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Exercise 3B
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Use Zml.rl. =?Zml.

X
=2m [_j B Simplify by dividing
Y both sides by m.

This is the midpoint of the
4  line joining the two points.
Centre of mass is (3, 2).

2 -1 2 -1 X —
2 m[ jer[ jer[ j-ﬁ-M[ :4m[ij < Use Zml.rl:eri
0 3 —4 —2 y as before.
=4| _ < Divide both sides by m.
-3 y
1
2 = X < Solve.
EER IR
4
et (1 )
entre of mass is 2 4
2 4 X
3 10 +15 +25 =50] _
3 2 y
4 12 x . .
+ 10 < Divide both sides by 5.
LS J 5
X
[ j:]O[_j < Simplify.
Y
[ j [ij < Solve.
Y

Centre of mass is (4.6, 4.2).
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4 05 6 +15 2 ) 3 _4 x < 4 is the total mass.
\-3) s 2 y
3 3 6 X \ It’s easier to use
15 + 75 + 4l 4 5 column vectors.
12 x
4|7
(1 0 y
3 X You could leave your
[ ) = (_J < answer as a column
S Y vector.
The position vector is (3i+2.5j).
-1 3 4 -2 X
5 m +2m +5m +2m =10m| _
-1 2 -2 5 y
-1 6 20 —4 X . ;
+ + + =10| _ < Divide both sides by m.
-1 4 -10 10 y
20 ol F < Simplify.
3 y
2.1 X
= < Solve.
03) (¥ o
Centre of mass is at (2.1, 0.3).
6 . 3 D di
< raw a diagram.
Tke Lke (Note that the plate is light.)
2 cm
Draw the rectangle with the 2‘axes’
3 kg 5 kg < (PQ and PS) in the bottom L.H. corner.
P 4 cm 0
Taking P as the origin, and axes, PQ and PS, P is (0, 0); Qis (4, 0); R is (4, 2); S'is (0, 2).
0 4 4 0 X .
3 +5 +1 +7 =16 < Total mass is 16 kg.
0 0 2 2 y
0 20 4 0 X
+ + + =16| _
0 0 2 14 y
24 16 x Siolif
= < mplity.
16 5 i
1.5 _[* < Solve.
1 y

a Distance from PQis 1 (V).

b Distance from PS is 1.5 (X).
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of el
71 |2 |+3 =(1+2+3) <
0 3 q 0

Use Zml.rl. :FZml.

Simplify.

MG

Collect terms.

A

9+3p) (12
6+3g) |0

A

9+3p=12
6+3¢g=0
=>p=1

Equate i and j components.

Solve for p and g.

A

q=-2

s (Sl Jron{ ol Jron( )
()l 300
)

-7+7x=0
-21+7y=0
x=1

y=3

Coordinates of particles are (1, 3).

Use Zml.rl. :FZml.

A

2omp, =T ym,

A

Divide by m and simplify.

Collect terms.

A

Equate i and j components.

Solve for x and y.

A

State answer.

A
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9 We fix the origin and coordinate axes so that 4=(0,0), B=(8,0), C=(8,6)and
D=(0,6), now the total mass of the system is M =300g+200g+600g+100g =1200g

Letting the centre of mass have coordinates (X, )’) , then the distance of the centre of mass from 4B is
v and the distance from 4 D is x. We then have:

e

SO
HEHEWEHEEW
3 +2 +6 + =12
0 3 6) (3 y
SO
12+16+24) (12x
( 6+36+3 j_(uyj
SO
52 (12x
o))
13
x) |3
(yj_ 15
4
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Draw a diagram.

The card has no mass.

Mechanics 2 Solution Bank
10 D ¢ )
mg 2g <
6 cm <
.3g Zg‘
A 8 cm B

Let mass of particle of D be m g.

Taking axes through 4, the coordinates of the
particles are (0, 0), (8, 0), (8, 6) and (0, 6).

Here ‘g’ is grams!

Here we have to set
up our own axes.

‘3 cm from A’

(g roeronf])

A

means
y = 3.

o) o)z [3)

Simplify.

32 ) ((T+m)x
12+6m) | 21+3m

124+ 6m=21+3m

A

Collect terms.

Equate j components.

Solve for m.

Equate i component
and substitute for m.

\ Solve for x.

3m=9
m=3 <
32=10x <
32=Xx

a m=3

b 32cm <

State your answer.
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Challenge

By considering the triangle we can choose coordinates such that 4=(0,0), B=(6,0) and C=(3,4)
Now the total mass of the system is M = m + 0.4, and the coordinates of the centre of mass satisfy

o[l

On the other hand we are given that the centre of mass is the centroid of the triangle. Since the
triangle is isosceles by symmetry we must have that the intersection of the line connecting 4 and the
midpoint of BC with the line connecting C and the midpoint of AB is the same as the intersection of
the line connecting B and the midpoint of AC with the line connecting C and the midpoint of AB so
we compute the first intersection, the line connecting C and the midpoint of AB can be written as

L5

and the line connecting 4 and the midpoint of BC is given by

S

Hence at the intersection we have

(o))

And solving this gives the coordinates of the intersection as

3

Going back to the equation for the centre of mass we have

wraofG)-ol)ao()- (]

And one can verify that m = 0.2 kg is the solution. This should be intuitive by the symmetry of the
problem.
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