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1  a d

d
y
x

 = 2x,  grad = 2        2  a = 
e

1∫ (4x + 9
x

)  dx 

   ∴ grad of normal = 1
2−          = [2x2 + 9 ln | x |] e

1  
   ∴ y − 2 = 1

2− (x − 1)          = (2e2 + 9) − (2 + 0) 
    [ y = 5

2  − 1
2 x ]           = 2e2 + 7 

 b y = 0  ∴ x = 5           b = π
e

1∫ (4x + 9
x

)2  dx 

   ∴ (5, 0)              = π
e

1∫ (16x2 + 72 + 81x−2)  dx 

 c volume  0 ≤ x ≤ 1           = π[ 16
3 x3 + 72x − 81x−1] e

1  

    = π
1

0∫ (x2 + 1)2  dx         = π[( 16
3 e3 + 72e − 81e−1) − ( 16

3  + 72 − 81)] 

    = π
1

0∫ (x4 + 2x2 + 1)  dx        = 869 (3sf) 

    = π[ 1
5 x5 + 2

3 x3 + x] 1
0  

    = π[( 1
5  + 2

3  + 1) − (0)] = 28
15 π 

   volume  1 < x ≤ 5  =  volume of cone 
    = 1

3  × π × 22 × 4 = 16
3 π 

   total volume 
    = 28

15 π + 16
3 π 

    = 36
5 π 

 
3 a = π

π
3
π
6
∫ cosec2 x  dx b = π

4

1∫ ( 3
2

x
x

+
+

)2  dx 

  = π[−cot x]
π
3
π
6

  = π
4

1∫
3
2

x
x

+
+

  dx 

  = −π( 1
3

 − 3 )  = π
4

1∫
( 2) 1

2
x

x
+ +

+
  dx 

  = π( 3  − 1
3 3 )  = π

4

1∫ (1 + 1
2x +

)  dx 

  = 2
3 π 3   = π[x + lnx + 2] 4

1  
    = π[(4 + ln 6) − (1 + ln 3)] 
    = π(3 + ln 2) 
 

 c = π
π
4

0∫ (1 + cos 2x)2  dx d = π
2

1∫ (
1
2x e2 − x)2  dx 

  = π
π
4

0∫ (1 + 2 cos 2x + cos2 2x)  dx  = π
2

1∫ xe4 − 2x  dx 

  = π
π
4

0∫ ( 3
2  + 2 cos 2x + 1

2 cos 4x)  dx    u = x, d
d
u
x

 = 1;  d
d

v
x

 = e4 − 2x, v = − 1
2 e4 − 2x 

  = π[ 3
2 x + sin 2x + 1

8 sin 4x]
π
4
0   = π{[− 1

2 xe4 − 2x] 2
1  + 

2

1∫ 1
2 e4 − 2x  dx} 

  = π[( 3
8 π + 1 + 0) − (0)]  = π[− 1

2 xe4 − 2x − 1
4 e4 − 2x] 2

1  

  = 1
8 π(3π + 8)  = π[(−1 − 1

4 ) − (− 1
2 e2 − 1

4 e2)] 
    = 1

4 π(3e2 − 5) 
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4 volume = π
1

0∫ (
1
2e xx − )2  dx      5  a = 

π
2

0∫ (2 sin x + cos x)  dx 

      = π
1

0∫ x2e−x  dx          = [−2 cos x + sin x]
π
2
0  

   u = x2, d
d
u
x

 = 2x;  d
d

v
x

 = e−x, v = −e−x      = (0 + 1) − (−2 + 0) 

 ∫  x2e−x  dx  = −x2e−x + ∫ 2xe−x  dx       = 3 

   u = 2x, d
d
u
x

 = 2;  d
d

v
x

 = e−x, v = −e−x     b = π
π
2

0∫ (2 sin x + cos x)2  dx 

 ∫  x2e−x  dx  = −x2e−x − 2xe−x + ∫ 2e−x  dx    = π
π
2

0∫ (4 sin2 x + 4 sin x cos x + cos2 x)  dx 

      = −x2e−x − 2xe−x − 2e−x + c     = π
π
2

0∫ (2−2 cos 2x + 2 sin 2x + 1
2 + 1

2 cos 2x) dx 

 volume = π[−e−x(x2 + 2x + 2)] 1
0         = π

π
2

0∫ ( 5
2  − 3

2 cos 2x + 2 sin 2x)  dx 

      = π[−e−1(1 + 2 + 2)] − [−1(2)]      = π[ 5
2 x − 3

4 sin 2x − cos 2x]
π
2
0  

      = π(2 − 5e−1)           = π[( 5
4 π − 0 + 1) − (0 − 0 − 1)] 

                   = 1
4 π(5π + 8) 

 
6 a x = 0  ⇒  θ  = 0         7  a y = 0  ⇒  t = 0, −1 
   x = 1  ⇒  θ  = π4            x = 0  ⇒  t = ± 1 

 b x = tan θ  ∴ d
d

x
θ

 = sec2 θ         t ≥ 0  ∴ t = 0, 1 

   ∴ volume = π
π
4

0∫ (sin 2θ )2 × sec2 θ   dθ   b x = t2 − 1  ∴ d
d
x
t

 = 2t 

     = π
π
4

0∫ (4 sin2 θ  cos2 θ  × 2
1

cos θ
)  dθ   ∴ volume = π

1

0∫ [t(t + 1)]2 × 2t  dt 

     = 4π
π
4

0∫ sin2 θ  dθ              = 2π
1

0∫ t3(t2 + 2t + 1)  dt 

 c = 4π
π
4

0∫ ( 1
2  − 1

2 cos 2θ )  dθ             = 2π
1

0∫ (t5 + 2t4 + t3)  dt 

   = 4π[ 1
2 θ  − 1

4 sin 2θ ]
π
4
0               = 2π[ 1

6 t6 + 2
5 t5 + 1

4 t4] 1
0  

   = 4π[( 1
8 π − 1

4 ) − (0)]                = 2π[( 1
6  + 2

5  + 1
4 ) − (0)] 

   = 1
2 π(π − 2)                  = 49

30 π 
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