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Further Mathematics Semester 2 2007 Version 1 
Mark Scheme 
Section A 
Answer All Questions 
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A5 Horizontal component is 06.2
2

37430cos74 −≈−=°−  N. 1 

 Vertical component is 5.2
2
560cos76 −=−=°+−  N. 1 
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 Direction =  down and left. 1 °≈− 5.50)/(tan 1 HV
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  2 116.1≈
 = 1.12 to 2dp. 1 
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A7 The cross product of kji 32 −+  and kj 52 +  is kji 41011 +−  2 
 so the equation is dzyx =+− 41011 . 1 
 Since it passes through ,43 kji +−  57163011 =++=d  
 So the equation is 5741011 =+− zyx . 1 
 Alternatively, 
 Comparing coefficients: 
  sx 21+=
 tsy 23 ++−=  
 tsz 534 +−=  2 
 Eliminating t  
  tsy 105155 ++−=
 tsz 10682 −+−=−  
 szy 112325 +−=−  1 
 Eliminating s  
 szy 2246410 +−=−  
  sx 221111 +=
  1 5741011 =+− zyx
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Section B 
Answer 6 questions 
 

B1(i) The matrix required is .
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(ii) This is reflection in the x -axis. 2 
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(v) This is reflection in a line inclined at an angle of  to the horizontal. 2 °30
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B2(i) The equation of the hyperbola is .4=xy  1 

(ii) Differentiating implicitly, 0
d
d

=+
x
yxy  

 .1
2
/2

d
d

2tt
t

x
y

x
y

−=−=−=  1 

 The equation of the tangent is ,1
2 cx

t
y +−=  1 

 where 
t

t
tt

c 4212
2 =+= . 

 That is .41
2 t

x
t

y +−=  1 
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⎝
⎛=  2 

(iv) The gradient of the normal is  1 .2t

 The equation of the normal is .22 32

t
txty +−=  1 

 At G , ( ) ( ).12221, 432 t
tt
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 The product of these is –1 so the lines are perpendicular. 1 
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B3(i) 
 

20° 

A B 

R 

F 
5g 

T T 

6g 

 
 
 
 
 
 
 
  2 
 
(ii) Resolving perpendicular to the plane, .04.4620cos5 =°= gR  
 Friction force, 21.9209.9 ≈== RF μ N. 1 
(iii) Resolving parallel to the plane, 97.2570cos55 −=°−−= TgFTa . 2 
 Forces on body B: .8.5866 TTga −=−=  1 
 Adding: 83.32968.258.5811 =−=a . 
 Therefore ms98.2985.2 ≈=a –2. 1 
(iv) Distance travelled in 2 seconds from rest is 

 97.520
2
1 2 =+=+= aatuts m. (Accept 5.96.) 1 

(v) New acceleration (deceleration) 194.5
5
97.25

−=−=d . 1 

 Maximum velocity .969.52985.20 =×+=+= atu  1 

 Distance to stop 43.3
194.52

969.50
2

222

=
−×

−
=

−
=

d
uv m. 1 
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B4(a)(i) 
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(ii) ( ) xxxxxxx 2sinhsinh2coshcosh2cosh3cosh +=+=  1 
 ( ) ( )xxxxxx coshsinh2sinhsinhcoshcosh 22 ++=  1 
 ( )1coshcosh3coshsinhcosh3cosh 2323 −+=+= xxxxxx  
 . 1 xx cosh3cosh4 3 −=

(b)(i) ( ) ( ) 1
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4
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4

sec 22 ==′⎟
⎠
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⎜
⎝
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Expansion required is K++++=+++ 32
32

3
8221

!3
16

!2
421 xxxxxx  1 

(ii) ( ) ⎟
⎠
⎞

⎜
⎝
⎛ += 0146018.0

4
tan8.0tan π  

 32 0146018.0
3
80146018.020146018.021 ×+×+×+≈  1 

  to 6dp. 1 029638.1≈
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B5(i) Diagram 
 
 
 
 
 
 
 
 
 
 
 
 
  4 

R 

S 

20g 

65g 

F  
 
(ii) Resolving forces vertically, ( ) ggR 856520 =+= N. 1 
(iii) Resolving forces horizontally, gRRFS 5.253.0 ==<= μ N. 2 
(iv) Let x m be the distance of the man up the ladder at the moment when it slips. 
 Taking moments, °=°+° 70sin85.2570cos6570cos420 ggxg . 2 

 So 39.7
70cos65

70cos8070sin204
=

°
°−°

=x m 2 

 
B6(i) It has  seconds to complete a full circle, which is 300605 =× π2  radians. 

 So angular velocity is 0209.002094.0
300
2

≈==
πω  radians per second. M1A1 

(ii) The speed of the plane is 500 kmh–1, 

 which is 1399.138
36
10500 ≈=×  ms–1. M1A1 

(iii) ωrv = , so 6630
02094.0

9.138
===

ω
vr  metres or 6.63 km. 

 (Accept 6650m or 6.65 km.) M1A1 
(iv) diagram 
 
 
 
 
  2 

mg 

L 

a = rω2

 
 
 resolving forces vertically: .cosθLmg =  1 
 resolving horizontally:  1 .sin2 θω Lmr =

 So .2968.0tan
2

==
g

rωθ  (Accept 0.2975.) 

 Then °= 5.16θ  (Accept °= 6.16θ .) 1 
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B7(i) ( )
( ) i3

i24
i54i47
i23i47

i54
i23

−
+

=
−−+
−−+

=
+−
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z
z  1 

 ( )( )
( )( ) i1
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19
2i6i412
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=
+

−++
=
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(ii) The complex number is in the first quadrant and , so 1tan 1 =− θ .
4
πθ =  1 

(iii) ( )
( )

( )
( )i54

i23
i54i
i23i

i54
i23

−+−
−+−

=
−−+
−−+

=
+−
+−

yx
yx

yx
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z
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 ( )( ) ( )( )
( )( ) (( ))i54i54

i54i23
−−−−+−
−−−−+−

=
yxyx
yxyx  1 

 ( )( ) ( )( ) ( )( ) ( )( )
( ) ( )22 54

52i42i5343
−+−

−−+−−+−−−−−
=

yx
yyxyyxxx  1 

 If the argument of this complex number is 
4
π  

 then the real part must equal the imaginary part. 
 Therefore ( )( ) ( )( ) ( )( ) ( )( )42535243 −−+−−−=−−+−− xyyxyyxx  1 
 That is  8241535107127 22 +−−+−++−=+−++− xyxyyxxyyyxx
 So , as required. 1 02961022 =+−−+ yxyx
(iv) The equation can be written as ( ) ( ) .535 22 =−+− yx  1 
 This is a circle with centre ( )3,5  and radius .5  2 
 
 
B8(i) The parametric equation of  is l ( ).5231137 kjikjir +−++−= λ  1 
(ii) Substituting this into the equation of the plane: 
 ( ) ( ) ( ) 65115232373 =++−−−+ λλλ  
 6255546921 =+++++ λλλ  
 .2,07638 −==+ λλ  1 
 So B  is the point with position vector .kjir ++=  1 

(iii) ,1046 kji −+−=AB  1 

 with length ( ).3.121521046 222 ≈=++=AB  1 

(iv) kjii 1135,2 −+−== ACC  1 

 kij 117,3 −−=−= ADD  1 

 The volume of the tetrahedron is ADACAB ×⋅
6
1  1 

 ( ) ( ) ( )kikjikji 11711351046
6
1

−−×−+−⋅−+−=  1 

 ( ) ( )kjikji 2122331046
6
1

++−⋅−+−=  1 

 ( )7.12
3

3876
6
1

≈=×= . 1 
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B9(a) xxy
x
y 22

d
d

=+  

 The integrating factor is . 1 
2

ee
d2 xxx
=∫

 Multiplying by this: 
222

e2e2
d
de xxx xyx

x
y

=+ . 

 The left hand side is exact: ( ) 22

e2e
d
d xx xy
x

= . 1 

 Integrating: . 1 cy xx +=
22

ee

 Finally:  1 .e1
2xcy −+=

 

(b)(i) 955
d
d4

d
d

2

2

+=++ ty
t
y

t
y  

 The auxiliary equation is .i2
2

20164,0542 ±−=
−±−

==++ mmm  1 

 The complementary function is  1 .sinecose 22 tBtA tt −− +

 For a particular integral try .0
d
d,

d
d, 2

2

==+=
t
yC

t
yDCty  1 

 Substituting in the equation: .955540 +=+++ tDCtC  
 Equating coefficients: .954,55 =+= DCC  
 Solving: 1,1 == DC . 1 
 General solution: . 1 1sinecose 22 +++= −− ttBtAy tt

(ii) Differentiating: 

 1cosesine2sinecose2
d
d 2222 ++−−−= −−−− tBtBtAtA

t
y tttt . 

 When 2,0,123,11,0 ==++−=+== BABAAt . 1 
 Final solution: . 1 1sine2 2 ++= − tty t
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