3.3 Answers

A-Level Applied Mathematics
Mechanics: Moments: Year 2

3.3.1 Solution to theIntroductory Example

As the rod iuniform, the 45 kg mass of the plank can be assumed to act at the
midpoint of therod, at it'scentre of mass.
Thus, the working diagram becomes;

(a)

(b)

(c)

(d)

AR, AR
A

250v>< 0.8 45 x 9.8

Taking moments about (as forces af then have moments of zero)
45x 98 x4 =3 xR

Rc = 588N

Balancing forces vertically;
Ry + Rc = 250 x 9.8 + 45 x 9.8

= 2891
- Ry = 2303N

At tipping point, reaction aA will be zero
Taking moments abo@

250 x 9.8 x 3
M

45x 98 x 1+ Mx98 x5
141kg

An adult typically has a mass of 70 kg
A skinny man typically has a mass of about 48 kg
An obese man typically has a mass of 141 kg

. Don't let move than one person at a time use the diving board !

Also : Jumping at the end, as divers do, considerably adds to the
maximum force, the impulse, being exerted on the board.



3.3.2 Solutionsto 3.2 Exercise

Answer 1
(1) In the diagranRa could be omitted as it will be O N on the point of tipping.

100 x 9.8 80 x 9.¢

(i) When the beam is on the point of tippifiyg,= 0 N

(iii)  Balancing forces vertically,
R+ R = 100x 9.8 + 80 x 9.8
0+ R = 980+ 784
R = 1764N

(iv)  Taking moments abols,
80x 9.8 x x = 100x%x 9.8 x 2
784x = 1960

X = 2.5metres



Answer 2

(a)

I:QLEFT I:QRI GHT

14 x 9.8
Balancing forces vertically,

Rerr + Rreur = 14 x 9.8

%IGHT = 137— 75

= 62N
(b)
I:\)I_EFT RRIGHT
‘1m 6m 3m

14x9g8 Mx9.t
(i) ON

(i) Taking moments about the right hand support,
Rerr X6+ mMXx 98 x 3 =14%x 98 x%x 2

0+ 294m = 274
9.33kg

m

(iii)  Balancing forces vertically,
Rerr + Ruoht

0 + Rught

I:ﬁGHT

14 x 98 + mx 9.8
137 + 9.33 x 9.8
229N



Answer 3

(a)
Taking moments abo@,
R x x = 05x 120
80x = 60
x = 0.75metres
(b)

120

Taking moments abol@, and ignoringRc as it is equal to zero,
W x 1.25 = 120 x 0.25

W = 24N

(c) Balancing forces vertically,
R = 120+ 24

144N

(d) The weight of the rock is assumed to act preciseB; at
In practice a slight vibration might cause the rock to fall off the plank.



Answer 4

30x9.8 40 x 9.8 2.5 x 9.¢

(a) Let x be the distance between the boy and sugpatien the plank is
on the point of tipping. This choice of what to cals based on the
experience gained in Question 1.

When on the point of tippindze will be O N
Taking moments aboR,
40x 98 x x+25x98x 2 =30x98x 05
392 + 49 = 147

0.25m
FromP this will be a distance of 3.25 metres along the plank.

X

(b) I've assumed that the weight of the box is all at the very end of the plank
whereas in the diagram the box is depicted in a manner that suggests the
centre of mass of the box is a little in from the end of the plank.

Mx9.8 30x9.8
Again, on the point of tippind®e will be 0 N
Taking moments abo(R,

Mx98x3+30x98x05=40x98x2+ 25x98 x 2

294M + 147 = 784 + 49
M = 233kg
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