
 

 

Answers to M500 Revision Questions 

 

1.  C 2. B 3. D 4. A 5. B 6. C  

7. y = x
3
 − 1/x

3
 8. y = 

�
� (1 −	��	
)  9.  y = 

�
� (�� − 	3���)  

10. y = 
�
� (√� − 	���)             11.           y = (3 − ���/�)�          

12.       y = tan(
�
�tan

−1
(2t) + c),     y = tan(

�
�tan

−1
(2t) +

�
�)    13. y = −	 �

�	�		��	�,  y =	 �
��	�		�		� 

14. y = Ae−2x + Be− 4x + 
�
�x + 

�
�            15.         x = − 

�
�� (1 + 3t)e−3t + 

�
� − 

�
��cos(3t) 

16. x = e
− t(2cos(2t) + sin(2t)) − 

�
� cos(t) + 

�
�sin(t) 17.        x = − e

t
(cos(2t) + 

�
�sin(2t) + 1) + 2 + 5t 

18. y = e2x(Acos(x) + Bsin(x) + 3)  19. 1.375 

20. B 21. C 22. D 22(a) D 23. A 24. A 

25. C 26. D 27. B 28. A 29. A 30. D 

31. C 32. A  

33.   (i) �1 1 −10 1 λ	 + 20 0 (λ	 + 3)(−λ	 + 2)
|||

11
−λ+ 2�  

34.  (i) �1 4 30 13 50 0 0
|||

310! + 4�      (iii)  x = −(1 + 19α)/13,  y = 5(2 − k)/13, α ε ℝ					35.	�−2 0 10 3 −21 −2 1 �	
36.		 Eigenvalues	are		7,	−5	and	2,			[1		0		0]T		 37.	 1,	[3		4]T;			2,	[2		3]T	
38.     (i)  3, [1  2]

T
;  −2,  [1  −3]

T
;  (ii)  x1 = −1.25e

− t
 + 0.25e

3t
 + 3e

−2t
,  x2 = 2.5e

− t
 + 0.5e

3t
 − 9e

−2t
. 

39.   (i)  1, [−2  1]
T
;  2,  [5  −3]

T
;  (ii)  x1 = −3e

− t
 + 3e

t
 + 5e

2t
,  x2 = 1.5e

− t
 − 1.5e

3t
 − 3e

−2t
. 

40.  (i)  1, [1  −3]
T
;  5,  [1  1]

T
;  (ii)  x1 = −e

t
 + 2e

5t
 + e

− t
,  x2 = 3e

 t
 + 2e

5t
 − 5e

− t
. 

41.  2 + 10(x − 1) + 3(y − 2) + 12(x − 1)
2
 + 11(x − 1)(y  − 2) + (y − 2)

2
. 

42. (2, 1) saddle 43. (0, 0), saddle;    (2, 0) local minimum;  

44. (1, 1), (−2, −2) saddle points,  (4, 2) local minimum 

 (ii)(a) λ  = −3,  (b)	λ ≠ −3, λ ≠ 2,  (c) λ = 2. 

(iii)(a) [1  1/4  1/4]
T
,  [5k  1 − 4k  k]

T
, k ε ℝ  



 

45.   (i)  (1, 1), spiral source; (−2, −2) spiral sink; (−1, 1), (2, −2) saddles. 

        (ii) (0, 0), star sink; (1, −1/2), (−1, 1/2), saddle points.   

        (iii) (1, 1), (−1, −1) saddles;  (1, −1), (−1, 1) not classified – neutral points in the linear system 

         (iv)  (0, 0) source, (0, 2), (2, 0), (−2, −2) saddles      

         (v)  (0, 0) star source, (0, 2), (2, 0) sinks, (2/3, 2/3) saddle point. 

46.   (a) (i) x = x0e
qt

, (ii) No, exponential growth,   

         (b)(i)  (0, 0), (s/r, q/p) (ii) (0, 0) saddle, (s/r, q/p) centre 

         (c)   

 

 

 

 

47. (i)          (ii) 

 

 

 

 

48. B 49. D 50. D 51. A 52. B 53. D 

54. D 55. C 56. C 57. A 58. C 59. C 

60. C 61.   (i) √17,   (ii)  √14,   (iii)  −
�√�7√�����        62.  (ii)  P = mg89:;θ	−	µ<=9θ	<=9θ	�	µ9:;θ> 

63.        Mgcosec(θ)/2  64. mg89:;θ	�	µ<=9θ	<=9φ	�	µ9:;φ> 

65 .  

 

 

 

 

(0, 0) Unstable source 

(r/s, p/q)  Unstable saddle 

 

  



 

65(c)        (d)      

 

 

 

 

(e)             (f) 

 

66  

 

 

 

66a.   

 

 

 

 

67.  

 

 

 

68. C 69. C 70. A  

71. For axis pointing upwards, upward motion:  a = −g − kv2, downward motion: a = −g + kv2. 

72. (i) 4j,  (ii)  (2t + 1)i − 12sin(3t)j, 1,  (iii) 0.25?4 +	36�cos�(3t) , (iv) t =0, 2i − 36j, π/3, 2i + 36j 

73. vT = 4  74.  (ii) vT = 4v0,  (iii)  x = 
�CD
E ℓG 8 ��CD
�HCD
�	C
>,  (iv)  

�CD
E ℓG 8��7 > 

 

 

 

 

 

   

 

     F              T                 N 

 

 

                       W 

W – weight of the pipe 

T – Tension in the rope 

N – Normal reaction of the plane on the pipe 

F – Friction force between pipe and plane 

 

 
 



 

 

75. - 76.  (i)  5i ms
−1

,  (ii)  i ms
−2

  (iii)  2 N   77. - 78.   -  

79. x = 
CD
�E ℓG 8�� ��EI CD⁄ −	��EI CD⁄ >,     80. C 81. D 82. B  

83. tan
−1

(11/2),  60m 84. Speed = 5?KL/2, angle = tan
−1

(3/4) 

85.  (i) v0 = dM N
�O, (ii) θ = tan−1(d/h),  (iii)  x = 

P�
�(Q
�	P
), ymax = 

PR
�Q(P
�	Q
)	   86 tan−18S
EP> 

87. - 88. A 89. D 90. B 91. D 92. D  

93. D 94. ℓ0 + 
TN9:;(θ)

�U 	,  m�V  + 2kx = mgsin(θ) + 2kℓ0.  

95. (c)  
�ℓW
7  +  

�TN
7U ,  (d) xV  + 

7Y
�Z � [ 	 �YℓDZ  + g,  (e)   

               (f)    

 (h)    

  

 

 

 

 

98. (a)  E =2v2 − 4gx + 50(x − 0.5)2   (b)  xmax = 0.5 + 0.04g + 0.04?g(g + 25)  
99. (iii) x(0) = 15/2, �\ (0) = 0,  (iv)  x = cos(2t)/3 − 4cos(t)/3 + 17/2 100.  C  

101. D 101(a)          A     102.      E = − mgx + m�\2/2 + k(x − ℓ0)
2
 + k(3ℓ0 − x)

2
/2  + k(2ℓ0 − x)

2
. 

103. - 104. 0.2 m 105. E = v
2
 + 20(x − 2)

2
 + 20x,  min length = ¾ m, max = 9/4 m 

106. E = v
2
 + 25x

2
 − 7x + 0.25, Yes 107.     Maximum compression is ℓ0/3 (spring length is 2ℓ0/3) 

 108. Min length = 2ℓ0/3, max length is 7ℓ0/3  109.  C  

110. E = 
�
�mv

2
 − mgx + 

�
�k(x − ℓ0)

2
 + k(x − d − ℓ0)

2
, mxV  + 3kx = mg + 3kℓ0 + kd 

111.  (a)   2(x − 3)2, 5(2 − x)2/2, 3(2 − x)2/2, E = mv2/2 + 2(x − 3)2 + 4(2 − x)2,  (b)  8/3 m, 1/3 m 

112. C  113.      A 114.     A 115. 5xV  +50x\  +100x = 100, x measure from ceiling, 1 m 

 

 

  

2mg7k  

96.   (b)  
P�	ℓD�    (c)  m�V  + 3kx = k(d + ℓ0) 

97.  x = 0.5 + 
�N
�� sin(π�) 

97(a). (a)   4�V  + 100x = 50 − 4g 

                (b)   1/2 − g/25 



 

116.  (iii)      x = Ae−2tcos(t + φ) + 1 + cos(t)/8 + sin(t)/8, (iv)  amplitude = √2/8, phase = −π/4 

117.    (ii)   m�V  + r�\  + 2kx = r_\  + kd, strong damping as r
2
  = 16>4x1x2,  

       P.I. x = 1.5 + 4cos(t − φ)/√17 , φ = cos
−1

(1/√17) (HB 56); or x = 1.5 + 4(cos(t) + 4sin(t))/17  

118. (iii) A(0) = 0, Dominating term in denominator is ?Ω�
 = Ω2

 so A(Ω) →  0 as Ω → ∞. 

          System exhibits resonance as limits = 0 and A(Ω) > 0 for all positive Ω. 

119. D 120. A 121.       (iii)  MY
Z,	 [ 1  2]

T
; M��Y

�Z ,	 [4  −1]
T
,  

 `����a = A`12acos(MY
Zt + φ�) + B` 4−1acos(M��Y

�Z t + φ�)  (iv)		`����a  =  ` 4−1acos(M��Y
�Z t)   

122.  (c)  ��������  = A�−0.998−0.0170.060 �cos(2.249t + φ�) + B�0.1620.6270.762�cos(0.534t + φ�) + C� 0.120−0.9200.372 �cos(1.380t + φ� ) 

         (d)   k�0.1620.6270.762�, where k is non-zero real,  (e)  A and B (same sign in the eigenvector). 

123.   (iii)  M Y
�Z,	 [ 3  2]

T
; MHY

Z ,	 [1  −3]
T
  (iv)  x0 = ` 1

−3a , d\ W [ `00a	, `����a = A` 1−3acos(MHY
Z t) 

124. 2m�V 1 = −4kx1 + x2,  m�V 1 = kx1 − 3x2.    

125.  M�Y
Z ,	 [ 2  3]

T
; M��Y

Z ,	 [−3  2]
T
 ,  `����a = 

ℓD�W ` 3−2acos(M��Y
Z t) 126. C 127. D 

128.  

 

 

 

 

 

 

 

 

 

 

 

 

(b)  0 



 

129. (a)  1 − 
�
π
∑ (��)f

ghgi� cos(rπt)  

              (b)  geven(t) = 1 − t
2
, −1 < t < 1;  godd(t) = t

2
 − 1, −1 < t < 0, 1 − t

2
, 0 < t < 1. 

130. (i)  feven(t) = 1 + t, −1 < t < 0, = 1 − t, 0 < t < 1; fodd(t) = −(1 + t), −1 < t < 0, 1 − t, 0 < t < 1. 

 (iv) Fourier cosine series as even extension is continuous at x = 0. 

131.      (i)  feven(t) = |sin(t)|, −π < t < π, fodd(t) = sin(t), −π < t < π. (iii) B1 = 1, = 0 otherwise. 

132. (i) T = 8, ω = π/4,  even,  (ii) M = 3/2, An = 0, Bn = 
�(−�)jkl
π(�Y	−	�)  133. B 134. B 

135. B 136. C  

137. ρe 

  

138. X’’ − λX = 0, Y’’ + λY = 0, X’(0) = 0, X’(2) = 0, Y(0) = 0  

139.  (i) T’(0) = 0,  (ii)  X(0) = X(L) = 0, µ = − n
2π2

,  n = 1, 2, 3, …   

        (iii) u(x ,t) = ∑ Kmhmi� noG 8m�	p > cos	(m��Ip ), (iv) f(x) = 2x/5, 0 < x < L/4, =  −2(x − L)/15, L/4 < X < L 

140. (ii) β = 
(�m−	�)π

p , n = 1, 2, 3, … (iii) θ(x, 0) = 100, θ(x, t) = 
�WW
π
∑ 9:;((�;	−	�)πq/�)rsα((
tsl)π)
u/R

�;	−	�h;i� , → 0 

141.  (a) X’(0) = X’(L) = 0, µ =−(rπ/L)
2
, r = 1, 2, 3, .., C0 = 

�
p v w(�)x�pW , Cn = 

�
p v w(�)yzn 8gπ	p >x�pW  

142.  (a) X’(0) = X’(L) = 0, µ =−(rπ/L)2, r = 0, 1, 2, .., A0 = v w(�)x��W , An = 2v w(�)yzn({π�)x��W  

143. B 144. D  

145.  (ρ2 + z2)1/2 + 2ρsin(φ), ((ρ(ρ2 + z2)−1/2 + 2sin(φ))eρ + 2cos(φ)eφ + z(ρ2 + z2)−1/2
ez, r + 2rsin(θ)sin(φ),  

 (1 + 2sin(θ)sin(φ))er + 2cos(θ)sin(φ)eθ + 2cos(φ)eφ.  

146. (a) ?|� +	2}� + 	1, (b) (ρeρ + 2zez)/	?|� +	2}� + 	1 , M ~
	�	��

~
�	��
�	� 

 (c) ?r�(1 + cos�θ) + 	1       (d)  

147. (a)  r2sin2θ − rcosθ, (b) (2rsin2θ − cosθ)er + (rsin2θ + sinθ)eθ (c) No, depends on θ. 

148. (a) 3i + 4j, (b)  − 1/√2, (c) 5, (3i + 4j)/5, (d) j, (equation of tangent is x = 0). 

 

 

  

 



 

 

149. C 150.  (a)(ii)  − 26/3  (ii)(a)  119/33  (b)  curl F = z
2
j + 2y(1 − x)k 

151. (i)  4 152.   (i)  2π  (iii) φ = −z
2
(x

2
 + y

2
)/2 − xy  153. 128 154. 1.9 

155. B 156. A 157. - 158. 0 159.  (i) 0,    (ii) 4z(1 − 2ρcos(φ)) 

160. B 161. 1/24 162. A 163. A 164. 1/8 165. D 

166.       (i)  1/3   (ii) M = πσ0ha
2
/6  167. I = v v v k 8 ���

��	�
<=9
θ> drdθdzH�iW�π
θiW��i−�  

168. M = v v v k(x� +	y� +	z�)dydzdx��iW�−q�iW�qiW   169. M = 14πσ/3,   I = 15πσ/4. 

170. M = 2πσ0a
3
/3 171.  (a)  (1, 1), (5, 9)  (c)  M = 544σ/15, (d)  xG = 1888σ/15, yG = 1184σ/7 

172. (b)  z = 4, ρ = 1,   (c)  M = 247πσ/30   (d)   

               I =  
77�
�7���     (e) 

  

173.    ,  19π/12      174.         175.       D 

175(a).  A 176. D 177. (a)  2mui, 2mvi,  (b)  v = (2 − e)u/3,  w = 2(1 + e)u/3 

178. (i)  (3i + j)/3  (ii) 16/3 J       179. (− i + 2j), 12  

180. Before: mui, after: mw(cosβi  + sinβj) + mw(cosαi − sinαj)  181. 
�
�m(��� + ��� + ��� + ���) 

182. B 183. A 184. B 185.   (b)  �V  = −Rθ\ �er + RθVeθ ,  ?gLsin(α)tan	(α) 
186,  (b)  mRθ\ � = mgcos(θ) − |N|, RθV  = gsin(θ)    186(a). d = g/ω2

,  |T| = mω2
ℓ.  

187.  (ii)  |T| = 3mgcos(θ) + m�W�/ℓ  − 2mg, (iii)  cos(θ) = −  
�
�, θ = 120°.  

188.  (iii)  |N|= 3mg(2cos(θ) − 1)/3, (iv)  θ = π/3, speed = M�N
� . 

189.  (ii)  |T1| = m(ℓω2
 + √2g),  |T2| = m(ℓω2

 − √2g),  MN√�ℓ    190. C 191. A 

192. I = Mℓ
2
/3 193. D   

 

 

 
(c)  40σ     (d)   (2.5, 2) 



 

 

194. (ii)	θ\ � = 3g(1 − cos(θ))/ℓ,   M�E
ℓ ,   (iii)  V = mg(1 −	��cosθ(1	−	cosθ)	−	��sin2θ)	

195.  (a)  Iωk,  (b)  
�

��T�
ω, (c)  
�
� . T�


��T�
ω2  

196. (i) 
�
�Ma

2
 + 

�
�m(R

2
 + a

2
), (M + m)�V  = (M + m) gsinα − |F|, x = Rθ,  xV  =  

�(��T)�
N9:;α
(����T)�
�	(��T)�
 

197. I = 1031mr
2
 198. x = aθ,  xV  = gsinα/2 199.  I = 8mℓ

2
, 2π/3 

200. (2M + m)	xV   = (2M + m)g − |T|, (MR
2
 + 

�
�mr

2
)	θV  = |T|r x = rθ. 

 


