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9. The diagram shows a uniform lamina ABCDEF. The lamina consists of a triangle ABC right-
angled at C and a rectangle CDEF. Measurements are shown in the diagram.

D 4cm C 3cm B

2cm

A

(a) Find the distances of the centre of mass of the lamina from DE and DB. 91

(b) The lamina is suspended freely from D and hangs in equilibrium. Determine the angle DB
makes with the vertical. 21
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10. The diagram shows a uniform lamina ABCGFED consisting of triangle ABC with rectangle DEFG
removed. Triangle ABC is right-angled at A with AB = 12cm and AC = 18 cm. Rectangle DEFG
has sides DE = Scm and EF = 4cm. Distance AD = 3cm.

A 18 cm >

(a) Calculate the distances of the centre of mass of the lamina from AB and AC, giving your
answers correct to 3 significant figures. 91

(b)  The lamina is freely suspended from A and hangs in equilibrium. Calculate the angle AC
makes with the vertical. 21
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9. The diagram shows a uniform lamina formed by removing a triangular section X¥Z from a
rectangular plate ABCD. The triangle XYZ is isosceles with XZ = YZ and XY is parallel to AB. The
dimensions (in cm) are shown in the diagram.

(a)

(b)

(c)

D 5 c

Find the distance of the centre of mass of the lamina from

@ AD,
() AB. 1

When the lamina is freely suspended from B, it hangs in equilibrium. Calculate the angle
that BC makes with the vertical. 5]

When the lamina is freely suspended from a point P on DC, it hangs in equilibrium with AD
vertical. Write down the distance of P from D. m
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9. The diagram shows a sign made out of uniform material. The sign consists of a square ABCE of
side 6 cm and an isosceles triangle CDE, where DC = DE =5 cm.

D
Scm Scm
E C
6 cm
A 6 cm B
(a) Find the distances of the centre of mass of the sign from AE and AB. 7

(b)  When the sign is suspended freely from B, it hangs in equilibrium. Calculate the angle that
BC makes with the vertical. 31
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(a)

The diagram shows a triangular lamina ABC made of uniform material with AB = 12cm,
AC = 6em and BAC = 90°. A square piece PORS, of side 2cm, is removed. The point P is
2cm from AC and 2 cm from AB. The line PQ is parallel to AB.

6cm

A 12cm B

Find the distances of the centre of mass of the remaining lamina from AC and AB. 9]
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(b) The diagram shows four particles P, Q. R and S. of mass 10kg. 5 kg, 2kg and 3 kg
respectively, attached to light rods which are rigidly joined together. The positions of the
particles P, O, R and S, on the x-y plane are (4,0), (3,8),(-5.6) and (-1,2).

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6x

Find the coordinates of the centre of mass of the system. 5]
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The diagram below shows a decoration made from a uniform material. The rectangle ABCD has

AB = 8cm and AD = 10cm. An extra triangular piece XYZ, of the same material, with XY = 6cm,
N\

XZ =3cm and ZXY = 90° is glued onto ABCD such that XZ is 1 cm from AD and XY is 2cm from

AB.

10em|

6cm

A 8cm B

(a)  Find, correct to two decimal places, the distances of the centre of mass of the decoration
from AD and AB. 9]

(b)  The decoration is suspended freely from the point D. Calculate the angle AD makes with the
vertical. 3]
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8. The diagram shows a uniform lamina formed by removing a circle, of radius 3 cm, from a
rectangular card 4ABCD where AB = 10cm and BC = 12cm. The centre of the circle is 7cm
from AB and 4cm from AD.

D C

12cm

10cm

(a) Calculate the distances of the centre of mass of the lamina from AD and 4B.
Give your answers correct to three decimal places. 9]

(b) The lamina is freely suspended from A4 and hangs in equilibrium.
Calculate the angle 4 B makes with the vertical. [3]

(¢)  When the lamina is suspended freely from a point P on DC, it hangs with 4D vertical.
‘Write down the value of DP. [1]
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9. A uniform lamina OAQP is formed by removing the triangle POB from the triangle OAB as
shown in the diagram below, which is drawn to scale. The triangle OA4B is isosceles with
OB = AB. The line PQ is parallel to the line OA4.

(a) Calculate the coordinates of the centre of mass of the lamina OAQP. M

(b)  The lamina is freely suspended from P and hangs in equilibrium.
Calculate the angle PQ makes with the vertical. [3]
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The diagram below shows a decoration made from a uniform material. The rectangle
ABCD has AB=3m and BC = 2m. An extra square piece PORS of the same material, with
PQ = 1m, is glued onto 4 BCD such that PQ is 0-5m from 4B and PS is 1:5m from 4D. The
line PQ is parallel to the line 4B.

D (&

2m

B

Calculate the distances of the centre of mass of the decoration from 4D and AB. 7
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9. The diagram shows a uniform lamina ABCDEFG. The lamina consists of two rectangles
forming an L-shape A BCEFG and an isosceles triangle CDE with DE = DC.
Dimensions, in cm, are shown in the diagram.

G_2 F

12

(a) Calculate the distance of the centre of mass of the lamina from

i) 4G,

(i) AB. [10]
The lamina is suspended freely from the point G and hangs in equilibrium.

(b)  Find the angle 4G makes with the vertical. [3]
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9. The diagram shows a lamina, made of uniform material, consisting of a rectangle ABCD
with triangle XYZ removed. Triangle X YZ is isosceles with XZ = YZ and XY parallel to 4B.
Dimensions are as shown in the diagram.

D c

2cm

[ Scm >

A B
(a)  Calculate the distances of the centre of mass of the lamina from 4D and 4B. 9]

(b)  The lamina is freely suspended from A and hangs in equilibrium.
Calculate the angle that 4 B makes with the vertical. [3]

(¢)  When the lamina is suspended freely from a point P on DC, it hangs with 4D vertical.
‘Write down the length of DP. 1]
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8.

The diagram shows a uniform lamina in the form of a trapezium A BCD with a circular hole, of
radius 2cm, removed. The angle D/{I\B 15 90°. The dimensions, in cm, are shown in the diagram.
The centre O of the circular hole is 3cm from 4D and 3cm from AB.

D 6 C

(a)  Find the distances of the centre of mass of the lamina from 4D and AB. [10]

() When the lamina is freely suspended from a point Q on A D, it hangs in equilibrium with
AB vertical. Write down the distance of Q from A. 1]
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The diagram shows a lamina formed by removing a circle with centre P from a rectangle ABCD
made of a uniform material, and adding a right-angled triangle XYZ made of the same uniform
material.

The area of the circle is 21cm?.

The line XY is parallel to AB and YXZ = 90°.

Dimensions, in cm, are as shown in the diagram.

D c
T .
6
~—6
12 18
=< 1 - f -
3
A ! B

20

(a) Find the distance of the centre of mass of the lamina from

(i) AD,

(i) AB. (o]
(b) When the lamina is suspended freely from a point Q on DC, it hangs in equilibrium with

DC making an angle of 45° with the vertical. Find the possible distances of Q from D.

[4]
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A piece of jewellery is made up of a uniform rectangular lamina ABCD with an isosceles triangle
XYZ removed and two stones E and F added.

In triangle XYZ, XY = XZ.

YZis parallel to AB.

The stone E has a mass twice that of the removed triangle XYZ and the stone F has a mass
three times that of the triangle XYZ.

The dimensions, in cm, are as shown in the diagram.

D C
1 1 4
2 2!
,,,,,,, <IN SR SR S N
E ! F
i 6
13
2 4 0 4 2
Y 31 z
L \J
AL 12 .B

(a) Calculate the distance of the centre of mass of the piece of jewellery from

(i) AD,
(i) AB. [10]

(b) The piece of jewellery is suspended freely from a point P on DC so that AD is vertical.
Determine the length of PC. [1]
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4. The x-y plane is horizontal and four particles, of masses 5kg, 2kg, 3kg and 6kg, are at points
4, 1), (2, 3), (-2, 5) and (-3, 0) respectively. Find the coordinates of the centre of mass of the
four particles. [6]
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The diagram shows a lamina ABCDE which is made of a uniform material.
It consists of a rectangular piece ABDE together with a triangular piece BCD.

A circular section, with centre O, is removed from ABDE. In triangle BCD, BC = CD.

The dimensions, in cm, are as shown in the diagram.

E D
} :
i
104 L S ——= ¢
1
v 1
A= 16 ~B

Find the distances of the centre of mass of the lamina from AE and AB.

[7]
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The diagram below shows a lamina ABC consisting of a right-angled triangle with a circular
section of radius 2cm removed. The centre O of the circular section is 4cm from AC and 3cm
from AB. The lamina is made from a uniform material. A particle D, of mass three times that of
the removed circular section, is attached to the midpoint of BC. Dimensions, in cm, are as shown
in the diagram.

Find the distances of the centre of mass of the lamina ABC, with D attached, from AC and from
AB. Give each answer correct to two decimal places. [10]
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A light uniform rod AB, of length 3m, has a particle of mass 2kg attached to its midpoint and a
particle of mass 0-8 kg attached to it at a distance 0-6 m from B. Another particle of mass 1-2kg

is attached to the rod at a distance of 0-5m from A. Determine the distance of the centre of mass
of the particles from B. 4
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8. The diagram below shows a uniform lamina ABCDEF. The rectangle ABEF has sides
AF =18cm and EF = 10cm. The triangle BCD is isosceles with BC = CD and BD = 12cm. The
height of triangle BCD is 15cm.

(a) Find the distances of the centre of mass of the lamina from AF and from AB. [71

(b) The lamina is suspended freely from the point E and hangs in equilibrium. Calculate the
angle EB makes with the vertical. [3]
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9. The diagram shows a lamina ABCDE, made of uniform material. It consists of a rectangle
ABCE and an isosceles triangle ECD with ED = DC. An isosceles triangle PQR, with PR = RQ,
is removed. Dimensions, in cm, are as shown in the diagram.

[}

@

2 2
E P Q C
5
A 8 B

Find the distance of the centre of mass of the lamina ABCDE from

(@) AE [

(b) AB. 7
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The diagram shows a uniform lamina formed by removing a circle, of radius 2cm, from a
rectangular card ABCD, where AB = 8cm and BC = 15cm. The centre of the circle is 9cm from

AB and 3cm from AD.

@

(b)

©

D Cc
-3
15em
9cm
A 8cm B

Calculate the distances of the centre of mass of the lamina from AD and AB. Give your
answers correct to 3 decimal places. )]

The lamina is freely suspended from A and hangs in equilibrium. Calculate the angle AB
makes with the vertical. 2

When the lamina is suspended freely from a point P on DC, it hangs with AD vertical.
Write down the length of DP.
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7. A uniform lamina consists of a right-angled triangle ABC with a circular hole, of radius 1-5 cm, cut
out of it. Lengths AB =7 cm, AC = 10 cm and the centre O of the circular hole is 2-5 cm from AB
and 2-5 cm from AC.

©

(a)  Find, correct to two decimal places, the distance of the centre of mass of the lamina from
(i) AB,
(i) AC. [10]

(b) The lamina is freely suspended from A and hangs in equilibrium. Calculate the angle AC
makes with the vertical. 2]
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8.

The diagram shows a uniform plane lamina ABCDE, in which ABDE is a rectangle and BCD is a
right-angled isosceles triangle with DB = DC. The lengths BD and DE are 6 cm and 10 cm

respectively. C
6cm
B D
6cm
10cm
A E
(a) Find the distance of the centre of mass of the lamina ABCDE from
(i) AB,
(i) AE. 9]

(b) The lamina ABCDE is freely suspended from the point X on AE such that it hangs in
equilibrium with AB vertical. Write down the distance AX. [1]
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8. A uniform square lamina ABCD has sides 9 cm. The point E lies on AD and is such that
ED = 6 cm. The triangle EDC is removed.

(a) Find the distance of the centre of mass of the remaining lamina ABCE from
1 AB
(i) AE. (8]

(b) The lamina ABCE is freely suspended from C and hangs in equilibrium. Calculate the angle
BC makes with the vertical. 31
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The diagram shows three particles P, Q, R attached to light rods AB, BC, CA respectively. The rods
arg. rigidly jointed together so that ABC is a right-angled triangle with AB = 8 cm, AC = 6cm and
CAB = 90°. The masses (in kg) of P, Q, R, are 2m, 3m, 5m respectively and AP = 7-5cm,
BQ=7cm, AR=3-5cm.

3-5cm

o
A 7-5cm P B
(a)  Find the distance of the centre of mass of the system from
@ AC,
(i) AB. 9]

(b)  The system is freely suspended from B and hangs in equilibrium. Calculate the angle that
AB makes with the vertical. 31




