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1.

A B C D

F E

a 3a a

Figure 1

 A uniform plane lamina is in the shape of an isosceles trapezium ABCDEF, as shown 
shaded in Figure 1.

• BCEF is a square

• AB = CD = a 

• BC = 3a

 (a) Show that the distance of the centre of mass of the lamina from AD is 
11

8

a

(5)

 The mass of the lamina is M

 The lamina is suspended by two light vertical strings, one attached to the lamina at A 
and the other attached to the lamina at F

 The lamina hangs freely in equilibrium, with BF horizontal.

 (b) Find, in terms of M and g, the tension in the string attached at A
(2)
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Question 1 continued
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a)

·
(a

,
0)

·
(4a

,
0)
· (a

,
0)

Taking Print A with

10
,0) cordinates 10

,
0) as the origin

① ② ③
COM of triangle O from A

(a
,

- 3a) · (4a
,
-3a) y direction : 0 + 0 + - 3a

= - a

3

x direction : 0 + a + a
=

2a

3 3

COM of square Q from A

Since shape is symmetrical in multiple axes it will be at the

untre from B in positive ze direction and negative y
direction.

COM g0 at : (
,
-3)

COM of triangle ⑤ from A

y
direction: 0 + 0 + - 3a

= a

3

ce direction : 4a + 3a + 4a
= 1

3

Overall COM of Lamina from AB
Since it is from AD

, only considery-axis. moments = porce x perpendicular distance

Area is proportional to the mass asThe sumo moments is equal to the overall moment

the Lamina is uniform ,
we can acting through the COM

.

substitute the force due to the mass Mathematically I Mix mi

with the area. & where m = force

x = perpendicular distance

(Ara ofArangle Q X COM+ (Area of square QXCOM) + (Area o triangleX COM) = Area lamina x COM

= (3a)(a) x ( a) + (3a)(2a)x(- (2) + =(a)(3a)x( a) = (t (3a)(a) + (3a)(ba)+(a)(ba)) XIh

- 3a3
I - -Da
- = Da

m =
- Ha

:

- Distance of COM from AD=fa
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Question 1 continued
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b) Taking moments about F Ta= tension on string at A

Tfa
A Bax Mg = Tax 3a

Usingprmulae
F Ta= My sum of clockwise moments

z
L

↳ao
sum of anti-dockwise moments

~ My
where moments = prex perpendicular

distance

· D
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Question 1 continued
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2. 
A B

CD

O E2a

a

Figure 2

 Uniform wire is used to form the framework shown in Figure 2.

 In the framework

• ABCD is a rectangle with AD = 2a and DC = a

• BEC is a semicircular arc of radius a and centre O, where O lies on BC

 The diameter of the semicircle is BC and the point E is such that OE is perpendicular 
to BC.

 The points A, B, C, D and E all lie in the same plane.

 (a) Show that the distance of the centre of mass of the framework from BC is  

6

a
π+

(5)

 The framework is freely suspended from A and hangs in equilibrium with AE at an 
angle θ° to the downward vertical.

 (b) Find the value of θ.
(4)

 The mass of the framework is M. 

 A particle of mass kM is attached to the framework at B.

 The centre of mass of the loaded framework lies on OA.

 (c) Find the value of k.
(3)
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Question 2 continued
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a) Formulas for distance of centre of mass

of a uniform circular are from its centre

rainx
por centre

4

X
T

· where x is in radians and r= radius

Za Applying formulae
A -

& ↳
x = 90 = I rad

2

:. distance from O --
d, = asin =

#

To find COM from BC
,

take moments about BC in a direction.
->

Taking direction BA as positive Since this is a framework,
we use

axy + axq + 2axa + 2ax0 + aπX -z = moment = force x perpendicular distance

↓

(a + a + 2a + 2a + aπ)i free is proportional to the lengths

+ + 22 + 0 + -la = (ba +a as they are uniform wire so we can

replace fore with length since we

a

? =alt so distance

use

Mili = I Mi

from BC is where sum of moments of each component
preven is equal to the singular moment through the COM
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Question 2 continued
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b)
a T

Let G = COM

Tofind O
,

we must find

· angle DAE and subtract

angle DAG from it

6 +π Angle DAE
x = tan =(4) = tan" (2)

-
--

2
-- E

d

D

Angle DAG

a
B B = tan" (a-
-- B = tan" (1 - 5)

... 0 = x - B
= tan" (2) - tan" (1-t)

0 = 21 . 70(3sf)
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Question 2 continued
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(Total for Question 2 is 12 marks)

c) Taking moments about OA

n Mgxasin45 = kMg x accs 45

6 + π

V

mis)
um ⑭ Mga = RMg a

6 + π

.. k=
6 X X= sin

·
① Using trigonseetry to obtain

perpendicular distances
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3. A cyclist is travelling around a circular track which is banked at an angle α to the  
 
horizontal, where  tan α = 

3

4

 The cyclist moves with constant speed in a horizontal circle of radius r. 

 In an initial model, 

• the cyclist and her cycle are modelled as a particle

• the track is modelled as being rough so that there is sideways friction between 
the tyres of the cycle and the track, with coefficient of friction μ,  
 
where  μ < 

4

3

 Using this model, the maximum speed that the cyclist can travel around the track in a 
horizontal circle of radius r, without slipping sideways, is V.

 (a) Show that  ( )3 4

4 3

μ rgV
μ

+
=

−
(7)

 In a new simplified model,

• the cyclist and her cycle are modelled as a particle

• the motion is now modelled so that there is no sideways friction between the 
tyres of the cycle and the track

 Using this new model, the speed that the cyclist can travel around the track in a 
horizontal circle of radius r, without slipping sideways, is U.

 (b) Find U in terms of r and g.
(2)

 (c) Show that U < V.
(2)
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Question 3 continued
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a) where F = friction lanx=
Rus = MR

, un
sinx = >

usa=
mgv

1X

C

r

& Equation for centripetal acceleration : a = 1

Resching fries herizontally Reaching forces vertically
R(t) : Rsinx + Fresa = MV R (t) : Rasa -Fsinx =

my
r R - EMR = mg

-R + EMR= R(z - 3m) =

mg

R = 5 mg

R(5 + 5m) = m 4 -

3mQ
substituting &

my (=
4 - 3M

3 + 4m)rg = v2

4 - 3m

v = (3 + 4m)rg
4 - 3 M

b) No sidewaysfrictionco M
= o 2) Comparing numerators and denominators of each :

when M= numerates : 3 + 44 > 3

U =

3rg
(u) (v)

denominators : 4-3p < 4

(a) (v)

so -3
+ 4m

4 - 3M

hence U <
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Question 3 continued
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Question 3 continued
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(Total for Question 3 is 11 marks)
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4. A particle P moves on the x-axis. At time t seconds the velocity of P is v m s–1 in the 
direction of x increasing, where

v = 1
2
3 12e t −( )       t  0

 The acceleration of P at time t seconds is a m s–2 

 (a) Show that  a = 2v + 1
(2)

 (b) Find the acceleration of P when t = 0
(1)

 (c) Find the exact distance travelled by P in accelerating from a speed of 1 m s–1 to a 
speed of 4 m s–1 

(7)
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a) a= : a =-
dt

=(beh) = Seit

since v= (3e2t - 1)
2v = 3e2t - 1

3e2t = 2v + 1

Rearrangingfor a = set
,

we get a = 2v + 1

b) at t= 0
,

a = 30 = 3ms-

substituting into expression
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Question 4 continued
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c)
~ =

& substituting t (e-1) =

St (be - - 1)dt = J1dx

[(zeh - +) + c
= a

where C is a constant

Get - E + c = x

substitute values to obtain↓ No need to find
values for time it' between the times =[ constantare

v = 1 : 1 = t (32 - I V= 4 : 4 = z(3e2t - 1)
3 = 3e2t 9 = 322t

1 = 22t 3 = e2t

2t = 0 25 = In 3

t = 0 t = (n3

Using yellow highlighted expression

U =(e
=(e)

= Y(3) - y(n3 - -
= Y - [In3m
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Question 4 continued
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(Total for Question 4 is 10 marks)

TOTAL FOR FURTHER MECHANICS 2 IS 40 MARKS
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