   

 

43. Find the values of following. 

i. lim𝑥→0  5𝑥−3𝑥4𝑥−1   

ii. lim𝑥→0  (7𝑥−3𝑥)𝑥cos 7𝑥−cos 3𝑥 

iii. lim𝑥→0  (3sin 𝑥−1)2𝑥 log𝑒|1+𝑥| 
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44. Find the values of following. 

i. limits of 
𝑥3−1𝑥2−1 and 

√𝑥−1𝑥−1  when 𝑥 → 1. 

ii. limits of 
1−cos 𝑥𝑥2  and 

(sin 𝑥+sin 5𝑥)sin 2𝑥  when 𝑥 → 0. 

iii. lim𝑥→1  1−√𝑥−6𝑥−7  . 

 

45.  

i. Prove that 
sin 𝜃𝜃 → 1 when 𝜃 → 0. In here, 𝜃 is in radians. 

ii. Prove geometrically that 𝑠𝑖𝑛𝜃 < 𝜃 < tan 𝜃 when 0 < 𝜃 < 𝜋2. By 

that show 
sin 𝜃𝜃 → 1 when 𝜃 → 0.Deduce 

tan 𝜃𝜃 → 1 when 𝜃 → 0. 

iii. Find the value of lim𝑥→1  √4+𝑥−√6−𝑥𝑥2−1 . 

 

46.  

i. If n is a positive integer, then prove that lim𝑥→𝑎  𝑥𝑛−𝑎𝑛𝑥−𝑎 = 𝑛𝑎𝑛−1. 

ii. Prove by geometrical methods that 𝑠𝑖𝑛𝑥 < 𝑥 < tan 𝑥 when 0 <𝑥 < 𝜋2.By this means show that 
sin 𝑥𝑥 → 1 when 𝑥 → 0 across the 

positive values. Find lim𝑥→0  1−cos 3𝑥𝑥2 . 

iii. Find the value of lim𝑥→𝜋2  sec 𝑥−tan 𝑥𝜋−2𝑥 . 

 

47.  

i. Prove by geometrical methods that 𝑠𝑖𝑛 𝑥 < 𝑥 < tan 𝑥 when 0 <𝑥 < 𝜋2. Deduce the limits of 
𝑠𝑖𝑛𝑥𝑥  when the value of x approaches 

zero across its positive values. 

Find the values of 

a) lim𝑥→0  sin 5𝑥+𝑡𝑎𝑛 7𝑥6𝑥 . 

b) lim𝑥→0  1+𝑥−cos 𝑥sin 𝑥 . 

 

ii. Find the value of  lim𝑥→0  √1+𝑠𝑖𝑛𝑥−√1−𝑠𝑖𝑛𝑥3𝑥  . 
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48.  

i. When n is a positive integer, show that lim𝑥→𝑎  𝑥𝑛−𝑎𝑛𝑥−𝑎 = 𝑛𝑎𝑛−1. 

Deduce that the same is true when n is negative too. 

ii. Show that lim𝑥→0  𝑒sin−12 𝑥−𝑥−1𝑥 . 

iii. Show that lim𝑥→0  𝑒𝑠𝑖𝑛−12𝑥−𝑥−1𝑥  = 0. 

iv. Show that lim𝑥→𝜋4  1−𝑡𝑎𝑛𝑥4𝑥−𝜋 = −12 . 

 

49.  

i. Evaluate. 

a) lim𝑥→0  𝑥+𝑠𝑖𝑛3𝑥𝑥−𝑠𝑖𝑛3𝑥. b)      lim𝑥→𝜋4 (1 − 𝑡𝑎𝑛𝑥) sec 𝑥.

 

ii. Show that lim𝑡→1 (𝜋 − 𝜋𝑡) tan 𝜋𝑡2 = 2. 

iii. Show that lim𝑥→0  √2+2𝑥−√2−2𝑥sin−1 𝑥 = √2. 

 

50. Find the values of,  

i. lim𝑥→5  √𝑥−1−2𝑥2−25 . ii. lim𝑥→0  sin 2𝑥−𝑥tan 3𝑥−2𝑥. 

iii. lim𝑥→0  43𝑥−5𝑥sin 3𝑥 . iv. lim𝑥→0  𝑥 |2−2√1−𝑥2|√1−𝑥2 (sin−1 𝑥)3 = 1.
 

51.  

i. Find the value of lim𝑥→0  √4+𝑥2−2𝑥2 . 

ii. Find the value of lim𝑥→7  log𝑒 𝑥−log𝑒 7𝑥−7 . 

iii. Prove that lim𝜃→𝜋4  3𝑠𝑖𝑛𝜃−3 cos 𝜃tan 𝜃−𝑐𝑜𝑡𝜃 = 3√22 . 

 

52.  

i. Evaluate  lim𝑥→𝑎  √5+𝑥2−√5√20+𝑠𝑖𝑛2𝑥 −√20 . 

ii. If 𝑓(𝑥) = { 11998    𝑥 ≠ 1𝑥 = 1, then does lim𝑥→1 𝑓(𝑥) exist? Justify your 

answer. 
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iii. Show that lim𝑥→𝜋6  3√3 sin 𝑥−3 cos 𝑥 𝑥−𝜋6 =  6. 

 

53.  

i. Find the value of lim𝑥→0  1−cos2(2 sin 𝑥)1−cos 2𝑥 . 

ii. Find the value of  lim𝑥→𝜋3  2−cos 𝑥−√3 sin 𝑥(3𝑥−𝜋)2 . 

iii. Show that lim𝑥→0  𝑒𝑥−𝑒sin 𝑥3(𝑥−sin 𝑥) = 13 . 

 

54.  

i. Evaluate lim𝑥→√2  𝑥4−4𝑥2+3√2𝑥−8 

ii. Show that lim𝑥→0  3𝑥−1√1+𝑥−1 = 2 log 3. 

iii. Find the value of lim𝑥→𝜋3  (sin 𝑥−√3 cos 𝑥𝑥 − 𝜋3 ). 

 

55.  

i. Show that lim𝑥→∞  4√𝑥2+− √𝑥2+1334√𝑥4+1− √𝑥3+14 = 43. 

ii. Show that lim𝑥→∞  tan 2𝑥−sin 2𝑥4𝑥3 = 1 . 
iii. Show that lim𝑥→∞  √1+2𝑥−√1−2𝑥sin−1 𝑥 = 2. 

 

56.  

i. Show that lim𝑥→∞ √𝑝2𝑥2 + 𝑝𝑥 + 4 − √𝑝2𝑥2 + 4 = 12. 

ii. Show that lim𝑥→1  √2𝜋−√2 cos−1 𝑥√𝑥+1 =  1√𝜋. 

iii. Show that lim𝑥→∞ √4𝑥−𝑠𝑖𝑛𝑥𝑥+cos2 𝑥 = 2. 

 

57.  

i. Show that lim𝑥→0 4 sin 𝑥−2 sin 2𝑥𝑥3 , 𝑥 ≠ 0 = 2. 

ii. Show that lim𝑥→𝛼  2−2 cos(𝑝𝑥2+𝑞𝑥+𝑟)(𝑥−𝛼)2 = 𝑝2(𝛼 − 𝛽)2 Where 𝛼, 𝛽 are 

roots of 𝑝𝑥2 + 𝑞𝑥 + 𝑟 = 0 
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58.  

i. Find the value of lim𝑥→0  𝑒𝑥−(1+𝑥)𝑥2 . 

ii. Find the value of  limx→2  √1+√2+x−√5x−14  . 

iii. Find the value of  lim𝑥→0  2𝑥𝑥−𝑥1−cos 𝑥. 

 

59.  

i. Find the value of lim𝑥→1  1−cos 2(𝑥−1)(𝑥−1)2 . 

ii. Find the value of lim𝑥→5  𝑥−5log4(𝑥−4). 
iii. Find the value of lim𝑥→0  𝑒tan 𝑥−𝑒𝑥tan 𝑥−𝑥 . 

 

60.  

i. Show that lim𝑥→0  𝑎𝑥−1√𝑎+𝑥0 −√𝑎 = 2√𝑎 log𝑒 𝑎. Deduce the value of lim𝑥→0  5𝑥+1√5+𝑥−√5. 

ii. Show that lim𝑥→1  𝑥3+𝑥2−2sin(𝑥−1) = 5 

iii. Show that lim𝑥→∞(√𝑥2 + 𝑎𝑥 + 𝑎2 − √𝑥2 + 𝑎2) = 𝑎2 

 

61. Find lim𝑥→1 
𝑥3−𝑥2+𝑥−1𝑥2−1  . 

62. Find lim𝑥→2 ( 𝑥2−3𝑥+2𝑥2−7𝑥+10). 

63. Find lim𝑥→0 
√2−𝑥−√2𝑥 . 

64. Find lim𝑥→0 
1+2𝑥−cos 𝑥sin 𝑥  . 

65. Find lim𝑥→0 
(1+𝑥)2/3−1𝑥  . 

66. Find lim𝜃→0 
sin 3𝜃4𝜃  . 

67. Find lim𝑥→0 
𝑠𝑖𝑛3𝑥+𝑠𝑖𝑛2𝑥4𝑥  . 

68. Find lim𝑥→0 
1−cos 4𝑥−2𝑥 sin 𝑥𝑥2  . 

69. Find lim𝜃→0 
tan 7𝜃+𝑡𝑎𝑛5𝜃𝑡𝑎𝑛3𝜃  . 

70. Find lim𝑥→0 
1+2𝑠𝑖𝑛2𝑥−cos(2 𝑠𝑖𝑛𝑥)𝑥2  . 
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71. Find lim𝜃→𝜋4 (1−𝑠𝑖𝑛2𝜃1−𝑡𝑎𝑛𝜃 ) . 

72. Find lim𝑥→∞ (𝑥3 − 𝑥) . 

73. Find lim𝑥→∞ (𝑥3 + 2𝑥2 + 4) . 

74. Find lim𝑥→∞ (3𝑥4 + 𝑥2 − 2𝑥 + 5) . 

75. Find lim𝑥→∞ (3𝑥3−4𝑥2+5𝑥−3𝑥2−3𝑥+2 ). 

76. Find lim𝑥→∞ 
2𝑥2−𝑥+54𝑥2+5𝑥+6 . 

77. Find lim𝑥→∞ (4𝑥3−5𝑥2−4𝑥+12𝑥4−3𝑥2+𝑥+7 ) . 

78. Find lim𝑥→∞ (2𝑥3−3𝑥2−4𝑥+33𝑥2+𝑥+2 ) . 

79. Find lim𝑥→∞ ( √2−3𝑥+9𝑥3√4𝑥2+1 √𝑥+1) . 

80. Find lim𝑥→∞ (√𝑥 + 1 − √𝑥) . 

 

81. Evaluate the following. 

i. lim𝑥→∞ (2𝑥2 + √𝑥) ii. lim𝑥→∞ (𝑥 + 4𝑥3) 

iii. lim𝑥→∞ (√𝑥2 + 2𝑥) iv. lim𝑥→∞ (1+√𝑥1−√𝑥) 

v. lim𝑥→∞ (2 − 𝑥−3) vi. lim𝑥→∞ (2𝑥2/3 − √𝑥) 

vii. lim𝑥→∞ 
13𝑥2/3+√𝑥 viii. lim𝑥→∞ ( 2𝑥2 − 1𝑥4) 

ix. lim𝑥→∞ 
2/𝑥2+3/𝑥+41/𝑥2−2/𝑥  x. lim𝑥→∞ 

𝑥4+2𝑥2𝑥−12𝑥2−4𝑥3  

 

82. Evaluate the following. 

i. lim𝑥→∞ 
𝑥2+1𝑥3  ii. lim𝑥→∞ (𝑥4 − 4𝑥3 + 2𝑥2 − 1) 

iii. lim𝑥→∞ 
2−3𝑥−𝑥21+𝑥2  iv. lim𝑥→∞ (1+𝑥1−𝑥) 

v. lim𝑥→∞ 
2𝑥3−7𝑥2+𝑥−32−3𝑥2  vi. lim𝑥→∞ 

3𝑥1/2−𝑥3𝑥2  

vii. lim𝑥→∞ 
𝑥2/3−3𝑥1/33𝑥2/3+√𝑥  viii. lim𝑥→∞ (4𝑥3 − 2𝑥2 + 5𝑥 − 3) 

ix. lim𝑥→∞ 
2+𝑥+𝑥21−2𝑥  x. lim𝑥→∞ 

4𝑥3−2𝑥2+𝑥+12𝑥2−3𝑥3  

 

83. Show that lim𝑥→∞ 
(4𝑥3−2𝑥2+𝑥)1/2−(√𝑥+ √𝑥3 +1)3(2𝑥2+√𝑥)3/2−3𝑥3 = 25 . 
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84. Show that  lim𝑥→∞{(2𝑥2 − 𝑥 + 2)1/2 − (𝑥2 + 2𝑥 − 3)1/2} = ∞. 

85. Show that  lim𝑥→∞ (𝑥2 − 3𝑥 + 2)1/2 − (𝑥2 + 4𝑥 − 3)1/2 = −7. 

86. Show that lim𝑥→∞ 
12𝑥 𝑐𝑜𝑡 ( 𝜋2𝑥) = 1𝜋 . 

87. Show that lim𝑥→∞ (2𝑥 + 23𝑥)1/𝑥 = 8. 

88. Evaluate the following. 

i. lim𝑥→∞ 
(3𝑥2+𝑥)2/3(√𝑥+3𝑥3)1/2(𝑥2+4𝑥)5/2  ii. lim𝑥→∞ ( 2𝑥+3√4𝑥2−3𝑥) 

iii. lim𝑥→∞ (3𝑥 − √3𝑥2 + 2) iv. lim𝑥→∞ 
2√𝑥+5𝑥√𝑥2+3𝑥 

v. lim𝑥→∞ (𝑥2 + 2)1/2 − (𝑥2 + 3)1/2 vi. lim𝑥→∞ ( 22𝑥2𝑥+3𝑥) 

vii. lim𝑥→∞ cos−1 ( 𝑥𝑥2+5 + 12) viii. lim𝑥→∞ (32𝑥 + 33𝑥)1/𝑥 

ix. lim𝑥→∞ (𝑥 𝑡𝑎𝑛(𝜋/𝑥) − 𝑥𝑠𝑖𝑛2(𝜋/𝑥))  

 

89. Show that lim𝑥→∞ 
(4𝑥30−2𝑥20+2)1/2(𝑥24+1)1/3(9𝑥46+𝑥34+4)1/2−𝑥12 = 23 . 

 

90. Show that lim𝑥→0+ 
𝑙𝑜𝑔𝑎𝑥𝑥 = −∞  using the substitution  𝑦 = 𝑎−𝑥 when 𝑎 > 0. 

 

91. Show that lim𝑥→∞ (3𝑥2 + 3𝑥 + 2)1/2 − (3𝑥2 + 5𝑥 − 3)1/2 = −2. 

 

92. Find the limit (left or right limit) as shown below. 

i. lim𝑥→1+ ( 1𝑥−1) ii. lim𝑥→1− ( 1𝑥−1) 

iii. lim𝑥→−1+ ( 𝑥2𝑥+1) iv. lim𝑥→−1− ( 𝑥2𝑥+1) 

v. lim𝑥→2− ( 2𝑥(𝑥−2)(𝑥2−1)) vi. lim𝑥→2+ ( 2𝑥(𝑥−2)(𝑥2−1)) 

vii. lim𝑥→3+ ( 2−𝑥(𝑥−3)2) viii. lim𝑥→3− 
2−𝑥(𝑥−3)2 

ix. lim𝑥→0+ (𝑥2−3𝑥+1𝑥3 ) x. lim𝑥→0− 
𝑥2−3𝑥+1𝑥3  

 

93. Find out whether there is a limit in the following functions and find it if there is 

limit.  

i. Limit of 𝑓(𝑥) = 2𝑥(𝑥−2)2 when  𝑥 → 2  

ii. Limit of 𝑓(𝑥) = 2−𝑥(𝑥2−1)(𝑥+1)  when  𝑥 → −1  
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iii. Limit of 𝑓(𝑥) = 2𝑥+1𝑥(𝑥−1) when  𝑥 → 0  

iv. Limit of 𝑓(𝑥) = 2𝑥2+1(1−2𝑥) when 𝑥 → 12  
v. Limit of 𝑓(𝑥) = 2𝑥2−3𝑥2(𝑥2+1) when 𝑥 → 0  

 

94. Evaluate the following. 

i. lim𝑥→∞ (𝑥2−1𝑥 ) 

ii. lim𝑥→∞ 
9−2𝑥3𝑥3−3  

iii. lim𝑥→∞ (2𝑥3 − 3𝑥2 + 𝑥 − 3) 

iv. lim𝑥→∞ 
(√𝑥+1)2(𝑥2/3−𝑥+1)(𝑥2−2𝑥)  

v. lim𝑥→∞ 
2𝑥2/3−5√𝑥+31−2√𝑥  

vi. lim𝑥→∞ (2𝑥3−3𝑥2+𝑥−12−3𝑥2 ) 

vii. lim𝑥→∞ 
(𝑥2+2𝑥)(√𝑥+3𝑥2)1/3𝑥2 (𝑥1/3+1)2   

 

95. Using the first principle differentiate 𝑦 = 3𝑥  with respect to 𝑥. 

96. Using the first principle differentiate 𝑦 = 5𝑥 + 3  with respect to 𝑥. 

97. Using the first principle to differentiate 𝑦 = 4  with respect to 𝑥. 

98. Using the first principle to differentiate 𝑦 = 7𝑥2 + 3𝑥 + 4  with respect to 𝑥. 

99. Using the first principle to differentiate 𝑦 = √𝑥  with respect to 𝑥. 

100. Using the first principle to differentiate 𝑦 = 53√𝑥  with respect to 𝑥. 

101. Using the first principle to differentiate 𝑦 = 𝑥23  with respect to 𝑥. 

102. Using the first principle and differentiate 𝑦 = 3√𝑥 + 15√𝑥  with respect to 𝑥. 

103. Using the first principle and differentiate 𝑦 = 3𝑥+45𝑥−2  with respect to 𝑥. 

104. Using the first principle and differentiate 𝑦 = 𝑠𝑖𝑛 𝑥  with respect to 𝑥. 

105. Using the first principle to differentiate 𝑦 = 𝑐𝑜𝑠 𝑥  with respect to 𝑥. 

106. Using the first principle differentiate 𝑦 = tan 𝑥  with respect to 𝑥. 

107. Using the first principle differentiate 𝑦 = cosec 𝑥  with respect to 𝑥. 

108. Using the first principle differentiate 𝑦 = sec 𝑥  with respect to 𝑥. 

109. Using the first principle differentiate 𝑦 = cot 𝑥  with respect to 𝑥. 

110. Using the first principle and differentiate 𝑦 =  √5 sin  (4𝑥)  with respect to 𝑥. 

111. Using the first principle to differentiate𝑦 =  tan √𝑥 + 3   with respect to 𝑥. 
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112. Using the first principle and differentiate 𝑦 = 𝑎 𝑠𝑖𝑛𝑥𝑥 , (𝑎 ∈ 𝑅)  with respect to 𝑥. 

113. Using the first principle to differentiate 𝑦 = 3𝑥   with respect to 𝑥. 

114. Using the first principle differentiate 𝑦 = 𝑎3𝑥+1, 𝑎 ∈ 𝑅  with respect to 𝑥. 

115. Using the first principle and differentiate 𝑦 = 𝑒𝑥   with respect to 𝑥. 

116. Using the first principle and differentiate 𝑦 = 𝑒4𝑥+3  with respect to 𝑥. 

117. Using the first principle and differentiate 𝑦 = 𝑒4 sin 𝑥+3  with respect to 𝑥. 

118. Using the first principle and differentiate 𝑦 = log𝑒 𝑥  with respect to 𝑥. 

119. Using the first principle to differentiate 𝑦 = log𝑒|3𝑥+4|𝑥   with respect to 𝑥. 

120. Differentiate 𝑥3, 𝑥6, 𝑥7  with respect to 𝑥. 

121. Differentiate 𝑥−3, 𝑥−5, 𝑥−7  with respect to 𝑥. 

122. Differentiate 𝑥−72 , 𝑥−35 , 𝑥−43   with respect to 𝑥. 

123. Differentiate√𝑥, √𝑥23
  with respect to 𝑥. 

124. Differentiate 4𝑥5, 3𝑥53,   with respect to 𝑥. 

125. Differentiate 𝑦 = 4𝑥3 + 3𝑥2 + 2𝑥 + 4  with respect to 𝑥. 

126. Differentiate 4𝑥2 − 3𝑥  with respect to 𝑥.  

127. Differentiate 𝑦 = (4𝑥 + 1)2 with respect to 𝑥. The external power of the 

function is 2. First differentiate the power of the function. 

128. Differentiate 𝑦 = (5𝑥2 + 3𝑥 + 1)3 with respect to 𝑥. The external power of 

the function 𝑦 = (5𝑥2 + 3𝑥 + 1)3 is 3. First differentiate the power of the 

function. 

129. Differentiate 𝑦 = sin(4𝑥 + 1) with respect to 𝑥. 

130. Differentiate 𝑦 = cos(5𝑥 − 3), with respect to 𝑥. 

131. Differentiate 𝑦 = tan(7𝑥 − 3), with respect to 𝑥. 

132. Differentiate y = sin4(3𝑥 + 1)2 with respect to 𝑥. 

133. Differentiate the function cos5(2𝑥 − 1)3 with respect to 𝑥. 

134. Differentiate 𝑦 = tan4(4𝑥 − 1)3, with respect to 𝑥. 

135. Differentiate the function 𝑐𝑜𝑠𝑒𝑐 (3𝑥 + 1) with respect to 𝑥. 

136. Differentiate the function sec (5𝑥 − 3) with respect to 𝑥. 

137. Differentiate the function 7√3 cot(5𝑥 − 6) with respect to 𝑥. 

138. Differentiate 𝑦 = 3 𝑐𝑜𝑠𝑒𝑐4(2𝑥 − 1)5 with respect to 𝑥. 

139. Differentiate 5√5 𝑠𝑒𝑐3(4𝑥 − 1)2 with respect to 𝑥. 

140. Differentiate √𝑐𝑜𝑡(4𝑥 − 7)3,4
  with respect to 𝑥. 

141. Differentiate the function  43𝑥−5 with respect to 𝑥. 

142. Differentiate the function 𝑒7𝑥2+3𝑥+1, with respect to 𝑥. 

143. Differentiate the function 74𝑥2+5𝑥+1 with respect to 𝑥. 

144. Differentiate the function log𝑒|4𝑥 + 3|,  with respect to 𝑥. 
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145. Differentiate the function log𝑒(3𝑥 + 5)4, with respect to 𝑥. 

146. Differentiate the function 𝑥2(3𝑥 + 1) with respect to 𝑥. 

147. Differentiate the function (3𝑥 + 5)(4𝑥 + 7) with respect to 𝑥. 

148. Differentiate (5𝑥 + 1)2(3𝑥 + 2)3 with respect to 𝑥. 

149. Differentiate, (𝑥2 + 3𝑥 + 1) cos 2𝑥 with respect to 𝑥. 

150. Differentiate 𝑒3𝑥+1(4𝑥 + 1)2 with respect to 𝑥. 

151. Differentiate (√3𝑥 + 1) tan(3𝑥 + 1) with respect to 𝑥. 

152. Differentiate(2𝑥 + 1)2(3𝑥 + 1)3(4𝑥 + 1)4 with respect to 𝑥. 

153. Differentiate 7sin 2𝑥 cos 2𝑥 with respect to 𝑥. 

154. Differentiate 
4𝑥+15𝑥+3  with respect to 𝑥. 

155. Differentiate 
(3𝑥−2)3(2𝑥+1)2  with respect to 𝑥. 

156. Differentiate  
𝑒2𝑥−1𝑒2𝑥+1  with respect to 𝑥. 

157. Differentiate√1−sin 2𝑥1+𝑠𝑖𝑛2𝑥  with respect to 𝑥. 

158. Differentiate log |√𝑥2+1−1√𝑥2+1+1| with respect to 𝑥. 

159. Differentiate log𝑒 |𝑒4𝑥√𝑥−5𝑥+4| with respect to 𝑥. 

160. Differentiate√1+2𝑥1−2𝑥 with respect to 𝑥. 

161. Differentiate log𝑒 √5−cos 𝑥5+cos 𝑥  with respect to 𝑥. 

162. Differentiate 𝑦 = sin−1 (𝑥𝑎)  with respect to 𝑥. 

163. Differentiate sin−1(2𝑥√1 − 𝑥2) with respect to 𝑥. 

164. Differentiate 𝑦 = sin−1 (𝑎 cos 𝑥+𝑏 sin 𝑥√𝑎2+𝑏2 ) with respect to 𝑥. 

165. Differentiate 𝑦 = sin−1 2𝑥1+𝑥2 with respect to 𝑥. 

166. Differentiate 𝑦 = cos−1 (1−𝑥21+𝑥2) with respect to 𝑥. 

167. Differentiate 𝑦 = cos−1(2𝑥2 − 1) with respect to 𝑥. 

168. Differentiate 𝑦 = tan−1 (𝑥𝑎) with respect to 𝑥. 

169. Differentiate 𝑦 = tan−1 ( 𝑥1+12𝑥2) with respect to 𝑥. 

170. Differentiate tan−1 (√𝑥+√𝑎1−√𝑥𝑎) with respect to 𝑥. 

171. Differentiate 𝑦 = tan−1 (cos 𝑥−sin 𝑥cos 𝑥+sin 𝑥) with respect to 𝑥. 

172. Differentiate 𝑦 = 𝑐𝑜𝑠𝑒𝑐−1 ( 1√1−𝑥2) with respect to 𝑥. 
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173. Differentiate 𝑦 = sec−1 [ 1(1−2𝑥2)] with respect to𝑥. 

174. Differentiate 𝑦 = cot−1 √𝑥 with respect to𝑥. 

175. Differentiate 𝑦 = cot−1 (1−𝑥22𝑥 ) with respect to 𝑥. 

176. Differentiate 𝑦 = 2𝑥2 + 1. 

177. Differentiate 𝑦 = 𝑥7. 

178. Differentiate 𝑦 = 4𝑥3 − 3𝑥2 + 5. 

179. Differentiate 𝑦 = √𝑥2 + 2𝑥 − 1. 

180. Differentiate 𝑦 = 𝑠𝑖𝑛3√𝑥2 + 2. 

181. Differentiate 𝑦 = (𝑥2 + 1)(2 + 3𝑥2). 

182. Differentiate 𝑦 = 𝑠𝑖𝑛 𝑥 𝑡𝑎𝑛 𝑥. 

183. Differentiate 𝑦 = √𝑥2 + 1 × √2𝑥2 + 1. 

184. Differentiate 𝑦 =  𝑥2+13+2𝑥2 . 

185. Differentiate 𝑦 =  1+𝑥+𝑥22−𝑥+𝑥2 . 

186. Differentiate using first principles 𝑦 = 𝑠𝑖𝑛1/3 𝑥. 

187. Differentiate using first principles 𝑦 = |𝑥2 − 1|. 
188. Differentiate the following. 

i. 𝑦 = (𝑥2 + 𝑥 + 1)1/2  

ii. 𝑦 =  𝑥2 𝑠𝑖𝑛√𝑥 + 1  

iii. 𝑦 = (𝑠𝑒𝑐𝑥 + tan 𝑥)1/2  

iv. 𝑦 =  sin 3𝑥𝑐𝑜𝑠 𝑥  

v. 𝑦 = 𝑠𝑖𝑛3(3𝑥 + 1) 

189. Differentiate the following with respect to x. 

i. 𝑦 = 𝑥2 + 3𝑥 ii. 𝑦 = (𝑥 + 1)2 

iii. 𝑦 = 3𝑥2 − 4𝑥 + 1 iv. 𝑦 =  13𝑥2 

v. 𝑦 = 𝑥4 − 3𝑥3 + 2𝑥2 + 6 vi. 𝑦 = 𝑥−3 + 𝑥 + 4 

vii. 𝑦 = 5𝑥2 + 1𝑥 viii. 𝑦 = (2𝑥3 + 4𝑥2 − 3𝑥 + 1) 

ix. 𝑦 = 𝑥−1 + 3𝑥 x. 𝑦 = 4𝑥−1 + 2𝑥−4 

xi. 𝑦 = √𝑥(2 − 𝑥 − 𝑥2) xii. 𝑦 = 4𝑥3−3𝑥2+𝑥√𝑥  

xiii. 𝑦 = (4𝑥3 − 1)(𝑥2 − 1) xiv. 𝑦 = (2 + 𝑥)(1 − 𝑥2) 

xv. 𝑦 = (4𝑥3 − 1)(𝑥 − 1) xvi. 𝑦 = 23𝑥2 + 52𝑥 + 3 

xvii. 𝑦 = 𝑥13−3𝑥12 + 2𝑥25 + 6 xviii. 𝑦 = (𝑥−3 + 𝑥1/2)(1 + √𝑥 +) 
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190. Differentiate the following with respect to x. 

i. 𝑦 = 𝑠𝑖𝑛𝑥 + 2 cos 𝑥 ii. 𝑦 = 𝑠𝑒𝑐𝑥 + 4𝑡𝑎𝑛𝑥 

iii. 𝑦 = 3𝑥 + sin 𝑥 iv. 𝑦 = 5𝑐𝑜𝑠𝑒𝑐𝑥 − 3𝑐𝑜𝑡𝑥 

v. 𝑦 = 𝑠𝑖𝑛𝑥 + 2𝑐𝑜𝑡𝑥 vi. 𝑦 = 𝑠𝑖𝑛𝑥 + 4 𝑐𝑜𝑠𝑒𝑐𝑥 

vii. 𝑦 = 3𝑡𝑎𝑛𝑥 + 𝑠𝑒𝑐𝑥 viii. 𝑦 = 5𝑠𝑒𝑐𝑥 − 3𝑡𝑎𝑛𝑥 

191. Differentiate the following with respect to x using first principles.  

i. 𝑦 = 𝑥2 + 2𝑥 ii. 𝑦 = 1𝑥 

iii. 𝑦 = 𝑥2(2 − 𝑥) iv. 𝑦 = 11+𝑥 

v. 𝑦 = sin 𝑥 vi. 𝑦 = 𝑠𝑖𝑛 (𝑥2) 

vii. 𝑦 = cos 𝑥 viii. 𝑦 = 𝑡𝑎𝑛𝑥 

192. Differentiate the following with respect to x. 

i. 𝑦 = 9 + 8𝑥 − 7𝑥2 + 6𝑥3 − 5𝑥4 + 4𝑥5 

ii. 𝑦 = 7 + 5𝑥 − 4𝑥2 + 3𝑥3 − 23𝑥4  

iii. 𝑦 = 𝑥2/3(2 − 𝑥 + 𝑥1/3) 

iv. 𝑦 = 2 + 1𝑥1/2 − 4𝑥1/3 + 34𝑥1/4 − 53𝑥1/5 

v. 𝑦 = 1𝑐𝑜𝑡−1𝑥 + 2 tan−1 𝑥 

vi. 𝑦 = 1𝐼𝑛 𝑥 + 2tan−1 𝑥 

193. Find  
𝑑𝑦𝑑𝑢  and  

𝑑𝑢𝑑𝑥 by substituting 𝑢 = 𝑥2 + 3𝑥 for the equation 𝑦 =(𝑥2 + 3𝑥)6.  

Hence differentiate  𝑦 = (𝑥2 + 3𝑥)6 by using the equation  
𝑑𝑦𝑑𝑥 = 𝑑𝑦𝑑𝑢 × 𝑑𝑢𝑑𝑥 .  

194. Differentiate the following with respect to x. 

i. 𝑦 = (𝑥2 + 2)4 ii. 𝑦 = (𝑥 + 1)5 

iii. 𝑦 = (4𝑥2 + 2𝑥 + 1)3/2 iv. 𝑦 = 1(3𝑥2+2)3 

v. 𝑦 = 23+𝑥 vi. 𝑦 = (𝑥−3 + 𝑥)−5 

vii. 𝑦 = (5𝑥2 + 2)1/3 viii. 𝑦 = (𝑥3 + 4𝑥)3 

ix. 𝑦 = √𝑥−1 + 3𝑥 x. 𝑦 = 4𝑥2 + (2𝑥 + 1)−4 

195. Differentiate the following with respect to x using first principles. 

i. 𝑦 = sin 𝑥 ii. 𝑦 = cos 𝑥 

iii. 𝑦 = 𝑠𝑒𝑐𝑥 iv. 𝑦 = 𝑡𝑎𝑛𝑥 

v. 𝑦 = 𝑠𝑖𝑛2𝑥 vi. 𝑦 = cosec (𝑥3) 

vii. 𝑦 = cos 2𝑥𝑥  viii. 𝑦 = sin √𝑥 

ix. 𝑦 = cos(1/𝑥) x. 𝑦 = 𝑥 𝑠𝑖𝑛2𝑥 
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196. Find  
𝑑𝑦𝑑𝑢  and  

𝑑𝑢𝑑𝑥 by substituting 𝑢 = 𝜋 − 𝜋𝑡2  for the equation  𝑦 = 𝑠𝑖𝑛(𝜋 − 𝜋𝑡2).    

Hence differentiate  𝑦 = 𝑠𝑖𝑛(𝜋 − 𝜋𝑡2) by using the equation  
𝑑𝑦𝑑𝑥 = 𝑑𝑦𝑑𝑢 × 𝑑𝑢𝑑𝑥  

197.  Differentiate the following with respect to x. 

i. 𝑦 = 𝑠𝑖𝑛4𝑥 ii. 𝑦 = cos(2 − 3𝑥) 

iii. 𝑦 = sin(𝑥3) iv. 𝑦 = tan(𝜋/8 − 3𝑥) 

v. 𝑦 = 𝑡𝑎𝑛4𝑥 vi. 𝑦 = 𝑠𝑒𝑐(2 − 3𝑥) 

vii. 𝑦 = 𝑐𝑜𝑡(3𝑥/5) viii. 𝑦 = 𝑠𝑒𝑐(𝑎 + 2𝑥) 

ix. 𝑦 = 𝑐𝑜𝑠𝑒𝑐(𝑥/2) x. 𝑦 = sin(2𝑥2 + 𝑥) 

198. Show that  
𝑑𝑦𝑑𝑥 = 𝑛𝑣𝑛−1 × 𝑑𝑣𝑑𝑥  if 𝑣 is a function of 𝑥 and 𝑦 = 𝑣𝑛. Hence 

differentiate the following with respect to 𝑥 by using the substitution 𝑣 = 𝑡𝑎𝑛𝑥.  

i. 𝑦 = 𝑡𝑎𝑛3𝑥 ii. 𝑦 = √tan 𝑥 

iii. 𝑦 = tan2/3 𝑥 iv. 𝑦 = 1𝑡𝑎𝑛3𝑥 

199. Differentiate the following with respect to 𝑥. 

i. 𝑦 = 𝑠𝑖𝑛4𝑥 ii. 𝑦 = cos1/3 𝑥 

iii. 𝑦 = 𝑠𝑖𝑛6𝑥 iv. 𝑦 = tan4 𝑥 

v. 𝑦 = 𝑠𝑒𝑐7𝑥 vi. 𝑦 = 𝑐𝑜𝑠𝑒𝑐5𝑥 

vii. 𝑦 = √𝑐𝑜𝑡𝑥 viii. 𝑦 = (1 + 𝑠𝑖𝑛𝑥)5 

ix. 𝑦 = 32+𝑡𝑎𝑛𝑥 x. 𝑦 = (𝑠𝑖𝑛𝑥 + cos 𝑥)2/3 

200. Find 
𝑑𝑦𝑑𝑢 , 𝑑𝑢𝑑𝑣 , 𝑑𝑣𝑑𝑤 and 

𝑑𝑤𝑑𝑥   for 𝑦 = 𝑢3, 𝑢 = 𝑢 𝑠𝑖𝑛𝑣, 𝑣 = 𝑤1/2, and = 1 − cos 𝑥 . 

Hence differentiate 𝑦 = 𝑠𝑖𝑛3√1 − cos 𝑥 using the chain rule equation 𝑑𝑦𝑑𝑥 = 𝑑𝑦𝑑𝑢 × 𝑑𝑢𝑑𝑣 × 𝑑𝑣𝑑𝑤 × 𝑑𝑤𝑑𝑥  . 

201. Differentiate the following with respect to x using first principles. 

i. 𝑦 = √𝑥,  ii. 𝑦 = sin1/2 𝑥 

202. Show that 
𝑑𝑑𝑥 {𝑓(𝑥) × 𝑔(𝑥)} = 𝑓′(𝑥) × 𝑔(𝑥) + 𝑓(𝑥) × 𝑔′(𝑥) Where 𝑓′(𝑥) = 𝑑𝑑𝑥 {𝑓(𝑥)} and 𝑔′(𝑥) = 𝑑𝑑𝑥 {𝑔(𝑥)}. 

 

203. Differentiate the following with respect to 𝑥. 

i. 𝑦 = (2 + 𝑥)(4 + 𝑥2) ii. 𝑦 = √𝑥 × √2 + 𝑥2 

iii. 𝑦 = (1 + 2𝑥2)(1 + 2𝑥) iv. 𝑦 = (2 − cos 𝑥) sin 2𝑥 

v. 𝑦 = sin 𝑥 × (1 + cos 2𝑥) vi. 𝑦 = (2 sin 𝑥 + cos 𝑥)(2 + sin 2𝑥) 

vii. 𝑦 = (3𝑥2 + 2)(𝑥−1 + 𝑥) viii. 𝑦 = (𝑥2 + 1)(2 + cos 𝑥) 
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204. Differentiate the following with respect to 𝑥. 

i. 𝑦 = (2 + 𝑥2)(4 − 5𝑥2) ii. 𝑦 = 𝑥2√2 + 𝑥2 

iii. 𝑦 = (3 + 2𝑥2)(1 + 𝑥) iv. 𝑦 = (3 − 𝑥)(1 + 𝑥2) 

v. 𝑦 = sin 𝑥 vi. 𝑦 = (𝑥2 + 1) sin 2𝑥 

vii. 𝑦 = (3𝑥2 + 2)(1 + sin 𝑥) viii. 𝑦 = 𝑥2 cos 𝑥 

ix. 𝑦 = (2 + sin 𝑥)(3 + cos2 𝑥) x. 𝑦 = 4𝑥3(2 + 𝑡𝑎𝑛𝑥) 

xi. 𝑦 = (2 𝑡𝑎𝑛𝑥 − 1) sec 𝑥 xii. 𝑦 = 1sin 𝑥 cos 𝑥 

xiii. 𝑦 = (𝑠𝑒𝑐𝑥 − 1)(2 + 𝑐𝑜𝑡𝑥) xiv. 𝑦 = 𝑥2𝑠𝑒𝑐𝑥 + 𝑥𝑡𝑎𝑛𝑥 

xv. 𝑦 = 2 − tan2 𝑥 + 𝑡𝑎𝑛𝑥 xvi. 𝑦 = 1tan2 𝑥 − 3𝑡𝑎𝑛𝑥 

xvii. 𝑦 = 4𝑥−3 − 2𝑥−2 + 𝑥−1 xviii. 𝑦 = 2(sin 𝑥)−1 − 4(cos 𝑥)−3 

 

205. Differentiate the following with respect to 𝑥. 

i. 𝑦 = 𝑥𝑥+1 ii. 𝑦 = 2+𝑥21−𝑥2 

iii. 𝑦 = 3+2𝑥21+𝑥2  iv. 𝑦 = 4+2𝑥3−𝑥  

v. 𝑦 = 3+4 cos 𝑥sin2 𝑥  vi. 𝑦 = 1+2 𝑠𝑖𝑛𝑥cos 𝑥  

vii. 𝑦 = 1−2𝑥24𝑥2+3 viii. 𝑦 = √ 𝑥𝑥+1 

ix. 𝑦 = (2+3𝑥)2(𝑥+1)3  x. 𝑦 = 2−7𝑥24+3𝑥2 

xi. 𝑦 = (3+𝑥2)2/3√𝑥2+1  xii. 𝑦 = 𝑠𝑖𝑛𝑥𝑥2  

xiii. 𝑦 = √𝑥2+1𝑥2−1 xiv. 𝑦 = (2−3𝑥24+𝑥2 )3
 

xv. 𝑦 = (3𝑥2+2𝑥2+1 )1/2
 xvi. 

√2−𝑥2(𝑥2+5𝑥)1/3 

xvii. 𝑦 = (𝑥2+12𝑥 )−3
 xviii. 𝑦 = ( 23−𝑥)2

 

xix. 𝑦 = tan (√𝑥2+1√𝑥2−1) xx. 𝑦 = tan2(𝑥−1)(𝑥2+1)3  

xxi. 𝑦 = (𝑥2 + 1)3(2𝑥 +1)2𝑥2 
xxii. 𝑦 = (2𝑥+1)2(𝑥+1)1/2(4𝑥+1)2  

xxiii. 𝑦 = (𝑥2+2𝑥)2(3𝑥−1)3(𝑥+2)1/2  xxiv. 
√2𝑥+𝑥2(𝑥2+𝑥)2/3 

xxv. 𝑦 = (2𝑥2+12+𝑥 )3
 xxvi. 𝑦 = 1(3𝑥+1)1/2+𝑥 
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206. Differentiate the following with respect to 𝑥. 

i. 𝑦 = 2(𝑥2 + 𝑥 − 1)2 ii. 𝑦 = (2𝑥 + 1)−3 

iii. 𝑦 = sin4 𝑥 iv. 𝑦 = cos3 𝑥 

v. 𝑦 = tan3 𝑥 vi. 𝑦 = (1 + cos 𝑥)3 

vii. 𝑦 = (3𝑥2 + 𝑥 − 1)−1 
viii.   𝑦 = ( 𝑥1+𝑥)2

 

ix. 𝑦 = √1−𝑥1+𝑥 x. 𝑦 = (3+𝑥2−𝑥)−3/2
 

xi. 𝑦 = sin(𝑥2 + 2) xii. 𝑦 = tan(3𝑥2 + 2) 

xiii. 𝑦 = cos(4𝑥2 + 1) xiv. 𝑦 = 𝑐𝑜𝑡(4𝑥3 + 3) 

xv. 𝑦 = (2 + 3𝑥2)3 tan2 𝑥 xvi. 𝑦 = √1 − cos 𝑥 

xvii. 𝑦 = sin3 𝑥 cos2 𝑥 xviii. 𝑦 = sin2 𝑥cos3 𝑥 

xix. 𝑦 = sin2(3𝑥 + 1) 
xx. 𝑦 = tan √ 𝑥𝑥+1 

xxi. 𝑦 = √3 − 2 cos 𝑥 xxii. 𝑦 = sin3(𝜋𝑥 − 𝛼) 

xxiii. 𝑦 = √(cos3 𝑥 + 1)(4 + 3 sin2 𝑥) 

xxiv. 𝑦 = tan3(2𝑥2 + 3) 

xxv. 𝑦 = {𝜋𝑥(𝜋2 − 𝑥2)}2/3 

 

207. Differentiate the following with respect to 𝑥.  

i. 𝑦 = √𝑥 + 𝑥 + 1 ii. 𝑦 = 3𝑥2 + 4𝑥 − 1 

iii. 𝑦 = 2 + 𝑥−3 − 3𝑥4 
iv. 𝑦 = (𝑥 + 1𝑥)−3

 

v. 𝑦 = (5𝑥2 + 2)3 vi. 𝑦 = 4𝑥3 − 3𝑥2 + 5𝑥 + 4 

vii. 𝑦 = (2𝑥 − 3𝑥2)(5 + 6𝑥2) viii. 𝑦 = (2 − 3𝑥2)(5 + 8𝑥2) 

ix. 𝑦 = 23−𝑥2 + 5𝑥+1 x. 𝑦 = (2 − 5𝑥2)(3 + 𝑥2) 

xi. 𝑦 = (9 + 3𝑥2)(1 − 𝑥2) xii. 𝑦 = (3 + √𝑥)−3
 

xiii. 𝑦 = (2 + sin 𝑥)4 xiv. 𝑦 = (4𝑥2 + 3𝑥 + 5)7 

xv. 𝑦 = 1𝑥2+2𝑥−3 xvi. 𝑦 = 1𝑥+2 + 12−3𝑥 

xvii. 𝑦 = 1𝑥3 xviii. 𝑦 = 1𝑥3+𝑥2+𝑥+1 

xix. 𝑦 = 2𝑥 + 1(3−𝑥)2 xx. 𝑦 = 𝑥𝑥+1 + 5𝑥 

xxi. 𝑦 = 𝑥 tan 𝑥 xxii. 𝑦 = 2𝑥2 cos 𝑥 

xxiii. 𝑦 = cos 4𝑥 xxiv. 𝑦 = sin 7𝑥 

xxv. 𝑦 = tan(𝑥/3)  
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208. Differentiate the following with respect to 𝑥. 

i. 𝑦 = (𝑥2 + 1) tan2 𝑥 ii. 𝑦 = 2 sin 𝑥1+cos 𝑥 

iii. 𝑦 = 3+tan 𝑥1+cos 𝑥 iv. 𝑦 = √1 − sin 𝑥 

v. 𝑦 = 2 cos 𝑥 (1 + tan2 𝑥) vi. 𝑦 = (2 − sin2 𝑥)(1 + cos 𝑥) 

vii. 𝑦 = 1sin 𝑥 + 1tan2 𝑥 viii. 𝑦 = tan3(1 + 𝑥 + 𝑥2) 

ix. 𝑦 = √3+𝑥+𝑥2√3+2𝑥+𝑥2 x. 𝑦 = √2+7𝑥2√3+5𝑥2 

xi. 𝑦 = (4𝑥2 + 3)2/3√𝑥2 + 1 xii. 𝑦 = (5𝑥3 + 3)2/5(3 +4𝑥3)1/3 

xiii. 𝑦 = (5𝑥2 − 3)−3(2 + 𝑥2)−2 xiv. 𝑦 = √4𝑥+1𝑥 + 2𝑥√5𝑥+2 

xv. 𝑦 = (2 − 3𝑥2)2(2 − 5𝑥2)4 xvi. 𝑦 = 13 𝑥2 + 2𝑥3 + 17 

xvii. 𝑦 = (3−4𝑥2)√𝑥2+1  xviii. 𝑦 = 2+6𝑥−3𝑥34𝑥2+5  

xix. 𝑦 = (3 + 𝑥)(2𝑥2 + 3)(3 −4𝑥2) 
xx. 𝑦 = √3+𝑥(𝑥2+4𝑥)3√5+𝑥2  

 

209.  Differentiate the following with respect to 𝑥. 

i. 𝑦 = {(2 + 3𝑥2)2 +(𝑥2 − 1)3}4 
ii. 𝑦 = {2−3𝑥2𝑥 + 3}2

 

iii. 𝑦 = 3𝑠𝑒𝑐𝑥 + tan 3𝑥 iv. 𝑦 = √𝑥+1√𝑥+4 

v. 𝑦 = (3+4𝑥+𝑥23+𝑥2 )2/3
 

vi. 𝑦 = (1 + 𝑥2)3 

vii. 𝑦 = 2𝑥√1−𝑥4 viii. 𝑦 = 𝑥2√1−𝑥4 

ix. 𝑦 = 4𝑥3−3𝑥2+𝑥+52+3𝑥3  x. 𝑦 = 4 cos 𝑥 + 3 sin2 𝑥 + 5 

xi. 𝑦 = tan2 𝑥𝑠𝑒𝑐2𝑥1+tan6 𝑥  xii. 𝑦 = sin2(𝑥3)+1cos2(𝑥3)  

xiii. 𝑦 = sin 𝑎𝑥1+cos 𝑎𝑥 , 𝑎 is a constant. 

xiv. 𝑦 = sin(𝑎−𝑥)+cos(2𝑎−3𝑥)sin(𝑎+𝑥) , 𝑎 is a constant. 

xv. 𝑦 = tan (𝜋4 + 12 tan 𝑥2)  

xvi. 𝑦 = sin3(𝜋 − 𝑥) + cos3 𝑥 

xvii. 𝑦 = √𝑎−𝑥𝑥 sin 2𝑥 , 𝑎 is a constant. 

xviii. 𝑦 = √1−cos 𝑥1+cos 𝑥 
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210. Differentiate 𝑦 = 𝑒𝑥2+𝑥 

211. Differentiate 𝑦 = 𝑒5𝑥2+𝑥+1  

212. Differentiate 𝑦 = 𝑝𝑥 

213. Differentiate 𝑦 = 𝑒𝑥−𝑒−𝑥𝑒𝑥+𝑒−𝑥 

214. Differentiate 𝑦 = 𝑥2 𝐼𝑛 𝑥  

215. Differentiate 𝑦 = 𝑒𝑥 tan−1 𝑥 

216. Differentiate 𝑦 =  𝑒𝑥2𝑠𝑖𝑛−1𝑥 

217. Differentiate 𝑦 = log𝑒(cot 𝑥 + tan 𝑥)  

218. Differentiate 𝑦 = tan−1 (𝑎−𝑏 cos 𝑥𝑏+𝑎 cos 𝑥)  

219. Differentiate 𝑦 = sin−1 (𝑎 sin 𝑥  𝑏𝑏 sin 𝑥+𝑎)  

220. Differentiate 𝑦 = {𝐼𝑛|𝑥|}{cosec−1 𝑥}  where  |𝑥| ≥ 1. 

221. Differentiate 𝑦 =  𝑐𝑜𝑡−1(tan 𝑥 + 𝑐𝑜𝑠 𝑥) 

222. If 𝑦 = 𝑒−𝑥(cos 𝑥 + sin 𝑥) 

i. Show that 
𝑑2𝑦𝑑𝑥2 = 2 𝑑𝑦𝑑𝑥 +  2𝑦 = 0  

ii. Find (𝑑𝑦𝑑𝑥)𝑥=0 , (𝑑2𝑦𝑑𝑥2)𝑥=0 iy (𝑑3𝑦𝑑𝑥3)𝑥=0  

223. If  𝑥2 + 𝑦2 = 2𝑦 + 2𝑥 ,find  
𝑑𝑦𝑑𝑥 . 

224. If 𝑥4 + 𝑥2𝑦2 + 𝑦4 = 𝑥3 + 𝑥 ,find  
𝑑𝑦𝑑𝑥 . 

225. Show that 𝑦 = 𝐴𝑥 + 1𝐴 satisfies the differential equation 𝑦 𝑑𝑦𝑑𝑥 = (𝑑𝑦𝑑𝑥)2 + 1 

, where A is a constant. 

226. Show that 𝑦 = 𝑥 cos 𝑥 satisfies the differential equation 
𝑑2𝑦𝑑𝑥2 − 2𝑥 𝑑𝑦𝑑𝑥 + (𝑥2+2𝑥2 )  𝑦 = 0. 

227. Find  
𝑑𝑦𝑑𝑥 and  

𝑑2𝑦𝑑𝑥2 ,if 𝑥 = 2 − 2𝑡2 and 𝑦 = 2𝑡 + 3𝑡2. 

228. Find the equation of the tangent and perpendicular at point P to the 

parametric curve given by  𝑥 = 𝑎𝑡2 and  𝑦 = 𝑎𝑡3 where t is a parameter. 

229. Differentiate the following with respect to 𝑥. 

i. 𝑦 = 𝑥 log10 𝑥 ii. 𝑦 = (3 + 4𝑥2)𝐼𝑛 𝑥 

iii. When 𝑎 const, 𝑦 = 𝑥 log𝑎 𝑥 iv. 𝑦 = 𝑥 𝐼𝑛𝑥 

v. 𝑦 = (𝑥2 + 𝑥 + 1) 𝐼𝑛(1 + 𝑥2) vi. 𝑦 = 𝑥𝑒sin 𝑥 

vii. 𝑦 = 𝑒𝑥2−3𝑥+2 viii. 𝑦 = 𝑒(sin 𝑥+cos 𝑥) 

ix. 𝑦 = 𝑒√𝑥+1𝑥  
x. 𝑦 = 𝑒𝑥 tan 𝑥 

xi. 𝑦 = 2 + 3𝑒𝑥 + 𝑒2𝑥 xii. 𝑦 = 𝑒sin 𝑥2+𝑒𝑥 
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xiii. 𝑦 = 2(𝑥2+1) xiv. 𝑦 = (2𝑥2)3 

xv. 𝑦 = 5(3+𝑥2) xvi. 𝑦 = log10(𝑒𝑥2 + 2𝑒𝑥 + 3) 

xvii. 𝑦 = log𝑒(2 − 3𝑒𝑥 + 𝑒2𝑥) xviii. 𝑦 = sin(1+3𝐼𝑛𝑥)𝑥  

xix. 𝑦 = 𝑒√𝑥3√𝑥 xx. 𝑦 = 𝑒tan 𝑥cos2 𝑥 

xxi. 𝑦 = 2𝑥(1+𝐼𝑛2𝑥) xxii. 𝑦 = tan(𝑥𝑒𝑥) 

 

230. Differentiate the following with respect to 𝑥. 

i. 𝑦 = √1 − 𝑥2 sin−1 𝑥 ii. 𝑦 = 𝑥 cos−1 𝑥 

iii. 𝑦 = √𝑥2 − 1 sec−1 𝑥 iv. 𝑦 = √𝑥2 + 2𝐼𝑛(𝑥2 + 1) 

v. 𝑦 = cot−1(√𝑥 + 1)𝐼𝑛(1 + 𝑥2) vi. 𝑦 = (√1 − 𝑥2)𝑒sin−1 𝑥 

vii. 𝑦 = 𝐼𝑛(𝐼𝑛(𝑥)) viii. 𝑦 = sin−1 ( 𝑥√1−𝑥2) 

ix. 𝑦 = sin−1(𝑒−𝑡𝑎𝑛2𝑥) x. 𝑦 = tan(sin−1 √1 − 𝑥2) 

xi. 𝑦 = sin−1 (3+5 cos 𝑥5+3 cos 𝑥) xii. 𝑦 = 𝐼𝑛 (√3+tan 𝑥√3−𝑡𝑎𝑛𝑥) 

xiii. 𝑦 = cos(2 + 3𝐼𝑛𝑥) xiv. 𝑦 = 𝐼𝑛 (tan2 (𝑥4 + 𝑥25 )) 

xv. 𝑦 = 1sin(𝛼−𝛽)  𝐼𝑛 {sin(𝑥−𝛼)sin(𝑥−𝛽)} 

xvi. 𝑦 = 𝐼𝑛(sin(𝜋 sin 𝑥)) xvii. 𝑦 = 𝐼𝑛(sin √𝑥) 

xviii. 𝑦 = 𝐼𝑛(𝑥 + √𝑥2 − 𝑎2) xix. 𝑦 = 𝐼𝑛(𝑥 + √𝑥2 + 𝑎2) 

xx. 𝑦 = 𝑒𝑥(tan 𝑥 −𝐼𝑛(cos 𝑥)) 

xxi. 𝑦 = 10(𝑥2+1) 

xxii. 𝑦 = (2+sin 2𝑥1+cos 2𝑥) 𝑒𝑥 xxiii. 𝑦 = 𝐼𝑛 (tan 𝑥2 + sec 𝑥2) 

 

231.   Differentiate the following using first principle of differention. 

i. 𝑦 = 1𝑥 ii. 𝑦 = 2 − 𝑥2 

iii. 𝑦 = sin 𝑥2 iv. 𝑦 = cos 1𝑥 

v. 𝑦 = sin 𝑥𝑥  vi. 𝑦 = 𝑥1/3 

vii. 𝑦 = √𝑓(𝑥),   where 𝑓(𝑥) is a function of 𝑥. 

viii. 𝑦 = 𝑠𝑖𝑛1/2𝑥 ix. 𝑦 = |sin 𝑥| 
x. 𝑦 = tan 𝑥3  

xi. 𝑦 = sin 𝑓(𝑥), where 𝑓(𝑥) is a function of 𝑥. 

xii. 𝑦 = 𝐼𝑛|𝑥|  
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232.  Find the derivative of 𝑦 = (𝑥2 + 3)7  with respect to 𝑥2. 

233.  Find the derivative of tan−1 ( 2𝑥1−𝑥2) with respect to sin−1 ( 2𝑥1+𝑥2). 

234.  Differentiate the following equations. 

i. 𝑦 = |2 − 𝑥2| ii. 𝑦 = |1 + 1𝑥| 
iii. 𝑦 = |1−𝑥3+𝑥| iv. 𝑦 = |sin 𝑥 + cos 𝑥| 
v. 𝑦 = 𝐼𝑛 |1+𝑥1+𝑥| vi. 𝑦 = |𝐼𝑛|𝑥|| 

 

235. Differentiate the following equations with respect to 𝑥. 

i. 𝑦 = tan3(cos 𝑥 + sin 𝑥) ii. 𝑦 = 𝐼𝑛 |1+tan 𝑥1−tan 𝑥| 
iii. 𝑦 = (tan−1 2𝑥1−𝑥2) iv. 𝑦 = tan(𝑒𝑥 − 1) 

v. 𝑦 = tan (𝜋3 − 𝑥) vi. 𝑦 = 𝑒tan−1 𝑥 

 

236. Determine 
𝑑𝑦𝑑𝑥 and 

𝑑2𝑦𝑑𝑥2 for each of the following in terms of 𝑥.  

i. 𝑥 = 2 cos 𝜃 and 𝑦 = sin 𝜃  

ii. 𝑥 = 4(𝜃 − sin 𝜃) and 𝑦 = 4(1 − cos 𝜃) 

iii. 𝑥 = 𝑎(cos 2𝜃 + 𝐼𝑛(tan 𝜃)) and 𝑦 = 𝑎 sin 2𝜃  

iv. 𝑥 = 𝑥𝜃2 and 𝑦 = 2𝑥𝜃  

v. 𝑥 = 𝑎(𝜃 sin 𝜃 + cos 𝜃) and 𝑦 = 𝑎(𝜃 cos 𝜃 − sin 𝜃) 

 

237. A parametric equation is given as 𝑥 = 2𝑎 cos 𝜃 − 𝑎 cos 2𝜃 and   𝑦 = 2𝑎 sin 𝜃 − 𝑎 sin 2𝜃, where 𝜃 is a parameter. Determine 
𝑑𝑦𝑑𝑥 and  

𝑑2𝑦𝑑𝑥2 in 

terms of. Obtain the Cartesian equation between  𝑥 and 𝑦 by removing 𝜃. 

238. 𝑥 = 𝑎(𝜃 − 𝑠𝑖𝑛𝜃) and  𝑦 = 𝑎 (1 − cos 𝜃) where 𝜃 is a parameter. Find (𝑑𝑦𝑑𝑥)𝜃=𝜋/2 , (𝑑2𝑦𝑑𝑥2)  and  (𝑑3𝑦𝑑𝑥3)𝜃=𝜋/2 . 
Show that 𝑦 (𝑑3𝑦𝑑𝑥3) + 2 (𝑑𝑦𝑑𝑥) (𝑑2𝑦𝑑𝑥2) = 0. 

239. Differentiate the following with respect to 𝑥. 

i. 𝑦 = 𝑝𝑥2 , 𝑝 > 0 ii. 𝑦 = 𝑥𝑥  

iii. 𝑦 = 𝑥𝑥2+1 iv. 𝑦 = tan(𝑝𝑥 − 1), 𝑝 > 0 

v. 𝑦 = (𝑥2−1𝑥2+1)𝑥
 vi. 𝑦 = 𝑝tan−1 𝑥 ,   𝑝 > 0  

240. If 𝑢 and 𝑣 are differentiable equations of 𝑥. Show that 
𝑑(𝑢𝑣)𝑑𝑥 =  𝑢 𝑑𝑣𝑑𝑥 +  𝑣 𝑑𝑢𝑥  

Hence deduce  
𝑑(𝑢𝑣𝑤)𝑑𝑥 = 𝑢𝑣 𝑑𝑤𝑑𝑥 +  𝑢𝑤 𝑑𝑣𝑑𝑥 +  𝑣𝑤 𝑑𝑢𝑑𝑥. 
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Show that 
𝑑𝑦𝑑𝑥 =  3𝑠𝑒𝑐3√𝑥+1 tan √𝑥+12√𝑥+1  and  

𝑑2𝑦𝑑𝑥2 = 3𝑦4 (4𝑦2/3−3𝑥+1 − √𝑦2/3−1(𝑥+1)3/2) if  𝑦 =𝑠𝑒𝑐3√𝑥 + 1 .  
241. Let  𝑓(𝑥) = 𝑥 𝑡𝑎𝑛𝑥 + 𝑡𝑎𝑛𝑥, Find the first second and third derivative of 𝑓(𝑥),  𝑓′(𝑥), 𝑓"(𝑥) and 𝑓′′′(𝑥) 𝑎𝑛𝑑 also find 𝑓′(0), 𝑓"(0) and 𝑓′′′(0). 

242. Let 𝑦 = 𝑒−4𝑥 𝑠𝑖𝑛𝑥 4𝑥 , Show that 
𝑑2𝑦𝑑𝑥2 + 8 𝑑𝑦𝑑𝑥 +  32𝑦 = 0 . Find (𝑑𝑦𝑑𝑥)𝑥=0 , (𝑑2𝑦𝑑𝑥2)𝑥=0 iy (𝑑3𝑦𝑑𝑥3)𝑥=0 and  (𝑑4𝑦𝑑𝑥4)𝑥=0 . 

243. If 𝑦 = (𝐼𝑛𝑦 + 𝑎)𝑥 , Show that (𝑥𝑦 − 𝑥2) 𝑑𝑦𝑑𝑥 =  𝑦2. 

244. The nth derivative of 𝑦 = 𝑓(𝑥) is given by 𝑓𝑛(𝑥) 

If 𝑓(𝑥) = 𝑠𝑖𝑛𝑥 for 𝑛 = 1, 2, 3, 4, 5, 6  find 𝑓𝑛(𝑥). 

If 𝑠𝑖𝑛𝑥 = 𝑓(0) + 𝑥𝑓(1)(0)1! + 𝑥2𝑓(2)(0)2! + 𝑥3𝑓(3)(0)3! +  … 

Deduce that  𝑠𝑖𝑛𝑥 = 𝑥 − 𝑥33! + 𝑥55! + 𝑥77! + ⋯ . 

245. Let  𝑦 = 𝑒𝜆 tan−1 𝑥2
 where 𝜆 is a constant. Show that   (1 + 𝑥4) 𝑑𝑦𝑑𝑥 −2𝜆𝑥𝑦 = 0. 

246. If 𝑦 = sec 𝑥𝑏+𝑡𝑎𝑛𝑥 , Show that 
𝑑𝑦𝑑𝑥 = 𝑦 tan 𝑥 − 𝑦2 𝑠𝑒𝑐𝑥. 

247. If 𝑦 = 𝑘𝑘+𝑘 𝐼𝑛 𝑥+𝑥 , Show that  𝑥 𝑑𝑦𝑑𝑥 + 𝑦 = 𝑦2 𝐼𝑛 𝑥. 

248. If 𝑦 = 𝑥 cos 𝑥 , Show that  
𝑑2𝑦𝑑𝑥2 − 2𝑥 𝑑𝑦𝑑𝑥 + (𝑥2+2𝑥2 ) 𝑦 = 0. 

249. If 𝑦 = 𝐴𝑒−𝛽𝑥 cos(𝑘𝑥 + 𝑏) , Show that 
𝑑2𝑦𝑑𝑥2 − 2𝛽 𝑑𝑦𝑑𝑥 + (𝑘2 + 𝛽2) 𝑦 = 0. 

250. If 𝑦 = 𝑒−𝑡𝑎𝑛𝑥 , Show that  
𝑑2𝑦𝑑𝑥2 = (1 + 𝐼𝑛2𝑦)(1 − 𝐼𝑛 𝑦)2𝑦. 

251. Let 𝑥2 (𝑦 − 𝑥 𝑑𝑦𝑑𝑥) = (𝑑𝑦𝑑𝑥)2 𝑦 . 

Show that 𝑣 = 𝑢 𝑑𝑣𝑑𝑢 + (𝑑𝑣𝑑𝑢)2
 using 𝑢 = 𝑥2 and 𝑣 = 𝑦2. 

Hence show that 𝑣 = 𝑎𝑢 + 𝑎2 is a solution. 

Deduce the relationship between 𝑦 and 𝑥. 

252. Find  
𝑑𝑦𝑑𝑥 , 𝑑2𝑦𝑑𝑥2 and  

𝑑3𝑦𝑑𝑥3 for each of the following equations. Hence find  
𝑑𝑛𝑦𝑑𝑥𝑛.  

i. 𝑦 = 𝐼𝑛 (1 + 𝑥) ii. 𝑦 = 𝐼𝑛(1 − 𝑥) iii. 𝑦 = 𝑥𝑒𝑥 

iv. 𝑦 = 𝐼𝑛 (1+2𝑥1+𝑥 ) v. 𝑦 = 𝑥2𝑒𝑥 

 

 

 

 

253.   

i. If  𝑦 = 𝑠𝑖𝑛𝑥 , show that  
𝑑𝑛𝑦𝑑𝑥𝑛 = sin (𝑥 + 𝑛𝜋2 ). 
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ii. If  𝑦 = cos 𝑥 , show that 
𝑑𝑛𝑦𝑑𝑥𝑛 = cos (𝑥 + 𝑛𝜋2 ). 

254. Let = 𝑒3𝑥 sin 2𝑥 , For 
𝑑𝑦𝑑𝑥 = 𝐴𝑒3𝑥 sin(2𝑥 + 𝐵) find the values of 𝐴 and 𝐵. 

Hence find  
𝑑𝑛𝑦𝑑𝑥𝑛 . 

255. Let 𝑓(𝑥) = sin−1 𝑥, 

i. Find 𝑓(1)(𝑥), 𝑓(2)(𝑥) and  𝑓(3)(𝑥). 

ii. Find  𝑓(1)(0), 𝑓(2)(0) and  𝑓(3)(0) ' 

256. If 𝑦 = sin−1 𝑥 + (sin−1 𝑥)2 , show that (1 − 𝑥2) 𝑑2𝑦𝑑𝑥2 − 𝑥 𝑑𝑦𝑑𝑥 = 2. 

257. If 𝑦 = (𝑎 + 𝑏𝑥)𝑒−𝜆𝑥 ,show that 
𝑑2𝑦𝑑𝑥2 + 2𝜆 𝑑𝑦𝑑𝑥 + 𝜆2𝑦 = 0   where 𝑎, 𝑏 and 𝜆 

are constants. 

258. If 𝑦 = (𝑎𝑥2 + 𝑏𝑥 + 𝑐)𝑒−𝑥 , show that 
𝑑3𝑦𝑑𝑥3 + 3 𝑑2𝑦𝑑𝑥2 + 3 𝑑𝑦𝑑𝑥 + 𝑦 = 0. 

259. If 𝑦 = {𝐼𝑛(𝑥 − 1)}2,show that (𝑥 − 1)2 𝑑2𝑦𝑑𝑥2 + (𝑥 − 1) 𝑑𝑦𝑑𝑥 = 2. 

260. Let 𝑥 = cos4 𝑡 and 𝑦 = sin4 𝑡, 

Find 
𝑑𝑦𝑑𝑥 and 

𝑑2𝑦𝑑𝑥2 in terms of t. 

Show that 
𝑑3𝑦𝑑𝑥3 + 32 (1 − 𝑑𝑦𝑑𝑥) 𝑑2𝑦𝑑𝑥2 = 0. 

261. If 𝑦 = (𝛼 + 𝛽𝑥)𝑒−3𝑥/4 ,show that 16 𝑑2𝑦𝑑𝑥2 + 24 𝑑𝑦𝑑𝑥 +  9𝑦 = 0 where 𝛼, 𝛽 are 

constants. 

262. Let 𝑦 = 𝑒𝑥 sin 𝑥  ,  for 
𝑑2𝑦𝑑𝑥2 + 𝑝 𝑑𝑦𝑑𝑥 +  𝑞𝑦 = 0 find the constants 𝑝 and  𝑞. 

263. If 𝑦 = 𝑠𝑖𝑛𝑥 , find 
𝑑2𝑦𝑑𝑥2 in terms of 𝑡, 𝑑𝑦𝑑𝑡  and  

𝑑2𝑦𝑑𝑡2 . Hence convert the 

differential equation cos 𝑥 𝑑2𝑦𝑑𝑥2 +  𝑠𝑖𝑛𝑥 𝑑𝑦𝑑𝑥 −  4 𝑦 cos3 𝑥 = 0 into 
𝑑2𝑦𝑑𝑥2 −4𝑦 = 0. 

264. If 𝑦 = 𝑠𝑖𝑛𝑥 , convert the differential equation 
𝑑𝑦𝑑𝑥 −  4𝑦 cos3 𝑥 = 0 into 𝑑2𝑦𝑑𝑥2 − 4𝑦 = 0. 

265. If 𝑦 = tan 𝑥 , find 
𝑑2𝑦𝑑𝑥2 in terms of 𝑡, 𝑑𝑦𝑑𝑡  and  

𝑑2𝑦𝑑𝑡2 . Hence if  2tan 𝑥 𝑑𝑦𝑑𝑥 +4𝑘2 𝑦 𝑠𝑒𝑐2𝑥 = 0. 

Show that 
𝑑2𝑦𝑑𝑡2 + 4𝑘2𝑦 = 0. 

266. If 𝑡 = sin 𝑥 − cos 𝑥 ,find 
𝑑2𝑦𝑑𝑥2 in terms of 𝑡, 𝑑𝑦𝑑𝑡  and 

𝑑2𝑦𝑑𝑡2 . Hence if 

 
𝑑2𝑦𝑑𝑥2 − (cos 𝑥−sin 𝑥)(cos 𝑥+sin 𝑥) 𝑑𝑦𝑑𝑥 +  𝜆2(1 + sin 2𝑥)𝑦 = 0 show that 

𝑑2𝑦𝑑𝑡2 + 𝜆2𝑦 = 0. 

267. If 𝑦 = 𝑒𝑥 cos 𝑥 , show that 
𝑑2𝑦𝑑𝑥2 − 2 𝑑𝑦𝑑𝑥 +  2𝑦 = 0.  
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268. If 𝑦 = 𝑥 sin 1𝑥 , show that 𝑥4  𝑑2𝑦𝑑𝑥2 + 𝑦 = 0 . 

269. The nth derivative of 𝑦 = 𝑓(𝑥) is given by 𝑓(𝑛)(𝑥) 

If 𝑓(𝑥) =  𝑒𝑥1+𝑥2   Show that, 

i.  (1 + 𝑥2)𝑓(1)(𝑥) +  2𝑥𝑓 (𝑥) = 𝑒𝑥  

ii. (1 + 𝑥2)𝑓(2)(𝑥) +  4𝑥𝑓(1) (𝑥) + 2𝑓(𝑥) = 𝑒𝑥 

iii. (1 + 𝑥2)𝑓(3)(𝑥) +  6𝑥𝑓(2) (𝑥) + 6𝑓(1)𝑥 = 𝑒𝑥 

Using mathematical induction show that, (1 + 𝑥2)𝑓(𝑛)(𝑥) +  2𝑛𝑥𝑓(𝑛+1) (𝑥) + 𝑛(𝑛 − 1)𝑓(𝑛−2)(𝑥) = 𝑒𝑥 for > 2 . 

270. If 𝑦 = 𝑒tan−1 𝑥  Show that,  

i. (1 + 𝑥2) 𝑑𝑦𝑑𝑥 −  𝑦 = 0  

ii. (1 + 𝑥2) 𝑑2𝑦𝑑𝑥2 + (2𝑥 − 1) 𝑑𝑦𝑑𝑥 = 0  

iii. (1 + 𝑥2) 𝑑3𝑦𝑑𝑥3 + (4𝑥 − 1) 𝑑2𝑦𝑑𝑥2 + 2 𝑑𝑦𝑑𝑥 = 0 

Using mathematical induction show that, 

      (1 + 𝑥2) 𝑑𝑛+1𝑦𝑑𝑥𝑛−1 (2𝑛𝑥 − 1) 𝑑𝑛𝑦𝑑𝑥𝑛 +  𝑛(𝑛 − 1) 𝑑𝑛−1𝑦𝑑𝑥𝑛−1 = 0 for > 2 . 

271. If sin 𝑦 = 𝑥 sin(𝑘𝜋 + 𝑦), prove that  
𝑑𝑦𝑑𝑥 =  𝑠𝑖𝑛2(𝑘𝜋+𝑦)sin 𝑘𝜋 . 

272. If 𝑦 = sin(2𝑥 + 𝑦), prove that  
𝑑𝑦𝑑𝑥 =  2 cos(2𝑥+𝑦)1−cos(2𝑥+𝑦). 

273. If 𝑦2 = 5−𝑥5+𝑥, prove that  (25 − 𝑥2) 𝑑𝑦𝑑𝑥 +  5𝑦 = 0. 

274. If 𝑥√1 + 𝑡 + 𝑡√1 + 𝑥 = 0 and if 𝑥 ≠ 𝑡, 

Prove that  (1 + 𝑥2) 𝑑𝑦𝑑𝑥 +  1 = 0. 

275. The parametric form of a curve is given by 𝑥 = 𝑡 + 1, 𝑦 = 𝑡2. Find 
𝑑𝑦𝑑𝑥 and 

hence find the gradients of the tangents drawn to the curve for the 

corresponding values of 𝑡 = 1, 𝑡 = 2. 

276. The parametric form of a curve is given by 𝑥 = 𝑎𝑡2, 𝑦 = 2𝑎𝑡. Find the first 

Derivative of the curve and hence find the gradients of the tangents drawn to 

the curve for corresponding values of 𝑡 = 1, 𝑡 = 3. 

277. It is given that 𝑥 = 𝑎(𝜃 − sin 𝜃), 𝑦 = 𝑎(1 − cos 𝜃) Find 
𝑑𝑦𝑑𝑥 and find the value 

for 𝑑𝑦𝑑𝑥when 𝜃 = 𝜋2 ,  𝜃 = 𝜋3 . 

278. If 𝑥 = sin−1 2𝑡1+𝑡2 , 𝑦 = tan−1 2𝑡1− 𝑡2prove that 
𝑑𝑦𝑑𝑥 is a constant. 

279. If 2𝑦3 + 𝑦2 − 5𝑦 + 4𝑥 = 6 find 𝑑𝑦𝑑𝑥. 
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280. Find the value of 
𝑑𝑦𝑑𝑥 in the function 𝑥2 + 5𝑦2 − 6 = 0 corresponding to the 

point (1,1). 

281. Differentiate 2(𝑥2 + 𝑦2)2 = 25𝑥𝑦  with respect to 𝑥 and find the value of  
𝑑𝑦𝑑𝑥 

corresponding to the point (2,1). 

282. If sin 𝑥 + cos 2𝑦 = 2 find the value of  
𝑑𝑦𝑑𝑥 corresponding to the point (𝜋2 , 0). 

283. If 𝑦 = 𝑥4 + 3𝑥3 + 2𝑥2 + 4𝑥 + 1find,  
𝑑𝑦𝑑𝑥 , 𝑑2𝑦𝑑𝑥2 , 𝑑3𝑦𝑑𝑥3. 

284. If 𝑦 = log𝑒|log𝑒 𝑥|, prove that  (𝑥 log𝑒 𝑥)2 𝑑2𝑦𝑑𝑥2 + 1 + log𝑒 𝑥 = 0. 

285. If 𝑦 = 𝑒2𝑚 𝑐𝑜𝑠−1 𝑥, prove that (1 − 𝑥2) 𝑑2𝑦𝑑𝑥2 − 𝑥 𝑑𝑦𝑑𝑥 − 4𝑚2𝑦 = 0. 
286. If 𝑦 = 𝑒𝑥(sin 𝑥 + cos 𝑥), prove that 𝑑2𝑦𝑑𝑥2 − 2 𝑑𝑦𝑑𝑥 +  2𝑦 = 0. 

287. If 𝑦 = cos−1 2𝑥√1−4𝑥2 , prove that (1 − 4𝑥2) 𝑑2𝑦𝑑𝑥2 − 12𝑥 𝑑𝑦𝑑𝑥 −  4𝑦 = 0. 

288. If log𝑒|𝑥2 + 𝑦2| = 4 tan−1 (𝑦𝑥) and if 2𝑥 ≠ 𝑦, 

prove that 𝑑𝑦𝑑𝑥 =  𝑥+2𝑦2𝑥−𝑦 and hence deduce that 𝑑2𝑦𝑑𝑥2 = 5(𝑥2+𝑦2)(2𝑥−𝑦)3 . 

289. If 𝑦 = tan−1 2𝑥2 prove that (1 + 4𝑥4) 𝑑2𝑦𝑑𝑥2 + 16𝑥3 𝑑𝑦𝑑𝑥 −  4 = 0 and find the 

values of 𝑑𝑦𝑑𝑥,
𝑑2𝑦𝑑𝑥2 when 𝑥 = 1. 

290. If 𝑦 = 𝐴 cos log𝑒 𝑥 + 𝐵 sin log𝑒 𝑥 prove that, 𝑥2 𝑑2𝑦𝑑𝑥2 +  𝑥 𝑑𝑦𝑑𝑥 +  𝑦 = 0 , Also find the values of  
𝑑𝑦𝑑𝑥 , 

𝑑2𝑦𝑑𝑥2 , 𝐴 = 4, 𝐵 = 3 and log𝑒 𝑥 = 𝜋3. 

291. If 𝑦 = (log𝑒(𝑥 − 𝑎))2where 𝑥 − 𝑎 > 0, find  
𝑑𝑦𝑑𝑥 and prove that (𝑥 − 𝑎)2 𝑑2𝑦𝑑𝑥2 +(𝑥 − 𝑎) 𝑑𝑦𝑑𝑥 = 2 .Further more find the value of 

𝑑2𝑦𝑑𝑥2 when 𝑥 = 2𝑎. 

292. If 𝑦 = 𝑒𝑚 tan−1 𝑥2
 where  𝑚 is a constant, prove that, (1 + 𝑥4) 𝑑𝑦𝑑𝑥 = 2𝑚𝑥𝑦 also 

find  
𝑑𝑦𝑑𝑥 when 𝑥 = 1 also deduce that (1 + 𝑥4) 𝑑2𝑦𝑑𝑥2 + 2𝑥(2𝑥2 − 𝑚) − 2𝑚𝑦 = 0. 

If 𝑚 = 4 Also find the value of  𝑑2𝑦𝑑𝑥2 |𝑥=1. 

293. If (𝛼 + 𝛽𝑥)𝑒𝑦𝑥 = 𝑥 where 𝛼, 𝛽 are constants prove that, 𝑥3 𝑑2𝑦𝑑𝑥2 = (𝑥 𝑑𝑦𝑑𝑥 −𝑦)2
further more prove that 

𝑑2𝑦𝑑𝑥2 = ( 𝛼𝛼+𝛽)2
If 𝑥 = 1. 

294. If 𝑦 = 4 sin(cos 𝑥) prove that 
𝑑2𝑦𝑑𝑥2 − 4 cot 𝑥 𝑑𝑦𝑑𝑥 +  𝑦 sin2 𝑥 = 0. 
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295. 𝑢, 𝑣 are two diffentiable functions of  𝑥, prove that 
𝑑𝑑𝑥 (𝑢𝑣) = 𝑢 𝑑𝑣𝑑𝑥 +  𝑣 𝑑𝑢𝑑𝑥. If  𝑦 = sin−1 𝑥 deduce that 

𝑑𝑦𝑑𝑥 =  1√1−𝑥2. 

i. 𝑦 = sin(2𝑚 sin−1 𝑥)where 𝑚 is a constant find 
𝑑𝑦𝑑𝑥 and hence 

deduce that (1 − 𝑥2) 𝑑2𝑦𝑑𝑥2 −  𝑥 𝑑𝑦𝑑𝑥 + 4𝑚2𝑦 = 0 . 
ii. 𝑢 = 2 sin−1 √𝑥 − 1, 𝑣 = sin−1 2√(2 − 𝑥)(𝑥 − 1)where 1 < 𝑥 < 32 . 

prove that 
𝑑𝑑𝑥 (𝑢𝑣) =  𝑢+𝑣√(2−𝑥)(𝑥−1) . 

296.  

i. If 𝑦 = 𝑥 cos 1𝑥 prove that 𝑥4 𝑑2𝑦𝑑𝑥2 + 𝑦 = 0. 

ii. 𝑡 is a parameter such that 𝑥, 𝑦 is given as 𝑥 = cos4 𝑡, 𝑦 = sin4 𝑡 find 𝑑𝑦𝑑𝑥, 
𝑑2𝑦𝑑𝑥2 by means of the parameter 𝑡 and hence show that, 2 𝑑2𝑦𝑑𝑥2 −(1 − 𝑑𝑦𝑑𝑥)3 = 0. 

297. Differentiate 𝑦 = (4𝑥 + 3) sin 𝑥 sin 3𝑥  with respect to 𝑥. 

298. Differentiate 𝑦 = (4𝑥+1)2(2𝑥+3)12(3𝑥+1)3   with respect to 𝑥. 

299. Differentiate 𝑦 = 𝑥3𝑥+1  with respect to 𝑥. 

300. Differentiate 𝑦 = (log𝑒 𝑥)𝑥 + (sin 𝑥)sin 𝑥  with respect to 𝑥. 

301. If (cos 𝑥)𝑦 = (sin 𝑦)𝑥, Prove that 
𝑑𝑦𝑑𝑥 =  𝑦 tan 𝑥+log𝑒|sin 𝑦|log𝑒|cos 𝑥|−1𝑥 cot 𝑦 

302. Differentiate 𝑦 = (log𝑒 𝑥)𝑥 + (cos 𝑥)cos 𝑥  with respect to 𝑥 

303. Differentiate 𝑦 = 𝑒−𝑥(cos 2𝑥 + sin 2𝑥)  with respect to 𝑥, and hence show that  𝑑𝑦𝑑𝑥 +  𝑦 = 2𝑒−𝑥(cos 2𝑥 − 𝑠𝑖𝑛2𝑥). 

304. Find the 𝑛𝑡ℎ derivative of the function 𝑦 = cos(𝑝𝑥 + 𝑞) hence find the 11𝑡ℎ 

derivative of  𝑦 = cos(𝑝𝑥 + 𝑞). 

305. Find the 𝑛𝑡ℎ derivative of the function 𝑦 = 𝑒𝑝𝑥+𝑞 hence find the  14𝑡ℎ 

derivative of the funtion 𝑦 = 𝑒3𝑥+2. 

306. Find the 𝑛𝑡ℎ derivative of the function  𝑦 = log𝑒 𝑥𝑚 hence find the 13𝑡ℎ 

derivative of the funtion  log𝑒 𝑥3. 

307. Find the 𝑛𝑡ℎ derivative of the function 
4(𝑥−1)(2𝑥+3) hence find the 7𝑡ℎ derivative 

of the funtion 
4(𝑥−1)(2𝑥+3). 

308. Find the equations of the normals and the tangents drawn to the curve 𝑦 =2𝑥2 + 3𝑥 − 5 at point which corresponds with the value 𝑥 = 1. 

309. Find the equation of the normals and the tangent drawn to the curve 𝑦2(2 − 𝑥) = 𝑥3 at the point which corresponds with the value when 𝑥 = 1. 
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310. Find the equation of the normal and the tangent drawn to the curve 𝑥 =1𝑡 , 𝑦 = 𝑡 − 1𝑡  at point which corresponds to the value of 𝑡 = 3. 

311. A tangent drawn to the curve 𝑦 = 𝑝 + 2𝑞𝑥 + 2𝑥3at the point where the curve 

meets the 𝑂𝑌 axis. The equation of this tangent is given by 2𝑥 − 3𝑦 + 1 = 0 

find the values of 𝑝, 𝑞. 

312. Equation of curve is parametically given as 𝑥 = 𝑝 cos3 𝜃 , 𝑦 = 𝑝 sin3 𝜃, 

tangents are drawn to the curve when the curve meets 𝑂𝑌, 𝑂𝑋 axes prove 

that both tangents are constants and show that this constant value is equal to 𝑝. 

313. Equation of curve is parametically given as 𝑥 = 𝑝(cos 𝑡 + 𝑡 sin 𝑡), 𝑦 =𝑝(sin 𝑡 − 𝑡 cos 𝑡), prove that the length of the normal drown to this curve 

from the origin is always a constant for any given value of  parameter 𝑡. 

314. Find the equation of the tangent for the following: 

i. Parallel to 𝑥 − 𝑦 + 1 = 0. 

ii. Perpedicular to the line 3𝑥 − 2𝑦 + 1 = 0. 
315. Find the angle between the curves 𝑥2 = 8𝑦 and 𝑦2 = 𝑥. 

316. If the curves 𝑎𝑥2 + 𝑏𝑦2 − 1 = 0 and 𝑝𝑥2 + 𝑞𝑦2 − 1 = 0 intersect 

orthogonally, prove that 𝑝𝑞(𝑏 − 𝑎) = 𝑎𝑏(𝑝 − 𝑞) 

317. Find the lengths of the sub tangent and the sub normal drawn to the curve 𝑦 − 3𝑥 + 𝑥𝑦 − 5 = 0 at the point 𝑃 ≡ (1, 4). 

318. If 𝑦 = 𝑒𝑘 sin−1 𝑥 , prove that 
𝑑𝑦𝑑𝑥 √1 − 𝑥2 = 𝑘𝑦 where k is a constant. Find the 

value of  
𝑑𝑦𝑑𝑥 when 𝑥 = 12. 

319. Use first principal to differentiate the following functions with respect to x  

i. 𝑦 = 7 ii. 𝑦 = 4𝑥 

iii. 𝑦 = 5𝑥 + 7 iv. 𝑦 = √3 𝑥 + 1 

v. 𝑦 = 3𝑥2 vi. 𝑦 = 4𝑥3 + 7𝑥 + 1 

vii. 𝑦 = 43𝑥+2 viii. 𝑦 = 3𝑥3 − 𝑥 + 7 

ix. 𝑦 = 7𝑥32 x. 
14√𝑥 

xi. 𝑦 = (4𝑥 − 3)2 xii. 𝑦 = 4√3𝑥+5 

xiii. 4𝑥34 + 2𝑥32 − 4 xiv. 
4𝑥+35𝑥−7 

xv. 4𝑥√𝑥 + 3√𝑥 − 4  

 

320. Use first principal to differentiate the following functions with respect to x 

i. sin 2𝑥 ii. cos 4√𝑥 

iii. tan(3𝑥 + 2) iv. 𝑥 sin 𝑥 
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v. tan2 𝑥 vi. 
sin 𝑥𝑥  

vii. 
𝑥cos 2𝑥 viii. 

cos(𝑝𝑥)𝑞𝑥  𝑝, 𝑞 ksh; fõ' 

ix. 𝑠𝑒𝑐(3𝑥 + 1) x. 𝑐𝑜𝑡√3𝑥 + 1 

 

321. Differentiate the following funtions with respect to x. 

i. 2𝑥 + 5 ii. 2𝑥2 + 7𝑥 + 5 

iii. 4𝑥4 + 3𝑥3 + 2𝑥2 + 𝑥 + 7 iv. 8 − 4𝑥 + 3√𝑥 + 2𝑥32 

v. 
6𝑥3 − 3𝑥2 + 4𝑥12 + 2𝑥 + 1 vi. 4𝑥2√𝑥 + 3𝑥13 +  2𝑥 + 1 

vii. (2𝑥 + 3)2 viii. (4𝑥 − 3)3 

ix. 
4(3𝑥−2)2 x. (4𝑥2 + 3𝑥 + 2)4 

xi. (√𝑥 − 3)2
 xii. √4𝑥3 + 3𝑥 + 2 

 

322. Differentiate the following funtions with respect to x. 

i. 𝑥2(3𝑥 + 2)2 ii. (2𝑥 + 1)(4𝑥2 + 3)2 

iii. (2𝑥 + 3)3(3𝑥 + 2)2 iv. 2𝑥(√𝑥 + 3) 

v. (2 + √𝑥)(2 − 3√𝑥) vi. (3 − 2𝑥)2(4𝑥2 + 3)3 

vii. (4𝑥2 + 𝑥 + 3)(2√𝑥 + 5) viii. (4𝑥3 + 3𝑥2 + 2)(3𝑥 + 2) 

ix. (𝑝 + 𝑞)(4𝑥 + 7) 𝑝, 𝑞are constants. 

x. (𝑥3√𝑥 + 2√𝑥 + 1)(2√𝑥 + 3) 

 

323. Differentiate the following funtions with respect to x. 

i. 
3𝑥−2𝑥+2  ii. 

7𝑥+5(𝑥−3)2 

iii. 
(2𝑥+3)123𝑥−2  iv. 

(3𝑥−7)3(2𝑥+1)2 

v. ( √𝑥√𝑥+2)4
 vi. 

𝑎𝑥+𝑏𝑝𝑥+𝑞  𝑝, 𝑞 are constants 

vii. (√𝑥+4√𝑥 )4
 viii. 

(3−2𝑥)2(4−3𝑥)3 

 

324. Differentiate the following funtions with respect to x. 

i. 3 sinx −5 ii. 3𝑥2 − 5 𝑠𝑖𝑛2𝑥 

iii. 3𝑥13 − 4 tan 𝑥 iv. 5 cot 2𝑥 − 2√𝑥 

v. 4√𝑥 − 3 𝑐𝑜𝑠𝑒𝑐 𝑥 vi. 3 𝑠𝑖𝑛 2𝑥 − 2 cos 3𝑥 

vii. 4 cos (𝜋4 − 3𝑥) viii. 4 sin (5𝑥−22 ) 
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ix. (2𝑥 + 1)3 sin 𝑥 𝑥3 x. √4 + 2 cos 2𝑥 

xi. sin 3𝑥 cos 4𝑥 xii. tan 3𝑥 sin 4𝑥 

 

325. Differentiate the following funtions with respect to x. 

i. 𝑒4𝑥 ii. 𝑒3𝑥+2 

iii. 4𝑒3𝑥+2 + 2𝑒3𝑥−1 iv. 𝑒𝑠𝑖𝑛𝑥 + 𝑒cos 𝑥 + 3 

v. 
𝑒4𝑥+1+𝑒3𝑥+1𝑒4𝑥+3  vi. sin (𝑒2𝑥−1+𝑒3𝑥+1𝑒2𝑥+1+𝑒3𝑥−1) 

vii. sin(𝑒2𝑥) viii. log (𝑒4𝑥+𝑒3𝑥𝑒2𝑥 ) 

ix. log(𝑒4𝑥+1) x. cos(log 𝑥) 

 

326. Differentiate the following funtions with respect to x. 

i. log[log|4𝑥 + 3|] ii. (2𝑥 + 3)[log(3𝑥 + 1)]2 

iii. log|𝑥 + √𝑥2 + 1| iv. tan(𝑥𝑒2𝑥) 

v. 𝑐𝑜𝑡(𝑥2𝑒4𝑥+3) vi. cos(log 𝑥2) + sin log 𝑥2 

vii. cosec 𝑒2𝑥 + 𝑠𝑒𝑐𝑒2𝑥 viii. 𝑡𝑎𝑛 𝑒𝑥 + 𝑐𝑜𝑡 𝑥𝑒𝑥 

ix. log|𝑥2 + √𝑥4 + 1| x. log(2𝑥 + 1)2 + log(3𝑥 − 1)2 

xi. log √3𝑥 + 1 + 𝑥𝑒𝑥  

 

327. Differentiate the following funtions with respect to x. 

i. sin−1 (2𝑥5 ) ii. cot−1 3𝑥 

iii. 𝑐𝑜𝑠𝑒𝑐−1(3𝑥 − 1) iv. cot−1(4𝑥 − 1)3 

v. sin−1(2𝑥 − 1)2 vi. √3𝑥 + 1 tan−1(2𝑥 + 1) 

vii. √2𝑥 + 1 sin−1 √1 + 𝑥2 viii. cot−1 (5−2 tan 𝑥2+5 tan 𝑥) 

ix. tan−1 √1+cos 2𝑥1−cos 2𝑥 x. sin−1 (4𝑥+11+𝑥2) 

 

328. Differentiate the following funtions with respect to x. 

i. (1 − 3 tan−1 𝑥)3 ii. 3𝑥 − 2 tan−1 4𝑥 

iii. sin−1(cos 2𝑥), 0 < 𝑥 < 𝜋 iv. tan−1(log|𝑥 + 1|) 

v. log(cos−1 𝑥4) vi. tan−1 sin(𝑥 + 1)2 

vii. sin−1 √1−𝑥1+𝑥 viii. cos−1 √𝑎+𝑥𝑎−𝑥 

ix. [sin−1(𝑥 + 1)2]2 x. 
4𝑥3(sin−1 𝑥2)√1−𝑥4  
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329. Differentiate the following funtions with respect to x. 

i. 
tan−1 𝑥2𝑒𝑥2  ii. tan−1 (𝑎 cos 𝑥+𝑏 sin 𝑥√𝑎2+𝑏2 ) 

iii. 3𝑥 sin−1(𝑥 + 1)2 iv. 2𝑥 cos−1(𝑥 + 2)2 

v. 
3𝑥 sin 𝑥(𝑥+2)2 tan−1 𝑥 vi. 

4 tan−1 2𝑥1+4𝑥2  

vii. sin−1 (𝑝 sin 𝑥+𝑞 cos 𝑥√𝑝2+𝑞2 )  𝑝, 𝑞 are constants 

330. Differentiate the following funtions with respect to x. 

i. 
𝑥+2(𝑥+1)12 ii. sin2 𝑥 cos2 𝑥 

iii. 
sec 2𝑥(2𝑥+1)3 iv. (2 − 4𝑥)2√𝑥 + 1 

v. 
(𝑥+1)𝑐𝑜𝑡3(3𝑥)√𝑥+1  vi. 

(sin 𝑥+cos 𝑥)(2 sin2 𝑥 + cos2 𝑥)12 

vii. sin 2𝑥 cos 3𝑥 viii. (sin 2𝑥 + cos 3𝑥)1/2 

ix. 
sin 2𝑥(1+ cos2 𝑥)12 x. 

(𝑥2+1)2𝑥4  

xi. sin 2𝑥 sin2 𝑥 xii. (sin 𝑥 + 2 cos 𝑥)2 

 

331. Differentiate the following funtions with respect to x. 

i. sin−1 (1−cos 2𝑥1+cos 2𝑥) ii. sin−1 ( cos 𝑥1+sin 𝑥) 

iii. cos−1 1+ sin 2𝑥cos 2𝑥  iv. tan−1 (cos 𝑥−sin 𝑥sin 𝑥+cos 𝑥) 

v. sin−1 (𝑥2+2𝑥2−2) + cos−1 (𝑥2−2𝑥2+2) 

 

332. Differentiate the following funtions with respect to x. 

i. 
𝑥 sin−1 𝑥√1−𝑥2  ii. log|𝑥 + 3 + √𝑥2 + 6𝑥 + 1| 

iii. 
16𝑥2(sin−1 𝑥3)3√1−𝑥6  iv. 

sin 2𝑥𝑒2𝑥+1 

v. 𝑒−𝑥 cos 2𝑥 + 𝑒𝑥 sin 2𝑥 vi. log(𝑥 + sin 𝑥) 

vii. log √𝑥+11−𝑥 viii. cos−1 (4 cos 𝑥+2 sin 𝑥5 ) 

ix. 𝑒3𝑥4 log|7 − 3𝑥| x. (sin 𝑥)𝑥 + (cos 𝑥)𝑥 

 

333. Differentiate the following funtions with respect to x. 

i. (tan 𝑥)cos 𝑥 ii. (tan 𝑥)log 𝑥 

iii. tan−1 (4−3𝑥2+3𝑥) iv. sin−1 ( 3𝑥1+𝑥2) 
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v. tan−1 ( cos 𝑥1+sin 𝑥) vi. tan−1 (√𝑥+√31−√3𝑥) 

vii. tan−1 (sin 𝑥+cos 𝑥sin 𝑥−cos 𝑥) viii. 
(tan−1 𝑥)21+𝑥2  

ix. sin−1 √𝑎+𝑥𝑎−𝑥 
x. tan−1(𝑐𝑜𝑠𝑒𝑐𝑥 − 𝑐𝑜𝑡𝑥) 

 

334.  

i. If log|𝑥2 + 𝑦2| = 2 tan−1 𝑦𝑥  find 
𝑑𝑦𝑑𝑥. 

hence deduce that 𝑑2𝑦𝑑𝑥2 = 2(𝑥2+𝑦2)(𝑥−𝑦)3 , 𝑥 ≠ 𝑦. 

Also find the value of  
𝑑𝑦𝑑𝑥 |(1,2) 𝑑2𝑦𝑑𝑥2 |(2,1). 

ii. a). If 𝑦(𝑥 + 𝑦) = 3 find the value of  
𝑑𝑦𝑑𝑥. 

b). If 𝑥 = 1(4−𝑡)2 , 𝑦 = 14−𝑡 , 0 < 1 < 4, 𝑦 = 1 , find the value of 
𝑑𝑦𝑑𝑥. 

 

335. i. If 𝑥 = cos 𝑡, 𝑦 = cos 2𝑘𝑡, where 𝑘 is a constant, 

a) Prove that 
𝑑𝑦𝑑𝑥 =  2𝑘 sin 2𝑘𝑡sin 𝑡  and find the value of  

𝑑𝑦𝑑𝑥 |𝑡=𝜋4   

      when 𝑘 = 2.  

b) Show that (1 − 𝑥2) (𝑑𝑦𝑑𝑥)2 =  4𝑘2(1 − 𝑦2) and hence deduce  

      that  (1 − 𝑥2) 𝑑2𝑦𝑑𝑥2 − 𝑥 𝑑𝑦𝑑𝑥 +  4𝑘2𝑦 = 0. 

ii.     a) If 𝑦 = 1+sin 𝑥1+cos 𝑥  find the value of  
𝑑𝑦𝑑𝑥. 

   b)  If 𝑦 = log √1+𝑥1−𝑥 , |𝑥 < 1| find the value of  
𝑑𝑦𝑑𝑥. 

 

336. If cos−1(𝑥2𝑦) = sin−1(𝑥2 + 𝑦) find the value of 
𝑑𝑦𝑑𝑥 , furthermore deduce the 

value of 
𝑑𝑦𝑑𝑥 |𝑥=0. 

i. If 𝑥 = 2𝑡3 + 1, 𝑦 = 4𝑡4 − 1 

prove that (𝑑𝑦𝑑𝑥) (𝑑3𝑦𝑑𝑥3) + 2 (𝑑2𝑦𝑑𝑥2)2 = 0 where 
𝑑𝑦𝑑𝑥 ≠  0. 

 

337. 𝑓(𝑥) = 𝑎𝑥3 + 𝑏𝑥2 + 𝑐𝑥 + 𝑑, 𝑎, 𝑏, 𝑐, 𝑑 are constants. Find 𝑓′(𝑥) and state 𝑓′(𝑥) 

in the format 𝑓′(𝑥) = 𝐴{(𝑥 + 𝐵)2 + 𝐶} where A, B, C are constants.  Hence if the following conditions are satisfied, find the values of a,b,c,d and 

draw a rough sketch of the curve 𝑦=𝑓(𝑥) 

i. For |𝑥| > 1, 𝑓′(𝑥) > 0 
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ii. For |𝑥| < 1 , 𝑓′(𝑥) < 0 

iii. 𝑓(1) =  −1 

iv. 𝑓(−1) = 2 

 

338. For all real values of 𝑥, 𝑓(𝑥) = 𝑥3 − 6𝑥2 + 13𝑥 − 5  find 𝑓′(𝑥) and find the 

values of a,b,c such that 𝑓′(𝑥) = 𝑎(𝑥 − 𝑏)2 + 𝑐 . Hence show that 𝑓(𝑥) is an 

increasing function. 

339. A parametric coordinate of the elipse 
𝑥2𝑎2 + 𝑦2𝑏2 = 1 is given in the form 𝑥 =𝑎 cos 𝑡, 𝑦 = 𝑏 𝑠𝑖𝑛 𝑡. Find the value of  

𝑑𝑦𝑑𝑥 . 
a) By means of t. 

b) By means of x and y. 

 

i. Show that the equation of the tangent drawn to the elipse at the 

point (𝑥1, 𝑦1) is given by 
𝑥𝑥1𝑎2 + 𝑦𝑦1𝑏2 = 1. Also show that 𝑦3 𝑑2𝑦𝑑𝑥2 +𝑏4𝑎2 = 0. 

ii. a).  If 𝑦 = loge|sec 𝑥 + tan 𝑥|, calculate the value of  
𝑑𝑦𝑑𝑥 |𝑥=0. 

b).  If 𝑦 = 𝑒2𝑥(𝑥+2)4, calculate the value of  
𝑑𝑦𝑑𝑥 |𝑥=0. 

 

340. Use the first principle to show that, 
𝑑𝑑𝑥 (𝑡𝑎𝑛𝑥) = 𝑠𝑒𝑐2𝑥. 

Hence deduce the derivative of 
𝑑𝑑𝑥 (tan−1 𝑥). 

If 𝑦 = tan−1 𝑥 show that (1 + 𝑥2) 𝑑2𝑦𝑑𝑥2 +  2𝑥 𝑑𝑦𝑑𝑥 = 0. 

Hence calculate the values of 
𝑑𝑦𝑑𝑥 |𝑥=0, 𝑑2𝑦𝑑𝑥2 |𝑥=0, 𝑑4𝑦𝑑𝑥4 |𝑥=0. 

A parameter 𝜃, (0 ≤ 𝜃 ≤ 𝜋2)  is given such that.  𝑥 = 𝑎 sin3 𝜃 , 𝑦 = acos3 𝜃 , 𝑎 is positive constant. Prove that(𝑑𝑥𝑑𝜃)2 + (𝑑𝑦𝑑𝜃)2 =9𝑎2 cos2 𝜃 sin2 𝜃. 

 

341. If 𝑥 = 2𝑡 + sin 2𝑡 , 𝑦 = cos 2𝑡, prove that  
𝑑𝑦𝑑𝑥 = − tan 𝑡. 

Furthermore, prove that  
𝑑2𝑦𝑑𝑥2 = − 14  
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Find the value of x where the curve instersects the 𝑂𝑥 axis for the range 0 ≤𝑥 ≤ 2𝜋. If 𝑦 =  𝑥𝑥+7, show that 𝑥 𝑑𝑦𝑑𝑥 = 𝑦(1 − 𝑦). Hence deduce that 
𝑑2𝑦𝑑𝑥2 +2𝑦 𝑑𝑦𝑑𝑥 = 0 . 

 

342.  

i. Use the first principle to differentiate 𝑦 = 5𝑥 + 7 − 12𝑥+3. 

ii. If 𝑦 = sin−1(𝑒−2𝑥) show that
𝑑3𝑦𝑑𝑥3 + 3 𝑑𝑦𝑑𝑥 𝑑2𝑦𝑑𝑥2 + 4 𝑑2𝑦𝑑𝑥2 = 0. 

iii. Calculate the value of lim 𝑥→𝜋4
sin 𝑥−cos 𝑥𝑥−𝜋4 . 

 

343.  

i. Calculate the value of lim 𝑥→1 𝑥3−1𝑥2−1. 

ii. Calculate the value of lim 𝑥→1 √𝑥−1𝑥−1 . 

iii. Differentiate the following with respect to 𝑥, 

a) cos(𝑥 + 𝑥2) 

b) √1 + 𝑥2 sin2 2𝑥 

c) 𝑐𝑜𝑡𝑥 cosec 𝑥 

iv. if 𝑦 = (𝑥 + √𝑥2 + 1)3
prove that (1 + 𝑥2) 𝑑2𝑦𝑑𝑥2 + 𝑥 𝑑𝑦𝑑𝑥 −  9𝑦 = 0 . 

 

344.   

i. Calculate the value of lim 𝑥→0 1−cos 𝑥𝑥2 . 

ii. Calculate the value of lim 𝑥→0 sin 𝑥+sin 5𝑥sin 2𝑥 . 

iii.  Differentiate the following with respect to x, 

a. sin2 √𝑥 

b. tan 𝑥 sec 3𝑥 

c. (𝑥 + 𝑥4)√1 + 𝑥2 

345.  

i. Use the first principle to find the derivative of tan2 𝑥, 𝑥 with 

respect to x. 

ii. Differentiate the following with respect to x, 

a. 𝑒tan2 𝑥 log|tan 𝑥| 
b. (1 − √𝑥)3 cos3(𝑒𝑥) 
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iii. If 𝑦 = log(log 2𝑥), prove that 𝑥 𝑑2𝑦𝑑𝑥2 + 𝑑𝑦𝑑𝑥 +  2𝑥 (𝑑𝑦𝑑𝑥)2 = 0. 

346. Use the first principle to find the derivative of 𝑥 sin 𝑥 with respect to 𝑥. 

Differentiate the following with respect to 𝑥, 
i. tan−1 𝑒𝑥 sin 𝑥 

ii. tan 𝑥 sin(tan 𝑥) 

iii. 𝑥 sin 𝑥 log|𝑥 sin 𝑥| 
iv. If 𝑦 = 3 cos(log 2𝑥) + 5 sin(log 2𝑥) prove that, 𝑥2 𝑑3𝑦𝑑𝑥3 + 𝑑𝑦𝑑𝑥 +  𝑦 =0. 

 

347. If u, v are two functions of x, prove that 
𝑑𝑑𝑥 (𝑢𝑣) =  𝑣 𝑑𝑢𝑑𝑥 +  𝑢 𝑑𝑣𝑑𝑥. Furthermore, if 

u,v,w are functions of x,  obtain an expression for 
𝑑𝑑𝑥 (𝑢𝑣𝑤). 

i. Differentiate sin(sin 𝑥) tan2 𝑥 with respect to x 

ii. Differentiate sin(1 + 𝑥2)𝑒1+𝑥2 log|1 + 𝑥2|, 𝑥  with respect to x 

iii. Calculate the value of lim 𝑥→∞(√𝑥2 + 1 − 𝑥) 

 

348.  

i. Differentiate the following with respect to x,  

a) log𝑒 |3+2𝑥3−2𝑥| 
b) sin2 2𝑥 cos 3𝑥 

 

ii. If 𝑥 = 𝑎(𝜃 − sin 𝜃), 𝑦 = 𝑎(1 − cos 𝜃).Calculate the values of  
𝑑𝑦𝑑𝑥 

and 
𝑑2𝑦𝑑𝑥2 for 𝜃 = 𝜋2. 

 

349.  

i. Differentiate with respect to x. 

a) √𝑥2 + 1 sin 3𝑥 

b) cos (cos √𝑥 ) 

c) √tan(𝑥2) 

ii. Use the first principle to differentiate 
sin 𝑥𝑥 . 

iii. If 𝑥𝑦 =  3𝑥−𝑦, prove that 
𝑑𝑦𝑑𝑥 =  𝑥 ln 3−𝑦𝑥 ln 3𝑥 . 
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350.  

i. Use the first principle to differentiate y = ln 𝑥 with respect to 𝑥 

ii. Differentiate the following with respect to x, 

a) 𝑒tan2 𝑥 log|tan2 𝑥| 
b) (1 − √𝑥)4 cos2(𝑒𝑥) 

iii. If 𝑦 = 𝑥𝑒𝑦prove that, 
𝑑𝑦𝑑𝑥 =  𝑦𝑥(1−𝑦). 

 

351.  

i. Calculate lim 𝑥→1 1−√𝑥(cos−1 𝑥)2. 

ii. Differentiate with respect to x. 

a) 𝑡𝑎𝑛𝑥 sin(𝑡𝑎𝑛𝑥) 

b) tan−1(𝑒𝑥 sin 𝑥) 

c) 𝑥 sin 𝑥 log|𝑥 sin 𝑥| 
iii. If 𝑦 = 𝑒5𝑥 sin(3𝑥 + 𝑎), find 

𝑑𝑦𝑑𝑥 and show that 
𝑑𝑦𝑑𝑥 |𝑥=0 = 5 sin 𝑎 + 3 cos 𝑎. Also show that 

𝑑2𝑦𝑑𝑥2 |𝑥=0 = 16 sin 𝑎 + 30 cos 𝑎. 

 

352. If u, v are two functions of x, prove that  
𝑑𝑑𝑥 (𝑢𝑣) =  𝑣 𝑑𝑢𝑑𝑥 +  𝑢 𝑑𝑣𝑑𝑥. Furthermore, 

if u,v,w are functions of x,  obtain an expression for 
𝑑𝑑𝑥 (𝑢𝑣𝑤). 

i. Use the substitution 𝑥 = cos 𝜃 and prove that lim 𝑥→1 1−𝑥cos−1 𝑥2 = 12. 
ii. Differentiate the following functions with respect to 𝑥. 

a) sin2(sin 𝑥) tan2 𝑥 

b) 𝑠𝑒𝑐(1 + 𝑥2)𝑒1+𝑥2 log|1 + 𝑥2| 
 

353.  

i. Explain the derivative of a function. Obtain the derivative of tan 𝑥 using the first principle. 

ii.   

a) Differentiate tan−1 ( 𝑒𝑥√1+𝑥2)  with respect to x. 

b) Differentiate sin(cos 𝑥) log|1+𝑥4|𝑥(𝑥2−1)   with respect to x. 
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c) If 𝑦 = sec 𝑥 + tan 𝑥, find 
𝑑𝑦𝑑𝑥 and obtain the value of  𝑑𝑦𝑑𝑥 |𝑥=0. Show that  𝑑2𝑦𝑑𝑥2 =  𝑦2 𝑠𝑒𝑐𝑥 and prove that 𝑑2𝑦𝑑𝑥2 |𝑥=𝜋4 = √2(√2 + 1)2

. 

 

354. In the equation 𝑦 = 𝑓(𝑥) the solution in terms of 𝑥, 𝑦 is given by 𝑥 = 𝑔(𝑦). If  𝑑𝑦𝑑𝑥 = 𝑑𝑑𝑦 [𝑔(𝑦)] ≠ 0. Prove that 
𝑑𝑑𝑥 [𝑓(𝑥)] = 1𝑑𝑑𝑦[𝑔(𝑦)]. Differentiate𝑦 =sin−1 𝑥, 𝑦 =  tan−1 𝑥  with respect to 𝑥. 

Also find the derivatives of 𝑦 = sin−1 𝑥, 𝑦 =  tan−1 𝑥. 

Show that the derivatives of the functions with respect to 𝑥, 2 sin−1(𝑥 − 1), 2 tan−1 √𝑥−1(√2−𝑥) , sin−1 2√(2 − 𝑥)(𝑥 − 1)is given by 
1√(2−𝑥)(𝑥−1) .  

 

355.  

i. If u, v are differentiable functions of x, show that 
𝑑𝑑𝑥 (𝑢𝑣) = 𝑣𝑑𝑢𝑑𝑥− 𝑢𝑑𝑣𝑑𝑥𝑣2 . 

ii. Differentiate the following functions with respect to x 

(a) sin−1 (3+5 cos 𝑥5+3 cos 𝑥) , 0 < 𝑥 < 𝜋 

(b) log𝑒 |√3+ tan 𝑥√3−tan 𝑥 | , − 𝜋2 < 𝑥 < 𝜋3  (Simplify your answer). 

iii. If 𝑦 = 𝑥4(𝑥−1)(𝑥−3)3, find the values of 𝑥 such that 𝑑𝑦𝑑𝑥 = 0. 
 

356. Use the first principle to show that, 
𝑑𝑑𝑥 (𝑡𝑎𝑛𝑥) = 𝑠𝑒𝑐2𝑥. Hence deduce the 

value of 
𝑑𝑑𝑥 (tan−1 𝑥) and hence prove that 

𝑑𝑑𝑥 [tan−1 (𝑢𝑣)] =  𝑣𝑑𝑢𝑑𝑥− 𝑢𝑑𝑣𝑑𝑥𝑢2+ 𝑣2  (u,v are 

differentiable funtions of 𝑥)differentiate the following funtions  with respect 

to 𝑥 and simplify to the fullest form (𝑎, 𝑏 are constants) 

i. tan−1 [√𝑎−𝑏𝑎+𝑏 tan (𝑥2)] , 𝑎 > 𝑏 > 0 

ii. tan−1 [𝑎 sin 𝑥+𝑏 cos 𝑥𝑎 cos 𝑥−𝑏 sin 𝑥 ] 

 

357. When 𝜃 → 0 show that 
sin 𝜃𝜃  → 1(The angle 𝜃 is measured in radian). Using 

the first principle, find the derivative of sin 𝑥 with respect to x.  Differentiate 

the functions sin−1 ( 2𝑥1+𝑥2) , log𝑒 | 𝑒𝑥 sin 𝑥(1−𝑥2)2| for [𝑥 ∈ ℝ/𝑥2 < 1] with repect to x. 

 



Differentiation 

 

42 

 

358.  

i. if y is a differentiable function of t and if t is a differentiable     

function of x show that 
𝑑𝑦𝑑𝑥 = 𝑑𝑦𝑑𝑡 . 𝑑𝑡𝑑𝑥 . Also show that 

𝑑𝑑𝑥 (sin 𝑥) =cos 𝑥 furthermore use the identity cos 𝑥 = sin (𝜋2 + 𝑥) and deduce 

that 
𝑑𝑑𝑥 (cos 𝑥) = − sin 𝑥. 

ii.        Use logarithm laws to differentiate the funtion (4 + 4𝑥)𝑥
. 

 

359. Assume that lim 𝜃→0 sin 𝜃𝜃  → 1 and obtain the derivative of sin 𝑥 , tan 𝑥, hence,  

i. Show that 
𝑑𝑑𝑥 (sin−1 𝑥) = 1√1−𝑥2 , −1 < 𝑥 < 1 

ii. Also show that 
𝑑𝑑𝑥 (tan−1 𝑥) =  11+𝑥2. 

If a,b are constants, and if 𝑎 < 𝑥 < 𝑏, show that both functions sin−1 (𝑥−𝑎𝑏−𝑎) , tan−1 (𝑥−𝑎𝑏−𝑥) has the same derivative with respect to x by 

differentiating both functions directly. Hence, deduce that the functions 

mentioned above are identical by substituting 𝑥 = (𝑎+𝑏2 ).  

 

360.  

i. Prove that  
𝑑𝑑𝑥 [sin−1 √cos 3𝑥cos3 𝑥] = −√ 3cos 𝑥 cos 3𝑥 where 0 < 𝑥 < 𝜋6. 

ii. prove that 𝑑𝑑𝑥 [√3 log |1+𝑥+𝑥21−𝑥+𝑥2|] + 2 tan−1 ( 𝑥√31−𝑥2) = 4√31+𝑥2+𝑥4. 

iii. If 𝑦 = 𝑥 log √1+𝑥1−𝑥, 

show that 𝑑2𝑦𝑑𝑥2 = 1(1+𝑥)2 + 1(𝑥−1)2 + 1𝑥+1 − 1𝑥−1 

 

361. If 𝑦1 = 14 (𝜋2 − sin−1 (5 cos 𝑥−35+3 cos 𝑥)) , 𝑦2 = 12 tan−1 (12 tan 𝑥2) where 0 ≤ 𝑥 ≤ 𝜋, 

i. Show that 0 ≤  4𝑦1 < 𝜋, 0 ≤  4𝑦2 < 𝜋. 

ii. Also show that 
𝑑𝑦1𝑑𝑥 = 15+ 3 cos 𝑥 =  𝑑𝑦2𝑑𝑥  for 0 < 𝑥 < 𝜋. 

iii. When 𝑥 = 𝜋2 show that tan 4𝑦1 = 43 = tan 4𝑦2 hence show that 𝑦1 = 𝑦2 for 𝑥 = 𝜋2 and deduce that 𝑦1 = 𝑦2. 

[note that the funtions 𝑦 = sin−1 𝑥 and 𝑦 = tan−1 𝑥 are defined 

only for the domain 
−𝜋2  ≤ 𝑥 ≤ 𝜋2] 

 



Differentiation 

 

43 

 

362. Prove that 𝑦 = log𝑒 𝑥 is only satisfied when 𝑥 = 𝑒𝑦. If it is given that 
𝑑𝑑𝑦 (𝑒𝑦) =𝑒𝑦 prove that  

𝑑𝑑𝑥 (log𝑒 𝑥) = 1𝑥 , (𝑥 ≠ 0). 

i. Show that 
𝑑𝑑𝑥 ln|𝑥 + √𝑥2 + 𝑎2| =  1√𝑥2+𝑎2. 

and that 
𝑑𝑑𝑥 ln |𝑥 + √𝑥2 + 𝑎2 =  1√𝑥2−𝑎2 where 𝑎 is a constant.  

ii. If 𝑒𝑦(𝑥 + 𝑘) = 𝑘 find 
𝑑𝑦𝑑𝑥 and 

𝑑2𝑦𝑑𝑥2  also find the values of 𝑑𝑦𝑑𝑥 |𝑥=0 𝑑2𝑦𝑑𝑥2 |𝑥=0 

 

363.  

i. If 0 < 𝜃 < 𝜋2 use a geometrical method to prove that sin 𝜃 < 𝜃 <tan 𝜃 hence show that when 𝜃 → 0, 
sin 𝜃𝜃 → 1, 

Use the first principal to find 
𝑑𝑑𝑥 (sin 𝑥) hence find 𝑑𝑑𝑥 (cos 𝑥), 𝑑𝑑𝑥 (sin−1 𝑥) using formulas 

𝑑𝑦𝑑𝑥 = 𝑑𝑦𝑑𝑡 . 𝑑𝑡𝑑𝑥  and 𝑑𝑦𝑑𝑥 = 1𝑑𝑥𝑑𝑦  . 

 

ii. If 𝑦 = sin(𝑎 sin−1 𝑥) prove that, (1 − 𝑥2) 𝑑2𝑦𝑑𝑥2 −  𝑥 𝑑𝑦𝑑𝑥 + 𝑎2𝑦 = 0 (𝑎 is a constant). 

364.  

i. If 𝑛 is a positive integer show that lim 𝑥→𝑎 𝑥𝑛−𝑎𝑛𝑥−𝑎 =  𝑛𝑎𝑛−1.  Hence 

show that 
𝑑𝑑𝑥 (𝑥𝑛) =  𝑛𝑥𝑛−1. 

ii. Use the first principle to show that 
𝑑𝑑𝑥 (sin 𝑥) = cos 𝑥 and deduce 

that 
𝑑𝑑𝑥 (cos 𝑥) =  − sin 𝑥. 

iii. If 𝑓1(𝑥), 𝑓2(𝑥) are two differentiable functions of 𝑥 and if 𝑓(𝑥) =𝑓1(𝑥)𝑓2(𝑥), derive a formula for 
𝑑𝑑𝑥 [𝑓(𝑥)] 

If 𝑚, 𝑛 are integers and if 𝑦 = sinm+1 𝑥 cosn−1 𝑥 prove that 
𝑑𝑦𝑑𝑥 = (𝑚 + 𝑛) sinm 𝑥 cosn 𝑥 − (𝑛 − 1) sinm 𝑥 cosn−2 𝑥. 

 

365. Differentiate the following with respect to 𝑥. 

i. sin(cos 𝑥) 

ii. sin−1(cos 𝑥),  0 < 𝑥 < 𝜋 

iii. cos 𝑎𝑥 sin(𝑏/𝑥) 

iv. 
𝑎+sin 𝑥𝑏+cos 𝑥 
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v. If 𝑦 = sin−1 𝑥 show that (1 − 𝑥2) 𝑑2𝑦𝑑𝑥2 −  𝑥 𝑑𝑦𝑑𝑥 = 0 and calculate the 

values of  
𝑑𝑦𝑑𝑥 |12 , 𝑑2𝑦𝑑𝑥2 |12. 

 

366. If u,v are two differentiable functions of 𝑥 show that , 
𝑑𝑑𝑥 (𝑢𝑣) 𝑢 𝑑𝑣𝑑𝑥 +  𝑣 𝑑𝑢𝑑𝑥. If 𝑦 = sin−1 𝑥 show that 

𝑑𝑦𝑑𝑥 =  1√1−𝑥2. 

 

i. If 𝑦 = sin(𝑚 sin−1 𝑥) where 𝑚 is a constant show that √1 − 𝑥2 𝑑𝑦𝑑𝑥 = 𝑚 cos(𝑚 sin−1 𝑥) and hence deduce that (1 − 𝑥2) 𝑑2𝑦𝑑𝑥2 −  𝑥 𝑑𝑦𝑑𝑥 + 𝑚2𝑦 = 0. 

ii. If = 2 sin−1 √𝑥 − 1 and if 𝑣 = sin−1 2 √(2 − 𝑥)(𝑥 − 1)for 1 < 𝑥 <3/2, show that 
𝑑𝑑𝑥 (𝑢𝑣) =  (𝑢+𝑣)2√(2−𝑥)(𝑥−1). 

 

367.  

a. Use the first principle and show that 
𝑑𝑑𝑥 sin 𝑥 = cos 𝑥. Hence 

deduce that  
𝑑𝑑𝑥 cos 𝑥 = − sin 𝑥 and hence show that 

𝑑𝑑𝑥 cot 𝑥 =−𝑐𝑜𝑠𝑒𝑐2𝑥. Also find 
𝑑𝑑𝑥 cot−1 𝑥. 

Without proof state all the formulas and axioms that you used to 

prove the above results. 

 

b. If 𝑦 = log(𝑥 + √𝑥2 − 𝑎2) for 𝑥 > 𝑎 > 0 show that  𝑑𝑦𝑑𝑥 =  1√𝑥2−𝑎2 deduce that (𝑥2 − 𝑎2) 𝑑2𝑦𝑑𝑥2 +  𝑥 𝑑𝑦𝑑𝑥 = 0. 

368.  

i. If 0 < 𝜃 < 𝜋2 use a geometrical method to prove that  sin 𝜃 < 𝜃 <tan 𝜃 hence show that when 𝜃 → 0, 
sin 𝜃𝜃 → 1. 

If 𝑎 is a constant use the first principal to show that 
𝑑𝑑𝑥 sin(𝑎𝑥) =𝑎 cos(𝑎𝑥). 

 

ii.  If 𝑦 = sin−1 𝑥𝑏 , where − 𝜋2 < 𝑦 < 𝜋2 , −𝑏 < 𝑥 < 𝑏 find 
𝑑𝑦𝑑𝑥. Also          

differentiate (𝛼)(𝑥2 + 1)12 sin2 2𝑥 and  sin2 (𝑎 sin−1 𝑥𝑏),−𝑏 < 𝑥 < 𝑏  

with respect to 𝑥. 
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iii. If 𝑦 = {log𝑒(𝑥 − 𝑎)}2 for 𝑥 − 𝑎 > 0 find 
𝑑𝑦𝑑𝑥. 

 

369.  

i. Use the first principle to show that 
𝑑𝑑𝑥 tan 𝑥 = sec2 𝑥 and deduce 

that 
𝑑𝑑𝑥 tan−1 𝑥 =  11+𝑥2 . 

Differentiate the following with respect to 𝑥 and simplify your 

answers. 

a) tan−1 =  ( 2𝑥1−𝑥2) 

b) log𝑒 |1+tan 𝑥1−tan 𝑥| 
 

ii. If  𝑦 = 𝑒𝑚 tan−1 𝑥2
 where 𝑚 is a constant show that (1 + 𝑥4) 𝑑𝑦𝑑𝑥 =2𝑚𝑥𝑦 and hence deduce that, (1 + 𝑥4) 𝑑2𝑦𝑑𝑥2 +  2𝑥(2𝑥2 − 𝑚) 𝑑𝑦𝑑𝑥 −2𝑚𝑦 = 0. 

 

370.  

i. If 𝑓, 𝑔 are two differentiable funtions of 𝑥, show that 
𝑑𝑑𝑥 (𝑓𝑔) =𝑓 𝑑𝑔𝑑𝑥 +  𝑔 𝑑𝑓𝑑𝑥 . 

Differentiate the following with respect to 𝑥, 

a) 𝑒𝑥2 sin 2𝑥 

b) √𝑥 sin−1(2𝑥 − 1) 

c) (𝑠𝑒𝑐𝑥 +𝑡𝑎𝑛𝑥𝑠𝑒𝑐𝑥−𝑡𝑎𝑛𝑥 ) log𝑒|𝑠𝑒𝑐𝑥 + 𝑡𝑎𝑛𝑥| 
 

ii. If (𝛼 + 𝛽𝑥)𝑐𝑦/𝑥 = 𝑥 show that 𝑥3 𝑑2𝑦𝑑𝑥2 =  (𝑥 𝑑𝑦𝑑𝑥 −  𝑦)2
, 𝛼, 𝛽 are 

constants. 

 

371.  

i. If 0 < 𝜃 < 𝜋2 use a geometrical method to prove that  sin 𝜃 < 𝜃 <tan 𝜃 hence show that when 𝑥 → 0, 
sin 𝑥𝑥 → 1. 

 Evaluvate lim 𝑥→0 1−cos 3𝑥𝑥2 . 
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ii. Differerentiate with respect to 𝑥, 

a) cos−1 (1−𝑥21+𝑥2) 

b) 
𝑥(1+𝑥2)√(1+𝑥2) , 𝑥 ≠ 1 

iii. If 𝑦𝑛 = 𝑠𝑒𝑐𝑥 tann 𝑥 show that, 
𝑑𝑦𝑛𝑑𝑥 = 𝑛𝑦𝑛−1 + (𝑛 + 1)𝑛+1 use a 

suitable substitution for 𝑛 to evaluvate ∫ 𝑠𝑒𝑐𝑥 tan 𝑥  𝑑𝑥. 

 

372.  

i. If 𝑛 is a positive integer show that lim 𝑥→𝑎 𝑥𝑛−𝑎𝑛𝑥−𝑎 =  𝑛𝑎𝑛−1.  Show that 

the above result is also true for 𝑛 if it is a negative integer. Hence 

for any integer 𝑛 prove that 𝑑𝑑𝑥 (𝑥𝑛) =  𝑛𝑥𝑛−1. 
ii. Use the first principle to show that 

𝑑𝑑𝑥 tan 𝑥 = sec2 𝑥 and also 

find 𝑑𝑑𝑥 tan−1 𝑥. Furthermore differentiate {log𝑒|tan−1 𝑥|}2  with 

respect to 𝑥. 

iii. Let 𝑦 = 𝑥 log𝑒 |1+𝑥1−𝑥| show that 
𝑑2𝑦𝑑𝑥2 = 1(1+𝑥)2 + 1(1−𝑥)2 + 11+𝑥 + 11−𝑥 

 

373.  

i.   a) Evaluate lim  𝑥→0 𝑥+ sin 3𝑥𝑥−sin 3𝑥 . 

b) Evaluate lim  𝑥→𝜋4 (1 − tan 𝑥) sec 2𝑥. 

ii. Differentiate the following with respect to 𝑥. 

a) 
1𝑥+√𝑥2−𝑎2 , 𝑎 is a constant. 

b) tan (2 tan−1 𝑥2) 

c) √1 + sin2(√𝑥) 

iii. If  𝑦 = 𝑒𝑥 sin 2𝑥 find 𝜆, 𝜇 such that 
𝑑2𝑦𝑑𝑥2 + 𝜆 𝑑𝑦𝑑𝑥 +  𝜇𝑦 = 0. 

 

374.  

i. Find the derivative of  
sin 𝑥𝑥  using the first principle. 

ii. If 𝑎, 𝑏 are constants differentiate cos−1 (𝑎 cos 𝑥+𝑏𝑏 cos 𝑥+𝑎),  with respect to 𝑥, and give your answer in the simplest form. 
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iii. If 𝑦 is a differentiable function of 𝑥 and if 𝑥 = tan 𝜃 to state 
𝑑2𝑦𝑑𝑥2 by 

means of 
𝑑𝑦𝑑𝜃 and 

𝑑2𝑦𝑑𝜃2, show that (1 + 𝑥2)2 𝑑2𝑦𝑑𝑥2 + 2𝑥 (1 + 𝑥2) 𝑑𝑦𝑑𝑥 + 𝑦 = 0 and that,  𝑑2𝑦𝑑𝜃2 + 𝑦 = 0. 

 

375.  

i. Find the derivative of  
tan 𝑥𝑥  using the first principle. 

ii. If 𝑎, 𝑏 are constants, differentiate tan−1 (𝑎−𝑏 sin 𝑥𝑏+𝑎 sin 𝑥),  with respect to 𝑥, and give your answer in the simplest form. 

iii. If 𝑦 is a differentiable function of 𝑥 and if 𝑥 = sin 𝜃 to state 
𝑑2𝑦𝑑𝑥2 by 

means of 
𝑑𝑦𝑑𝜃 and 

𝑑2𝑦𝑑𝜃2 further more show that (1 − 𝑥2)2 𝑑2𝑦𝑑𝑥2 − 𝑥 𝑑𝑦𝑑𝑥 + 𝑘𝑦 = 0and that ,
𝑑2𝑦𝑑𝜃2 + 𝑘𝑦 = 0. 

 

376. If 𝑢 and 𝑣 are two differentiable funtions of 𝑥, use the first principle to 

evaluate 
𝑑𝑑𝑥 (𝑢𝑣). 

i. If 𝑦 = 𝑢𝑣 take logarithms of both sides and differentiate to show 

that 
1𝑦 𝑑𝑦𝑑𝑥 = 1𝑢 𝑑𝑢𝑑𝑥 − 1𝑣 𝑑𝑣𝑑𝑥 show that . 

ii. If 𝑦 = 𝑢1𝑢2 …..𝑢𝑛𝑣1𝑣2 ……𝑣𝑛 show that 
𝑑𝑦𝑑𝑥 = 𝑦 ∑ (1 𝑑𝑢𝑖𝑢𝑖 𝑑𝑥 − 1 𝑑𝑣𝑖𝑣𝑖 𝑑𝑥)𝑛𝑖=1 . 

iii. Differentiate tan−1 2𝑥1−𝑥2  with respect to tan−1 𝑥. 

 

377.  

i. If 𝑓 is a differentiable function of 𝑥 and if 𝑓(𝑥) ≥ 0 find the 

derivative of √𝑓(𝑥) using the first principle. 

 

ii. Find the derivative of tan−1 𝑥, with respect to 𝑥. Use the 

substitution 𝑥 = tan 𝜃 and the derivative of tan−1 𝑥 to 

differentiate the functions tan−1 ( 2𝑥1−𝑥2) and sin−1 ( 2𝑥1+𝑥2). Hence 

find the derivative of tan−1 ( 2𝑥1−𝑥2)  with respect to sin−1 ( 2𝑥1+𝑥). 
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378.  

i. If  −1 < 𝑥 < 1 differentiate the following with respect to 𝑥. 

a) tan−1 ( 11−𝑥) − tan−1 ( 11+𝑥) 

b) sin−1 ( 2𝑥√4+𝑥4) 

Explain why both derivatives have equal values. 

 

ii. Find the derivative of 𝑥  with respect to 𝑥  using the first principle. 

iii. If 𝑦 = (𝑠𝑒𝑐𝑥 + tan 𝑥)1/2 for − 𝜋2 < 𝑥 < 𝜋2  show that, 

a) 2 𝑑𝑦𝑑𝑥 = 𝑦 sec 𝑥 

b) 2 𝑑2𝑦𝑑𝑥2 = (𝑠𝑒𝑐𝑥 + 2 tan 𝑥) 𝑑𝑦𝑑𝑥 

 

379.  

i. Starting from the definition of the first derivative, differentiate 𝑦 = −𝑐𝑜𝑡𝑥 − 𝑥  with respect to 𝑥. 

ii. If 𝑦 is a differentiable function of 𝑥 and if it is given that 𝑥 𝑑𝑦𝑑𝑥 =3(𝑦2𝑥6 − 𝑦 + 4). 

iii. By directly substituting the above equation show that 𝑦 = 2𝑥3 tan(2𝑥3 − 𝛼) where 𝛼 is a constant. 

iv. Use the above relationship to deduce that. 𝑑𝑦𝑑𝑥 =  3𝑥2(4 + 𝑣2) where 𝑣 = 𝑥3𝑦. 
 

380.  

a. Evaluate the following limits. 

i. lim  𝑥→5 √𝑥−1−2𝑥2−25  

ii. lim  𝑥→0 sin 2𝑥−𝑥tan 3𝑥−2𝑥 

b. If    𝑦 = sin(sin 𝑥) prove that; 
𝑑2𝑦𝑑𝑥2 + tan 𝑥 𝑑𝑦𝑑𝑥 +  𝑦 cos2 𝑥 = 0 

c. If 𝑘 is a constant and if 𝜃 ≠  𝜃, cos 𝜃 ≠ 0 the two functions 𝑥, 𝑦 are 

defined by a parameter  𝜃 such that 𝑥 = 𝑘(cos 𝜃 +𝜃 sin 𝜃)and 𝑦 = 𝑘(sin 𝜃 − 𝜃 cos 𝜃) find 
𝑑𝑦𝑑𝑥 and 

𝑑2𝑦𝑑𝑥2 . 

381.  

i. If f is an even function of x differentiable at x=0 with (0) = 0, 

then prove that 𝑓′(0) = 0. 
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ii. Prove that  
𝑑𝑑𝑥 (sin(3𝑥)) = 3 cos(3𝑥)  by using the first 

principals. 

iii. The function 𝑓: ℝ → ℝ  is defined as, 𝑓(𝑥)    1 − 4𝑥, 𝑥 ≤ 0𝑥(𝑥 − 4), 0 < 𝑥 < 32𝑥 − 9, 3 ≤ 𝑥  

         Find that, whether the function f is differentiable at 𝑥 > 0 and 𝑥 = 3. 

 

382.  

i. Parabolic equation of a curve is given by 𝑥 = sin 4𝜃 +2 sin 2𝜃, 𝑦 = cos 4𝜃 − 2 cos 2𝜃 − 𝜋/6 < 𝜃 < 𝜋/6. Show that 𝑑𝑦𝑑𝑥 = − tan 𝜃. Find the value of 𝑑𝑑𝜃 (𝑑𝑦𝑑𝑥), and show that 𝑑2𝑦𝑑𝑥2 |𝜃=0 = − 18 too. 

ii. If  𝑦 = (𝑎2 + 𝑏2) tan−1 𝑎𝑏 , then show that 
𝑑3𝑦𝑑𝑥3 = 4𝑏(𝑎2+𝑏2)2. 

 

383.  

i. Find the coordinates of the points which has the gradient of 3 

in the curve of 𝑦 = 4𝑥3 + 𝑥2 + 𝑥 + 4. 
ii. If the coordinates of the point with the gradient of 3 are (1,2) 

of the curve 𝑦 = 2𝑝𝑥2 + 3𝑞𝑥  , then find the values of p and q. 

 

384.   

i. The tangent drawn at the point of (1,2) for the curve of 𝑦 =3𝑎𝑥 +  2𝑏𝑥 , is parallel to the line of 𝑦 = 3𝑥 + 2. Find the values 

of a and b. 

ii. In the curve of 𝑓(𝑥) = 𝑝𝑥3 + 𝑎𝑥2 + 1,𝑓(2) =  −1 and 𝑓′(1) =3. Find the values of p and q. 

 

385. i. The gradient of the point (p, q) of the curve = 2𝑥2 + 3𝑥 + 1 , is 7. Find         

the values of p and q. 

    ii. If = √4 + √𝑥 , show that 
𝑑𝑦𝑑𝑥 =  14√4𝑥+𝑥√𝑥. Find the value of  

𝑑𝑦𝑑𝑥 |𝑥=4. 
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386.  

i. Find  lim  𝑥→0 √𝑎+𝑥−√𝑎−𝑥𝑥  . 
ii. Show that 

𝑑𝑦𝑑𝑥 =  cos 𝑦1+𝑦 tan 𝑦 , if  𝑦 = 𝑥 cos 𝑦. 
 

387. A curve can be represented by the equations, 𝑥 = 𝑎 cos3 𝜃 𝑦 = 𝑎 cos3 𝜃 when 

considering the rectangular axes. Find the equation of the tangent drawn to 

the curve at the point of  𝜃 = 𝜋4. 

 

388.  

i. Find 
𝑑𝑦𝑑𝑥 of  𝑦 = 𝑒𝑘 cos−1 𝑥. 

ii. Show that  (1 − 𝑥2) 𝑑2𝑦𝑑𝑥2 − 𝑥 𝑑𝑦𝑑𝑥 −  𝑘2𝑦 = 0. 

iii. Find  
𝑑𝑦𝑑𝑥 |𝑥=𝜋3 , 𝑑2𝑦𝑑𝑥2 |𝑥=𝜋3   when 𝑘 = 2. 

 

389.  

i. Find the turning point of 𝑓(𝑥) = 𝑥3(1 + 𝑥) 1/2𝑥 > −1 and draw 

the sketch of the graph. 

ii. Followings are the coordinates of a variable point (x , y) of the 

curve 𝑥 = 𝑡(1 − 𝑡)2, 𝑦 = 𝑡2(1 − 𝑡). 

In here, t is a variable parameter. Find the equation of the tangent drawn to the 

curve from the point where 𝑡 = 12. Show that the curve completely lies on one 

side of this line. 

 

390. Find the equation of the tangent drawn from the point (1,1) to the curve 3𝑥2 + 2𝑥𝑦 + 2𝑦2 − 7 = 0. If this curve touches the curve 𝑦2 = 𝑎𝑥 + 𝑏 , at the 

point of (1,1), then find the values of a and b. 

 

391. The gradient of the function 𝑦 = (2𝑘 − 𝑥)3, when 𝑥 = −1 is − 13. Find the 

possible values that can be taken for 𝑘. 

 

392. The equations 𝑥 = 𝑒𝜃 cos 𝜃 , 𝑦 = 𝑒𝜃 sin 𝜃 gives a curve in a parametric form. 

Find the equation of the tangent drawn to the curve at the point P with 

parameter 𝜃. If O is the origin, then show that the angle between OP line and 

the tangent at point P remains constant when the point P moves on the curve. 
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393.  

i. Find 
𝑑𝑦𝑑𝑥 and 

𝑑2𝑦𝑑𝑥2 of the function 𝑦 = 𝑥−𝑛 log𝑒 𝑥. 

a) If the tangent drawn at the point P of the curve passes 

through the origin, then find the coordinates of the point P. 

b) Find the reflective points of the curve. 

ii. If 𝑦 = 𝑠𝑒𝑐𝑥 + tan 𝑥, then show that 
𝑑𝑦𝑑𝑥 = 𝑦 𝑠𝑒𝑐𝑥 and obtain 

𝑑2𝑦𝑑𝑥2. 

 

394. Find 
𝑑𝑦𝑑𝑥 |𝑥=1 , for (𝛼 + 𝛽𝑥)𝑦𝑥 = 𝑥 , where 𝛼, 𝛽 are constants. Show that 𝑥3 𝑑2𝑦𝑑𝑥2 =(𝑥 𝑑𝑦𝑑𝑥 − 𝑦)2. 

 

395. If 𝑦 = tan(𝑒𝑥 − 1), show that 
𝑑2𝑦𝑑𝑥2 = 𝑑𝑦𝑑𝑥 (1 + 2𝑒𝑥𝑦). 

 

396. Show the equation of the tangent drawn at the point T such that 𝑇 ≡[𝑡, 𝑡(3−𝑡2)1+𝑡2 ] in the function 𝑦(1 + 𝑥2) = 𝑥(3 − 𝑥2), is (1 + 𝑡2)2𝑦 + (𝑡4 + 6𝑡2 −3)𝑥 = 8𝑡3 

 

397. Show that (𝑥2 + 𝑐) 𝑑2𝑓𝑑𝑥2 + 4𝑥 𝑑𝑓𝑑𝑥 +  2𝑓 = 0 for the function 𝑓(𝑥) =  𝑎𝑏+𝑏𝑥2+𝑐  . Here 𝑎, 𝑏 are constants. 

 

398. Find the equation fo the tangent shown by the parameter t of a curve at the 

point with 𝑥 = 1 − 𝑡, 𝑦 = 𝑡4 − 2𝑡2 + 𝑡. 

 

399.  

i. Find the behaviour of the mathematical expression 
4𝑥+1 − 1𝑥−1 

when x has increasing real values. Show that the maximum value 

of the expression is 
112 and the minimum of  92, and that there can 

be no value is possible between these for the expression. Explain 

this with a help of a graph. 

ii. Find the equation of the perpendicular drawn to the curve 𝑦 =𝑥2 − 7𝑥 + 12 at the point of (2, 2). Find the equation of the 

tangent drawn to the curve at the point where the perpendicular 

meets the curve again. 

 



Differentiation 

 

52 

 

400. The coordinates of a variable point (x, y) on a curve is given below. 𝑥 =𝑡(1 − 𝑡)2, 𝑦 = 𝑡2(1 − 𝑡) In here, t is parametric quantity. Find the equation of 

tangent drawn to the curve at the point of which t =2. 

 

401. Find the equation of the tangent drawn to the curve 𝑥3 + 𝑦3 = 2𝑥𝑦 at the 

point of (1, 1). Show that the perpendicular drawn at this point meets the 

curve at the origin. 

 

402. The equations 𝑥 = 1−𝑡21+𝑡2 , 𝑦 = 2𝑡1+𝑡2 give a curve in a parametric form.Find the 

equation of the tangent drawn to the curve at the point P with parameter 𝑡.if 

O is the origin, then show that the angle between OP line and the tangent at 

point P remains constant when the point P moves on the curve. 

 

403. Find 
𝑑𝑦𝑑𝑥 of the curve 𝑦 = 𝑥√𝑥−3, and by that find the equation of the 

perpendicular drawn to the curve at the point x=4. 

 

404. The equation    𝑦 = 4 − 4𝑥 + 3𝑥2 − 𝑥3 represents the curve S. Show that the 

tangent drawn to this curve and the tangent drawn to the parabola 𝑦2 = 4𝑥 at 

the point (1, 2) are perpendicular. 

 

405. Find the increasing/ decreasing ranges of the function 𝑓(𝑥) =  3𝑥log𝑒 𝑥. 

 

406. Find the equations of the tangent and the perpedicular at the point of  𝑥 =4(𝜃 + sin 𝜃), 𝑦 = 4(1 + cos 𝜃), 𝜃 = 𝜋2. 

 

407. Find the equations of the tangent and the perpendicular drawn to the curve 𝑦 = 𝑥 + 4𝑥 at the point (1, 5). Find the equations of the two tangents drawn 

parallel to the perpendicular of the above curve. Show that the perpendicular 

distance between these two tangents is 
8√155 . 
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408.  

i. Find 
𝑑𝑦𝑑𝑥 for the function 𝑦 = 𝑥2−12𝑥2++1 . Find the range of x when 

𝑑𝑦𝑑𝑥 >0 . Find the maximum and minimum values of the function when 0 ≤ 𝑥 ≤ 1. 

ii. Show that the perpedicular drawn at the point 𝐴 ≡ (4, 8) to the 

curve of  𝑥 = 𝑡2, 𝑦 =  𝑡3 , is 𝑥 + 3𝑦 − 28 = 0. If this perpendicular 

meets the OX axis at the point N, then find the coordinates of N. 

 

409. Show that the function 𝑓(𝑥) =  𝑥log𝑒 𝑥 , 

i. Increases in the range of  𝑒 < 𝑥 < ∞. 

ii. Decreases in the range of 0 < 𝑥 < 𝑒. 

 

410.  

i. Prove that 𝑥 − 𝑥22 + 𝑥33 >  log𝑒|1 + 𝑥| > 𝑥 − 𝑥22  for all 𝑥 > 0. 

ii. The equation of a curve is 𝑥 = 3𝑡2 + 1, 𝑦 =  2𝑡3, where t is a 

parameter. Find the equation of the perpendicular drawn to the 

curve at that point. Show that a perpendicular cannot be drawn to 

the curve from the origin. 

iii. Find the maximum and the minimum values of 𝑓(𝑥) =  cos 2𝑥 −2 sin 𝑥 in the range of 0 ≤ 𝑥 ≤ 2𝜋. 

 

411. Prove that (1 + 𝑥)𝑝 >≮ 1 + 𝑝𝑥  in  accordance with 𝑝 >≮ 1 when 𝑥 ≥ 0. 

Parametric equation of a curve is 𝑥 = 𝑎(𝜃 + sin 𝜃), 𝑦 = 𝑎(1 − cos 𝜃) where 𝑎 > 0, −𝜋 < 𝜃 < 𝜋. Show that the gradient of the curve increases as x 

increases by using the formula 
𝑑𝑑𝑥 (𝑑𝑦𝑑𝑥) = 𝑑𝑑𝜃 (𝑑𝑦𝑑𝑥) 𝑑𝜃𝑑𝑥. 

 

412.  

i. Find the behaviour of the function 𝑥2 − 2 log𝑒 𝑥 when x varies in 

the real positive values. Show that the minimum value is 1 for the 

above function. 

ii. Find the turning points of 𝑦 = 𝑥 log𝑒 𝑥 − 2𝑥 and by then sketch 

the graph of it. 
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413.  

i. The equation 𝑥 = 𝑎2 (1 + 1𝑡) , 𝑦 = 𝑏2 (1 − 1𝑡) represents a curve. 

Here a and b are positive constants and 𝑡(≠ 0) is a positive 

parametry. Prove that the gradients of the curve does not lie in 

the range of – 𝑏𝑎 and 
𝑏𝑎. 

Show that on the curve  
𝑑2𝑦𝑑𝑥2 = 8𝑏𝑡5𝑎2(𝑡2−1)  is  by using the formula 𝑑2𝑦𝑑𝑥2 = 𝑑𝑑𝑡 (𝑑𝑦𝑑𝑥) 𝑑𝑡𝑑𝑥. 

ii. Find the range of t such that the gradient increases with 

increasing x. Prove that 𝑥 > sin 𝑥 > 𝑥 − 𝑥36   if 𝑥 > 0. 

 

414. A plane curve is given by the equations 𝑥 = 2𝑎(𝑡3 − 1), 𝑦 = 3𝑎𝑡2. here, a is a 

positive constant and t is a parameter. Find the tangent and the perpendicular 

drawn to the curve at the point t. Prove that, 

i. The tangent drawn to the curve at the point t= 1, meets the curve 

again at the point of 𝑡 = 12,  

ii. The perpendicular drawn to the curve at the point t=1 , never 

meets the curve again. Find 
𝑑2𝑦𝑑𝑥2 in terms of t , and show that the 

gradient of the curve, decreases with increasing x except at the 

point t =0. 

 

415. The coordinates of a general point on a curve is 𝑎 cos3 𝜃 , 𝑎 sin3 𝜃. Here, 𝜃 is a 

parameter with 0 < 𝜃 < 𝜋2, and a is a positive constant. If the lengths of the 

perpendiculars drawn from the origin to the tangent and the perpendicular of 

the curve which were drawn at a certain point of it are p and q Prove that 4𝑝2 + 𝑞2 = 𝑎2. 

 

416. Show that the minimum  and the maximum points of the curve 𝑦 = 3𝑥2−36𝑥−10 are 

in the forms of (𝑘, 𝑘), (1𝑘 , 1𝑘). Draw the sketch of the graph for this function. 

Draw the sketch of the graph of rectangular hyperbola of 𝑥𝑦 = 1. Show that 

the equation 3𝑥3 − 9𝑥 + 10 = 0 has one and only real root and that this root 

reduces to -1. 
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417.  

i. Evaluate lim𝑥→0 1−𝑐𝑜𝑠2(2 sin 𝑥)1−cos 2𝑥  

ii. If  𝑦 =  𝑒𝑘 𝑠𝑖𝑛−1𝑥 ,  where 𝑘 is a constant, show that,  𝑑𝑦𝑑𝑥  √1 − 𝑥2 = 𝑘𝑦  

Find 
𝑑𝑦𝑑𝑥 When 𝑥 =  12 

         2000 A/L 

418. If  𝑥 = 𝑡 − sin 𝑡  and  𝑦 = 1 − cos 𝑡, show that 𝑦 (𝑑3𝑦𝑑𝑥3) + 2 (𝑑𝑦𝑑𝑥) (𝑑2𝑦𝑑𝑥2) = 0  for 𝑡 ≠ 2𝑛𝜋, 𝑛 ∈ 𝑍. 

2001 A/L 

419. If 𝑦 = 𝑒4𝑥 sin 3𝑥,  show that 
𝑑2𝑦𝑑𝑥2 − 8 𝑑𝑦𝑑𝑥 +  25𝑦 = 0 . 

Find (𝑑𝑦𝑑𝑥)𝑥=0 , (𝑑2𝑦𝑑𝑥2)𝑥=0  and (𝑑3𝑦𝑑𝑥3)𝑥=0 . 

         2002 A/L 

420. If  𝑦 = 𝑒cos 𝑥  , find (𝑑𝑦𝑑𝑥)𝑥=0 , (𝑑2𝑦𝑑𝑥2)𝑥=0 ,  (𝑑3𝑦𝑑𝑥3)𝑥=0, (𝑑4𝑦𝑑𝑥4)𝑥=0 and (𝑑5𝑦𝑑𝑥5)𝑥=0. 
2003 A/L 

421. Let 𝑦 = 𝑒−𝑥  (cos 2𝑥 + sin 2𝑥). Show that  
𝑑𝑦𝑑𝑥 +  𝑦 = 2𝑒−𝑥 (cos 2𝑥 − sin 2𝑥). 

Determine two numbers p and q such that  
𝑑2𝑦𝑑𝑥2 +  𝑝 𝑑𝑦𝑑𝑥 + 𝑞𝑦 = 0. Find (𝑑3𝑦𝑑𝑥3)𝑥=0 . 

2004 A/L 

422. If  𝑦 = 12 (𝑠𝑖𝑛−1𝑥)2, show that (1 − 𝑥2) 𝑑2𝑦𝑑𝑥2 − 𝑥 𝑑𝑦𝑑𝑥 − 1 = 0 . 

Find (𝑑2𝑦𝑑𝑥2)𝑥=0 ,  (𝑑3𝑦𝑑𝑥3)𝑥=0and  (𝑑4𝑦𝑑𝑥4)𝑥=0. 
         2005 A/L 

423. Let  𝑦 = (1 + 4𝑥2) 𝑡𝑎𝑛−1(2𝑥). 

       Show that, 

a) (1 + 4𝑥2) 𝑑𝑦𝑑𝑥 −  8𝑥𝑦 = 2(1 + 4𝑥2) . 

b) (1 + 4𝑥2) 𝑑2𝑦𝑑𝑥2 −  8𝑦 = 16𝑥. 

c) Find (𝑑3𝑦𝑑𝑥3)𝑥=0. 
2006 A/L 
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424.  

i. a) Show that 
𝑑𝑟𝑑𝑥𝑟 (𝑥𝑒𝑥) = (𝑥 + 𝑟)𝑒𝑥 for any positive integer 𝑟. 

b) If 𝑦 = 𝑥2𝑒𝑥, prove that 
𝑑𝑦𝑑𝑥 = 2𝑥𝑒𝑥 + 𝑦, 

Deduce that  
𝑑𝑟𝑦𝑑𝑥𝑟 −  𝑑𝑟−1𝑦𝑑𝑥𝑟−1 = 2(𝑥 + 𝑟 − 1)𝑒𝑥, 

Hence, show that  
𝑑𝑛𝑦𝑑𝑥𝑛 = 𝑛(2𝑥 + 𝑛 − 1)𝑒𝑥 + 𝑦, 

for any positive integer 𝑛. 

 

ii. The tangent at the point 𝑃(𝑎𝑡2, 𝑎𝑡3), to the curve 𝑎𝑦2 = 𝑥3, where 𝑎 is a constant, meets the curve again at 𝑄. Find the coordinates of 𝑄 in terms of 𝑡. 
2007 A/L 

425.  

i. Using first principles, find the derivative of the function 𝑓(𝑥) =tan 𝑥 with respect to 𝑥. 

Differentiate tan(𝑠𝑖𝑛−1𝑥), when 0 < 𝑥 < 1, with respect to 𝑥. 

 

ii. Show that if 𝑦 is a differentiable function of 𝑢 and   𝑢 = ln(cos 𝑥), when − 𝜋2 < 𝑥 < 𝜋2, then, 𝑠𝑖𝑛3𝑥 𝑑2𝑦𝑑𝑢2 = sin 𝑥  𝑐𝑜𝑠2𝑥 𝑑2𝑦𝑑𝑥2 − cos 𝑥 𝑑𝑦𝑑𝑥  . 
 

iii. Let C be the curve given parametrically by 𝑥 = 𝑎2 (𝑡 + 1𝑡) and 𝑦 =𝑎 (𝑡 − 1𝑡), where 𝑎 is a non-zero constant and 𝑡 is a non-zero 

parameter. 

Find the equation of the normal to the curve 𝐶 at the point with 

parametric value 𝑡0. 

Show that four normals can be drawn from the point (−13𝑎, 0), to 

the curve 𝐶 and find the parametric values of the feet of the four 

normals. 

        2008 A/L 

426.  

i. Using first principles, find the derivative of 𝑓(𝑥) = sin 𝑥 with 

respect to 𝑥 

Deduce the derivative of 𝑔(𝑥) = cos 𝑥. 

Differentiate  

a) sin[ln(1 + 𝑥2)] 

b) cos(sin 𝑥) 
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with respect to 𝑥 

ii. Let 𝑦 = sin 𝑘𝜃 𝑐𝑜𝑠𝑒𝑐 𝜃 and  𝑥 = 𝑐𝑜𝑠𝜃, where 𝑘 is a constant. 

Show that, 

a) (1 − 𝑥2) 𝑑𝑦𝑑𝑥 −  𝑥𝑦 + 𝑘 cos 𝑘𝜃 = 0, 

b) (1 − 𝑥2) 𝑑2𝑦𝑑𝑥2 −  3𝑥 𝑑𝑦𝑑𝑥 + (𝑘2 − 1)𝑦 = 0. 
iii. The tangent to the curve 𝑦(1 + 𝑥2) = 2 at the point 𝑃 (3, 15)  meets the curve again at 𝑄. 

Find the coordinates of 𝑄. 

        2009 A/L 

427.  

a) Let 𝑦 = 𝑡𝑎𝑛−1 (√1+𝑥2−1𝑥 ) and 𝑧 = 𝑡𝑎𝑛−1𝑥.  Find   
𝑑𝑦𝑑𝑧. 

b)   Let 𝑦 = 𝑒𝑚𝑠𝑖𝑛−1𝑥 , Where 𝑚 is a constant. 

  Show that (1 − 𝑥2) 𝑑2𝑦𝑑𝑥2 − 𝑥 𝑑𝑦𝑑𝑥 − 𝑚2𝑦 = 0. 
c)   Find the value of  

𝑑3𝑦𝑑𝑥3  at 𝑥 = 0. 
      2010 A/L 

428. Show that lim𝑥→0 √4+3 sin 𝑥 −√4−3 sin 𝑥 2𝑥 = 34. 

                   2011 A/L 

429. A curve is given by 𝑥 = 3𝑡, 𝑦 = 3𝑡, where 𝑡 is a non-zero parameter. Show that 

the equation of the tangent to the curve at the point (3𝑡, 3𝑡) is 𝑥 + 𝑡2𝑦 = 6𝑡. 

Deduce that as t varies, the area of the triangular region bounded by the 

coordinate axes and this tangent is a constant.  

         2011 A/L 

430. Show that lim𝑥→0 𝑥 sin 𝑥 2 𝑠𝑖𝑛23𝑥 – 𝑥2 cos 𝑥 = 117 . 

2012 A/L 

431. A curve C is given by the equation 𝑦 = 4 − 4𝑥 + 3𝑥2 − 𝑥3. Find the equation 

of the tangent drawn to the curve C at the point (1,2) show that this tangent 

is perpendicular to the tangent drawn to the curve 𝑦2 = 4𝑥 at the point (1,2). 

The gradient of the tangent drawn to the curve C at the point (1,2) 

2012 A/L 

432. Show that lim𝑥→0 1−cos 𝑥 √1+𝑥2−√1−𝑥2 = 12. 
2013 A/L 
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433. Let 𝐶 be the curve given by 𝑥 = 2 cos 𝜃 , 𝑦 = sin 𝜃, when 𝜃 is a parameter. The 

normal to the curve 𝐶 at the point corresponding to 𝜃 = 𝜋4 meets the curve 𝐶 

again at the point corresponding to 𝜃 = 𝛼. Show that 2 sin 𝛼 − 8 cos 𝛼 +3√2 = 0. 
2013 A/L 

434. Show that lim𝑥−0 𝑡𝑎𝑛22𝑥𝑥(1−√1+𝑥) = −8. 
2014 A/L 

435. Let 𝐶  be the curve given by 𝑥 = 𝑒𝑡 +𝑒−𝑡, 𝑦 = 𝑒𝑡 − 𝑒−𝑡 , where 𝑡 is a real 

parameter. Find   
𝑑𝑦𝑑𝑥   in terms of  𝑡 and show that the equation of the tangent 

line at the point on C corresponding to 𝑡 = 𝑙𝑛 2  is  5𝑥 − 3𝑦 − 8 = 0. 

2014 A/L 

436. Using the result lim𝑦→𝑎 𝑦𝑛−𝑎𝑛𝑦−𝑎 = 𝑛𝑎𝑛−1  for 𝑛 ∈  ℤ  , or otherwise, show that lim𝑥→0 (𝑥+√2)4−4sin 4𝑥 = 2√2. 

2015 A/L 

437. A curve 𝐶 in the 𝑥𝑦- plane is given in terms of a real parameter 𝜃, by the 

equations 𝑥 = 2 + cos 2𝜃 , 𝑦 = 4 sin 𝜃, find the derivative  
𝑑𝑦𝑑𝑥  in term of 𝜃, and 

show that the equation of the normal drawn to the curve 𝐶 at the point where 𝜃 = 𝜋 4⁄    is 𝑥 − √2𝑦 + 2 = 0. 

         2015 A/L 

438. Let 𝑦 = 𝑥 sin 1𝑥  for 𝑥 ≠ 0. Show that, 

a) 𝑥 𝑑𝑦𝑑𝑥 = 𝑦 − cos 1𝑥  and 

b) 𝑥4  𝑑2𝑦𝑑𝑥2 + 𝑦 = 0 

2015 A/L 

439. Let 𝛼 > 0. Find the values of 𝛼 such that lim𝑥→0 1−cos(𝛼𝑥)√4+𝑥2−√4−𝑥2 = 16. 

2016 A/L 

440. A curve 𝐶 is given by the parametric equations. 

 𝑥 = 3 𝑠𝑖𝑛2 𝜃2 ,   𝑦 =  𝑠𝑖𝑛3𝜃   for 0 < 𝜃 < 𝜋4. Show that 
𝑑𝑦𝑑𝑥 = sin 2𝜃. 

If the gradient of the tangent at a point 𝑃 on 𝐶 is  
√32  , find the value of the 

parameter 𝜃 corresponding to 𝑃. 

         2016 A/L 

 

441. Let 0 < 𝛼 < 𝜋2. Show that  lim𝑥→𝛼 𝑥3−𝛼3tan 𝑥−tan 𝛼 = 3𝛼2 𝑐𝑜𝑠2𝛼. 
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2017 A/L 

442. A curve 𝐶 is given parametrically by 𝑥 = 3 cos 𝜃 − 𝑐𝑜𝑠3𝜃, 𝑦 = 3 sin 𝜃 − 𝑠𝑖𝑛3𝜃  

for 0 < 𝜃 < 𝜋2. 

Show that   
𝑑𝑦𝑑𝑥 = −𝑐𝑜𝑡3𝜃. 

Find the coordinates of the point 𝑃 on the curve 𝐶 at which the gradient of 

the tangent line is -1. 

         2017 A/L 

443. Show that  lim𝑥→0 1−cos(𝜋𝑥4 )𝑥2(𝑥+1) =  𝜋232. 

2018 A/L 

444. A curve 𝐶 is given by the parametric equations 𝑥 = ln(tan 𝑡2)  and 𝑦 = sin 𝑡  

for 
𝜋2 < 𝑡 < 𝜋. 

Show that 
𝑑𝑦𝑑𝑥 = cos 𝑡 sin 𝑡. 

Deduce that the gradient of the tangent line drawn to the curve 𝐶 at the point 

corresponding to 𝑡 = 2𝜋3  is − √34 . 

2018 A/L 

445. Show that lim𝑥→3 √𝑥−2−1sin(𝜋(𝑥−3)) = 12𝜋  .  

2019 A/L 

446. Let C be the parabola parametrically given by 𝑥 = 𝑎𝑡2 and 𝑦 = 2𝑎𝑡 for 𝑡 ∈ℝ, where 𝑎 ≠ 0. 
Show that the equation of the normal line to the parabola C at the point (𝑎𝑡2, 2𝑎𝑡) is given by 𝑦 + 𝑡𝑥 = 2𝑎𝑡 + 𝑎𝑡3. 
The normal line at the point 𝑃 ≡ (4𝑎, 4𝑎) on the parabola C meets this 

parabola again at a point 𝑄 ≡ (𝑎𝑇2, 2𝑎𝑇). Show that 𝑇 = −3. 

2019 A/L 
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447. Show that lim𝑥→𝜋3
𝑠𝑖𝑛 (𝑥−𝜋3)(√3𝑥−√𝜋) =  2√𝜋3 . 

2020 A/L 

448. Show that the equation of the normal line to the ellipse 
𝑥225 + 𝑦29 = 1 at the   

point 𝑃 = (5 𝑐𝑜𝑠 𝜃, 3 𝑠𝑖𝑛 𝜃) on it, is 5 sin 𝜃 𝑥 − 3 𝑐𝑜𝑠 𝜃 𝑦 =  16 𝑠𝑖𝑛 𝜃 𝑐𝑜𝑠 𝜃. 

             Find the y-intercept of the normal line drawn to the above ellipse at the      

point (52 , 3√32 ) on it. 

2020 A/L 
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