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Exercise A, Question 1

Question:

Find the sum ofthe moments about P of the forces shown.

Solution:

iy lxbxsin55=491._.
&SN g 1.2x5=46

== 6—4.91=1.0% Nm anticl oclowize

1.2 m
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Exercise A, Question 2

Question:

Find the sum of the moments about F of the forces shown

Solution:

05xd=anbl=173__.
08x5xsin75=386_
386—173

=2.13 Mm anticl ockwrize

I Go

P (75
.

6lF
.5 m 0.8m
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Exercise A, Question 3

Question:

Find the sum ofthe moments about P of the forces shown

Solution:

INeNe

3.19—6.88
=131 Hm clockwise
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Exercise A, Question 4

Question:

Find the sum ofthe moments about F of the forces shown.

Solution:

e ) Sx2xsin 55 =8.19...
T m ‘*" & 3w Zxcosds 4 3x Zxcos 55
N =688

= 1.31 MNm clockwize
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Exercise A, Question 5

Question:

Find the sum of the moments about F of the forces shown

INe—L e p

55

2m ,~2

Solution:

IN ¢——bs p

‘
'55

2m A

e

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Axdxcoos s 4 0% 2w an 55

=1507._..
Sxdwsins5" =16 38
1.31 Mm anticlockwisze
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Exercise A, Question 6

Question:

Find the sum ofthe moments about P of the forces shown.

Solution:

& Sxdxsin 55 =16.38.
%] Iwdxeoos S 5= 2xsn o5
. =15.07...

= 1.31MNm clockwise
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Exercise A, Question 7

Question:

Find the sum ofthe moments about F of the forces shown.

Solution:

] Sx3xcosdl® =11.45

=1329._.
= 1.81 Mm anticl oclowi se
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Exercise A, Question 8

Question:

Find the sum ofthe moments about P of the forces shown.

Solution:

O Axbxoosdl =137

=122,
= 542 Mm anticloclowise
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Exercise A, Question 9

Question:

Find the sum ofthe moments about P of the forces shown

Solution:

i 3x3xcosdll =689
] 2w Awandl + 2% 3xsn 71" H 13 an 15°

=105,
= 3.61 Nm anticl oclownse
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Exercise A, Question 10

Question:

Find the sum ofthe moments about P of the forces shown.

Solution:

Axibxcosd)” —4 0xcos 2 =683

2xd 545 (Excos 4" —4 Sx ooz 25

=850
2.07 M anticlockwise

HNE Zince 3¥cosdl® —4 5xcesd¥ =-0019__.
“We can deduce that the 5 M force has a clockwise
moment about F. Howewer, this does not mean

that the working 15 invalid — the negative value
compensates for the sense of the rotation
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Exercise B, Question 1

Question:

Whenever a numerical value of g is required, talte g =9.8m s,

Each of the following diagrames shows a uniform beam A8 of length 4 m and mass
& kg

The beatn is freely hinged at A and resting horizontally in equilibrium. In each case
find

i the magnitude of the force T,

i the magnitude and direction of the reaction at A.

a ]

115

Solution:

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2

a
Taing moments:
A bgx2=Tx135
L) T=8g=7841H
‘ 1:""‘-\._\_\_ T
A “1.5m e %
iy 7 ““;‘x? EMPF +Tand = ég
‘ & .
et - r‘g
“H7 2m V=6g—T><%=29.4N
.l N
by = H =Tcosf=Tx - =727HN
TTzing Pythagoras:
Magnitude of the force at A
=J2o4i+ 727 =784
The force acts at tan'l%= 22" above AL
h
Tsing motments:
\ 1 A bgxe =Txdandl
~
b ~ T =457N
2m 40 EMF+Tandl® =6g
W H > | ey o I =6g—Tsind0" =294 N
Bi{—H =Tcosd0" =350HN

2m 2m

Tzing Pythagoras:

Mlagnitude of the force at.4

=294 4350 =457

124 _ 40" above A3,

The force acts at tan e

TTzing moments:
A bgxd =Tx2ein 40"
T=9%s5HN

EORMV 4 Tain 40 = 6g

F=6g—Tsind0" =0 N
R(—) H =Teosd0" =701

Magnitude of the force at A="7T0117.
The force acts parallel to A5

’T'\ I' TTsing moments:

f

!
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Exercise B, Question 2

Question:

Each of the following diagrams shows a uniform red X7 of mass 4 kg and length 5 m.

The rod iz freely hinged to a vertical wall at X The rod rests in equilibrium at an
angle to the horizontal Find the magnitude of the force 7 in each case.

a h

Solution:
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M(X) 25xdgxsin 70 =5x F

_ 10g e O

F =184 M

M(X) 25x%4gxsin70°= 5% Fxsin50°
_ 10gx sin 707

F (]
S sin S0

=240M

M(E) 29xdgxsinés’ = 5xF xsind0’
. {&]
7 s Ing.smtﬂ? — 276N
S sind0”
d
MK 2.5x4gxsin 65 = 4% F xsin 50°
7 zmgx.smﬁnﬁ o001
4 sin 0
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Exercise B, Question 3

Question:

A uniform rod A8 of length 22 m and mass s kg 15 smoothly hinged at A Tt is
maintained in equilibrium by a horizontal force of magnitude F acting at £ The rod 15

mclined at 30° to the horizontal with 5 below A

3

a Show that F= ?mg .
b Find the magnitude and direction of the reaction at the hinge.

Solution:

MiA) mgxacos3) = FPx2axsn30”
Vv o
e p o mEaces 3[?1
Za sin 307
N}

_ Mg =
2

3
2

as required.

1
]

g

R V¥V =mg

Ei—y HAA4+F=0, H=—§mg

2
= The reaction at the hinge has magnitude =mg,1||1:4 +["‘IT§] =mg\g= gmg

1[%] =49 1" to the vertical (away from A5
P

and acts at tan”
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Exercise B, Question 4

Question:

A uniform beamn A8 of mass 10 kg and length 3 m iz attached to a vertical wall by
means of a smooth hinge at A. The beam 15 maintained in the hoerizontal position by
means of a light inextensible string, one end of which is attached to the beam at & and
the other end of which 1s attached to the wall at a point 2 m vertically above A

a Find the tension in the string.
A particle of mass M kg 15 now attached to the beam at &

b Given that the tension in the string 1z now double its original value, find the value

of A

Solution:
a
2m e T
T
s So T =15gx¥2=883N
A il i B “ - EXT_ '
1.5m 1.5m
10
]
M) 10gx15+Mgx3=2Tsinfx3=2x15¢g
2m h* 2; Mg =15g,
M =5
A e B
1.5m l.5m
\\"/ \\;./
10 g Mg
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Exercise B, Question 5

Question:

A uniform horizontal beam A8 of mass 5 kg is freely
hinged to a vertical wall and 15 supported by arod CDas
shown in the diagram.

iven that the tension in the rod 1z 80 1,

AT =1m and the angle between the rod and the vertical : D £

iz 457, find the length of the beam.

Solution:
C \ Suppose that the length of A5 15 2% m.
B M
|l m | M(A) Sgxx=80cos45 x1
1 m rm o
3g

J The length of A8 12 2.31 m.
ag
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Exercise B, Question 6

Question:

ABCID 1z a uniform rectangular lamina with mass 5 kg, side A5 =1m , and side
AD=2m .

It iz hinged at A so that 1t 15 free to move in a vertical plane. It 1z maintained in
equilibrium, with B vertically below A, by a horizontal force acting at ' and a vertical
force acting at 1, each of magnitude I Find

a the value of 7,

b the magnitude and direction of the force exerted by the hinge on the lamina

Solution:
FN aM(d) Sgxl=Fxl+Fx2=3F
*T F =1g=163N
F . b 5
H, &= = D bR(—) H,=F=2%N
E(T) Vy+F =2g,
I m
10
| va=5g—F =12gN
B \I, —> FN Magnitude = +2° =365N
e Direction tan " lj=26.6" to the vertical away

from the lamina.
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Exercise B, Question 7

Question:

4N

A S5m B
A uniform rod AL of mass 2 kg and length 2 m rests horizontally in equilibrinm
supported by two strings attached at the ends of the rod. The strings make angles of

40" and 9 with the horizontal, as shown in the diagram. Find the magnitudes of the
tensions in the strings and the value of 2.

Solution:
7, T~ AT, M(EY T xsin 40%% 2 =3z =1
407 A8 _ g _
A Im \L Ilm B8 TI - 5 5in 40° =223NM
3g R(1) T sind0’+7,sinf =3g

Tzing the motments equation:

%g+?’gsin9=3g;‘-i'; SinEJ:%g

E(—=) T cosdl =7, cosfl=

cosf

2an
3g

But we know that 7] = — -
2ain 407

go we can deduce that cot40” =cot 8,8 =40°.

Thus T, =229 M.
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Exercise B, Question 8

Question:

A non-uniform horizontal beam A8 of mass S kg
and length 3 m 15 freely hinged to a vertical wall
and ig supported by arod O 0 as shown in the

diagram. (iven that the thrust in the rod 12 25 I,
AT =1m and the angle between the rod and the

vertical 15 45°, find the distance of the centre of
mass of the beam from A.

Solution:

i
B

Suppose that the centre of mass 15 x m from A We are

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

not told anything abeut any force(s) acting at A, but as
g they have zero moment about A this will not matter,

MiA) 35cosdd x1=35gxx

_ 35ces4s”
5g

Fu01.51m
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Exercise B, Question 9

Question:

FPORS 12 a uniferm square lamina of side 3 m and mass 6 kg Tt iz freely hinged at F
so that it 15 free to mowe in a wertical plane. Tt 15 maintained in equilibrium, with P&

horizontal, and (& abowe 5, by a force of magnitude M acting along SR and a force of
magnitude 27 M acting along £ Find

a the value of 7,

b the magnitude and direction of the force exerted by the hinge on the lamina,

Solution:

a FPOR iz an 1zozceles triangle with two sides of 3 m,

so the length of PR s B\Ern .

M(P)6gx¥=2F><3+F><3=9F

F=glm1390

b E(—=) H+Frosdd = 2Fcosdd,

3m ™ FN
H = Foosdd" =g=088HN
0y EiTy FH4+2Fcosdd 4 Frosdd” =6g
¥ = bg—EFcosdd =3g =204 1

= Magnitude of the combined force

= Jo g 1204% = 0604 =310

The resultant force 15 acting at angle

tan ! % =tan ! 1§ =184 tothe upward vertical at P.

© Pearson Education Ltd 2C
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Exercise B, Question 10

Question:

A 8

A non-uniform rod A8 of mass 5 kg and length 4 m, with a particle of mass 2 kg
attached at B, rests horizontally in equilibrium supported by two strings attached at
the ends of the rod.

The strings make angles of 207 and 45° with the horizontal, as shown in the diagram.
Find
a the tensions in each of the strings,

b the pozition of the centre of mass of the rod

Solution:

a ERE(—=)T coes30" =T, cosdd’,
1 2
TA% z?jaﬁsjjq:\gfe

\I/ \I/ R()) T, sin 30" +T, sin 45 =5g+2g =7g
o bl —Tx(le+1)—7
A% B R Rt T ) 3 ='E
T, =61.5M and T, =50.2 0

b Suppose that the centre of tnass 15 x m fom A

Mid) Sgxxtigxd=T,xand5 x4
1
=’i‘;><:5><4—8g

X
5g

x =1%9Sm

© Pearson Education Ltd 2C
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Exercise C, Question 1

Question:

Tse the method described in Example 4 to answer the questions in this exercise.
Whenever a numerical value of g is required, take g =9.8m ¢~

A non-uniform rod AF, of mass 4 kg and
length & m, rests horizontally in equilibrinm
suppotted by two strings attached at the ends \

of the red The strings make angles of 30" and T l g
4

S0° with the horizontal, as shown in the
diagram Find

a the position of the centre of mass of the rod,

b the tensions in the two strings,

Solution:

Three forces — the lines of action must be concurrent:

F

T, , _
\:& "B 3is common to two triangles, so
d=xein 30" =4 —x)ain 307
I}R rm 4=-xm A 5

L PR \I/c’” o o xsin 3074 sin 507y =4 sin 50°
“r' ; o
'8 x=&=2.42mfwmﬂ
sin 307 4510 507
b Triangle of forces:
TTzing the sine rule:
a, _ T _ 4g
sin 40  sné0°  sin 80
g gr R ey

sin 80

7 s M S ST
sin 80°

© Pearson Education Ltd 2C
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Exercise C, Question 2

Question:

A uniform rod A8 of mass 5 kg and length 3 m iz freely

in the diagram. Find

P
hinged to a vertical wall at A. The rod 1z maintained in
herizontal equilibrium by a force & M acting at 5, as shown

1]

a the magnitude of P,
Lo
b the magnitude and direction of the reaction of the force

exerted by the hinge on the rod.

Solution:

a Three forces — the lines of action must be concurrent:

B

Eecause the rod is uniform we know that the centre of
tnaszz ig at the mid-point of the rod. This implies a
symmetrical diagram (1zosceles triangle), so we know

that & acts at 40" to the rod and the magnitudes of 7

and & are equal.
-~ B

TTzing the sine rule:

B e B un OF
sin 507 sin 507 sin 80
R=P=M=38_1N
sin 807

© Pearson Education Ltd 2C
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Exercise C, Question 3

Question:

A windew of mass 15 kg and height 120 cm 1z hinged along its top edge. It 1z kept
open by the thrust from a light strut of length 50 cm attached to the wall and
perpendicular to the lower edge of the windew. By modelling the window as a
uniform lamina, calculate the thrust in the strut and the magnitude and direction of the
force exerted on the window by the hinge.

Solution:

Three forces — the lines of action must be concurrent:

Tsing the right angled triangles in the diagram,

tan e =E,a = &7 38
0.5

tan @ =—0'25,I5' =T
1.2

90" —67.38"—11.77°=10.85"
B0T 11777 =101"77

v 0.25m

Triangle of forces:

TTsing the sine rule:

10.85° N
N\ E _ i _1ig
\\ R sin67.38°  sinl1085  sinl0177
15¢ ), \ R=%=139Naﬂd
un,ﬂ'/'\l’; DI
y Tzlﬂfgsmlﬂlﬁ.‘}j _ 5831
// T sn 101,77
67.38° [

Hactz at 109 to the upward vertical

© Pearson Education Ltd 2C
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Exercise C, Question 4

Question:

A uniform rod A8 of weight 20 M and length 3 m 15 freely hinged to a vertical wall at
A A force Pas applied at & at right angles to the rod 1n order to keep the rod in
equilibrium at an angle of 30° to the horizontal with B above A Find

a the magnitude of F,

b the magnitude and direction of the reaction at the hinge.

Solution:

Three forces — the lines of action must be concurrent:

\_
‘\.‘:‘l I
l‘. P
' L1
. Ty
=) 5 S B
K 15m_
I - i
oo
q e 1L 0N

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

% lies in two right angled triangles:

%=tana and E=ta.n30"

X
o
N =
tan 307
15 _f3
tan o = il
3tan 300 2
a=40%89 "

90°—30"—408% =1%.11
180°—30°—19.17" =130.89"

Tsing the sine rule:

F _ & _ 20
sanl?. 11" @n30°  anl3089°
P 20501917

- =87 Nand
sin 130.89°
s AHIF0" oo
sin 130887

to the upward vertical.
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Exercise C, Question 5

Question:

AR iz aloaded shelf freely hinged to the wall at 4, and supported in a

horizontal position by a light strut OF which iz attached to the shelf at
D 25 cm from A, and attached to the wall at O, 25 cmbelow A, The A &
total weight of the shelf and its load 15 80 N, and the centre of mass 1z
20 cm from 4 Find the thrust in the strut and the magnitude and : ads
direction of the force exerted by the hinge on the shelf

Solution:
- the lines of action must be concurrent:
The 1zosceles right angled triangle ADC gives us angles
of 457,
oo 1
” Therefore tan 8 = =7

8 =tan~'025=1131
90°—11.31"=78.69"
1800 < 78 698 —u5f — 55:21°

A

.25 m

Triangle of forces: MTsing the sine rule:
R _ T _ 80
sind5”  sin78.69  &n56.31
e BB o gamae e R s

]

sin 56.31
upwatd vertical and
T 80sin78.65°

— =343
sin 5631

© Pearson Education Ltd 2C
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Exercise C, Question 6

Question:

A uniform rod XY of mass 6 kg iz suspended from the ceiling by light inextensible
strings attached to its ends. The rod is resting in equilibrium at 10° to the horizontal
with X below ¥ The string attached to ¥is at an angle of 357 to the wertical. Find

a the angle that the other string makes with the vertical,

h the tensions in the two strings.

Solution:

PhysicsAndMathsTutor.com
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a Three forces — the lines of action must be concurrent:

supposze that the rod has length 2a.
x lies in two triangles:

r _ a _asin 80
5n80  sn3y . snd
x 2a o 2etsin
snf  #sn(115—6) sin(115—4)

and

Ty /

a sin 30" Zasin

sin 357 sin(115" — &

£ sin B0° 2ein d

a_ _l B sin 35" sinllS cosf—cosllS sin f
f

{Cancelling the @ and using the expanzion for
an(A+5))

sin 80°(ein 113" cos @ —cos 1157 ein @) = 2ain B cos 35°
{Crozz-multiplying

cosBisin B0 sin 115" =ain A 2a1n 35" 4 asin 80" coz 115
(Bearrange and collect like terms. )

50

_ sinsl sin115°

© 25in35 +3in 807 cosl15
g =50 68

= the other string 1z at (30" —10° — 2068 =293 to

the wertical

=122

tan &

b Triangle of forces: Tsing the sine rule:

T T, _  ég
sin 35" &in29.32°  sinl15.68°
T, = ORI _ =374 Nand
an 11568
_ bgsin2i 32
 sinll568

=319

© Pearson Education Ltd 2C
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Exercise D, Question 1

Question:

Whenever a numerical value of g is required, takle g=%8m =

A uniform rod A8 of weight 80 N rests with itz
lower end A on a rough horizontal floor. A string
attached to end & keeps the rod in equalibrium.

The ztring 1z held at 20° to the rod The tension in
the string is T The coefficient of friction between
the rod and the ground iz . R is the normal

reaction at A and F iz the frictional force at 4.

-2

Find the magnitudes of T, R and F, and the least possible value of 1

Solution:

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

suppose that the rod has length Za.
MiA) 2aT =80xaxcoes30°

Divide by @ and substitute for cos 207

2?=80x§,?=20.ﬁ M

R(—) Trosélr =F=103N
R(1) Trcos30"+R =80

R =80—Tc0530“=80—10\@x§
=651
F<pR =103 ux65

105 2.8
= BZ T

= minimum @ =027 (28]
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Exercise D, Question 2

Question:

A uniform ladder of mass 10 kg and length 5 m rests against a smooth vertical wall
with its lower end on rough horizontal ground The ladder rests in equilibrium at an

angle of 63° to the horizontal Find

a the magnitude of the normal contact force & at the wall,

b the magnitude of the normal contact force & at the ground and the frictional force

at the ground,

¢ the least possible value of the coefficient of friction between the ladder and the

ground.

Solution:

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Let A ke the end of the ladder on the ground.
£z the frictional force at A
a

M(A) 10g X2 500865 = Fx 5sin 65

o 255.1305 6;5 s c-.::us &5 958N
Ssinf5 sin 65

h

R(—) F=5=0208N
R(MAE =10g=9N

C

FouR= 228 uxis
= W= 0232(3:1)

Pagel of 1
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Exercise D, Question 3

Question:

A umform ladder AR ofmass 20 kg rests with its top A against a smooth vertical wall
and itz base 5 on rough horizontal ground. The coefficient of friction between the

ladder and the ground is 3_1 & mass of 10 kg 15 attached to the ladder. Given that the

ladder 1z about to slip, find the inclination of the ladder to the horizontal

a ifthe 10 kg mass 15 attached at A,
b if'the 10 kg tass 15 attached at B

Solution:

Mz the normal reaction at A,

R 13 the normal reaction at 5, and

iz the frictional force at 5.

Ilowving the 10 kg mass to B

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Let the ladder hawve length 2e, and be inclined at 8 to
the hotizontal

a
R(T) R=30g
M4y Z20gxacosf@+FxZasind=ExZ2acosd

Dividing through by @ and substituting for &
= 20gcosf+2Fsinf = &0gcoosd

2Fasnf =40gcost

F=205cosﬂ
sin B
F:ﬂj{;ﬁ.m_gzzx30g
tand 4
_2_ 4 _&8 _ a
tm9—§x§—§,9—41.6
h
B R=730g

A 13 the point where the lines of action of M and & meet.
M 2lgxacosf =Fx2asinf

Diwiding through by @ and rearranging

7= 20gcozsf _ 10g

= =
2ain tan £
F:#‘;R;\.m—g :E){BOE
tan @ 4

tan® = ;‘,9:24_0"
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Exercise D, Question 4

Question:

A uniform ladder of mass 20 kg and length 8 m rests against a smooth vertical wall
with 1ts lower end on rough horizontal ground The coefficient of friction between the
ground and the ladder 15 0.3 The ladder 1z inclined at an angle & to the horizontal,
where tan8=2.

Aboyofmass 30 kg climbs up the ladder. Find how far up the ladder he can climb
without it slipping.

Solution:

N Suppoese that the bov reaches the point &,
distance x from A, the end of the ladder
in contact with the ground

£ i When the ladder is in limiting equilibrium,
F=pR=F=03R

_ : Ei—) F=NEM E=350g

R M4y 20gxdcosd +30gxroosf=NxBeind

4m =g

im

A ‘F Dividing through by Ssin 8
R 80g —;3ng
Substituting for tan &

W= alg —]|—63ng _F

8lg +30gx

=03= =03x50g

84+3x =13x16=24

3x=16,x=5;—m

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2
Edexcel AS and A Level Modular Mathematics
Exercise D, Question 5

Question:

A smooth horizontal rail 1s fixed at a height of 3 B
m above a rough herizontal surface. & uniform
pole AS of weight 4 M and length & m 15 resting

with end A on the rough ground and touching the
rail at point O

The wertical plane containing the pole 13
perpendicular to the rail. The distance AC 12 4.5 m
and the pole 13 in limiting equilibrium. Calculate

a the magnitude of the force exerted by the rail
on the pole,

b the coefficient of friction between the pole and the ground

Solution:

S1s the normal reaction at C,

R 15 the normal reaction at A, and

£ 15 the friction at A

& 15 the angle between the pole and the ground.

a
M(4) 455=4x3cosf

From the diagram, sinf = i % ;

45
=>-|:osE5'—""r ""r

455=125 = 4~J’§,S=¥N

h

R() F=Ssinf=32x1=168

R(TY R+Scosd=4
s —4_§x¢5_4_2? %
e —ﬁﬂzp.lﬁﬁ_#xﬁs

=152 0526 (3s)
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Exercise D, Question 6

Question:

A uniform ladder rests in limiting equilibrium with itz top against a smooth vertical
wall and its base on a rough herizontal floor. The coefficient of friction between the
ladder and the floor 15 U Given that the ladder malkes an angle 2 with the floor,

show that 2utan 8=1.

Solution:

suppose that the ladder has length 2a

and weight

S1g the normal reaction at the wall, & 15 the normal
reaction at the floor, and & 15 the friction at the floor.

A 1z the point where the lines of action of ¥ and 5 meet.

Mi{E) 2asm A= F = Exacosd,
2Fsinf = KHcoosf

The ladder 1z in limiting equilibrium, so
F =uR

= 2uRsinf = Hcosd

F 2uzing =coszd
2pdsin _1
cosf
2utand =1
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Exercise D, Question 7

Question:

& uniform ladder AR has length 7 m and mass
20 kg The ladder 1z resting against a smooth
cylindrical drum at &, where AF 15 5 m, with end
A in contact with rough horizontal ground. The

ladder 15 inclined at 35" to the horizontal.

Find the normal and frictional components of the contact force at 4, and hence find
the least possible walue of the coefficient of friction between the ladder and the
ground.

Solution:

MNis the normal reaction at M, & 1z the

normal reaction at A and & 1z the friction
at A.

M4 20gx35c0s35 =5N

20g %3 5¢c0835"

= N= =ldgcos35

RE() MNcos3d +R=20g
E=20g—14gces35 xcos35 =1039... 1

R(—) F= WNin33' =14gces35ein35 =64.46 N
Fooo= uR

= 14gcos35 sin 35 < u(20g —1dgcos® 35)

14cos 35 5in 357

2 e
20—14cos® 35°
W= 0.620(3af)
Least possible value 15 0620 (35.£)
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Exercise D, Question 8

Question:

A uniform ladder rests in limiting equilibrium with one end on rough horizontal
ground and the other end against a rough vertical wall. The coefficient of friction

between the ladder and the ground 1 L, and the coefficient of friction between the
ladder and the wall 12 1, . Given that the ladder makes an angle 8 with the

horizontal, show that tand = m .
24
Solution:
N O

Fand F are the normal reaction and the
friction where the ladder 15 in contact
with the ground 5 and & are the

normal reaction and the friction at the wall.

A 1z the point where the lines of action

of & and 5 meet.

© Pearson Education Ltd 2C
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suppose that the ladder has length 2a and weight ¥

Az the ladder restz in limiting equilibrivm,
F=pmh and F=p7

MW xacosf = Fx2aanf+Fx2acosd
Dividing by acosf gives

W=2Ftan8 427

B+ F=4¢
EMW=R+T

substituting for Wand 7 in the moments equation:

R+G =2 Rtan 6 +20F
=S R—G=2Rtan 8
But G=p 8 =p,F = fso
A—ih i R =20 tan @
1_ﬁ=tanlﬁ'

24

Hence
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Question:

A uniform ladder of weight ¥ rests in equalibrium with one end on rough horizental
ground and the other resting against a smooth vertical wall. The vertical plane

containing the ladder is at right angles to the wall and the ladder iz inclined at 607 to
the horizental The coefficient of friction between the ladder and the ground 12 1

a Find, in terms of ¥, the magnitude of the force exerted by the wall on the ladder.
b Show that 4= 2+f3.

A load of weight w is attached to the ladder at its upper end (resting against the wall).

c Given that p= ;—\E and that the equilibrium iz limiting, find w in terms of

Solution:

PhysicsAndMathsTutor.com
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Let 4 and B be the ends of the ladder.

S 15 the normal reaction at B, & the

normal reaction at A and & the friction at 5.
The length of the ladder is 2a.

a

M4 Wxacosé)' = Sx2acos30

o 1
SZWQCOSEG :ijzﬂ
2acos30° 2><£ 2@
2
b
W
R(—) F=S=—_ R(}) R=W

23

The ladder 1z in equilibrium so F =< uf

2.3 o3 2x3 6
L= % as required.
c Adding the load at the top of the ladder

aned using the limiting equilibrium.
Rifisyigy= Fzﬁ,Rm wH+IW =R
M(B) Wxacosfl) + Fx 2asin60 = Bx 2acosb0

) 1 _ 1
LE Waxj-l-EanT— EQ:ij

Diwviding by % and substituting for #

W+2J§><$=2R
_ _6 el
W=2R—CR=_R=_(w+W¥)
4 _ 4 W
=>-W—3W—Fw,w—E
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Question:

A uniform rod X¥ has weight 20 I and length 20 cm. The rod rests on two parallel
pegs, with X abowve ¥, in a vertical plane which is perpendicular to the azes of the

pegs, as shown in the diagram. The rod makes an angle of 30° to the horizontal and
touches the two pegs at P and {0, where AP =20cm and X' =40 cm.

a Calculate the nermal components of the forces onthe rod at 7 and at 0

The coefficient of friction between the rod and each pegis 1.

b Given that the rod 18 about to slip, find 1

Solution:

T1s the normal force at P,
i# 1z the friction at F,

& 15 the normal force at (O,
F s the friction at £

a

MIF)Sxd = 20x2 5xcos 307

N
_ 20 2.5)-(7 :25‘4;3- s
4 4 ’
LIONT xd=20x1.5xcos 30°
i)
= 20)(1_5)(7 _ 1545 .
a

4

R () G+ F = 2000560 =10
= gT+uS=gx¥=lUﬁu

as the red is about to slip,

!
U=

© Pearson Education Ltd 2C
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Exercise D, Question 11

Question:

The diagram shows the wertical cross
section A8CD through the centre of
mass of a uniform rectangular box The
box 15 resting on a rough horizental floor
and leaning against a stnooth vertical
wall.

The box has mass 25 kg
AR =05m,80=15m and AD iz at an

angle of @ to the horizontal. The coefficient of friction between the box and the

P |
ground iz i
Given that the box is about to slip, find the value of 8.

Solution:

Fand 5 are the normal reactions at 4 and
D respectively. & i3 the friction at 4.

C Lz the box is about to slip, F= %R .

Lim " S \ In order to take moments about A,
i ; \ 3 :
~ \ reselve the weight inte components
15 \lin ] H‘ D 2 P
B<
5 m

r o H 2hgoosd
/,Xﬂ - Rand 5 are the normal reactions at 4 and
\_ _,_,a-"""'{ ek parallel to 4.5 and 25g sin @ parallel to

A g

r AD,

M{Ay Sx15snf84025%20ganf =25gcos8x075
_ 2hgcosfx075—25gsin 8025

o :
15:znd
i 25g(3cosd —and)
Gsin @
R(—) F=5= 25g(3c0§8—s1n &)
6 sin @
Ry R =25g
F:lR:;.BCOSE;__SlnE;:l
4 &sin 4

50
12cos@—4dsind® = 63in 8

12cosd =103 6

126
tan & =m=z
g =502

© Pearson Education Ltd 2C
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Question:

A uniform rod of length { has a ring at one end which can slide along a rough
horizontal pole. The coefficient of friction between the ring and the pole 13 0.2, The
other end of the rod 1s attached to the end of the pole by a light inextensible cord of
length [ The rod rests in equilibrium at an angle of @ to the horizontal. Using a
geometrical method, or otherwise, find the smallest possible value of 8.

Solution:

The diagratn of forces has four forces acting,
the weight, I¥, the tenszion, T, in the cord, the
normal reaction, &, and the friction, 7, at the
ring end. Combining & and ¥ to give a single
contact force at the ring reduces the problem to
one of an object in equilibrium with three forces
acting. These must be concurrent.

Triangle ABC iz 1zosceles (2 sides of length ).

Equilibrium F < uR 02> % , but

7 EB
I —=tanp=02>tanp=—
g ¥ =T

Triangle BED = KB = LpY:

Triangle AEF = EF = %sin g

[

EEX i i € <02
BEF Zanf Ztand
= tan 6> )
Ix02 3
= A >590°

© Pearson Education Ltd 2C
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Exercise E, Question 1

Question:

Whenever a numerical value of g is required, take g =9.8m ™.

A uniform ladder of mass 20 kg and length & m rests with one end on a smooth
horizontal floor and the other end against a smooth vertical wall. The ladder 15 held 1n
thiz position by a light inextensible rope of length 5 m which has one end attached to
the bottom of the ladder and the other end fastened to a point at the base of the wall,
vertically below the top of the ladder. Find the tension in the rope.

Solution:

Let A and & be the ends of the ladder.
F iz the normal reaction at A,

&1z the normal reaction

at & (both smooth surfaces).

5 { . B Tiz the tension in the rope.
/’ The angle between the ladder and the ground
3im/ iz 8.
Ri{(— R=20g

Efmy =T

M{ANZ0gx3xcosf = Sxbxain b

52 _52

[

50 20g x3x3 = §x6x

S0g = +f118

rege 28 ysoneeE

J1

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 2 Pagel of 1

Solutionbank M2
Edexcel AS and A Level Modular Mathematics

Exercise E, Question 2

Question:

A uniform ladder AR of mass Mkgand length 5 m rests with end A on a smooth
horizontal floor and end B against a smooth wvertical wall. The ladder 15 held in
equilibrium at an angle 8 to the floor by a light horizontal string attached to the wall
and to a point O on the ladder. If tan 8 =2, find the tension in the string when the
length AC 15 2 m.

Solution:

Given tanf =2 .

The normal reactions at.A and B are X and 5
respectively.

iz the point where the times of action of & and 5 meet
Tig the tension in the string.

MIE) Mgx2ixcosf=Tx3xsinf
(Tote that, by taking moments about X we do not need
to find out anything about R and 5
Dividing by coz 8
UG AT gy
2 cosd

Therefore T = %

© Pearson Education Ltd 2C
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Question:

& uniform pole AF of weight 12 N has 1tz lower end A on rough herizontal ground.
The pole 15 being raized into a vertical position by a rope attached to B The rope and
the pole lie in the same vertical plane and A does not slip across the ground. Find the
herizontal and vertical components of the reaction at the ground when the rope is

perpendicular to the pole and the pole 1z at 15" to the horizontal

Solution:
5,
et the length of the pole be 2a.
N Let the length of the pole be 2
\\ Tis the tension in the string.
12N r 15° iz the normal reaction at A, and
B F s the force due to friction at A
// WA 12xaxcosld =T x2a
j/ =T =ftcosls
/// E{—) F=Tzunld" =6cozld"anld"=15H
/] R() R+Tcosls =12
o a o o _
R . 7 /IET\' R=12—fcozld xcosld =64 N2z
A15
1 F

© Pearson Education Ltd 2C
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Question:

AE 1z a light rod of length 52 rigidly jeined to a
light rod BC of length 2a z0 that the rods are
perpendicular to each other and in the same vertical
plane, as shown in the diagram. The centre, &, of
AR iz fized and the rods can rotate freely about O in
a vertical plane. & particle of tmaszz Zm iz attached at
A and a particle of mass m 18 attached at & The
system rests in equilibrium with A5 inclined at an
acute angle 8 to the wertical Find the walue of 8

Solution:

There will be a reaction at &, but if we talce moments

about & we will not need to know anything about
this force.

MO} Fmg % Z—asinﬁ' =mg><(52—asin9 +2acos6)

Dividing by mga:
1558 Sanf
Y 2

=5sn = Z2cosd tand =

+Zcosd

Al b

=0 =tan'04=218
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Question:

A uniform ladder A5 haz one end 4 on smooth
horizontal ground The other end B rests against a
smooth vertical wall. The ladder 1z modelled as a
uniform rod of mass # and length S The ladder
15 kept in equilibrium by a horizontal force 7
acting at a point ' of the ladder where AT =a .
The force & and the ladder lie in a vertical plane
perpendicular to the wall. The ladder 1z inclined
to the horizental at an angle 9, where tan9=115,
as shown in the diagram.

Show that F =228

32

Solution:

Let &be the force between the ladder and the wall at 2.
Let Ete the normal reaction at.A (Both surfaces are
stneoth, 20 no friction)

Ei—=y F=5§

M) mgx%xcosﬁ'+}?xaxsinﬂ=S><5a><sin|5'
Dividing through by acos @ gives
fSmj‘g-|-F1:an|5'=5S=5F,

50 MT‘E:SF—I.BF:B.EF and

” Swg = S0z . 2oz
2x3.2 64

as required.
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Question:

A uniform rod AE, of length 12a and weight ¥, 15 free

to rotate in a vertical plane about a smooth pivot at A
Cne end of a light inextensible string 15 attached to 5

The other end 1z attached to point & which 15 vertically
abowe A, with A =52 The rod 15 in equilibrium with 4 .
AR horizontal, as shown in the diagram. i

Find, in terms of ¥,

B

a the tension in the string,

b the magnitude of the horizontal component of the force exerted by the pivot on
the rod.

Solution:

Let the angle between the string and the roed be &,
Tbe the tension in the string, X the horizontal
component of the force at 4 and ¥ the vertical
component of the force at 4.

a

M(A) W x6a=Tsin§x12a =T><%><12a

(zince ABC a3, 12, 13 triangle)
Wxbax13 13

Giving 7=
T # SwlZa 10
4 b
; W
Ei{—) X=Tcosﬂ=@x2=ﬁ
m 13 5
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Exercise E, Question 7

Question:

A uniform ladder AF, of mass s and length 2a, has one end
A onrough horizental ground. The other end B rests against
a stnooth vertical wall. The ladder 15 in a vertical plane
perpendicular to the wall. The ladder makes an angle o

with the vertical, where tan o =% CA child of mass 2ms

stands on the ladder at &' where AC = %a , as shown 1n the

diagram. The ladder and the child are in equilibrium.
By meodelling the ladder as arod and the child as a particle,

A

calculate the least possible value of the coefficient of friction between the ladder and

the ground.

Solution:

Let AMbe the force between the ladder and the wall at

B —perpendicular to the wall since no friction here,

N ‘/— B Let R be the normal reaction at 4, and 7 the friction

J/A:' g atﬁ

”/f R(T] R zgmg

Vi =FRxZasn o

Substituting for £, sina and cosea:
c x%+F>< 2a %

3
mgaxi-l- 3

Bmga

/ M(B)mgcxsina+2mgx%xsina+ﬁ'x2acosa

3
= T

4:
5

5 5

5 5 5

_/
i
/ mg
R /[ 3_;:// 7 XS_a _ 18mga 3mga 3mga _ Temga

FE ; The ladder and the child are in equilibrium,

© Pearson Education Ltd 2C
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_Tmga 5 _Tmg
= Pl i Rl
so & SR LR

Tmg 1
= g S PX3mg. 2oy,

the least possible value for o is %
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Question:

A uniform steel girder A of weight 400 W and length

4 m, 1z freely hinged at 4 to a vertical wall The girder

15 supported in a horizontal posttion by a steel cable 5
attached to the girder at 5. The other end of the cable

1z attached to the point & vertically above 4 on the

wall, with SABT = where tan o = % C A load of o

ix

weight 200 M iz suspended by another cable from the o
girder at the point [, where AD =3m | as shown in

the diagram. The girder remains horizontal and in equilibrivm,

The girder 15 modelled as a rod, and the cables as light inextensible strings.

a Show that the tension in the cable 50 1z 350\5 M.

b Find the magnitude of the reaction on the girder at A

Solution:
Let the tension in cable 80 be T The horizontal and
vertical components of the tan o = % == o
t.x‘x,_._ reaction at 4 are & and ¥ respectively.
el
e a
¥ 8 ; WAy 400x24+200x3=Tsneax4

5 4 B g
| 5 T . 1400_4%%,5,?_350\:’5}1

2m I m I m b
Y
400 N T 200N R{—) X=Tcosa=35o.,a’§xj?5.=?oorcr
. 1
R(D) ¥ =6DU—Ts1na=6UU—350£x?§

= 25017
Magnitude of the reaction

= J700% +250% =, [552500 =743 ¥ (3 5.£)
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Question:

A non-uniform rod A8 of length {

rests horizontally with its ends -
resting on two smooth surfaces b —
inclined at 20" and 30° to the o
horizontal, as showninthe T St e R T
diagram TTze a geometrical method to find the distance of the centre of mass from A

Solution:
Suppose that the centre of mass is distance x
e from A
i There are three forces acting, the weight and
i m the two normal reactions, so thewr lines of
A0, action must be concurrent
The length o lies in 2 separate right angled
triangles:
. I—
4 Z =tan 20" and = =tan 30"
- d
Ry A\ Ry P x _tanzl
- {—x  tan30°
~4f = l-x B~ x(tan 30° +tan 20°) =/ tan 20°
iﬂﬁr—- 130 I R (2s.f)
tan 307 4+ tan 207

W
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Exercise E, Question 10

Question:

A uniform ladder, of weight ¥ and length 2a, rests in
equilibrium with one end A on a smooth horizontal floor
and the other end B against a rough vertical wall. The
ladder 13 10 a vertical plane perpendicular to the wall The
coefficient of Friction between the wall and the ladder 15 L.

The ladder makes an angle & with the floor, where
tan 8 = ; A horizontal light inextensible string OO0 15

attached to the ladder at the point O, where AC = %a _The

string ig attached to the wall at the point D, with 50
vertic al, as shown in the diagram. The tension in the string is ;—W By modelling the
ladder as a rod,

a findthe magnitude of the force of the floor on the ladder,
b  showthat uz % :

¢ State how you have uzed the modelling assumption that the ladder 15 a rod.

Solution:

Let & be the normal reaction at A, A
the normal reaction at £ and # the friction at B
a

LI E) gx%xginE'-I-Wxaxl:osﬁ':RxZaxl:osﬂ

ff'; Diwiding by acosf gives
i
/ 23:Extmﬂ+}?=lxiw+p@f:16w
P 4 12 12 3 Q
2a s J
4 /{f =0 R =ﬁ
/ 9
/f ; h
,f'x RI:—}) N:%
J;/ W
- RN R+F =W, F=—-R=Y
I._ : . ."j.{/I ~, . n
|| / 0 " - 1
A8 3 s FEuN= <= Bz~

c
The ladder haz negligible thickness f the ladder does
not bend.

© Pearson Education Ltd 2C
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Exercise E, Question 11

Question:

A uniform pole AR of mass 40 kg and length 3 m, 15

smoothly hinged to a vertical wall at one end A, The i .
pole 15 held in equilibrium in a horizontal position by i T I B
a light rod O One end C' of the rod 1z fixed to the
wall vertically below A The other end D0 15 freely 43
jointed to the pole so that ZACT =45 and c
AC =1m, as shown in the diagram. Find

a the thrust in the rod 00,
b the magnitude of the force exerted by the wall on the pole at A

The rod C'D 15 removed and replaced by a longer light rod CA, where M 15 the
midpoint of A8 The rod 15 freely jointed to the pole at M The pole A8 remains 1n
equilibrium in a horizental position.

¢ =how that the force exerted by the wall on the pole at A now acts horizontally.

Solution:

Let the horizontal and vertical components
or the force at 4 be X and Frespectively.
Let the thrust in the rod be 7.

) da
R 1><P><|:os45“=40g><%
B
P= 603, = 602 =830 M2 s.£)
cosds
b

Ei—) XA =Frosdd =é0g
EMy F+FProsdd =40g

r=40g—é0g =-20g
resultant =-fX° +7* = ]Clg-»,p‘42 +2 ZIOg—\f%
= 620 N2 1)

C

~,  The lines of action of & and the weight meet at M,
hence the line of action of the resultant of X and ¥ must
p also pass through M (3 forces acting on a body in
equilibrium). Therefore the reaction must act
herizontally (1e. no vertical component).

Im
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Question:

A uniform rod AS, of weight Wand length 2z, 15 used
to display a light banner. The rod 15 freely hingedto a -
wvertical wall at point £ It 1s held in a honzontal e
posttion by a light wire attached to 4 and to a point O -t
vertically above B on the wall. The angle CAF 1z 2, A

where tand =—.
3

a Show that the tension in the wire is

W
2znd

—_ & B

b Find, in terms of ¥, the magnitude of the force

exerted by the wall on the rod at &

Solution:

© Pearson Education Ltd 2C
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Tisthe tension in the string, Fand A are
horizontal and vertical components of the
force at B

a
MiEY axW=Tsnfx2a
-7 =
2eind
b
E{—) Trosd =H
2 AW
= ——xcosfl= =
asind stan @ 2
W W

R(D) Tsinf+V =W=—+V=¥=—

go, using Pythagoras, the magnitude of the resultant
force 1z

%41%32 =@.
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Exercise E, Question 13

Question:

A uniform ladder, of weight #and length 5 m, has one end on rough herizontal
ground and the other touching a smooth vertical wall. The coefficient of friction
between the ladder and the ground 15 0.3

given that the top of the ladder touches the wall at a point 4 tm vertically abovwe the
level of the ground,

a show that the ladder can not rest in equilibrium in this position.

In order to enable the ladder to rest in equilibrium in the position described above, a
brick is attached to the bottom of the ladder.

Azzuming that thiz brick 1z at the lowest point of the ladder, but not touching the
ground,

b show that the horizontal frictional force exerted by the ladder on the ground is
independent of the mass of the brick,

¢ find, in terms of W and g, the smallest mass of the brick for which the ladder wall
rest in equilibrium.

Solution:

PhysicsAndMathsTutor.com
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Page2 of 2

a

R F=8,R(—)R=W
M(X)1.5W =4F

Fingb-ﬁiU.BxR

33 i
TS TEsme
which is false, therefore the assumption F < 4R must

be false — the ladder can not be resting in equilibrium.

h

WWith the brick in place (second diagram).
WXy 153 =4F s0

F= g = g which 15 independent of

A the mass of the briclc

R() R=W4+Mg, R(—) F=35

Fus 7 o3 +a =27 D

= 10 < 8 +8Mg
SMgEEW,MEE
4g

o the smallest value for A1 %



Heinemann Solutionbank: Mechanics 2

Solutionbank M2

Edexcel AS and A Level Modular Mathematics

Exercise E, Question 14

Question:

A umform drawbridge ABCD 15 6 m
long and has mass 1200 kg The bridge
1z held at 10° to the horizontal by two
chains attached to points & and A on
the bridge 5 m from the hinge and to
fizxed points & and F at a height of 7 m
vertically above 4 and 2 Find the
force from the hinge.

Solution:

1200 g

© Pearson Education Ltd 2C
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Tm

Fand & are the vertical and horizontal
components of the force at the hinge.
T'1s the tension 1n the cables.

We hawe 2 unknown forces, ¥ and &, that we need to
find. Tiz unknown, but we are not asked to find 1t If
we take moments about axes £F and A then we can

obtain 2 equations 1 Fand A but not T

Abhout BF:
TH =1200g x3cos107,

2600g cosl10°

H = ra 4960 IT

About A

Frocosll®=H x5an 10" +1200g x 2coz10°

SH sin 107 4 2400g cos10°
Scozll’

Combining the two components of the
force at the hinge gives a force of magnitude

J4960% 4+5580% a2 7470 N at an angle of

an ! @ £z 48 to the horizontal.
4960
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