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Question 1 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) Splitting the shape into the rectangle and semi circle

COMG rectangle lies on the intersection of its axis of symmetry
at (2 , (a)

COMG semicircle : Formulas for distance of
centre of mass

of a uniform circular sector from its centre

2rsin x from centre

3x --
where x is in radians

D

Applyingformulae : x = Erad
Co distance from centre =

Casin()
B

:. COM of semi-circle at (a+ , 3a)

Rectangle Semi circle

Mass ratios Had Taking moments about G

COMpmO (E , (a) (a + , 3a)

Since this is a Lamina
,

we use 4a2() +)=)()
moment = force x perpendicular distance

()+) = ( + E)()↓

free is proportional to the area of laminas

as they are uniform wire so we can

use
(replace fore

with area since we

Mili = I Mi

where sum of moments of each component (=
is equal to the singular moment through the COM i = a(E+b)

=

a(16 + 3π)

i) jem OE = z = a(16 + 3π) 4 +E3(8 + π)
8 + T

=

ii) from OA = 5 = aCT
Y 5 = alt) allb

8 + π
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Question 1 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

b)

j
M

tan x =

+ i

tanx = ali) allA
·

tanx = t
E

Freely suspended from O = line from O to COM

shows the exactorientation of
lamina in suspension
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Question 1 continued
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(Total for Question 1 is 8 marks)
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2. At time t = 0, a small stone P of mass m is released from rest and falls vertically 
through the air.  At time t, the speed of P is v and the resistance to the motion of P from 
the air is modelled as a force of magnitude kv2 , where k is a constant.

 (a) Show that  t = V
g

V v
V v2

ln
+
−

⎛
⎝⎜

⎞
⎠⎟   where  V 2 = mg

k
(4)

 (b) Give an interpretation of the value of V, justifying your answer.
(2)

 At time t, P has fallen a distance s.

 (c) Show that  s = 
V
g

V
V v

2 2

2 22
ln

−
⎛
⎝⎜

⎞
⎠⎟

(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) Modelling Rv2
as stone falls , mg] kvz

so forming a modelling equation as stone accelerates

~ my mg
- kv2 =

m

my (1 -) = m

g(1- ) = a

S1dt =

1

In pomat ,

(g) -) ar

a2 - x2
Sidz =g) d

so from pomulae book

-
Slat = Eg)u ! vd

Jaz - x2
du = /a re t = ((YI) + C

where Lisa

=Tartan () Using boundary conditions
,

to, constant

=> C = 0

where 121 a

=
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Question 2 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

b) V is terminal velocity because if v > V

then by would have a negative output. Therefore
V is the maximum speed that the stone can reach.

c)a= X=
↳pomular to memorise

· to obtain's'
,

we must use formulas above

mg
- kuz =

mud

Jids = flue do

s = m/mg-v dr

Consider y
= Inlmg-Rv2

=-In/mg-nu + = myv2X- 2kv

To detainprmatoa b
scale : - I

=
= m/V(r - - v)
= In (c (v) - v2)/
= (n(k) + In(V" - vz)

=- (Inck) + In(V-v) c
=- (in(V-r) + D

- where D is a new constanta

combining" - In (k) "

= (In(v-)) : s= in (
((v n)) + -substituting

Using boundary conditions
,

5 = 0
,

v= o = D=n (VS
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Question 2 continued
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Question 2 continued
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(Total for Question 2 is 10 marks)
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3.

2a O a

Figure 2

 A uniform solid hemisphere H has radius 2a.  A solid hemisphere of radius a is removed 
from the hemisphere H to form a bowl.  The plane faces of the hemispheres coincide 
and the centres of the two hemispheres coincide at the point O, as shown in Figure 2. 

 The centre of mass of the bowl is at the point G. 

 (a) Show that OG = 
45

56

a

(4)

 Figure 3 below shows a cross-section of the bowl which is resting in equilibrium with 
a point P on its curved surface in contact with a rough plane.  The plane is inclined to 
the horizontal at an angle α and is sufficiently rough to prevent the bowl from slipping.  
The line OG is horizontal and the points O, G and P lie in a vertical plane which passes 
through a line of greatest slope of the inclined plane.

O

P
α

G

Figure 3

 (b) Find the size of α, giving your answer in degrees to 3 significant figures.
(2)
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Question 3 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) Shape Volume Mass ratios COM fromO

large hemisphere (2a) 8 -(2a)

Small Hemisphere a I -a

Final solid ((a)-a
7 St

Volume of sphere =I Mili = I Mi

↳ memorise where sum of moments of each component
COM G hemisphere = Gr from centre is equal to the singular moment through the COM

↳prmulae book ↓ APPLYING THIS

Cuse mass ratios to simplify expression)
8 x = (2a) - 1xEa = Th

6a - za = 7x

= Ti

It = a

b)

Using approximate trg ratics as

Is the triangles are similar

sinx =

1 43
2a &

- 2a Il 2

x = aresin (i) = 23 . 70 (357)
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Question 3 continued
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Question 3 continued
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(Total for Question 3 is 6 marks)
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4.
A

B

R

l

Figure 4

 One end of a light inextensible string of length 2l is attached to a fixed point A.   
A small smooth ring R of mass m is threaded on the string and the other end of the 
string is attached to a fixed point B.  The point B is vertically below A, with AB = l.  
The ring is then made to move with constant speed V in a horizontal circle with 
centre B.  The string is taut and BR is horizontal, as shown in Figure 4. 

 (a) Show that BR = 
3

4

l

(2)

 Given that air resistance is negligible, 

 (b) find, in terms of m and g, the tension in the string,
(4)

 (c) find V in terms of g and l.
(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

->
no frictional pres
acting upon

motion

a) Let BR = r Using Pythagoras,

12 + r2 = (2) r)2
21-r L 12 + r

=
= 4)2- 41r + r2

4(r = 32
M

r r= = BR
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Question 4 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

b) Tension equal in both strings because P is smeeth.

↑

I
*

im
-
2- 3 = 5

Resolving vertically
asx = 1 = y=

Tasx = mg

T = mg = t
T = Eng

1)a = 1
↳ memorisedformulae

Resolving horizontally

T + Tsinx =
Eng+=

2mg = 4mu

31

6g) = 42

v =

za
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Question 4 continued
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Question 4 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 4 is 10 marks)
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5. A light inextensible string of length a has one end attached to a fixed point O.  The 
other end of the string is attached to a small stone of mass m.  The stone is held with the 
string taut and horizontal.  The stone is then projected vertically upwards with speed U. 

 The stone is modelled as a particle and air resistance is modelled as being negligible.

 Assuming that the string does not break, use the model to

 (a) find the least value of U so that the stone will move in complete vertical circles.
(6)

 The string will break if the tension in it is equal to 
11

2

mg

 Given that  U = 2 ag , use the model to

 (b) find the total angle that the string has turned through, from when the stone is 
projected vertically upwards, to when the string breaks,

(6)

 (c) find the magnitude of the acceleration of the stone at the instant just before the 
string breaks.

(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

v

a)
[

For last value y U where stone completes
my - T full circles

,
T=

↑U
L

a

> Reading prees towards centre at top of motion

T + mg= ②

PuttingO into ② Using conservation of energy
and setting T= 0

[mU2 - Emv2 = mga
mg

= m(V2 - 2ga)
a v - v2 = 2ga

ag = v2-Zag v = U2-2ga D
v2 = Sag
V = 3ag

www.mymathscloud.com
www.mymathscloud.com

www.m
ym

ath
sc

lou
d.c

om

https://goodnotes.com/


*P66805A01932* Turn over     

19

 

 

Question 5 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

b) When string breaks T=m
Equation of motion towards centre

-mynp=
myces

me Conservation of energy
v

SubstitutingO into ② ↳mu = Em(g)+ mgacos
v2 = Gag + 2 gace D

1mg-mges = m (4ag + Zagup
A

1-gosp = 49 + [gos

29 = 3ges
2

cos = t X = 360
°
- B - 900

B
= 600 = 360 - 60 - 989

X = 2100

c) Tofind magnitude of acceleration, you must consider the radial

and tangential components.

9 Yag + Zag as
v2 A

T
resultant >

=
gsin grin=

resultant = (59)+ (*)
= 25g2 + Egh

=

=
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Question 5 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 5 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 5 is 16 marks)
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6. A light elastic string, of natural length l and modulus of elasticity 2mg, has one end 
attached to a fixed point A and the other end attached to a particle P of mass m.  The 
particle P hangs in equilibrium at the point O. 

 (a) Show that AO = 
3

2

l

(2)

 The particle P is pulled down vertically from O to the point B, where OB = l, and 
released from rest. 

 Air resistance is modelled as being negligible.

 Using the model,

 (b) prove that P begins to move with simple harmonic motion about O with  
 
period π 2l

g
(5)

 The particle P first comes to instantaneous rest at the point C.

 Using the model,

 (c) find the length BC in terms of l,
(4)

 (d) find, in terms of l and g, the exact time it takes P to move directly from B to C.
(5)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a)
M A Resolving vertically T =

An where x = extension

X = modulus of clasticity

L
T = mg L = natural length

Imge
= my

L
& T

2

where

e = extension

~

~ RG

O +
t=
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Question 6 continued
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_____________________________________________________________________________________

b)
& A Resching vertically

L
mg- T = Mic

my - Amy(n+ e)
= mi

↑

2
Y O from a)age = m

I
NT

~
B

:
-

Za = zi

my so it is SUM with w
?

= Lg
since in x -R

Period T =

I las a function of
-x)

T = 2x = 2g
T

=

2
g

T =

L

2) WhenP comes to rest
,
all of initial EPE is converted into GPE

-> Total initial EPE

EPE = X mgh = 2mg (2)
21

h = 1
24

h=
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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-

d) Particle starts at max displacement. Use z = accswt Then particle undergoes freefall as To

- = Las Et p
+ s = 4 - 1 =

= OvC
u = ? S = vt - tat

?

V= O =
+= a =-9 t= 2 t=

(time taken to reach natural length) t = ?

C time taken to reach max height atC
: Total time= +
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Question 6 continued
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(Total for Question 6 is 16 marks)
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7. [In this question, you may assume that the centre of mass of a circular arc, radius r, with 
 
angle at centre 2α, is a distance  

sinr α
α   from the centre.]

A

B

O

a

a

Figure 5

 A thin non-uniform metal plate is in the shape of a sector OAB of a circle with centre O and  
 
radius a.  The angle AOB = 

2

π
 , as shown in Figure 5.

 The plate is modelled as a non-uniform lamina. 

 The mass per unit area of the lamina, at any point P of the lamina, is modelled as   
 
k (OP)2 , where  k = 

4

4λ
πa   and  λ  is a constant.

 Using the model,

 (a) find the mass of the plate in terms of λ ,
(5)

 (b) find, in terms of a, the distance of the centre of mass of the plate from O.
(4)
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_____________________________________________________________________________________
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Question 7 continued
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a) Let the yellow area = dA Usin formulas area of sector-tre
dA= (x + dx)2- Ex

2
da = (x2 + 2xda + (du(z)- =x

#I
72

dA=data)
zh dx

↳ so small that it can

be ignored
mass = density x area

Letting OP = x where 's' is some distance from G

dm = R(8p)2 ( xda)
am=z(xdx)
-

mass per area

unit area

Integrating Idm' between O and a
,

we get total mass of Lamina

as we find mass of each ring of widthdo

M = Jan
M = [i]
M =

z
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Question 7 continued
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b) Vanga=
d = asin (E)

F

=
-

this would be the COMG an are radiusa

(COM of each are/ring from O)

Using formulae
n = Jaygar

Syp da

-> mass

- as the radius of each are with width 'do'

i = ja)d varies as you get closer to O
,

we

represent that variable withs
M

=
*

= da

=
=
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Question 7 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

www.mymathscloud.com
www.mymathscloud.com

www.m
ym

ath
sc

lou
d.c

om

https://goodnotes.com/


*P66805A03032*
30

 

 

Question 7 continued
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(Total for Question 7 is 9 marks)

TOTAL FOR PAPER IS 75 MARKS
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