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1. Three particles of masses 4m, 2m and km are placed at the points with coordinates 
(–3, –1), (6, 1) and (–1, 5) respectively.

 Given that the centre of mass of the three particles is at the point with coordinates (x, y)

 (a) show that  x k
k

= −
+ 6

(3)

 (b) find y in terms of k.
(2)

 Given that the centre of mass of the three particles lies on the line with equation 
y = 2x + 3

 (c) find the value of k.
(2)

 A fourth particle is placed at the point with coordinates (λ, 4).

 Given that the centre of mass of the four particles also lies on the line with equation 
y = 2x + 3

 (d) find the value of λ.
(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

1) a) Firstly consider moments about the y-axis ,

imagining the masses on a 2-D plane . , perpendicular distance from y axis = zecordinate

( - 1
, 3)

,

a
moments= porce x perpendicular distance

km
The sum o moments is equal to the overall moment

(6
,

1) acting through the COM
.

↑

,
2m Mathematically - Mix = It Mi

4mx
(- 3

,
- 1) where m = force

x = perpendicular distance

For it
,

we find the COM from the
y axis. Applyingformulae :

4mgx(3) + 2mgx(b) + kmg(- 1) = (4m + 2m + km)g5
Cancelling out g and m from each term and simplifying,

we obtain

- 12 + 12 - k = (6 +k)

Rearranging ,
we geta

= -k

6 + k
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Question 1 continued
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

b) Repeating the same method as part a ( - 1
, 3)

,

a

for ,
we find the COM from the2 axis

km

by considering moments about the x axis.

36
&

4mx4mgx(- 1) + 2mgx(1) + kmg x3 = (4m +2m + km) gi (- 3
,

- 1)

Cancelling out g and m from each term and simplifying ,
wedetain

- 4 + 2 + 3k = (6 + k)i
Rearranging ,

we get
=

5k - 2

6 + R

1) The COM is (2,)
which we know as (sk 32) in term one

Since the COM lies on y
= 2x + 3

,
substitute the ic and if values into the

equation
y

= 2x + 3

3r - 2
= z(j(n) + 3

6 + k

Multiply both sides by (6 +1)
5k - 2 =2k + 3(6 + R)
3k - 2 = - 2k + 18 + 3R

4k0

d) Adding the 4th particle does not change the COM from the line

y
= 2x + 3 which means that the 4th particle must also lie on

that line for the COM to net change from that line.
Substituting the coordinates of the 4th particle (X

,
4) into y

= 2x +

4 = 2x + 3

1 = 2x

x = 2
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Question 1 continued
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Question 1 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________
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(Total for Question 1 is 9 marks)
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2. A particle P is moving along the x-axis.  
 At time t seconds,  t  0,  P has acceleration  a m s–2  and velocity  v m s–1  in the 

direction of x increasing, where 

v = e2t + 6et – kt

 and k is a positive constant.  

 When  t = ln 2, a = 0

 (a) Find the value of k.
(4)

 When  t = 0,  the particle passes through the fixed point A.
 When  t = ln 2,  the particle is d metres from A.

 (b) Showing all stages of your working, find the value of d correct to 
2 significant figures. 

  [Solutions relying entirely on calculator technology are not acceptable.]
(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) acceleration = change in relecity per unit time

a= ↳ the same as the derivative of
velocity mathematically

To findain terms t applypermea Rules

:let eaa= = 2e + Get - k

Substituting values t = In 2 and a = 0

Loglaw : ealnb =e

In ab

22 (Inz) + be
12

- k = 0 In a

2 = A

ze'4 + Ge 2
- R = 0

2(4) + 6(2) - k = 0

k = 20
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Question 2 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 2 is 8 marks)

b) At t= 0
, displacement from A = 0 (x = 0)

At t = In 2
, displacement from A =d(x = d)

Leta be famulae for displacement from A

Velocity= change in displacement per unit time

v = integrate
c = Su de

both sides

To findi in terms of t
, apply formulae.

->
usingI value from part I

x = Jvdt = f(e +
+ Get -20t)dt

= e + Get - 10th + c

To find 'd'
,

use boundary conditions of =o and t = In 2

d =I t + get -20tdt

= Lie + Set-10t]a
= ten2 + Ge-10 (in2)2- (e + 600 - 1014)

= (4) + 6(2) - 10/1nz)2 - >
= - 10 (In2)2

d =2 . 7 (2sf)

S
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3. A girl is cycling round a circular track.
 The girl and her bicycle have a combined mass of 55 kg.
 The coefficient of friction between the track surface and the tyres of the bicycle is μ.

 The track is banked at an angle of 15° to the horizontal.

 The girl and her bicycle are modelled as a particle moving in a horizontal circle of 
radius 50 m

 The minimum speed at which the girl can cycle round this circle without slipping 
is 4.5 m s–1

 Using the model, find the value of μ.
(9)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Car travelling at max speed without slipping Reaching posses herizantally and vertically :

R

4 .3 ms
F R

<

(158 ~ 559 -
Fls158

& S

50m

~ 559
By considering horizontal motion and resultant force

contactcentripetal force = horizontal normal ferce-horizontal friction
resultant free mu2

= Rsin 15
°

- Flas 15
%

↑ Formulas for friction is F = MR
33x4 . 32

= Ran 15' - Fas 13 ↓ where pe
= friction

30 ↓ Substituting F = MR coefficient
Resolving forces vertically 22 . 275 = R(sin 15

°

-Mcs15
%

) R = normal contact

Rus13 + Fan15 = 55g ② pro

↓substituting F = MR and using g
= 9 . 8

R(bs13 + msin 15) = 539

R = 539
① substitutingO into Q

cos 15
°

+ M sin 158
22 . 275 = 539(sin 15: Mrs 15%

Cs13
°

+ Musin 138

8)

Rearranging S 1960
1913+ Msin 130 = an 150 - Mas

↑ CitoSin13+ 10015
%

) = an 130 - as 150

m
= an 130-is 15

20 .224(3st)
sin 13 + 1515

. . m = 0 . 224
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Question 3 continued
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Question 3 continued
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Question 3 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 3 is 9 marks)
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4.

18a

12a

18a

6a

A M B

E D

C

Figure 1

 A uniform triangular lamina ABC is isosceles, with AC = BC.  The midpoint of AB is M.  
The length of AB is 18a and the length of CM is 18a. 

 The triangular lamina CDE, with DE = 6a and CD = 12a, has ED parallel to AB and 
MDC is a straight line.

 Triangle CDE is removed from triangle ABC to form the lamina L, shown shaded in 
Figure 1.

 The distance of the centre of mass of L from MC is d.

 (a) Show that  d a= 4
7

(4)

 The lamina L is suspended by two light inextensible strings.  One string is attached to 
L at A and the other string is attached to L at B. 

 The lamina hangs in equilibrium in a vertical plane with the strings vertical and 
AB horizontal.  

 The weight of L is W

 (b) Find, in terms of W, the tension in the string attached to L at B
(3)

 The string attached to L at B breaks, so that L is now suspended from A.  
 When L is hanging in equilibrium in a vertical plane, the angle between AB and the 

downward vertical through A is θ°

 (c) Find the value of θ
(7)
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Question 4 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) Taking Point A with
x

(0
,

0)
a

(18a
,
0)

x cordinates 10
,

0) as the origin

sa19,
COM of big Isesceles triangle

distance from A inz direction

↳ o + 18a + 9a
= 9a (Also can be figured out as along

x(9a
,

- 18a) 3 line of symmetry)
COM of small triangle cut out

distance from A in ce direction

↳ 3a + 9a + 9a
= Ta

3

Overall COM of lamina L

(Area of big triangle x COM) - (Area of cutout triangle x COM) = Area of Lamina L x COM

Since Lamina L is a shape with a cut out
,

we can use the moment of the larger
shape without the cutout minus the moment of thecutout to obtain the momenty
the Lamina L

.
The moment of the Lamina is the area of the Laminax COM so

it can be determined by rearranging.

E (10a) (18a) x 9a - (6a)(12a)x(a = ( (18a)(18a) - z(6a)(12a)) x i

1458a3 - 252a3 = 126a2 in

1206a" = 126a2 in

i =
1206a3

126a2
= Ga

To find distance of COM from MC
,
do -9a = ta

7
~

distance from
A to MC

:
.

distance from MC = I a
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Question 4 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

b) TA
*a ·A
"
⑧

= W

# moments = pro x perpendicular
distance

Taking moments about the point A

Sum of dockwise moments = sum of anticlockwise moments

- axw = 18axTp

[Re-arranging] TB =
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Question 4 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

2)
↑ TA

When string at B breaks
,

the downward vertical fellowing
A

I

To
the line of string at A goes

"
through the COM

A

·--
2 Firstly, the height of triangle is

Of the distance of the COM from A which

B
⑧ from part a) is a

34
-

>
a

Using trigonometry
To find the width

,
we must find the

tano=distance of the COM from AB so we must

use the same process as part a) in the 8 = tan
= (5) = 26 . 90 (3st)

y direction
.

· : 0 = 26. 90 (3st)
COM of big Isesceles triangle

x
(0

,
0)

a

(18a
,
0)

x ·distance from A in y direction
Ga

↳0 + 0 + 18a
= - Ga sa,

vx
199,s

3

COM of small triangle cut out

distance from A in y direction

4 - Ga + Ga + - 18a
= - 10a

x(9a
,

- 18a)
3

Overall COM of lamina L

(Area of big triangle x COM) - (Area of cutout triangle x COM) = Area of Lamina L x COM

E (10a) (18a) x - sa- (6a)(12a)x - 10a = ( (18a)(18a) - z(6a)(12a)) x y
- 972a3 + 360a3 = 126a2 j

- 612a" = 126a2y

i =
-za

:. COM from AB= a
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Question 4 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 4 is 14 marks)

TOTAL FOR FURTHER MECHANICS 2 IS 40 MARKS
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