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Higher Solutions 
1. (a)  
 
                                     (i)         5m (Att. 2) 
 
                                                (ii)         5m (Att. 2) 

 
(iii)         5m (Att. 2) 
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fu

fu

:(ii)  (iii)

:(i)  (ii)

m/s 2
m/s 6.0 2

=
=

u
f                 10m (Att. 2) 

  (b) (i) ( ) ( ) 4.884.349.429.4254 22 ++−=+−+= ttttSp  

   29.44.47 ttSq −=  

   at collision s 8.64.8813 =⇒=⇒= ttSqSp           15m (Att. 5) 

  (ii) m 744.95)8.6(9.4)8.6(4.47 2 =−=S             10m (Att. 3) 

2. (a) 60cos560)5(cos =⇒== αα uuSx                                10m (Att. 3) 

  180sin55.57)25(
2

sin5 =⇒=−= αα uguSy             10m (Att. 3) 

  m/s 1012tan3
60

180
cos5
sin5 =⇒===∴ u

u
u α

α
α

         5m (Att. 2) 

(b) 0
2

cos
22

90sin 2 =−⎟
⎠
⎞

⎜
⎝
⎛ −°= tgtvSy αα

              5m (Att. 2) 

      
                              5m (Att. 3) 
   

                                 10m (Att. 3) 
 
               

 
 
 
 
 
 
 

                                5m (Att. 2) 
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2
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X
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6mg

 10

18mg

 10

A
a
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 f
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3. (a) ,10iV S
r

−=  ,jbiaV W +=
r

  ( ) jbiaV WS ++=
r

10     

  from  3033
103

1tan 1 −=+⇒−=
+

⇒− ba
a

bES          10m (Att. 3) 

,15iV S
r

−=   ( ) jbiaV WS ++=
r

15  

from  6044
154

1tan 1 −=+⇒−=
+

⇒− ba
a

bES          10m (Att. 3) 

,30−=⇒ a   60=b  

    km/hr 530⇒   from ES
2
1tan 1−          5m (Att. 2) 

 (b) 13695.13565sin150 ≈=°=CX  

  (i) shortest distance: 136 km               15m (Att. 5) 

  (ii) km 68.132136190 22 =−  

   .min20hr. 13268.1
200

68.1322Time ≈=×=∴           10m (Att. 3) 

4. Forces on Particle:        Forces on Wedge:          Diagrams: 
                                        10m (Att. 3) 
 
 
 
 
 
 
 

Resolved Forces on the Particle:      Resolved Accelerations:    Diagrams: 
                      10m (Att. 3) 
 
 
 
 
                     Equations: 

( )↔  fagfammg −=⇒−= 103)
10

(6
10

18
  (i)       5m (Att. 2) 

( )b   mfmgRfmRmg 18610
10

36
10

6 −=⇒⎟⎟
⎠

⎞
⎜⎜
⎝

⎛=−  (ii)       5m (Att. 2) 

( )↔  mfSRmfSR 103109
310

3 =−⇒=−   (iii)       5m (Att. 2) 

( )b   SmgR =+
10

        (iv)       5m (Att. 2) 

a
6 mgA

R
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3:
3953:

−=−
=+

qpNLE
qpPCM

( )
( ) ( )

( ) ( )[ ]eweVP

VWeWVeqpNLE
WVqpPCM

++−=

−=−−=−
+=+

11
2
1
:
:

A

R

f

1
3 S S

R
10

3R
10

mg

(iv) into (iii) mfmgRR 103109 =−−⇒         Resolved Forces on the Wedge     

    ( )fgmR 3108 +=⇒       

    ( )fgmR 3
8

10 +=⇒                        

  into (ii) gfmfmgfgm 3817414448)3(10 =⇒−=+⇒  

    
87

19gf =⇒                  10m (Att. 3) 

5. (a)   
 
 
 

( ) ( )[ ] mVeWeVmI −++−= 11
2

               15m (Att. 5) 

    [ ]VeWWevVm 2
2

−++−=  

  [ ]eWWeVVm ++−−=
2

 

  ( )( )[ ]VWem −+= 1
2

 

 ( )( )[ ]WVemI −+=⇒ 1
2

               10m (Att. 3) 

(b)                        
 
 
 
 

          10m (Att. 3) 
          10m (Att. 3) 

(i) jiV A 33 +=
r

  (ii) jiVB 26 −=
rv

          5m (Att. 2) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Before Mass After 
V m p 
W m q 

Before Mass After 

ji 38 +
r

 3 kg jip 3+
r

 

ji 23 −
r

 5 kg jiq
rr

2−  
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A
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T

5g
10g

y

x
60º

30º

30º30º

R

ψ

w

S
B

A

μS

α

6.  (i) at ( ) awvwaaawvB 151516: 1
222222 =⇒=−=  

   at ( ) 22
2

2222 1616: yawvyawvC −=⇒−=  

    aya 15
2
116 22 =−⇒  

    
2

7
4

1516
2

22 ayaya =⇒=−⇒  

acc at awB 2: −  

acc at awC 2

2
7: −  

2
13:1: =∴ CB              20m (Att. 6) 

(ii) wtAx sin=  

at 25.0
4
1sinsin4: =⇒=⇒= wtwtwtaaB  

at ( ) ( ) ( ) 065.11
8
71sin1sin45.3: =+⇒=+⇒+= twtwtwaaC  

815.0=∴ w   ⇒  P. Time = 7.7 s              20m (Att. 6) 

(iii) aVMAX 26.3= m/s; aAMAX 66.2= m/s2          10m (Att. 3) 

7. (a) : .6sin 30 10 .3sin 60 5 .6sin 60 0A T g g° − ° − ° =   (i) 

060sin6.560sin3.106: =°−°− ggXC   (ii) 

( ) 051030cos: =−−°+ ggTyb     (iii) 

gT 310=⇒ , gx 35= , 0=y                     25m (Att. 8) 

(b) let lAB =  

( ) wsR =+ μb   ( ) RS ψ=↔  

:A  ( ) ( ) ( ) ⎟
⎠
⎞

⎜
⎝
⎛=++ ααμα cos

2
1cos0sin lwlsRlS   

( ) ααμα cos
2

cossin wsS =+⇒  

sRwsS μμα
2
1

2
1

2
tan +==+⇒  

ψ
μα SRsS

2
1

2
1

2
1tan ==+⇒  

ψ
ψμαψμαψ

2
1tan1tan2 −=⇒=+⇒           25m (Att. 8) 
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 x&& 5mg
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T
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(1 – x)w

xw
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(1 – x)
B
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2
(1 – x)

2
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0.2w
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8. (a) Text. 20m (Att. 8)      Accelerations   Forces        

 (b) 5m mass: xmTmg &&55 =− , θrx =    

  Disc:  θθ &&&& ⎟
⎠
⎞

⎜
⎝
⎛=⇒= 2

2
1 mrTrrL   

  xmT &&
2
1=⇒  

(i) & (ii)  xmxmmg &&&& 5
2
15 =−⇒  

   
11

10gx =⇒ && , 
11

5mgT =              10m (Att. 3) 

(iii)   22

11
5

11
10

2
1 tgtgS =×=              10m (Att. 3) 

(iv)   stt 4.16
11
52 2 =⇒=π                10m (Att. 3) 

9. (a) Text                        10m (Att. 3) 

  (i) 
s

w
s
w

s
wSBSB LWLL

96.08.02.1 =⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛==  

Since in equilibrium w
s

wBww L ===+ 96.08.02.0  

⇒  (i) 96.0=S                    10m (Att. 3) 

 (ii) 
25
24

                   5m (Att. 2) 

(b) 
5

9

9
5

xwxw
S
wBW ===  

wFxw =+
5

9
 (i) 
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⎠
⎞

⎜
⎝
⎛ −+=⎟

⎠
⎞

⎜
⎝
⎛ −+− xxFxxwxP 1

22
1

2
1:  

( ) ⎟
⎠
⎞

⎜
⎝
⎛ −=−⇒

2
11

2
xFxw

 

( ) ( ) w
x
xwxw

x
xwF =

−
−+⇒

−
−=⇒

2
1

5
9

2
1

 

( )( )
3
10531305189 2 =⇒=−−⇒=+−⇒ xxxxx ,

3
5

 

(i) 
3
2l

                      20m (Att. 6) 

(ii) 
5

2wF =                5m (Att. 2) 
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10. (a) ∫∫ +
=

+ y
dy

x
xdx

16
4

2  

( ) ( ) cyx ++=+⇒ 1ln6ln2 2  

75ln3ln15ln22,3 =⇒+=⇒== ccyx  

( ) ( ) 75ln1ln6ln2 2 ++=+∴ yx  

( ) ( )yx +=+
⇒ 1ln

75
6ln

22

 

( ) 1
75

6 22

−+=⇒
xy                   25m (Att. 8) 

(b) ( ) mgvmma +=− 2098.0  

gv
dt
dvgva −−=⇒−−=⇒ 22 98.0098.0  

( )22 1098.0 +−=⇒ v
dt
dv

 

dt
v

dv
∫−=

+
∫⇒ 098.0

1022  

( )0  ,150     15tan
10
1098.0

10
tan

10
1 11 ===⇒+−=⇒ −− tvcctv

 

15tan
10
1098.0

10
tan

10
1 11 −− +−=⇒ tv

 

at gt. ht  15tan
10
1098.00 1−=⇒= tv  

     s 5.1=⇒ t               25m (Att. 8) 
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Ordinary Solutions 
1. (i)                      Diagram: 10 m(Att. 3)  
  
 
 
 
 

 (ii) 
v

tvtAB 500250
2
1: 11 =⇒=  

( ) 1500240: 21 =−− ttvBC  

v
tvtCD 1000500

2
1: 22 =⇒=  

,s 40m/s 
2
112 1 =⇒=⇒ tv s 802 =t  

2m/s 
16
5=∴a                   20m (Att. 6) 

(iii) 2s/m 
32
5=f                     10m (Att. 3) 

(iv)  A. Speed min/m 375.9
240
2250 ==              10m (Att. 3) 

2. (a) jiu 1824 +=
r

 

(i) m 99531837224 =×−×=⇒=⇒== SysttSx           10m (Att. 3) 

(ii) m 4.866.3246.305180 2 =×=⇒=⇒=−⇒= SxstttSy  

Past tree: 14.4 m                  15m (Att. 5) 

(b) iu
r

25=  

(i) 12010
2
1 2 −=××−= tSy  

   s 9.4=⇒ t                15m (Att. 2) 
(ii) m 5.1229.425 =×=Sx              10m (Att. 2) 

 
 
 
 
 
 
 
 
 
 
 
 

120

 25 m/s=ur

A D

CB

t (240 – t – t ) t1 1 22

v
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6g
30º

F

a

TR

12g
60º

a

S
T

G

C

B
d

θ
θ

3.                Diagrams: 10m, 10m (Att. 3, Att. 3) 
                 
 
 
 
 
 
 
 
 
 

( ) agFT 63 =−−      ( ) aGTg 1236 =−−     Equations: 20m (Att. 6) 

( )⊥   gR 33=       ( )⊥   gS 6=  

also  gF 3=        also  gG 2=  

⎪⎭

⎪
⎬
⎫

=+−−

=−−

aggT

aggT

12362

633
  

N 5.59
m/s 03.2 2

=
=

T
a            10m (Att. 3) 

 

4. (a) (i) jsV 7=      jipsV 1515 −=
r

           10m (Att. 4) 

(ii) jipV 815 −=
r

               5m (Att. 2) 

(iii) km/hr 17=pV                5m (Att. 2) 

(iv) Direction: 
15
8tan =θ , SE °⇒°= 2828θ          5m (Att. 2) 

(b) ,30iV B
r

= jiV C 399 −=
r

               

(i) jiV BC 3921 +=
r

                 10m (Att. 3) 

km/hr 15.26=BCV  

km 84.23sin40
7

33tan =×=⇒= θθ d  

Time min55911.0
15.26
84.23 ===  

(ii) Time nearest each other at: 3:55                 15m (Att. 5) 
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8
45,

8
21

3:
3035:

==

−=−
=+

qp

qpNLE
qpPCM

8

3 B

6

A

B C

A

1N

4N

3N

5.  
 
 
  

(i) ,0
8
21 jiV A +=
r

 jiVB

rrr
0

8
45 +=                20m (Att. 6) 

 (ii) K.E Before: ( )( ) ( )( ) 9003
2
165

2
1 22 =+  

K.E After: ( ) ( )
16
1164

8
453

2
1

8
215

2
1 22

=⎟
⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛  

Loss:  J  
16
525                   20m (Att. 6) 

(iii) 
8

153
8
450 −=⇒+=⇒+= aaatuv  

Force: N 
8
45

8
153 −=⎟

⎠
⎞

⎜
⎝
⎛ −=⇒= FMaF  

m 
16
78

8
152

8
452

2
22 =⇒⎟

⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛⇒+= ssasuv  

)46.47(
128
5947

16
78

8
45 =×=×= sFw  

Power   Watts82.15
3
46.47 ===

Time
Work

          10m (Att. 3) 

6. (a) (i)                     10m (Att. 3) 
 

(ii) Magn: N 734 =+  

Dir:  NEBC °⇒°=⇒= 41   to41
2
3tan θθ             

10m (Att. 3) 
(iii) B  Sum of moments = moment of resultant  

d760sin230401 =°×+×+×  

m
7
33=⇒ d               10m (Att. 3) 

(b) Area: 24:A  at     

 Area: 9:B  at ( )2,10  

( ) ( ) ( )

( ) ( )
⎪
⎪
⎭

⎪⎪
⎬

⎫

=⇒==+⎟
⎠
⎞

⎜
⎝
⎛

=⇒==+

11
71335429

2
1124:

11
7533186109424:

yyxM

xxyM
 ⎟

⎠
⎞

⎜
⎝
⎛

11
71,

11
75       20m (Att. 6) 

 Before Mass After 
A: 6 5 kg P 
B: 0 3 kg q 

( )
( )b
↔

⎭
⎬
⎫

=°−°

=°−°−

360sin160sin3

260cos160cos34 ji
rr

32Res +=

⎟
⎠
⎞

⎜
⎝
⎛

2
11,4
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A
x

y

W

B

P

θ

F

R

30g

A

T S

x

1.8

8g 10g

B

T

T
R

g

3g/20

5

 
7. (a) (i)          
 
 

8g placed x cm from CG 
Then T = 100 = 10 g 

( ) ( )8.1108.186.310: gxggB ++=×       Diagram:  10m (Att. 3) 

(ii)  184.148 =+⇒ x              10m (Att. 3) 
(iii)  45.0=∴ x                 5m (Att. 2) 

 (b) ( )b   wpy =+ θcos  

( )↔  θsinpx =  

:A   
2

cos2cos θθ wplpwl =⇒=      

wwy =+⇒
2

cos2 θ
 

wwy 2cos2 2 =+⇒ θ  

   ( )θ2cos22 −= wy               25m (Att. 8) 

8. (a) ( )b   gR 30=      

( )↔  gRF μμ 30==  

g
r

MvF μ30
50

1530 22

=×==           Diagram:  10m (Att. 3) 

⇒   
20
9=μ                    15m (Att. 5) 

(b) ( )b   
20
3gT =         

( )↔  2MrwT =  

 
 
 

   
9

16
520

3 2π××= rgg
     min/revs 40  

 ⇒   0427.0=r        sec/rads 
60

240 π×
 

 ⇒   cm 04.180427.18 ≈=l     w==
3

4π
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W

B

T
                    25m (Att. 8) 

9. (a) Text                   10m (Att. 3) 
  Buoyancy = actual wt – apparent wt   

     N 19121140 =−=WB  

   N 15125140 =−=LB  

WL BS=   
19
15==⇒

W

L
L B

BS           20m (Att. 6) 

(b) 3m 0058.0
5000

29
2500

5.14 ====
ρ
Mv  

BTW +=             6000058.0 ×== ρVM  

BWT −=                   kg 48.3=  

  g 48.3g 5.14 −=  

  g 02.11=  

  N 2.110=                  20m (Att. 6) 
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