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Statics of a particle
Exercise A, Question 1

Question:

The diagram shows a patrticle in equilibrium undher action of three or more forces. Using the infation given in the

diagram,
aresolve in the direction,

b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

"""" 13 QN
5N

Solution:

aQ-5cos 30° =0

bP-5sin 30° =0

cQ=5 cos 30° :57@ =4.33N (3s.f.

P=5sin 30° =25N
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Give exact answers using sin 30 ° T and

cos 30° :%

your calculator.

or give decimal answers using
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Exercise A, Question 2

Question:

The diagram shows a patrticle in equilibrium undher action of three or more forces. Using the infation given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

433N
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Question:

The diagram shows a patrticle in equilibrium undher action of three or more forces. Using the infation given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

Solution:

a9-P cos 30° =0

bQ+P sin 30° -8=0

¢ From par,
_ 9 -9 \3 Use part to find P, then substitute intb to find
" cos 30° ) a
2
=0 x 'E — E
18 3 cos 30° = >
"G
_ 18f3
T3
= 6‘{_3
=10.4N (3s.f.)

Substitute into path

Q+6{3sin 30° -8=0 H H
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sin 30 °

Il
N |-

.Q =8-6{3x
=8-3[3
=280N (3sf.)
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Question:

The diagram shows a patrticle in equilibrium undher action of three or more forces. Using the infation given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

Solution:
aQ cos 60: +6 cos 15 °P=0 Use angles oa straight line to findQ makes on
bQ sin 60° —6sin 45° =0 angle of 60° with the-axis.
c use parb to give

_ 6sin 45° , o _ 1 o 1 . . I8
Q = L %0- sin 45° =15 cos 60° =7 sin 60° =

_ex L. B8

=06 X \|_2 "

1 2

=06 x E X E

_ 12

~ V6

_ 1206

~ Vel

=2{6=490N (3sf.)

Substitute into pa to give:

1 1
2(6x ; +6x 5 -P=0
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P =\6+ %
_ 62
=V6+ or
=6 +3f2

=6.69N (3s.f.)
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Question:

The diagram shows a patrticle in equilibrium undher action of three or more forces. Using the infmion given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marRezhdQ) and the size of any unknown angles (maed

Solution:

a4 cos 45° P cos0-7=0
b4sin 45° -P sin =0

cP cos#=7-4 cos 45° (froma) (1)

P sin 8 =4sin 45° (fromb) (2
Divide equation (2) by equation (1) P sin 0 o _
Then Use 5 cos s tan ¢ to eliminateP from the equation
Psing _ __4sin 45° after resolving.

P cos 6 7-4 cos 45°

) _ 2.828

S.otan 0 = 172

=0.678
0 =34.1° (3s.f.)

Substitute this value fdt into equation (2)

Then

2828
T sin 34.1°

P =5.04N (3s.f.)

© Pearson Education Ltd 2C
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Question:

The diagram shows a particle in equilibrium undher action of three or more forces. Using the infation given in the diagram,

aresolve in the direction,

b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (ma®ed

6N

PN

Solution:

a6 cos 45° -2 cos 60° P sin =0
b 6sin 45° +2sin 60° P cos §-4=0
cP sin #=6 cos 45° -2 cos 60° (1) [froq]

P cos §=6sin 45° +2sin 60° -4 (2)[fror]

P sin 6 6 cos 45° -2 cos 60°
P cos 6 6sin 45° + 2sin 60° -4
- tan O 3.24264
o 1.97469..
=1.642
0 =58.7° (3s.f.)

Substituted back into equation (1)

P sin & =6 cos 45° -2 cos 60 °
) 3.24264

P ~ sin 58.65°
P =3.80N (3s.f.)

© Pearson Education Ltd 2C

Use P cos 6

resolving.

P sin 6

= tan @ to eliminateP from the equations aftg
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Question:

The diagram shows a patrticle in equilibrium undher action of three or more forces. Using the infation given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

Solution:

aP cos §+8sin 40° -7 cos 35° =0
bP sin &+ 7sin 35° -8 cos 40° =0
c FromaP cos =7 cos 35° —-8sin 40° =0.5918 (1)
FrombP sin =8 cos 40° —7sin 35° =2.113 (2)

Divide equation (2) by equation (1)

P sin 0 -
N _ 8. cos 40° —7sin 35° Use——— = tan@ to eliminateP from the
P sin 0 ~ 7 cos 35° -8sin 40° Peost
P cos 0 equations obtained mandb.

_ 2113
S.tan 0 = 05918

=3.57
-9 =744° (allow74.3°)
' (3s.f.)

Substituted into equation (1
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C.P cos 74.4° =0.5918

_ 0.5918
~ cos 74.3569 °

=2.19 (3sf.)

P
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Question:

The diagram shows a patrticle in equilibrium undher action of three or more forces. Using the infation given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

Solution:

a9 cos 40° +3-+P cosf-8sin 20° =0

bP sin &+9sin 40° -8 cos 20° =0

cFroma:P cos =9 cos 40° +3-8sin 20° (1)
Fromb: P sin =8 cos 20° - 9sin 40° (2)

Divide equation (2) by equation (1)

Psing 8 cos 20° —9sin 40° Psing L
Pcosd 9 cos 40° +3— 8sin 20 ° UseS—_ -, = tandto eliminateP from the
1.732 equations obtained in padsandb.
Stan 0 = ——
7.158
=0.242
0 =13.6° (3s.f.)

Substitute into equation (
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P cos 13.6° =9 cos 40° +3-8sin 20°
=7.158

7158
~ cos 136°

7.36 (3s.f.)
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Question:

The diagram shows a patrticle in equilibrium undher action of three or more forces. Using the infation given in the

diagram,
aresolve in the direction,

b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

QN o

e et e e ]

8N
Solution:

4N

aP cos 30° -Q cos 45° -8 cos 45°
=0

bP sin 30° +Q sin 45° —8sin 45°
-4=0

3_Q_8
c FromaP 2 T2 Q)
Fromb—+r—\|— (2)

These are simultaneous equations.
Add (1) and (2)

L E_2, 2.8, 2.,
'.P(%+ >) +O:1—;3 +4
P=($E+a) = (B2
(812+4) x5
-8 (il_rzf) 11.21=11.2 (3sf.)

Substitute into equation (2)

file://C:\Users\Buba\kaz\ouba\ml1 4 a 9.t

You will have two equations in two unknown
forcesP andQ, so should use simultaneous

equations to solve them. Give your answers to|3
s.f.
o £ o L o o L
cos30 cos 45 T2 sin 45 Tz
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Q=8+4[2- - [2=573 (3sf.).
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Exercise A, Question 10

Question:

The diagram shows a patrticle in equilibrium undher action of three or more forces. Using the infation given in the
diagram,

aresolve in thex direction,
b resolve in the direction,
c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

i

PN QN

e
! X
6 N ' SN
Solution:
aQ cos 60° —P cos 60° +5sin 45° Use simultaneous equations to solve thg
~6sin 45° =0 equations in parta andb.

bP sin 60° +Q sin 60° -5 cos 45°
-6 cos 45° =0

Q P _6 5 o -1 o L

c Froma > T 5 = \|_2 \|_2 cos60 5 sin45 >
.'.Q—P:\|2 (1) . . _ \3 o 1

= — 4 =

o3 of3 s sin60 > COS 5 >

Fromb —=+ == =

2 2
~P[3+Q(3=11{2 (2

Multiply equation (1) by|\_3 and add to equation. (2)

- 2Q[3 =\3{2 + 11f2

. _ 2, up
-Q =57 2\3
=5.198N (4s.f.)

Substitute into equation (
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P =Q-\2
=3.784N (4s.t.)
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Exercise A, Question 11

Question:

The diagram shows a patrticle in equilibrium undher action of three or more forces. Using the infation given in the
diagram,

aresolve in thex direction,
b resolve in the direction,
c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

Yw

Solution:

aR( 7)) Resolve along the plane and perpendicular to 1 e

Q-10sin 45° =0 plane.

bR( X))

P-10 cos 45° =0

c Fromb,

P =10 cos 45° o _ 1 _\2
= 5(2 cos45 " "2
=7.07N (3s.f.)

Froma,

Q =10sin 45° . o _ 1 _\2
_ 51—2 sin45 G T2
=7.07N (3s.f.)

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\m1 4 a 11.t 3/9/201:



Heinemann Solutionbank: Mechanics 1 Pagel of 1

Solutionbank M11

Edexcel AS and A Level Modular Mathematics

Statics of a particle
Exercise A, Question 12

Question:

The diagram shows a patrticle in equilibrium undher action of three or more forces. Using the infation given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

Solution:

aQ+2 cos 60° —6sin 60° =0
bP-2sin 60° -6 cos 60° =0

¢ From part

P =2sin 60° +6 cos 60 °
P =473 (3sf.)

From parta

Q =6sin 60° -2 cos 60°
Q =4.20 (3s.f.)

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\m1 4 a 12.i 3/9/201:



Heinemann Solutionbank: Mechanics 1 Pagel of 1

Solutionbank M11

Edexcel AS and A Level Modular Mathematics

Statics of a particle
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Question:

The diagram shows a patrticle in equilibrium undher action of three or more forces. Using the infmion given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marRezhdQ) and the size of any unknown angles (maed

Ya

Solution:
a8sin 30° —Q cos 30° =0 Find Q from the equation written down in partthen
bP-Q sin 30° -8 cos 30° =0. substitute into the equation obtained in it find P.
c Froma
_ 8sin 30° oL _18
Q = cos 30° tan30 Y3 " 3
= 8tan 30 °
CE
3
=4.62N (3s.f.)
Substitute intdd
P =Q sin 30° +8 cos 30°
2@ L 3 sin30 ° =% cos30 ° =%
= — X — +8x —
3 2 2
= 47\]?3 + 41_3
_ P2
T3
=9.24N (3s.f.)

© Pearson Education Ltd 2C
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Question:

The diagram shows a patrticle in equilibrium undher action of three or more forces. Using the infation given in the
diagram,

aresolve in the direction,
b resolve in the direction,

c find the magnitude of any unknown forces (marReghdQ) and the size of any unknown angles (mared

¥h

Solution:
a8 cos 45° - 10sin 30° ©=0

bP+8sin 45° —10 cos 30° =0

¢ From partb, You may give your answers as exact answers
P =10 cos 30° -8sin 45° . 3 : o 1
- 5(3 - 42 surds as cos 30 =, .sin 30° = and
- =3.00N (3sf.) sin 45° =cos 45° =i2 :% or you may
rom part, _ — , .
Q = g cos 45° — 10sin 30 ° give answers to 3 significant figures, using a
-2-5 calculator.

=0.657N (3s.f.)

© Pearson Education Ltd 2C
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Question:

Pagel of 1

The diagram shows a patrticle in equilibrium undher action of three or more forces. Using the infmion given in the

diagram,
aresolve in the direction,

b resolve in the direction,

c find the magnitude of any unknown forces (marRezhdQ) and the size of any unknown angles (maed

Ya

Solution:

a2+8sin 30° -P cos #=0

b4-8 cos 30° # sin =0

c FromaP cos #=2+8sin 30° (1)

FrombP sin 6=8 cos 30° -4 (2)

Divide equation (2) by equation (1)

Psing _ 8cos 30° -4
Pcosf ~  2+8sin 30°
i.e.tan 0 = %‘
=0.488
0 =26.0° (3sf.)

Substitute into equation (1)
P cos 26.0° =2+8sin 30°

. _ 6
. P ~ cos 26.0°
P =6.68N (3s.f.)

© Pearson Education Ltd 2C

EliminateP from your equations by using
P sin 6
P cos ¢

= tan 6.

BB gin 300 =2

o] —
cos30 =7 >
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Question:

A picture of mass 5 kg is suspended by two lic N 45°/ | 45°,
inextensible strings, each inclined at 45 ° to ti
horizontal as shown. By modelling the picture
a particle find the tension in the strings when t
system is in equilibrium.

© Pearson Education Ltd 2C
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Exercise B, Question 2

Question:

A particle of massnkg is suspended by a U
single light inextensible string. The string is :
inclined at an angle of 30 fo the vertical an:
the other end of the string is attached to a 'mn
fixed pointO. Equilibrium is maintained by € i—
horizontal force of magnitude 10 N which &
on the particle, as shown in the figure. E mkg

Find a the tension in the strinb the value om.

Solution:

Pagel of 2

Draw a diagram showing the forces acting on tje
particle; i.e.: the tension in the string, the virtig
mg and the force 10 N.

> 10N

mg
a Let the tension in the string G&\.
The weight iang.
R(<)

T sin 30° -10=0

. _ 10
ST = sin 30 °

T =20N

b R(T)

T cos 30° -mg=0

AsT=20
cos 30° =

N|ﬁ|

file://C:\Users\Buba\kaz\ouba\m1 4 b 2.t

3/9/201:



Heinemann Solutionbank: Mechanics 1 Page2 of 2

mg =20 cos 30°

20 cos 30°
g

10(3

g

=18 (2s.f.)

© Pearson Education Ltd 2C
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Question:

A particle of weight 12 N is suspended by a ligtextensible string from a fixed poi@ A horizontal force of 8 N is
applied to the particle and the particle remainsguailibrium with the string at an angigo the vertical.

Find a the angled, b the tension in the strir

Solution:

l h

12N

Let the tension in the string Ae\.

>

R(=) . Resolve horizontally and vertically then divide
8-Tsing =0 equation by the other to eliminate the tension
S.Tsing =8 (2)

R(1)

T cosf-12 =0
ST cosh =12 (2)

Divide equation (1) by equation (2)

T sin 6 _ 8

T cos 6 T 12

2

tan 6 = 3
.0 =33.7° (3s.f.)

Substitute into equation (

file://C:\Users\Buba\kaz\ouba\m1 4 b 3.t 3/9/201:
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T sin 33.7° =8

8
T= n 337 14.4 (3s.f.)

© Pearson Education Ltd 2C
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Question:

A particle of mass 6 kg hangs in equilibriur
suspended by two light inextensible strings
inclined at 60 ° and 45 ° to the horizontal,
shown. Find the tension in each of the strin

Solution:

Let the tension in the strings B&l andSN as shown in the
figure.

R(<) IResolve in two directions and obtain simultaneapsaéiong
T cos 60° -S cos 45° =0
. I _ S _
- - 0
L T=92 (1)
R(1)
T sin 60° +Ssin 45° —@=0  (2) - -
cos 60 =5 cos 45 :ﬁ
SubstituteT = S[2 into equation (2)
sun 60 ° :% sun 45 ° _\|15

.'.S(\|_2 sin 60° + sin 45° ) =§
69
(2 sin 60° + sin 45° )
_ 62

(V3+1)
32 (V3-1)

=30 (2s.f.)

andT=6g((3-1) =43 (2sf.)

© Pearson Education Ltd 2C
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Question:

A smooth bead is threaded on a light A C

inextensible string. The ends of the string are
attached to two fixed poin&s andC on the same
horizontal level. The bead is held in equilibriur
by a horizontal force of magnitude 2 N acting
parallel toCA. The sections of string make ancg
of 60 ° and 30 ° with the horizontal. 2

Find a the tension in the string,

b the mass of the be:

Solution:

Let the tension in the string Geand the massThe tension is the same throughout the sffing.
of the bead ben. Resolve horizantally first to find.

R(=)

T cos 30° =T cos 60° -2 =0
.. T( cos 30° — cos 60° )=2
2

LT o= cos 30° - cos 60°
= 4 o \|§ o 1
\3-1 cos 30 =-, cos 60 =
4(V3+1)
(V3-1) (Y3+1)
_ 4(V3+1)

2
=2({3+1) =5.46N (3sf.)
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b R(T)

T sin 60° +T sin 30° - mg=0
.omg =T( sin 60° + sin 30° )
\3 _ 4+2(3

m :93(\1_3+1)(73 +2) = =2 =0.76kg (25sf.)

© Pearson Education Ltd 2C
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Exercise B, Question 6

Question:

A smooth bead is threaded on a light A
inextensible string. The ends of the string are
attached to two fixed poin&s andC whereA is

vertically aboveC. The bead is held in equilibriur :
by a horizontal force of magnitude 2 N. The 30°2
sectionsAB andBC of the string make angles of
30 ° and 60 ° with the vertical respectively.

r
Find a the tension in the string,

b the mass of the bead, giving your answer to tlaeast gramm

Solution:

N Let the tension in the string @& and let the mass
A of the bead ben kg.

SN

> 2
aR(>)
2-T cos 60° -T cos 30° =0 The tension is the same in both sections of the
. T( cos 60° + cos 30° )=2 string. _ _ _
Resolve horizontally first to find.

cos 60 ° :écos 30° =%

file://C:\Users\Buba\kaz\ouba\m1 4 b 6.t 3/9/201:
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2
ST = cos 60° + cos 30°
4 (3-1
= 1+1_3>< 3-1
=2({3-1)
=146 (3s.f.)
b R(1)

T sin 60° =T sin 30° -m g=0

.omg =T( sin 60° - sin 30° )

=2(f3-1) (2 -1
= (J3-1)?
=4-2(3
m :““Tzr?’):o.OSSkg:Ssg

© Pearson Education Ltd 2C
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sin 60 °

.4|

3

2

sin 30 °

Page2 of 2
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Exercise B, Question 7

Question:

A patrticle of weight 6 N rests on a smooth
horizontal surface. It is acted upon by two
external forces as shown in the figure. One of
these forces is of magnitude 5 N and acts at ap N

: . 4
angled with the horizontal, where taf = 3

The other has magnitudeN and acts in a
horizontal direction. Find

a the value of,

b the magnitude of the normal reaction between #rdgbe and the surfac

Solution:
i Let the normal reaction HdeN.
5
F& c‘/
N
5]

a
R(>)
5 cosf-F =0 The angle is defined as satisfying tafi =

wlb

L 3 _
SF=56x c =3N

3
From the right-angled triangle shown, cés=

3 ) 4
5and sin g = =

b R(T)

file://C:\Users\Buba\kaz\ouba\m1 4 b 7.t 3/9/201:
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.-.R:6—5x§ =2N

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\m1 4 b 7.t 3/9/201:



Heinemann Solutionbank: Mechanics 1 Pagel of 2

Solutionbank M11

Edexcel AS and A Level Modular Mathematics
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Exercise B, Question 8

Question:

A particle of weight 2 N rests on a smooth
horizontal surface and remains in equilibriu
under the action of the two external forces
shown in the figure. One is a horizontal forc .-
of magnitude 1 N and the otherisaforReBl _——~~""""=""""4_
at an anglé to the horizontal, where tafl =

12 .
< Find

a the magnitude o®,

b the normal reaction between the particle and tniase

Solution:
i Let the normal reaction HeN.
P
1
Vie—c—i
N
2
a
R(—) 12 .
Pcosfd-1=0 When tané = — we can used the triangle

. . 12 5
shown to find sing = 13and cosd = 3

h
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R(1)
R-P sin9-2=0
SR =P sin g+ 2
12
=2.6x P + 2

=24+2
=44

© Pearson Education Ltd 2C
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Exercise B, Question 9

Question:

A particle A of masan kg rests on a smooth horizontal table. The partehttached by a light inextensible string to
another particl® of mass i kg, which hangs over the edge of the table.

The string passes over a smooth pulley, whichxexdfiat the edge of the table so that the stritgiizontal betweeA
and the pulley and then is vertical between théepudndB.

A horizontal force= N applied toA maintains equilibrium. The normal reaction betwéeand the table iR N.
a Find the magnitudes &f andR in terms ofm.

The pulley is now raised to a position above thgeeaf the table so that the string is inclined@tidgrees to the
horizontal betweeA and the pulley. Again the string then hangs valiidoetween the pulley ar8l A horizontal force
F’ N applied toA maintains equilibrium in this new situation. Thermal reaction betweeh and the table is no®’ N.

b Find, in terms om, the magnitudes <’ andR'.

Solution:

R
i
F{l\.
mg

& T
B
a 2mg
Consider the massrzkg. Consider the massr kg first, as it has only two
forces acting on it. This enables you to find the
tension.
R(1)
T-2m g=0
L. T=2m g.

Consider the masa kg.

R(=)

T-F =0
SJF=T =2m g
=19.6m ( accept 2fn)
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R(7)

R-mg=0
"R=mg

b

Consider the & kg mass.
AgainT =2m g.
Consider the massa kg.
R(=)

T cos 30° -F=0

SF =2m gx %=‘|_3mg

=17m (2s.f.)

R(1)
R+T sin 30-m g=0

SR =mg-T sin 30
=m g-2m g X %

=0

© Pearson Education Ltd 2C
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Exercise B, Question 10

Question:

A particle of mass 2 kg rests on a smooth
inclined plane, which makes an angle of 45
with the horizontal. The particle is maintains
in equilibrium by a forcd®> N acting up the
line of greatest slope of the inclined plane,
shown in the figure. Find the value ef

Solution:

Let the normal reaction HdeN.

R(7) IResolve along the plae.
P-29 sin 45° =0
B = on cin AE © sun 45° == =12
. P =29 sin 45 \2 2
=g\2
= 14N (2sf.)

© Pearson Education Ltd 2C
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Statics of a particle
Exercise B, Question 11

Question:

A particle of mass 4 kg is held in equilibriur
on a smooth plane which is inclined at 45
the horizontal by a horizontal force of
magnitudeP N, as shown in the diagram. Fi
the value of.

Solution:

Let the normal reaction HeN.

R(7) IResolve along the plane.
P cos 45° —4 sin 45° =0
) _ 4g sin 45°
-P= cos 45 °
=49
=39 (2sf.)

© Pearson Education Ltd 2C
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Exercise B, Question 12

Question:
A particleA of mass 2 kg rests in equilibrium o
a smooth inclined plane. The plane makes an

, . 3
angled with the horizontal, where taf = 2

The particle is attached to one end of a lightieesible string which passes over a smooth pulley\shown in the
figure. The other end of the string is attached particleB of mass 5 kg. Particl& is also acted upon by a force of
magnitude=N down the plane, along a line of greatest slope.

Find a the magnitude of the normal reaction betwA and the planeb the valueF.

Solution:

Let the normal reaction between the partRlend
the plane b&N.

Let the tension in the string G&. Consider the 5 kg mass first to fiidThen

Consider first the 5 kg mass. resolve perpendicular to the plane and parallel
R(1) the plane for the forces acting on the 2 kg masg.
T-5=0 Use a 3, 4, 5 triangle to find sifland cosé.

.. T=5g
Consider the 2 kg mass.
R(™)

R-2g cosd =0

2 =16N (2sf.)

5]

\ 74

S R=2g % % =
R(7)
T-F-29 sin =0
S.F=T-29 sin 6
But asT = 5g
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19
5
=37N (2s.f.)
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Exercise B, Question 13

Question:
A particleQ of mass 5 kg rests in equilibrium o
a smooth inclined plane. The plane makes an

, . 3
angled with the horizontal, where taf = 2

Q is attached to one end of a light inextensiblegtwhich passes over a smooth pulley as shownoftter end of the
string is attached to a particle of mass 2 kg.

The particleQ is also acted upon by a force of magnit&tieacting horizontally.
Find the magnitude of

a the forceFN, b the normal reaction between partiQ and the plan

Solution:

Consider the 2 kg particle.

R(1)

T-29=0
S T=29

Consider the 5 kg particle.
R(7)

T+F cos -5 sin =0
S.F cosfd=5g sin 6-T

4 3
AsT=2g, cos 0= gand sind= ¢
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4 3
Fx g =5x -2
4
F :g+g
- 59
!
=12 (2s.f.)
R(™N)

R-F sin -5 cos =0

..R =F sin 8+ 5g cos ¢

59 3 4
= — X - + X =
4 5 & 5

=2 =47 (2sf.)

© Pearson Education Ltd 2C
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Statics of a particle
Exercise B, Question 14

Question:

A particle of weight 20 N rests in equilibrium o )
a smooth inclined plane. It is maintained in
equilibrium by the application of two external
forces as shown in the diagram. One of the fc

is a horizontal force of 5 N, the other is a force5 N
PN acting at 75 ° to the horizontal.

Find a the value oP,

b the magnitude of the normal reaction between #régbe and the plan

Solution:

Let the normal reaction HdeN.

R(7)

P cos 30° -5 cos 45° - 20 sin 45° [Resolve along the plane to fifdas it is the only
=0 unknown in your equation.

o _ L o _ L S E
cos 4 = 2sun 45 2 cos 30 =

file://C:\Users\Buba\kaz\ouba\ml1l 4 b 14.t 3/9/201:
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5 cos 45° +20 sin 45°

LP o= cos 30°
= (5- %+20- %) T%
_ 2502
I E
_ 2506
-3
=20.4 (3s.f.)
R(N)

R+P sin 30° +5 sin 45°
—20 cos 45° =0

.R=20 cos 45° -5 sin 45°
-P sin 30°

As

256

3

_ 15 256 _ 45{2-256
R~ V2 6 _ 6
(3s.f.)

= 0.400

© Pearson Education Ltd 2C
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Statics of a particle
Exercise C, Question 1

Question:

A book of mass 2 kg rests on a rough horizontdetalvhen a force of magnitude 8 N acts on the babkn angle of
20 ° to the horizontal in an upward direction, tle®lkis on the point of slipping.

Calculate, to three significant figures, the vadfi¢ghe coefficient of friction between the book ahd table

Solution:

Let the normal reaction N, the friction force b&N and the coefficient of friction he

R(>) Resolve horizontally to finé, vertically to findR
8 cos 20° F=0 and usd- = uRto find u.

..F=8 cos 20°
R(1)

R+8sin 20° -2g=0
S.R=2g-8sin 20°

As the book is on the point of slipping the frictis limiting and

F=uR

) _F

U= T
_ 8cos 20 °
~ 29-8sin 20°
_ 7518
" 16.86
=0.446 (3s.f.)

© Pearson Education Ltd 2C

file://C:\Users\Buba\kaz\ouba\ml1 4 c 1.r 3/9/201:



Heinemann Solutionbank: Mechanics 1 Pagel of 1

Solutionbank M11

Edexcel AS and A Level Modular Mathematics

Statics of a particle
Exercise C, Question 2

Question:

A block of mass 4 kg rests on a rough horizontaletaWwhen a force of 6 N acts on the block, atragleaof 30 ° to the
horizontal in a downward direction, the block isthe point of slipping. Find the value of the caxént of friction
between the block and the tal

Solution:
6N R Let the normal reaction i&N and the Friction forc
= P beFN. Let the coefficient of friction on be
30°/ < F
W
49
R() Resolve horizontally to fin&, vertically to findR
6 cos 30° =0 F
and use: = —.
. F=6 cos 30° =\3=5.20 (3s.f.) R
R-6sin 30° —4=0 3
“ R =6sin 30° +4 cos 30° =
=3+4x98 sin 30 ° ==
=422 2

R(1)

As the block is on the point of slipping

F =uR

. F
Sou =g

=0.123 (3s.f.) or0.12 (2s.f.)

© Pearson Education Ltd 2C
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Exercise C, Question 3

Question:

A block of weight 10 N is at rest on a rough horitad surface. A force of magnitude 3 N is appliedhte block at an
angle of 60 ° above the horizontal in an upwarddiio®. The coefficient of friction between the bkaand the surface

is 0.3.

a Calculate the force of frictiotb determine whether the friction is limitir

Solution:

10N

Let the normal reaction force Beand the friction force bE.

aR(>)
3 cos 60° -F=0

..F =3 cos 60°
F =15 andso frictionis1.5N

b R(1)
R+3sin 60° -10=0

~R =10-3sin 60°

3\(3
—10—7

=7.40 (3sf.)
S uR =0.3x 7.40
=222 (3sf.)

As F < uR the friction force is 1.5 N and is not limitir

© Pearson Education Ltd 2C
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Statics of a particle
Exercise C, Question 4

Question:

A packing crate of mass 10 kg rests on rough grolinsifilled with books which are evenly distritea through the crate.
The coefficient of friction between the crate ahd ground is 0.3.

a Find the mass of the books if the crate is intiimgi equilibrium under the effect of a horizontatde of magnitude 147 N.

b State what modelling assumptions you have n

Solution:

a
R Let the normal reaction &N and the friction force be
48 FN.

F&—@—>147
10 g+ mg
Let the mass of the books bekg. Find F andR by resolving and usé = xR for limiting
friction.
R(=)
147 -F =0
. F =147
R(1)

R-10g-mg =0
"~ R =10g+m g

As the equilibrium is limitingF = uR

5147 =0.3 (1@ +m g)
5. 147 =39+ 0.3n g
_ 14T -3
0.3
= 40

b The assumption is that the crate and books magduelled as a partic

© Pearson Education Ltd 2C
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Statics of a particle
Exercise C, Question 5

Question:

A block of mass 2 kg rests on a rough horizontahpl A forceP acts on the block at an angle of 45 ° to the hotalo
The equilibrium is limiting, withy = 0.3.

Find the magnitude d® if

a P acts in a downward directiob P acts in an upward directic

Solution:
a
R Let R be the normal reaction akdbe the force of
I 45 friction.
B
N
45° ("¢—<—F
2g

R() Resolve horizontally and vertically to fikdand
Pcos 45° -F =0 R, then use the condition for limiting friction.

“F =Pcos 45°
R(1)
R-P sin 45° -2 =0

"~ R =P sin 45° +3
As equilibrium is limiting,F = uR

S.P cos 45° =03 P sin 45° +23))

. Pcos 45° - 0. sin 45° =0.§

"~ P(cos 45° -0.3sin 45° ) =0¢

- 0.69 0 — i o _i _E
P = s a5° —o03sn a5° cos 45° =sin 45° = =

_ Sl2

7
=119N (3s.f.) or12N (2s.f.)

Let R be the normal reaction afkdbe the force of
friction.
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R
N
P
F%?’J{E”

2g

R(=)

Pcos 45° -F =0
. F =Pcos 45°

R(?)

R+P sin 45° -3 =0
"~ R =29-P sin 45°

As equilibrium is limiting,F = uR.

S.Pcos 45° =03(8-P sin 45° )
. Pcos 45° +0.B sin 45° =0.9
S.P(cos 45° +0.3sin 45° ) =0

69(2

13
=6.40N (3s.f.) or6.4N (2s.f.)

P =

© Pearson Education Ltd 2C
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Exercise C, Question 6

Question:

A particleP of mass 0.3 kg is on a rough
plane which is inclined at an angle 3a4 the
horizontal. The particle is held at rest on tht
plane by a force of magnitude 3 N acting uj
the plane, in a direction parallel to a line of
greatest slope of the plane. The patrticle is of
the point of slipping up the plane. Find the
coefficient of friction betweeR and the

plane.

30°)

Solution:

Let R be the normal reaction afrdbe the force of

friction.
730"
R(7) Note that the force of friction acts down the plane
3-F-0.3gsin 30° =0 Resqlve parallel and perpendicular to the plane to
“F =3-0.3sin 30° obtainF andR and usd- = uR.

=1.53N
R(™N)
R-0.3gcos 30° =0

SR =0.3gcos 30°
=2.546 N

As the patrticle is on the point of slipping

F =uR

- 1.53 = ;i x 2.546
_ 153

M T o

=0.601 (3s.f.) (accept0.6)

© Pearson Education Ltd 2C
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Statics of a particle
Exercise C, Question 7

Question:

A particle of mass 1.5 kg rests in equilibriur
on a rough plane under the action of a forct
magnitudexXN acting up a line of greatest
slope of the plane. The plane is inclined at
25 ° to the horizontal. The particle is in
limiting equilibrium and on the point of
moving up the plane. The coefficient of
friction between the particle and the plane is
0.25.

Calculatea the normal reaction of the plane
onP, b the value oiX.

Solution:

Let R be the normal reaction afrdbe the force

of friction.
arR(~N) The force of friction acts down the plane, a
R-1.5 gcos 25° =0 as the friction is limiting= = uR.
S.R=15gcos 25° =13.3N (3s.f.) orl3N
(2s.f.)
bR( 7))

X-F-15sin 25° =0
S X=F+15gsin 25°

But the friction is limiting

SF =uR
= 0.25 x 13.3227
= 3.3306...
S X =333+ 1.5sin 25°
=954N (3s.f.) or95N (2s.f.)

© Pearson Education Ltd 2C
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Exercise C, Question 8

Question:

A horizontal force of magnitude 20 N acts ¢
a block of mass 1.5 kg, which is in

equilibrium resting on a rough plane incline
at 30 ° to the horizontal. The line of action
the force is in the same vertical plane as th
line of greatest slope of the inclined plane.

a Find the magnitude and direction of the frictiofale acting on the block.
b Find the normal reaction between the block andgtaee.

¢ What can you deduce about the coefficient ofifsicbetween the block and the pla

Solution:

Let the normal reaction e and the friction force
beF acting down the plane.

730"
aR( 7)) Draw a diagram showing all the forces acting Wjith
20 cos 30° F-1.5gsin 30° =0 friction down the plane.
) _ o _ . 0 Resolve along the plane.Rf> 0 then you have
- F =20 cos 30 1.gsin 30 chosen the correct direction.Hf< O then friction
=9.97 (3s.f.) acts up the plane.

The friction force has magnitude 9.97 N or 10 N2 and acts down the plane.
bR(N)

R - 20sin 30° —1.5gcos 30° =0

S.R =20sin 30° +1.59g cos 30°
=227 (3s.f.)

The normal reaction has magnitude 22.7 N or 23 BLf(2

¢ For equilibriumF < uR
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F
u o> =
- R

le.:u >0.4390rm>0.44 (2s.f.)
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Exercise C, Question 9

Question:

A box of mass 3 kg lies on a rough plane
inclined at 40 ° to the horizontal. The box i
held in equilibrium by means of a horizonta
force of magnitud&XN. The line of action of
the force is in the same vertical plane as th
line of greatest slope of the inclined plane.
The coefficient of friction between the box
and the plane is 0.3 and the box is in limiting
equilibrium and is about to move up the plane.

a Find the normal reaction between the box and taeeib Find X.

Solution:

Let the normal reaction e and the friction force
beF acting down the plane.

.

~A40°

R(~) You may decide to fin¥ first and then use your
R-Xsin 40° —3cos 40° =0 answer to findR.

The simplest way to fin® first is to resolve
vertically as there is n& term in the equation
obtained.

S.R=Xsin 40° + 3cos 40° *

R(7)

Xcos 40° -F—-3gsin 40° =0
S.F=Xcos 40° - @sin 40°

As the friction is limitingF = uR

. Xcos 40° — @sin 40° =0.3 (Xsin 40° + 3cos 40° )
. Xcos 40° - 0.Xsin 40 ° =0.9cos 40° + @sin 40 °
S.X(cos 40° —0.3sin 40° ) =0dggos 40° + @sin 40°
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Heinemann Solutionbank: Mechanics 1 Page2 of 2

_ 0.9cos 40° + @sin 40 °
cos 40° -0.3sin 40 °

25.65
0.5732

S.X =448 (acceptd44d.7) or=45 (2s.f.)

Substitute into equationk to give
R=51.2orR=51 (2s.f.)

© Pearson Education Ltd 2C
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Statics of a particle
Exercise C, Question 10

Question:

A small child, sitting on a sledge, rests in

equilibrium on an inclined slope. The sledg
held by a rope which lies along the slope ai
is under tension. The sledge is on the point
slipping down the plane. Modelling the chilc
and sledge as a patrticle and the rope as a |

inextensible string, calculate the tension in the

rope, given that the mass of the child and
sledge is 22 kg, the coefficient of friction is
0.125 and that the slope is a plane inclined

at

35 ° with the horizontal. The direction of the

rope is along a line of greatest slope of the
plane.

Solution:

R < Let the normal reaction e and the friction b&
acting up the plane.

The friction acts up the plane, as the sledge is
the point of slipping down the plane.

R(7)

T+F-22gsin 35° =0 *

R(™N)

R - 229cos 35° =0
SR =229cos 35°

R =176.6

Normal reaction is 180 N (2 s.

As the friction is limiting,F = R

S F =0.125x 176.6
=221 (3s.f.)

Friction is 22 N (2 s.f.)

Substitute into equationk to give
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T =22gsin 35 - 22.0.76...
=101.6
=102 (3sf.)

Tension is 100 N (2 s.

© Pearson Education Ltd 2C
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Exercise C, Question 11

Question:

A box of mass 0.5 kg is placed on a plane
which is inclined at an angle of 40 ° to the
horizontal. The coefficient of friction betwee

the box and the planeis . The box is kept

equilibrium by a light inextensible string
which lies in a vertical plane containing a lit
of greatest slope of the plane. The string
makes an angle of 20 ° with the plane, as
shown in the diagram. The box is in limiting
equilibrium and may be modelled as a
particle. The tension in the stringTbl. Find
T

aif the box is about to move up the plane,

b if the box is about to move down the pl:

Solution:

Let the normal reaction Be and the friction force
beF.

In parta F acts down the plane and in plarf '
acts up the plane.

R(™)

R+ Tsin 20° —0.9cos 40° =0
.. R=0.59cos 40° -Tsin 20 °

R(7)

T cos 20° -F-0.5gsin 40° =0
S.F=T cos 20° -0.§sin 40°

As the friction is limitingF = uR
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" T cos 20° - 0.§sin 40° =< (0.§cos 40° Tsin 20° )

S.T cos 20° + %Tsin 20° =0.Dcos 40° +0.§sin 40°

. T(cos 20° +2 sin 20° ) =3.900

o 3.900 :
. T= cos 20° +0.2sin 20° 3.87N

Tension is 3.9 N (2 s.f.)

b
R T Let the normal reaction Be and the friction force
INA beF .
Wi .
f/{;mo 05g

The change from is the direction of the friction force.

. R=0.59cos 40° -Tsin 20 ° as before
andF' =0.5gsin 40° -T cos 20° (i.eF = -F)

AsF' =uR

0.5gsin 40° =T cos 20° :% (0.5cos 40 ° —Tsin 20° )

-, 0.5gsin 40° - 0.5cos 40 ° =T cos 20° - <Tsin 20°

.2399=T(cos 20° -0.2sin 20° )

2.399
(cos 20° -0.2sin 20° )
=2.75
=28N (2s.f.)

T =

Tension is 2.8 N (2 s.f

© Pearson Education Ltd 2C
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Exercise C, Question 12

Question:

A box of mass 1 kg is placed on a plane, 10N
which is inclined at an angle of 40 ° to the
horizontal. The box is kept in equilibrium b
light inextensible string, which lies in a
vertical plane containing a line of greatest
slope of the plane. The string makes an an
of 20 ° with the plane, as shown in the
diagram. The box is in limiting equilibrium
and may be modelled as a patrticle. The
tension in the string is 10 N and the coeffic
of friction between the box and the plang.is
Findu if the box is about to move up the
plane.

Solution:

R(™)

R+ 10sin 20 ° —gcos 40° =0

..R =gcos 40° -10sin 20°
= 4.087

R(7)
10 cos 20° F-gsin 40° =0

S.F =10 cos 20° —gsin 40 °
= 3.0976...

As the friction is limitingF = uR
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0.758 (3s.f.)
Sou =0.76 (2s.f.)
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Exercise D, Question 1

Question:

15N
> A particleP of mass 2 kg is held in equilibrium under gravtytwo

light inextensible strings. One string is horizdm@tad the other is inclined at an anglto the horizontal, as shown in t
diagram. The tension in the horizontal string isNLShe tension in the other stringTisiewtons.

a Find the size of the anga. b Find the value aoT.

Solution:

2g
R(=)

15-T cosa =0
ST cosa =15 (1)

R(1)

Tsina-29 =0
ST sina =29 (2)

Divide equation (2) by equation (1)

T sin « _ 2_g
T cos «a T 15
-4
tan a = 15

= 1.307

Lo =526°

Substitute into equation (

file://C:\Users\Buba\kaz\ouba\m1 4 d 1.t 3/9/201:



Heinemann Solutionbank: Mechanics 1 Page2 of 2

T cos 52.6° =15
15
T= cos 52.6° 24.7
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Exercise D, Question 2

Question:

A particle is suspended by two light inextensilitings and hangs in equilibrium. One string isimetl at 30 ° to the
horizontal and the tension in that string is of miagle 40 N. the second string is inclined at 6@ thie horizontal.
Calculate in N

a the weight of the particlb the magnitude of the tension in the second s

Solution:

Let the weight of the particle BN and the tension in the second stringrbe
R(>)
40 cos 30° -T cos 60° =0

_ 40 cos 30°
cos 60 °

40{3 ( =69.3N)

R(?)

T sin 60° +40 sin 30° W=0
SW=T sin 60° +40 sin 30°

1

3
Substituté':40r3, sin 60 ° :£ and sin 30° 5

2

ThenW =60 + 20
=80

". the weight of the particle is 80 N and the tensiothe second string is 69.3 N

Alter native method

R(7)
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40-W cos 60° =0
S Wecos 60° =40

40
cos 60 °

80.

W=

bR( N )

T-Wsin 60° =0

. T =W sin 60°
:80%

=40(3

=69.3 (3s.f.)

© Pearson Education Ltd 2C
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Statics of a particle
Exercise D, Question 3

Question:

0

P IF NA particleP of weight 6 N is attached to one end of a ligleixiensible string.
The other end of the string is attached to a fipeiht O. A horizontal force of magnitudenewtons is applied tB. The
particleP is in equilibrium under gravity with the string kiag an angle of 30 ° with the vertical, as showthia
diagram.

Find, to three significant figures,
athe tension in the strinb the value oF.

Solution:

(o) Let the tension in the stringl=N.

FN

aR()

T cos 30° -6=0

_6
- cos 30°

= The 6.93 tension is6.93 N ( 3s.f.)
b R(-)

F-T sin 30° =0

file://C:\Users\Buba\kaz\ouba\m1 4 d 3.t 3/9/201:



Heinemann Solutionbank: Mechanics 1 Page2 of 2

S F =T sin 30°
1
=Tx >
=3.46. (3s.f.)

© Pearson Education Ltd 2C
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Exercise D, Question 4

Question:

g
TN A body of mass 5 kg is held in equilibrium undeagty by two
inextensible light ropes. One rope is horizontad, dther is at an angdeto the horizontal, as shown in the diagram.

The tension in the rope inclinedato the horizontal is 72 N. Find
a the anglex, giving your answer to the nearest degree,

b the value oT to the nearest whole numt

Solution:

72

aR()

72 sina-59=0

- - X
sina = —

=0.681
=43 ° ( nearest degree)

b R(-)

T-72 cosa=0
ST =72 cosa
=52.8
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. Tension is 53 N to the nearest Newton
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Exercise D, Question 5

Pagel of 2

Question:
B
12N
N
: > C
ENw
A In the diagram,~ AOC =90° and ~ BOC=6". A

particle atO is in equilibrium under the action of three coglaforces. The three forces have magnitudes 8 W aad

XN and act alon@A, OB andOC respectively. Calculate
a the value, to one decimal place gf

b the value, to two decimal places,X.

Solution:
B
12 M
\_ﬁ
o' e C
XN
8N
A
a
R(1)

12 cos (6—-9C° ) -8=0
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12
. 0-90° =48.2°
.0 =138.2° (1d.p.)
b R(—)

X-12 sin (06-90° ) =0

X =12 sin 48.2
=8.95 (2d.p.)

© Pearson Education Ltd 2C
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Exercise D, Question 6

Question:

The two ends of a string are attached to two pdiraadB of a horizontal beam. A package of mass 2 kgtached to
the string at the poir€. When the package hangs in equilibriumBAC = 20° and ~ ABC = 40, as shown below.

A B

20° | 405

C

By modelling the package as a particle and thagts light and inextensible, find, to three sigaifit figures,

a the tension itAC, b the tension iBC.

Solution:

Ao 40"
e

2gN
Let the tension iC be TN and the tension iBC be SN.
R(=)
Scos 40° -T cos 20° =0 Q)
R(1)
Ssin 40° +T sin 20° -=0 (2)
Solve the simultaneous equations (1) and (2)
(1) x sin 40° - (2) x cos 40°
- T sin 40° cos 20° -T sin 20° cos 40° +@ cos 40° =0

S.T( sin 40° cos 20° + cos 40° sin 20° ) m2cos 40 °
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2g cos 40°
sin 40° cos 20° + cos 40° sin 20°

=17.3 [NBsin 40° cos 20° + cos 40° sin 20° = sin 60 ° ]

Substitute the value dfinto equation (1)

T cos 20°
cos 40°

=213

ThenS =

© Pearson Education Ltd 2C
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Exercise D, Question 7

Question:
A block of mass 3 kg rests on a rough, horizorsthle. When a force of magnitude 10 N acts on thekoat an angle of
60 ° to the horizontal in an upwards direction, tkeck is on the point of slipping. Calculate, tataignificant figures,

the value of the coefficient of friction betweemr thlock and the tabl

Solution:

Let the normal reaction e N the friction force b&N and the coefficient of friction be
R(=)

10 cos 60° F =0
" F =10 cos 60°
F =5

R(1)

R+ 10 sin 60° -§=0

..R =3g-10 sin 60 °

=3g-5{3
=20.7

As the block is an the point of slipping, the figet is limiting andF = uR.

. _ F
=R

5

20.7
0.2410.24 (2s.f.)

© Pearson Education Ltd 2C
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Exercise D, Question 8

Question:

A particleP of mass s placed on a rough horizontal table, the cokfficof friction betweer and the table being
A force of magnitude rag, acting upwards at an acute angle the horizontal, is applied ®and equilibrium is on the

5
point of being broken by the particle sliding oe table. Given that tar= 77, find the value ofi.

Solution:

(=4 Let the normal reaction &N and the friction force
beFN.

RE)
2Zm g cosa—-F=0

. F=2m g cos a

R(1)

R+2m g sin a—7m g=0
SR=7m g-2m g sin a

As the friction is limiting,F = uR.

. F
=R

2m g cos a
mg-2m g sin a

5 5 12

12 SiNa= T3 and cosa =

Astan a = 13
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2m ><1—2
d 13

5
mg-2m gx —
g g 13

ﬁ
81
8
27
=0.296 (3s.f.)
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Exercise D, Question 9

Question:

PN

15%

A box of mass 50 kg rests on rough horizontal gdodre
coefficient of friction between the box and thewgrd is 0.6. A force of magnitud&newtons is applied to the box at an ar
of 15° to the horizontal, as shown in the diagram, aedothx is now in limiting equilibrium. By modellinipe box as a
particle find, to three significant figures, thduaof P.

Solution:

Let the normal reaction RN and the frictional force bEN.

R(=)

F-P cos 15 =0
" F =P cos 15

R()
R-P sin 15" -50g=0

. R=P sin 15" +50g

As the friction is limiting,F = uR

.P cos 15 =0.6 (P sin 15" +509)
.. P cos 15 - 0.6P sin 15" =30y

S.P( cos 15 - 0.6 sin 15 ) =30g

309
cos 15 —-0.6 sin 15

P =363

© Pearson Education Ltd 2C
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Exercise D, Question 10

Question:

Pagel of 1

A book of mass 2 kg rests on a rough plane incliteah angle:* to the horizontal. Given that the coefficient of
friction between the book and the plane is 0.2, thatlthe book is on the point of slipping down fene, find, to the

nearest degree, the valuea.

Solution:
.?3*‘*
I.tx ,.e’:-? ?ﬁf"x
;J_.-'
.-"ff;f
’ 2
; f,-’ g
_Aa
R(7)

F-29 sin a=0

S.F=2g sin «

R(N)

R-2g cosa=0

S.R=2g cos a

As the friction is limitingF = uR
.29 sin a=0.2%x2 cos a
Divide both sides by@ cos «

tan ¢« =0.2
Lo =11.3°

a =11° (to the nearest degree )

© Pearson Education Ltd 2C
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Exercise D, Question 11

Question:

a A book is placed on a desk lid which is slowlyetil. Given that the book begins to slide when ticériation of the lid
to the horizontal is 30 °, find the coefficient ofction between the book and the desk lid.

b State an assumption you have made about the bbek ferming the mathematical model you used toespbuta.

Solution:
Eﬁ"" Let the normal reaction &N, the friction be=N
AN ™ and the mass bakg.
f};;}/
.-"Ff#
o
-
o il mg M
o
~30°
a
R(7)

F-mgsin 30° =0

R(N)

R-m g cos 30° =0

As the friction is limitingF = uR

S.m g sin 30° =um g cos 30°

Divide both sides byng cos 30 °.

m g sin 30°

m g cos 30° K

U = tan 30°
_ B
T3
=0.577

b The book was modelled as a parti

© Pearson Education Ltd 2C
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Exercise D, Question 12

Question:

A particle is placed on a smooth plane incline8%t to the horizontal. The particle is kept in diguium by a
horizontal force, of magnitude 8 N, acting in thetical plane containing the line of greatest slopthe inclined plane
through the particle. Calculate, in N to one detiptace,

a the weight of the particle,
b the magnitude of the force exerted by the plantherparticle

Solution:

Let the normal reaction RN and let the weight of
the particle b&VN.

aR( 7))

8 cos 35° W sin 35° =0

W sin 35° =8 cos 35°

) _ cos 35°
- W =8 sin 35°
w =114
bR(N)

R-8 sin 35° -W cos 35° =0

S.R =8 sin 35° +4W cos 35°
R =13.9

© Pearson Education Ltd 2C
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Exercise D, Question 13

Question:

A particle of mass 0.3 kg lies on a smooth plaméiried at an angle to the horizontal, where tar= 7. The particle is

held in equilibrium by a horizontal force of magmeQ newtons. The line of action of this force is ie tame vertical
plane as a line of greatest slope of the inclinadga Calculate the value Q, to one decimal plac

Solution:

Let the normal reaction force IRN.

o~
-~
<
R(7)
Q cos a -0.3g sina=0
S.Q cosa =0.3 sin a
. _ 03y sina
-Q - oS o
=0.3 tan a
3
Buttan a = 7
©Q =03x 3
=22 (1d.p.)

© Pearson Education Ltd 2C
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Exercise D, Question 14

Question:

A small boatB of mass 100 kg is standing on a ramp which isried at 18 to
the horizontal. A force of magnitude 400 N is apgltoB and acts down the ramp as shown in the diagramb®ht is in
limiting equilibrium on the point of sliding dowhe ramp. Find the coefficient of friction betwemand the ramp, giving
your answer to two decimal plac

Solution:

Let the normal reaction RN and the friction b&N.

AN
et
P

A8

R(7)

F - 400-10@ sin 18" =0

-.F =400+ 10@ sin 18°
=702.8

R(™N)

R - 100y cos 18 =0

" R =100y cos 18
=932.0

As the Friction is limiting= = uR

. F
Sou= g
= 0.754
=0.75 (2d.p.).
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Exercise D, Question 15

Question:

] A parcel of mass 5 kg lies on a rough plane indiatan angle af to the
3
horizontal, where tan= 7. The parcel is held in equilibrium by the actafra horizontal force of magnitude 20 N, as

shown in the diagram. The force acts in a verfitahe through a line of greatest slope of the plahe parcel is on the
point of sliding down the plane. Find the coeffitief friction between the parcel and the pl

Solution:
Eﬁ' Let the normal reaction &N and the friction be
'ﬁ ™ FN.
20N ,-f"d-'iff
-~
.-"{f-’f
/’f 5gN
_Aa
R(7)
F - 5g sin a+20 cosa=0

S.F =5g sin o —20 cosa

3 3 4
Astana= 7, sina= 7 and cosa= ¢
S.F=3g-16

R(~N)

R - 20 sina-59 cos a=0
..R =20 sina+5g cos «a

=12 + 4

As the friction is limitingF = uR
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=
|
T | T

3g-16
12 + 4
13.4
51.2

0.262 (3s.f.)
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Exercise D, Question 16

Question:

A small parcel of mass 3 kg is held in equilibrioma rough plane by the
action of a horizontal force of magnitude 30 N ragtin a vertical plane through a line of greatémpe. The plane is
inclined at an angle of 30 ° to the horizontal, lagven in the diagram.

The parcel is modelled as a particle. The parcehithe point of moving up the slope.
a Draw a diagram showing all the forces acting anphrcel.
b Find the normal reaction on the parcel.

c Find the coefficient of friction between the pdraed the plan

Solution:

Let the normal reaction &N and the friction be
FN.

bR( 7))

30 cos 30° +-3g sin 30° =0

"F =30 cos 30° -§ sin 30°

=11.28
R(N)
R - 30 sin 30° -8 cos 30° =0
..R =30 sin 30° +§ cos 30°

= 40.46

c As the friction is limiting F = uR.
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0.2788
=0.279 (3sf.).
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Exercise D, Question 17

Question:

A box of mass 6 kg lies on a rough plane inclinedraangle of 30 ° to the
horizontal. The box is held in equilibrium by meafisa horizontal force of magnitudRenewtons, as shown in the
diagram.

The line of action of the force is in the same ieaitplane as a line of greatest slope of the pl@he coefficient of
friction between the box and the plane is 0.4. btxe is modelled as a particle. Given that the Isax ilimiting
equilibrium and on the point of moving up the plafired,

a the normal reaction exerted on the box by theglan
b the value oP.

The horizontal force is removed.

¢ Show that the box will now start to move down piene

Solution:

Let the normal reaction &N and the friction be
FN.

aR(1)

R cos 30° -F sin 30° -@=0 Q)
As the friction is limiting,F = R

SF=04R

Substitute into equation (

file://C:\Users\Buba\kaz\ouba\ml1 4 d 17.t 3/9/201:



Heinemann Solutionbank: Mechanics 1 Page2 of 2

..Rcos 30° -0.R sin 30° =69
..R( cos 30° -0.4 sin 30° )= 6g

. _ 69
R = cos 30° - 0.4 sin 30°
R = 88.3
bR(—»)
P - Rsin 30° -=F cos 30° =0

S.P =R sin 30° +0.R cos 30° (as =0.4R)
=88.3( sin 30° +0.4 cos 30°)

=747
C
?3‘:- Draw a new sketch with the new normal reactdh
F; ;?fri g and friction forceFN.
I;Ff
.-"’f#
o
7 6 g
30
R(~N)
R - 6g cos 30° =0
"R =6g cos 30°
=50.9
SouR =204
R(7)

Resultant force down the plane g &in 30 ° —-F
=294 -F

As maximum valut can take is 20.4, there is a resultant force fdbwn the plane and the box will ma

© Pearson Education Ltd 2C
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Exercise D, Question 18

Question:

A box of mass 1.5 kg is placed on a plane whidhdBned at an angle of
1
30 ° to the horizontal. The coefficient of frictibletween the box and planejs . The box is kepgjuilierium by a

light string which lies in a vertical plane contaig a line of greatest slope of the plane. Thegtmakes an angle of
20 ° with the plane, as shown in the diagram.

The box is in limiting equilibrium and is aboutrmove up the plane. The tension in the string mewtons. The box is
modelled as a particle. Find the valueT.

Solution:

Let the normal reaction RN and the friction force
beFN.

R( )
T cos 20° -F-1.5 sin 30° =0
S.F=T cos 20° -1.§ sin 30°
R(N)

R + T sin 20° -1 cos 30° =0
.R =15 cos 30° -T sin 20°

As the box is in limiting equilibriurF = 4R
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T cos 20° —1 sin 30° =7 (1§ cos 30° -T sin 20° )
T cos 20° +%T sin 20 ° =0.59 cos 30° +1.5 sin 30°

~T( cos 20° +% sin 20° )=0.59 cos 30° +1.§ sin 30°

) 1159
T T 1.054
T =11.0

© Pearson Education Ltd 2C
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Exercise D, Question 19

Question:

A rough slope is inclined at an angl¢o the horizontal, where < 45° . A
small parcel of mad¥l is at rest on the slope, and the coefficienticfitm between the parcel and the slope. i& force
of magnitudekMg, wherek is a constant, is applied to the parcel in a tivaanaking an angle with a line of greatest
slope, as shown in the diagram.

The line of action of the force is in the sameicaitplane as the line of greatest slope. Giventti@parcel is on the
1 COst — Sinn

point of moving down the slope, show thiat: - =

Solution:
KMg N/ Let R be the normal reaction affrdbe the force of
v/ friction.
‘iﬁ\\ ;V -~
’.\H#f”f
e
.:___,.-"
D i
- mg M
-~
7
~<a
R(7)
F - kM gcosa-M g sina=0

“"F =M g(k cosa+ sin a)
R(~)

R - kM gsina-M g cosa=0
SR =M g(k sin a+ cos a)

As the friction is limiting;F = uR.
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"M g(kcosa+ sina) =uM g(k sin a+ cos a)

.k cos a—uk sin a =u CcosS a-— Sin a

“k( cosa-u sin a) i COS a— sin a

[ COS a— Sin a

"k =

CosS a—u Sin a

© Pearson Education Ltd 2C
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Exercise D, Question 20

Question:

2.2kg

3
angled to the horizontal, where tafi = 7. A string is attached th and passes over a small smooth pulley fixef@ at

A parcelA of mass 2 kg rests on a rough slope inclined at an

The other end of the string is attached to a weght mass 2.2 kg, which hangs freely, as shownendibgram.

The parcel is in limiting equilibrium and about to slide upetslope. By modelling andB as particles and the string
as light and inextensible, find

a the normal contact force acting An
b the coefficient of friction betweeA and the slop

Solution:

a
Let the normal reaction RN and the friction be
FN acting down the plane. Let the tension in the
™ string beTN.

\

=38 22gN
Consider the 2 kg mass.

R(7)

R - 2gcosd=0

.. R =29 cos 6

3 3 4
Astan 6 = 4 Sin 0= 5and cosd = 5
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: — 4

..R—ng5
- 8
T 5

R =1568
=157 (3sf.)

b Consider the 2.2 kg mass.
R(1)

T-22 =0
LT = 2.

Consider the 2 kg mass.
R(7)
T - F-29 sin =0

S.F =T-29 sin 6

3
ButT=22gand sinf= 7

“F =221-2g% 7

e.:F =g
“F =98

As the Friction is limiting= = R

F

9.8 . 8
15.68 (org- 5 )

0.625 or g
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Statics of a particle
Exercise D, Question 21

Question:

A light inextensible string passes over a smootl ped is attached at one end to
a particle of massi kg and at the other end to a ring also of rmagg. The ring is threaded on a rough vertical \eise
shown in the diagram. The system is in limiting iBrium with the part of the string between thegiand the peg
making an angle of 60 ° with the vertical wire.

Calculate the coefficient of friction between tivegrand the wire, giving your answer to three digant figures

Solution:
Let the normal reaction, the friction and the tensi
beRN, FN andTN respectively.
NA ™
| 60°~T ™
RN < ./
S g

mg

Consider the particle of mass
R(1)

T -mg=0
“T =mg

Consider the ring.
R(=)
T sin 60 -R=0

"~ R =T sin 60°
=m g sin 60°

\3

=m g?
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R(7)

F + Tcos 60° -mg=0
S F =m g-T cos 60°

1
=mg- ;mg
_ 1
_2mg

As the friction is limitingF = uR

R
= lngemgB
- MmeTman
- L
BRE
=0.577 (3s.f.)
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Statics of a particle
Exercise D, Question 22

Question:

(

A light inextensible string passes over a smooth pad is attached at one end to a particle of Brass
kg and at the other end to a ring of masskg. The ring is threaded on a rough vertical aiseshown in the diagram.
The system is in limiting equilibrium with the parftthe string between the ring and the peg ma&imgngle of 30 °
with the vertical wire.

Calculate the coefficient of friction between tivegrand the wire, giving your answer to three digant figures

Solution:
Let the normal reaction, the friction and the tensi
FN beRN, FN andTN respectively.
™
RN < 3 mg
1
2 mg

Consider the 3nkg particle.

R(?)

T -3mg=0
ST =3m g

Consider the kg ring.

R()
R - Tsin 30° =0
SR =T sin 30°
SR =3m g sin 30°,asf=3m g
. _ 3mg
SR o= >
R(1)
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Tcos 30° -F-2m g=0
“F =T cos 30° -2n g

=3m g% -2m g=0.598n g
As friction is limiting: F = uR
_0.598n g

.- E
AT R T 1smng
=0.399 (3s.f.)
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Statics of a particle
Exercise D, Question 23

Question:

A ring of mass 0.3 kg is threaded on a fixed, rohghzontal curtain pole. A
light inextensible string is attached to the rifige string and the pole lie in the same verticahpl The ring is pulled

1
downwards by the string which makes an angie the horizontal, where tar= 7 as shown in the diagram.

The tension in the string is 2.5 N.
Given that, in this position, the ring is in linmg equilibrium,
a find the coefficient of friction between the riagd the pole.

The direction of the string is now altered so thatring is pulled upwards. The string lies in siaene vertical plane as
before and again makes an angl&ith the horizontal, as shown in the diagram below

The tension in the string is again 2.5 N.
b Find the normal reaction exerted by the pole @nriihg.

c State whether the ring is in equilibrium in thespion shown in the second figure, giving a brigtjfication for your
answer. You need make no further detailed calaratf the forces actin

Solution:

a
RM Let the normal reaction and friction force be
M RN andFN respectively.

FN <—®

R(=)

28 coc a—-F=0
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.. F=2.5 cosa.

Astan a = 1 sin a = iandcos = ifrom
o = 2’ o — \|1—7 o — \|1—7

Pythagoras' Theorem.

4
S F=25x ﬁ =2.425

R(1)

R - 03xy-25sina=0
: _ 1
SR =0.3+25x% T

= 3.546

As the friction is limitingF = uR

I
o
o))
©
4>

—~

w
%)
=

j—

BN »i Let the new normal reaction e N, the
N friction remaing-N.

R(1)

R’ + 2.5 sina=0.3y

R _ 1
R =03-25x% &

=2.33

¢ To maintain equilibriunt would need to be 2.425 N (as in part
But the maximum valu€ can take igR

i.e.: 0.68x 2.35 (1.59¢N)
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As 2.42% > 1.59¢ the ring is not in equilibriur
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