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Moments
Exercise A, Question 1

Question:
Calculate the moment abdatof each of these forces acting on a lamina.

F 3

3N

1
B et e a7
2m

Solution:

Moment = 3 x 2 =6 Nm clockwise

3N
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Moments
Exercise A, Question 2

Question:
Calculate the moment abdatof each of these forces acting on a lamina.

7N

= >

' 1.5m

M
P
Solution:

TN Moment =7 x 1.5 =10.5 Nm clockwise

'16m

P
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Moments
Exercise A, Question 3

Question:

Calculate the moment abdatof each of these forces acting on a lamina.

Solution:

Pa Moment =2 x 6.5 =13 Nm anticlockwise
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Moments
Exercise A, Question 4

Question:

Calculate the moment abdatof each of these forces acting on a lamina.

8N
F
Solution:
7\ Line of action passes throughsB the distance is
/ zero.
/ Moment = 0 Nm
(No turning effect)
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Moments
Exercise A, Question 5

Question:

Calculate the moment abdatof each of these forces acting on a lamina.

Pe---"""""5m
Solution:
\\ [Draw in the right angled triang]e.
¢ tmme ?R Perpendicular distance =5 x sin 30 °
TR _3_@?"?;\\ Moment =4 x5 sin 30 °
R m =10 Nm anticlockwise
=) v
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Moments
Exercise A, Question 6

Question:

Calculate the moment abdatof each of these forces acting on a lamina.

L am
P
Solution:
i [Draw in the right angled triang]e.
3.6 Nﬁ»-*j?’x The angle inside the triangle is 180 ° - 140 °
—~40%" 140° °
J-ﬂ:"'.## =40 '

o so the distance =5 x sin 40°
Rrcneinat " M Moment=3.6 x5 sin 40°
%Sl ~11.6 Nm clockwise

s
'D
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Moments
Exercise A, Question 7

Question:

Calculate the moment abdatof each of these forces acting on a lamina.

Solution:

Distance =7.2x sin 45°
Moment =6 x 7.2 sin 45°
~ 30.5 Nm anticlockwise

7.2 sin 45°

e s P
7.2m
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Moments
Exercise A, Question 8

Question:

Calculate the moment abdatof each of these forces acting on a lamina.

SN

3115’1“5
op
Solution:

5N moment = 0 Nm

Im

ﬂ_.P
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Moments
Exercise A, Question 9

Question:

Calculate the moment abdatof each of these forces acting on a lamina.
et P

- 1;“.6{]&;
T

!

2.8 m__

Solution:
B Distance =2.8 x cos 60 °
28m _.~60% Moment =9.5x2.8 cos 60 °
Elisr  n™ /2.8 x cos 60° =13.3 Nm clockwise
T
9.5N e
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Moments
Exercise A, Question 10

Question:

Calculate the moment abdatof each of these forces acting on a lamina.

F
Solution:
[Draw in the right angled trianglk.
The angle inside the triangle =180° - 137 °
=43°
Y- P Distance =6.2 x sin 43°

; Moment =8 x 6.2 sin 43 °
S 52xsind3" ~ 338 Nm anticlockwise
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Exercise B, Question 1

Question:

These diagrams show sets of forces acting on a light rod. For each rod, calculate the sum of the momiénts about

a b
ZN 4N
p,1m Im [ | f
. l_‘ 2m l 1m 1m!
3N 2N 3N
C d
3N 4N 3N 2N
1 m lm Zm 4 P
ll P I 2m 1m- 1m
TN
4N
e f
2N 3N 2N 2N

1m 1m 1m 1m o
l f P

4—
e
[ %)
z.
Z

1M 4N
Solution:
a
2N 0 (Total of moments for forces acting clockwise about
P):3x1=3 Nm
i e O (Total of moments for forces acting anticlockwise
Pe aboutP):
(1+3) x2 =8 Nm
Sum of moments =8 - 3
3N =5 Nm anticlockwise
b
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N O4x (2+1) +3x1=15 Nm
O2x1 =2 Nm
f Sum of moments =15-2
2m ‘—\| 1m im =13 Nm clockwise
2N 3N
Cc
3N 4N H3x1 =3 Nm
L FJ O7x (1+1) +4x2=22 Nm
Im: [plm: 2m Sum of moments =22-3
j/—‘ P =19 Nm anticlockwise
T
d
3N eN H3x1 =3 Nm
11 r] O2x1+4x (2+1) =14 Nm
f Sum of moments =14-3
j/—‘ 2m Tm Tm =11 Nm anticlockwise
4 M

O3x (1+1) +2x ~ 12 Nm

e
ZN 3N
(1+1+1)
1m 1m 1m 1m O4x1+1x (1+1+1+1) =8 Nm
*p

Sumof moments =12-8
=4 Nm clockwise

1M 4 M
f
2N 2N i 1x1+2x1 =3 Nm
O2x (1+1) +3x - 10 Nm
1m 1im _1m 1m (1+1)
P Sum of moments =10-3
=7 Nm anticlockwise
IN 1N
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Moments
Exercise B, Question 2

Question:

These diagrams show forces acting on a lamina. In each case, find the sum of the moments of the set of fétces about

a b
3N 4N
Y Fy
2m
(1. 2m __  S5m | [T B
P ] :
'3m
. e
2N — ,
& 3N
d
IN
Fy
P i
izm
SN+ '—l

Solution:
a
Gh U3x2+2x5=16 Nm
O None
”]Em.EmL Sumof moments =16 Nm clockwise
P
g
2N
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b
4 M
/1
Z2m
B et o
3m
] =

3N

d
3N
P SRl o P e A
T
2m
5N < - []
e
4N
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O 4x2 =8 Nm
O 3x3 =9 Nm

Sum of moments =9 -8
=1 Nm anticlockwise

O 6x4 =24 Nm
O 7x2 =14 Nm

Sum of moments =24 - 14
=10 Nm clockwise

O 5x2 =10 Nm

O 3x1 =3 Nm
Sum of moments =10 -3
=7 Nm clockwise

O 3x0.9 = 2.7 Nm

O 4x0.8 =3.2 Nm

Sumof moments = 3.2 - 2.7
= 0.5 Nm anticlockwise
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S O 5x0.8 =4 Nm
)U 6x (2.5 sin 65" _ 13594 ... Nm
255"' or (6x sin 65° )
25m: x 2.5
or (6x cos 25°)
: x 2.5
er
5 Sum of moments =13.594.... -4
0.8m ] ~9.59 Nm anticlockwise

5N
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Exercise C, Question 1

Question:

Pagel of 2

AB is a uniform rod of length 5 m and weight 20 N. In these diagfdBris resting in a horizontal position on suppor
C andD. In each case, find the magnitudes of the reactio@saatdD.

a b
lm C 3m D 1m 2m [ 2m D 1m
A B A B
AN LN FAY N
C d
l.bm C 2.5m D 1m 1.5m C 2.7m D 0.8m
A B A B
A VAN VAN AN
Solution:
a
Re Rp R(1)
RC+RD:20

2 jﬂ.ﬁ 1.5 J1
A m m m m B

& J
20N

Re

AN

Rp

A 1.5m C,‘\ 2m 0.5m D] 1m 5

-

20N

PhysicsAndMathsTutor.com

AN

Taking moments abod@:
3xRy;=20x15=30

= R, =10 N andR. = 10N

R(1)

R-+Ry=20

Taking moments abo@:
Ry*x2=20x05=10

= Ry =5NandR. = 15N

R(1)

Re+ Ry =20
Taking moments abod@:
Ry x25=20x1=20
SR, 20 _

T 25

8NandR=12N
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K¢ Rp

1.5m GT Tm 1.7m .J(}.Bm
A J JaAN

20N
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Rc+ Ry =20
Taking moments abo@:
2.7><RD =20%x1=20

> Rp

20
= — =7.4NandR. = 12.6N
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Exercise C, Question 2

Question:

Each of these diagrams shows a light rod in equilibrium in a horizontal position under the action of a set of forces.

a b
XN YN 15N YN
F 3 'y F Y F
1m 2m 1m 1m 2m 1m
v v v
10N 15N 20N XN
C d
S5gN AN 2XN 3XN
2m | 2m Jm |dm dm | 1m 1.sm | 1m
S N 10g N 15 N 5g N 10g N 10g N
Solution:
a
XN YN R(1)

X+Y=10+15=25
Taking moments abolt

im | 2m 1m 15x (2+1) =10x1+Yx2
P = 45 =10+2Y, 2Y=35,Y=17.5
4 b > X =7.5andY =175
10N 15N
b
15 N YN R(1)
T 15+Y=20+X,Y-X=5
Taking moments abot:
1m 2m 1m 20x (2+1) =15x2+Xx1
3 = 60 =30+ X, X=30
d = X =30andY =35
20 N XN

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Page2 of 2

5g N XN R(1)
5g+ X =5g+ 10g+ 15g= 30g
= X =25g=245

2Zm 2m am am
B | Taking moments aboR:
15gx d + 5g x =10gx 3 + 5gx
d; 4 Je (2+3) (2+2+3)
5g N 10g N 159N = 15¢g d+ 25¢ = 309+ 35¢
= 15d =40,d=27
d
2X N 3XN R(1)
2X+ 3X =5g+ 10g+ 10g= 2%
dm 1m 1.5m 1m = X =59 =49
B " ; | Taking moments abotR:
5gxd + 15gx (1+1.5)
i 3P & =10gx 1+10gx (1+15+1)
5g N 10g N 10g N

=>5d+15%x25=10+35,50d=7.5,
=>d =15
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Moments
Exercise C, Question 3

Question:

Jack and Jill are playing on a see-saw made from a uniform ABwk length 5 m pivoted a¥l, the mid-point ofAB.
Jack has mass 35 kg and Jill has mass 28 kg. Jill gis/éhere must Jack sit for the plank to be in equilibrium when
horizontal’

Solution:

R Suppose that Jack sitsn from B

T Taking moments about the pivad):
p 25m M| @25-x)m xm _ 28gx 2.5 =35¢gx (2.5-x)

PN L = 28 x25=35(2.5 %)
289 35¢ 5(25-x) =4x2.5=10

25-x=2, >x=0.5
Jack sits 0.5 m from B
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Moments
Exercise C, Question 4

Question:

A uniform rodAB of length 3 m and mass 12 kg is pivote€awhereAC = 1 m. Calculate the vertical force that must
be applied aA to maintain equilibrium with the rod horizon

Solution:
v R Suppose that the force required idl\Acting
vertically downwards aA.
Taking moments about the piva@l)(
1m 0.5 m 1.5 m Vx1 =0.5x%x12g

A T B
~ >V =6g=59N (2s.)

S
129
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Moments
Exercise C, Question 5

Question:
A broom consists of a broomstick of length 130 cm and mass 5 kg and a broomhead of mass 5.5 kg attached at one end.

By modelling the broomstick as a rod and the broomhead as a particle, find where a support should be placed so that the
broom will balance horizontall

Solution:
R Let the support bg m from the broomhead.
T Taking moments about the support:
5.5gx x =5gx (0.65-x)
0.65m 065 —xm xm B 5.5x =5 x 0.65 — 5x
: 3! : :
- 105x  =3.25
X ~0.31
g; EEG The support should be 31 cm from the broomhead.
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Moments
Exercise C, Question 6

Question:
A uniform rodAB of length 4 m and weight 20 N is suspended horizontally by two vertical strings attaghaxceaB.

A particle of weight 10 N is attached to the rod at pGinivhereAC = 1.5m. Find the magnitudes of the tensions in the
two strings

Solution:
Ta Ts Let the tensions in the two strings bEaTnd |
respectively.
R(1)
" 15m 05m 2m . TA+TB=1O+20:3O
l Taking moments about poiAt
10 N 10x15+20x%x (1.5+05)=4xTg
20 N = 4T3 =15+40=55,T3 =13.75N
andT, =16.25 N
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Moments
Exercise C, Question 7

Question:

A uniform plankAB of length 5 m and mass 30 kg is resting horizontally on suppdttsuadD, whereAC = 1 m and
AD = 3.5m. When a patrticle of mass 14 kg is attached to the rod atfiatmagnitude of the reactionGis equal to
the magnitude of the reactionD. Find the distancAE.

Solution:

R(1)

R+ R =30y + 14g = 44g=> R = 22g
Let distancéAE = xm

im [15m _1m | 15m Taking moments abou:

> 20
o

A
*’g J,F A Rx 1 +Rx 3.5 = 30gx 2.5 + 14gx x
14 30g = 4.5 x 220= 759 + 149X
99 = 75 + 14x
AE~1.71m
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Moments
Exercise C, Question 8

Question:

A uniform rodAB has length 4 m and mass 8 kg. It is resting in a horizontal position on supports aCEoidi3 were
AC = 1m andAD = 2.5m. A particle of mass m kg is placed at p&inthereAE = 3.3 m. Given that rod is about to tilt
aboutD, calculate the value of

Solution:
R If the rod is about to turn abobDtthen the reaction
T at Cis zero.
Taking moments about poibx
1mC1mO05mD08mEDTm _ 8gx0.5 =m gx0.8
r'lf\‘. . J"A"'- b
>m =5
Bg mg
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Moments
Exercise C, Question 9

Question:
A uniform barAB of length 6 m and weight 40 N is resting in a horizontal position on supports at@aintfd where

AC = 2m andAD = 5m. When a patrticle of weight 30 N is attached to the bar at pdive bar is on the point of tilting
aboutC. Calculate the distanAE.

Solution:
R If the bar is about to tilt about tBen the reaction at
D is zero.
Let the distance AE xm
2m | 1m Zm 1m Taking moments abod@:
ASm E] B A 5 40x1=30x (2—x) ,40 =60 — 30x
~ 30x=20 ,x = %
30N 40N 2
The distance AE s m
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Moments
Exercise C, Question 10

Question:
A plank AB of mass 12 kg and length 3 m is in equilibrium in a horizontal position resting on supfeedd where

AC =0.7m anddB = 1.1 m. A boy of mass 32 kg stands on the plank at jgoifihe plank is about to tilt aboDt By
modelling the plank as a uniform rod and the boy as a particle, calculate the cAE.

Solution:
Re Rp Let the distance ABex m.
If the plank is about to tilt abol thenR = 0.
T T Taking moments abo:
- 0.7 m P 08m 04 'nﬁ 1.1m a 12gx 0.4 =32gx (x-1.9)
c o |E 12 x 0.4 =32x- 32 x 1.9
32x=4.8 + 60.8 = 65.6
129 329 = X=65.6+32=2.05m
Eis 2.05 m fromA
< >
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Moments
Exercise C, Question 11

Question:

A uniform rodAB has length 5 m and weight 20 N. The rod is resting on supports at@@ntD whereAC = 2m and
BD =1m.

a Find the magnitudes of the reaction€aindD.

A particle of weight 12 N is placed on the rod at pdint

b Show that this causes the rod to tilt abBut

A second particle of weight 12 N is placed on the rdg &t hold it in equilibrium.

¢ How far musiE be fromA?

Solution:
a
R{; Rl’.] R(T)
Re+Rp =20
Taking moments about C:
A 2m ‘;.Em 1.5m&1'n B ZOXO'SZRDXZ’RD =5N
C D Re =15N
20N

Re Rp Taking moments abod@:
20x0.5=12%x2+Ry x 2
=24+2
2Zm 0.5m 1.5m im 10 %
& A AN B = Ry is negative, which is impossible, therefore
) € v there is an anticlockwise moment about @e rod
12N R will tilt.

¢ Adding the second particle:

Let the distance ABex m.
If the system is just about to tilt abdDi taking
moments about and I% =0

PhysicsAndMathsTutor.com
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12x (x—-2) +20x05=12x 2
12x-24 + 10 =24
12x =38
= X =38+12=3.17

The second particle needs to be 3.17 m ffoto
prevent tilting.
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Moments
Exercise D, Question 1

Question:

A non-uniform rodAB of length 4 m and weight 6 N rests horizontally on two suppoAsaatdB. Given that the centre
of mass of the rod is 2.4 m from the €A, find the reactions at the two suppc

Solution:

R_.I:' RLF R(T)
1 T 6=R,*+Rg

Taking moments about:
A 24m 1.6m B 6X2.4:4XRB
= Rg =36N
6N R =24N

The reactions ah andB are 2.4 N and 3.6 N
respectively.
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Moments
Exercise D, Question 2

Question:

A non-uniform baiAB of length 5 m is supported horizontally on supports ahdB. The reactions at these supports are
3g N and ‘g N respectively. Find the position of the centre of n

Solution:

3g 7g Let mbe the mass of the bar.
T T R(T)m g=3g+7g
= the mass of the bar is 10 kg

- X =X A Let the centre of mass baxxfrom A
l Taking moments abou:

m gxx=7gx5
=>m Xx=35,10x=35,x=3.5m
The centre of mass is 3.5 m frén

mg
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Exercise D, Question 3

Question:

A non-uniform plankAB of length 4 m and weight 120 N is pivoted at its mid-point. The plank is in equilibrium in a
horizontal position with a child of weight 200 N sittingfaénd a child of weight 300 N sitting Bt By modelling the
plank as a rod and the two children as particles find the distance of the centre of mass of the pA.

Solution:
R Let the centre of mass berxfrom A
T Taking moments about the mid-point:

120 x (2 -x) +200 % 2 =300 x 2
A i | £ B 240 - 120x+ 400 = 600
Xm Ly
l ‘ 120x= 40
W e 40 1
200 N 120 N 300N :>X_H)=§

The centre of mass |1§ m from A
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Exercise D, Question 4

Question:

A non-uniform rodAB of length 5 m and mass 15 kg rests horizontally suspended from the ceiling by two vertice
attached t& andD, whereAC = 1 m andAD = 3.5m.

a Given that the centre of mass iavhereAE = 3m, find the magnitudes of the tensions in the strings.
When a particle of mass 10 kg is attached to the rédfae rod is just about to rotate ab@ut

b Find the distancAF.

Solution:
a
T T Taking moments abod:
TD x 2.5 =15gx 2
4 tm 2m 05m|16m 25T =30g
C E D = Tp =12g=118 N (3s.f)
v R(T)
15g Tc+Ty=15g, To=39=29.4N
b
Te To With the particle attached at F is zero because
A .
the rod is about to rotate abdt
Let the distance AE xm.
. 1m 2m 05m| 1.5m . Taking moments abo:
C E D F 15gx 0.5 =10gx (x- (1+2+05))
S g =logx (X_35)
15g 10g 7.59 = 10gx— 35g
¢ . LI N 42.5 = 10x
= X =425

The distance Aks 4.25 m
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Moments
Exercise E, Question 1

Question:
@)
A B D E
AN C PN
«—lm— —] 51—
- Gm -

A plankAE, of length 6 m and weight 100 N, rests in a horizontal position on supp8&renabD, whereAB = 1 m and
DE = 1.5m. A child of weight 145 N stands@tthe mid-point ofAE, as shown in the diagram above. The child is
modelled as a particle and the plank as a uniform rod. The child and the plank are in equilibrium. Calculate

a the magnitude of the force exerted by the support on the pl@k at
b the magnitude of the force exerted by the support on the pléhk at
The child now stands at a different pdinbn the plank. The plank is in equilibrium and on the point of tilting about

¢ Calculate the distandDF.

Solution:

FE {j FEJ
Q 145 N
A E D E
i c Fii?
1m 2m 1.5m 1.5m
100 N

a Taking moments about the poidt
= since the child and the plank are in equilibrium,
15x100+1.5x%x145=3.5Fg, 150 +217.5=35%;, = F;=367.5+3.5=105N

b R(1), the child and the plank are in equilibrium, so
100 + 145 :FB + FD ,

245=105 +Fp
= Fp=245-105=140N

PhysicsAndMathsTutor.com
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F
Fg Fr
145 N
A E | D E
JAN FAY
1m 2m 1.5m 1.5m
100N N

T

If the plank is about to tilt abold, thenF; = 0 and the child must be standing to the righDof

Let the distancBF bex m. Taking moments aboDt

100%15 (

= 100x15=145%, x= — - ~103m \ :1030m)

© Pearson Education Ltd 2C
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Moments
Exercise E, Question 2

Question:

L

- 4m

A C D B
N\ N
— ] 1] ——

« 2.5m .

A uniform rodAB has length 4 m and weight 150 N. The rod rests in equilibrium in a horizontal position, smoothly
supported at point€ andD, whereAC = 1 m andAD = 2.5m as shown in the diagram above. A particle of waight

is attached to the rod at a polhtvhereAE = x metres. The rod remains in equilibrium and the magnitude of the re
atC is now equal to the magnitude of the reactioD .at

150
7 - 4x

a Show thaiw =

b Hence deduce the range of possible valu.

Solution:
[ R
)
1m ij 1m 05m |D 1.5m
A A I i B
E A \
X
<
S
W 150 N

a Since the rod is uniform, the centre of mass is at the mid-point.
Taking moments about:

Wx+150%x2 =Rx1+Rx25,

Wk + 300 =3.5R
R(1), equilibrium = W+ 150 =R+ R, 2R = W + 150
W + 150 7 W + 150

HenceR = T,and\/\lx+300= 5 X >

= 4 (Wx+300) =7W+ 7 x 150 , 4Wx+ 1200 = 7W+ 1050
1200 - 1050 = TW- AWK

( ) 150

W | 7-4& =150 W=
\ )
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150

bszand7_4x >0

=>7-4x >0

4x <7

X < z
4

X <1.75

So0<x <1.75
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Question:
- 4m >
« 3m T:‘
A B
A A

A uniform plankAB has mass 40 kg and length 4 m. It is supported in a horizontal position by two smooth pivots. One pivot is at the
endA and the other is at the pointv@here AC= 3m, as shown in the diagram above. A man of mass 80 kg stands on the plank

which remains in equilibrium. The magnitude of the reactioniattiice the magnitude of the reaction aff@e magnitude of the

reaction at Gs RN. The plank is modelled as a rod and the man is modelled as a particle.

a Find the value of R

b Find the distance of the man from A.

¢ State how you have used the modelling assumption that
i the plank is uniform,
ii the plank is a rod,

iii the man is a particl

Solution:
24 R R
5 2 1 - 1 B
L ay
Bag 45;}
a
R( 1) 3R =809+ 40g
R =40g=392N

b Taking moments about 80gx x + 40g x 2 = 40gx 3
1
80gx x=40g, = x= 5 =0.5m

c (i) Since the plank is uniform, the weight acts at centre of plank.
(i) Since the plank is a rod, the plank remains straight.
(i) Since the man is a particle, his weight acts at a single
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Question:
- 1m > «(.5m>
A AN AN B
< G 4m B -

A non-uniform rodAB has length 4 m and weight 150 N. The rod rests horizontally in equilibrium on two smooth
supportsC andD, whereAC = 1 m andDB = 0.5m, as shown in the diagram above. The centre of ma@&isfk metre:
from A. A particle of weightWN is placed on the rod & The rod remains in equilibrium and the magnitude of the
reaction ofC on the rod is 100 N.

a Show that 550 +W = 300x.

The particle is now removed frofand placed on the rod Bt The rod remains in equilibrium and the reactio€ an
the rod now has magnitude 52 N.

b Obtain another equation connectiWgandx.

c Calculate the value « and the value cW.

Solution:
a
100 R=50+W
1m ! 25m | 05m
; C D
'{:.'. x
I X
W 150

R(1) 100 +R=W + 150 ,R = W + 50

Taking moments about,

100 x 1 + (W+50) x 3.5 =150 xx

150x =100 + 175 + 3.5W
275 + 3.5W = 150x

550 + 7W = 300x

b
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52 R=98+W
~ 2
1m ! 25m . 05m
c D
‘ =
150 W

R(1) 52 +R=150 +W, R= 150 +W - 52 = 98 +W

Taking moments abol: 52 x 3+ (98 +W) x 0.5=150%x (4 —x)
156 + 49 + 0.5V = 600 — 15K

doubling, 410 W= 1200 - 30& , W =790 - 30&

¢ Solving the simultaneous equatiors W= 790 - (550 + W) ,
8W =790 - 550 = 240> W= 30
= 410 + 30 = 1200 - 300, 30« = 760 ,x =2.53 (3s.f.)
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Question:

L

-+ 2m

R

e B

: L

A lever consists of a uniform steel rA8 of weight 100 N and length 2 m, which rests on a small smooth pivot at .
C. A load of weight 1700 N is suspended from the Brad the rod by a rope. The lever is held in equilibrium in a

horizontal position by a vertical force applied at the Ands shown in the diagram above. The rope is modelled as a
light string.

a Given thatBC = 0.25 m find the magnitude of the force appliedat
The position of the pivot is changed so that the rod remains in equilibrium when the fattasatnagnitude 150 N.

b Find, to the nearest centimetre, the new distance of the pivoB.

Solution:
a Let the force applied & beV.

v

Tm 0Fam 0.25m

I
of—>m=

100 1700

Taking moments abo@: V x 1.75 + 100 x 0.75 = 1700 x 0.25
= 1.75+75=425,1.7¥ =350,V =200 N

b If the distancd3C = x

>

150

A 1m (1-—x)m xm

o[

b
100 1700

Taking moments aboiC: 15C(1+1-x) +10C(1-x) =170
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= 300- 150x + 100—- 100x = 1700x = 400 — 25 = 170

400

400 = 1950, x= 7o~ 0.21m (2s.f.)
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Question:

A C B

A plank ABhas length 4 m. It lies on a horizontal platform, with the ehdnd on the platform and the endpBojecting ove
the edge, as shown above. The edge of the platform is at the point C

Jack and Jill are experimenting with the plank. Jack has mass 48 kg and Jill has mass 36 kg. They discover that if Jack stands
at Band Jill stands at And BC= 1.8 m, the plank is in equilibrium and on the point of tilting abaut C

a By modelling the plank as a uniform rod, and Jack and Jill as particles, find the mass of the plank.

They now alter the position of the plank in relation to the platform so that, when Jill standsdaf&ck stands af the planl
is again in equilibrium and on the point of tilting about C

b Find the distancBC in this positior

Solution:
a Let the mass of the plank be BInce the plank is uniform, its centre of mass is at its mid-point.

2m _ 0.Z2Zm 18m
C

36g Mg 48g

Taking moments about:@8gx 1.8 =Mg x 0.2 + 36gx 2.2
86.4g9 = 0.2Mg+ 79.2g, 86.4 = 0.2M + 79.2

0.2M=86.4-79.2=7.2 M = 36 kg

b Let the distance BGe x

4—-xm Ex—2|:'r| 2Zm

48g 36g 36g
Taking moments about:G6gx+ 36g(x -2 ) =48g(4 —x)

= ( dividing by the common factor 12g

3X+3(x-2) =4(4-x), 6x—-6=16-4x

=>10x=22, x=22m

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Pagel of 1

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

Moments
Exercise E, Question 7

Question:

[
A B
AN AN
— (.5 m—»

- sm -

A plank of wood ABhas mass 12 kg and length 5 m. It rests in a horizontal position on two smooth supports. One support is at the
endA. The other is at the point, 0.5 m from Bas shown in the diagram above. A girl of mass 30 kg standwighh Bhe plank in
equilibrium.

a By modelling the plank as a uniform rod and the girl as a patrticle, find the reaction on the plank at A

The girl gets off the plank. A boulder of maskgis placed on the plank atalhd a man of mass 93 kg stands on the plank Bhé&
plank remains in equilibrium and is on the point of tilting about C

b By modelling the plank again as a uniform rod, and the man and the boulder as patrticles, find them.

Solution:
a
Ry Fe
T T
A 25m 2m C| 0.5m
iy i
s ~"
12g 30g

Taking moments about:®, x 4.5 + 30gx 0.5 = 12gx 2
Ry X 4.5 = 24 - 159 = 9g
= R, =29 = 19.6N

b
Re
25m 2m C| 05m
A . 1 &
mg 129 93g

The plank is about to tilt about € reaction at A= 0
Taking moments about:@g x 4.5 + 12gx 2 = 93gx 0.5
=>45n=93x05-24=225, m=ieb
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Question:

B

- 4m >

A plankAB has mass 50 kg and length 4 m. A load of mass 25 kg is attached to the pafketoaded plank is held
in equilibrium, withAB horizontal, by two vertical ropes attachedandC, as shown in the diagram. The plank is
modelled as a uniform rod and the load as a particle. Given that the tension in thedapéoat times the tension in
the rope a#, calculate

a the tension in the rope @t

b the distanc(CB.

Solution:
T 4T
A 2 2-x X B
C
50g 25g

a Let the tension in the rope Atbe T N

R(1) T+ 4T =509 + 259 , 5T = 759
= T = 15g, so tension aC is 60y N = 588 N

b Let the distanc8C bex

Taking moments abo@: 159 x (4 —-x) +25yxx=50g % (2 —-X)
60 — 15x+ 25x= 100 - 50x
60x=40 ,x= % m
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Question:
WAN ~ B
—1lm—
- im *

A uniform beamAB has weight 200 N and length 5 m. The beam rests in equilibrium in a horizontal position on two
smooth supports. One support is at &rehd the other is at a poi@ton the beam, wheBC = 1 m, as shown in the
diagram. The beam is modelled as a uniform rod.

a Find the reaction on the beamGCat

A woman of weight 500 N stands on the beam at the ppifthe beam remains in equilibrium. The reactions on the
beam atA andC are now equal.

b Find the distancAD.

Solution:
a
Ry Re
2.9 o 1.5 c 1
A& Fa B
200
Taking moments about:
200 x 2.5=R-x 4
Re =125N
b
R I
A & 25 b 1.5 C 1 B
i P
€ X .
500 200

Let the distanc&D bex
R(1) 2R =500 + 200 = 700
R=350N
Taking moments abolA: R x 4 = 20C x 2.E + 50C x x,
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140C=4R=50C+50Cx,90C=50Cx,x=1.Em
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