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There are other ways of
splitting the lamina up
(see below).

Equate i and j
components.

Use Zmir,. =F2mi

Collect terms.

You could use decimals.
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Centre of mass is (2.67, 2.26)

d By symmetry, 3 =3

x-coordinate of the centre of mass satisfies

Use > mr, =T m,

J29%x3.5+20 x4+29 x3.5+20 x4 = 2(+/20 +/29 ) x ¥

Find the mean of the x-
coordinates of the vertices.

739 +8420 = 2(v/20 4297
3.73=Xx

Centre of mass is (3.27, 3)

© Pearson Education Ltd 2019. Copying permitted for purchasing institution only. This material is not copyright free.



INTERNATIONAL A LEVEL

Mechanics 2

2 AB=(12+2m)-

12=2n

Solution Bank

Let AOB=0 (=2a), where @ is in radians

Use S =r6.

COM of arc: rsina a

Then
9=2"_T_60 <«
6 3
Distance of G from O
=X say.
Then, l
6sin

(6x3c0s307)x 2 +2m x

n
6

1833 +36 = ¥(12 + 27)

X =

183 +36

12+ 27
_9(\3+2)

6+m

= %(12 +2m)

o 5
+ | in RADIANS.
from the formula booklet.
< Use Zmix, = )?Zm,.
N cos30" = ﬁ
2
.1
sin—=—
6 2

——— | Simplify by dividing

Centre of mass is on line of symmetry through O,

and a distance of

6+m

0.

top and bottom by 2.

A

State your answer.

3 We choose coordinates with the midpoint of 4B as the origin and 4B lying on the x-axis.
Then the distance from 4B to the centre of mass is just the modulus of the y-coordinate of the centre
of mass since, by symmetry, the centre of mass lies on the y-axis.

Let the centre of mass have coordinates (0, y) then since the total mass of the system is

da+a+a+a+a+3a+3a+a=14a we have

14ay =3ax0+ax(—+a)+ax(-+a)

+ax(—a)+ax(-

+3ax(-%a)+3a

+ax(—4a)

Simplifying gives

y
x(—%a)

l4ay =—a’ -2a’ -15a" —4a* = 224’

Hence
_ 11la
7

So the distance to AB is 114

7
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4 a We choose coordinates so that the origin is at O and AB is parallel to the x-axis. Then the centre of
mass of the straight piece of wire is O and its mass is 30.
For the circular piece, the mass is 157 and its centre of mass is at

. T
O’1551n2 :(Ojﬂj
(3) n

Now by symmetry the centre of mass of the system lies on the y-axis and the y-coordinate will
satisfy

(30+15ﬂ)y=30x0+15nx£
T

(30+ 157r)y =450
450

Y= "=
30+15x
And by our choice of coordinates this is precisely the distance to 4B.

—5.83to3s.f

b i The total mass is M:100+100+8(30+15n)=440+120n:817gt0 3s.f.

ii We keep the same coordinate system as before, so that the centre of mass still lies on the y-axis

by symmetry hence the new y-coordinate satisfies

(440 +120m) y = 1201 x 22 = 3600
TT

3600

y=—2""  _ 441 t03sf
440+ 1207

and as before this is precisely the distance to AB.
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5 We choose coordinates such that the origin lies at 4 and 4B lies on the x-axis.
We start by finding the coordinates of the centre of mass of the unloaded framework. Its coordinates
will satisfy

lss(js(””[é)+“f§5(ll
S ETRIANTIN
so ()

Now we consider the whole system. The total mass is M =15+10+20+30=75
Hence the coordinates of the centre of mass satisty

R R

Which simplifies to 75(xj = [180}
y

—285
2

6 We choose coordinates such that the origin is at O and the x-axis is parallel to AB.

3
The centre of mass of the top left semicircle is (—1 .5,—) and by symmetry the centre of mass of the
T

3
top right semicircle is (1 .5,—)
T

6
Finally, the centre of mass of the larger semicircle is (0, ——j .
T

Hence, the centre of mass of the framework is given by

X 0 -1.5 1.5
6m =3n +1.57 +1.57
y) -t = :

So

x) 1(0 1(-
= — + —
y) 2(-¢) 4
x) 1(0) 1(0
y) 4nl-6) 2x|-3
7 a The ladder has a line of symmetry that is parallel to the rungs and between the 3rd and 4th rungs

hence the height of the centre of mass is 3x50+25=175cm=1.75m.
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7 b Choose coordinates so that the origin is at the centre of mass found in part a before the bottom
rung is removed, and the rungs are parallel to the x-axis.

Before the bottom rung is removed, the ladder contains 20 lengths of wire, each of which is 50 cm
long.

The bottom rung is 50 cm long and its centre of mass is at [ SJ , S0 when the bottom rung is

removed, the new centre of mass satisfies

o)

Hence
125 5
=——cm=—m
19 76
Challenge

Let ZEAB be

tanﬁ—§:>sin05—i
4 NEO)

Let the height of the midpoint of AC above AE be 4 then:

sina =

>
_hkll

h=25

7\

)

10

8o

Let the height of the midpoint of 4B above AE be [ then:

o
s p =—
F=3
8
[=2] =
)
16

80

Let the angle Z4EB be y then a=y

Let the height of the midpoint of BC above AE be m then:
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Challenge (continued)

. m
sinq =—
6.5

m=63(4s)

26

80

12y =5x% 16 26

10
\/%+4x\/%+3x\/%
_192
80
S ()
T

Let the height of C above AE be n

. n
sina =—
5

=)
20

8o

Therefore the centre of mass lies:

20 16 4
V80 /380 /80
J5

? cm below C

© Pearson Education Ltd 2019. Copying permitted for purchasing institution only. This material is not copyright free.



