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Statics of a particle
Exercise A, Question 1

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information 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

______ -|'|3 *‘Q"T-q--——-——-;
SN
Solution:
aQ-5cos 30° =0 . . . 1
bP->5sin 30° =0 Give exact answers using sin 30 ° =  and
= o 508 _
Q=5 cos 30° = 2 4.33N (3sf. cos 30° = % or give decimal answers using
P=5sin 30° =25N your calculator.
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Statics of a particle
Exercise A, Question 2

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information 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 (mar®ed

433N
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Statics of a particle
Exercise A, Question 3

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information 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 a to find Pthen substitute intb to find
" cos 30° ) a
2
=0 x \|§ — E
18 3 cos 30° = >
"G
_ 18f3
3
= 6‘{_3
=10.4N (3s.f.)

Substitute into path

Q+6{3sin 30° -8=0 H H
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) o _ 1
sin 30 =3

.Q =8-6{3x
=8-3[3
=2.80N (3sf.)
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Statics of a particle
Exercise A, Question 4

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information 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

i QN

Solution:
aQ cos 60: +6 cos 405 °P=0 Use angles on a straight line to fi@dmakes on
bQ sin 60° —6sin 45° =0 angle of 60° with the-axis.
c use parb to give

_ 6sin 45° , o _ 1 o 1 . . 8
Q= S e0r sin 45° =15 cos 60° =7 sin 60° =

_ex L. B8

=06 X \|_2 "

1 2

=06 x E X E

_ 12

~ V6

_ 1206

~ Vel6

2{6 =4.90N (3sf.)

Substitute into pai to give:

1 1
2(6x ; +6xF -P=0
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P =\6+ %
O £
=V6+ op
=6 +3f2

=6.69N (3s.f.)
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Statics of a particle
Exercise A, Question 5

Question:

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

aresolve in the xlirection,
b resolve in the glirection,

c find the magnitude of any unknown forces (markeahB Q and the size of any unknown angles (marked 6

Solution:

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

cPcosf#=7-4 cos 45° (froma) (1)

P sin 8=4sin 45° (from b (2
Divide equation (2) by equation (1) P sin 0 o _
Then Use 5 cos s tan 6 to eliminateP from the equation
Psing _ __4sin 45° after resolving.
P cos 0 7-4 cos 45°
) _ 2.828
Sotan 0 = 172
=0.678
0 =34.1° (3s.f.)

Substitute this value forifito equation (2)

Then

2828
T sin 34.1°

P =5.04N (3sf.)
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Statics of a particle
Exercise A, Question 6

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information given in the diagram,
aresolve in the xirection,

b resolve in the girection,

c find the magnitude of any unknown forces (markeshB Q and the size of any unknown angles (marKed 6

6N

PN
Solution:

a6 cos 45° -2 cos 60° P sn =0
b 6sin 45° + 2sin 60° P cos0-4=0
cP sin #=6 cos 45° -2 cos 60° (1) [from a]

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

Psing _ 6 cos 45° -2 cos 60° P sin 6 o )
P cos & 6sin 45° + 2sin 60° —4 Use b cosd tan ¢ to eliminateP from the equations aftejr
3.24264 resolving.
c.tan 6 PR —
1.97469..
=1.642
6 =58.7° (3s.f.)

Substitute éback into equation (1)

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

P " sin 58.65°
P =3.80N (3s.f.)
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Statics of a particle
Exercise A, Question 7

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information 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 eliminate Firom the
P sin 0 ~ 7 cos 35° -8sin 40° Peost
P cos 0 equations obtained inaand b

_ _ 2113
Stan 0 = 05918

=3.57
-9 =744° (allow74.3° )
' (3s.f.)

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

_ 0.5918
~ cos 74.3569 °

=2.19 (3sf.)

P
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Statics of a particle
Exercise A, Question 8

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information 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° +3P cos H—-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.
SLtan 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 (3sf.)
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Statics of a particle
Exercise A, Question 9

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information 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 4 M
Solution:

a_P cos 30° -Q cos 45° -8 cos 45 °|yoy will have two equations in two unknown
=0 forces PandQ, so should use simultaneous

b P4 Sir(‘) 30° +Q sin 45° —8sin 45° |aquations to solve them. Give your answers to|B
Ta= s.f.

B_Q_38
c FromaP 2 T2 Q)
P, 2 8 cos30 ° - B cos 45° == sin 45° =
Fromb — + -1 +4 (2) 2 2 2

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

P(%+E 0= +4
P=($E+a) = (B2

= (8{2+4) ><\|_32+1
=8% =11.21=11.2 (3sf.)

Substitute into equation (2)
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Q=8+4[2- - [2=573 (3sf.).
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Statics of a particle
Exercise A, Question 10

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information 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

e
X
Solution:
aQ cos 60° —P cos 60° +5sin 45° Use simultaneous equations to solve the
—6sin 45° =0 equations in parta andb.

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

Q P_6 _>5 ° = R ° :i
c Froma 2 T 2T T cos60 > sin45 >
. Q P—\|_2 (1) sin60 ° = I cos4s ° =1

rom > 2

P\I?»+Q\I'3 111_2 (2)

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

L 2Q(3 =\3[2 + 11 2

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

Substitute into equation (
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P =Q-\2
=3.784N (4sf.)
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Statics of a particle
Exercise A, Question 11

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information 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 tot‘ e

Q-10sn 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.)
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Statics of a particle
Exercise A, Question 12

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information 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.)
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Statics of a particle
Exercise A, Question 13

Question:

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

aresolve in the xlirection,
b resolve in the glirection,

c find the magnitude of any unknown forces (markeahB Q and the size of any unknown angles (marked 6

Ya

Solution:
a8sin 30° —Q cos 30° =0 Find Qfrom the equation written down in partthen
bP-Q sin 30° -8 cos 30° =0. substitute into the equation obtained in patt find P.
c From a

_ 8sin 30° o _ 1 _1\38
Q = cos 30° tan30 Y3 T 3

= 8tan 30°

B

T3

=4.62N (3s.f.)
Substitute into b
P =Q sn 30° +8 cos 30°

2@ L e sin30 ° =% cos30 ° =%
= — X — +8x —
3 2 2

= 47\]?3 + 41_3

_ 103

T3

=9.24N (3s.f.)
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Statics of a particle
Exercise A, Question 14

Question:

The diagram shows a particle in equilibrium under the action of three or more forces. Using the information 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

e

1

Solution:
a8 cos 45° -10sin 30° Q=0

bP+8sin 45° —10 cos 30° =0

¢ From part b 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° 3 and
- =3.00N (3sf.) sin 45° =cos 45° =i2 :% or you may
rom part a, _ _— , :
Q = g cos 45° - 10sin 30 ° give answers to 3 significant figures, using a
—a{3-5 calculator.

=0.657N (3s.f.)
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Statics of a particle
Exercise A, Question 15

Question:

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

aresolve in the xlirection,
b resolve in the glirection,

c find the magnitude of any unknown forces (markeahB Q and the size of any unknown angles (marked 6

Ya

Solution:

a2+8sin 30° -P cos #=0

b4-8 cos 30° # sin =0
cFromaPcos #=2+8sin 30° (1)

FrombP sin 6=8 cos 30° -4 (2)

Divide equation (2) by equation (1) Eliminate Pfrom your equations by using
Psing _ 8cos 30° -4 Psinf _
Pcosd 2+8sin 30° b cos @ =tan 6.
i.e.tan 6 = %‘
= 0.488 cos30 ° =< sin 30° =3
w0 =26.0° (3s.f.)

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

. _ 6
. P ~ cos 26.0°
P =6.68N (3s.f.)
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Statics of a particle
Exercise B, Question 1

Question:

A picture of mass 5 kg is suspended by two li¢ -
inextensible strings, each inclined at 45 ° to tl
horizontal as shown. By modelling the picture

a particle find the tension in the strings when t
system is in equilibrium.
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Statics of a particle
Exercise B, Question 2

Question:

A particle of mass rkg 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 point Q Equilibrium is maintained by € i—
horizontal force of magnitude 10 N which &

10N
on the particle, as shown in the figure. E mkg

Find a the tension in the strinb the value om.

Solution:

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

> 10N

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

T sin 30° -10=0

. _ 10
T = sin 30 °

T =20N

b R(T)

T cos 30° -mg=0

AsT=20
cos 30° =

N|ﬁ|

PhysicsAndMathsTutor.com
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mg =20 cos 30°
. 20 cos 30°
.m=——
g
_ 10f3
9
=18 (2s.f.)
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Statics of a particle
Exercise B, Question 3

Question:

A particle of weight 12 N is suspended by a light inextensible string from a fixedq@uofnhorizontal force of 8 N is
applied to the particle and the particle remains in equilibrium with the string at ardaoglee vertical.

Find a the angled, b the tension in the strir

Solution:

O

, \SN

12N

Let the tension in the string B&.

>

R() _ Resolve horizontally and vertically then divide
8-Tsn 6 =0 equation by the other to eliminate the tension
S.Tsn 6 =8 (1)

R(1)

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

Divide equation (1) by equation (2)

T sin 6 _ 8

T cos @ T 12

2

tan 6 = 3
.0 =33.7° (3s.f.)

Substitute into equation (
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T sin 33.7° =8
8
T= on 337° =144 (3s.f.)
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Statics of a particle
Exercise B, Question 4

Question:

A particle of mass 6 kg hangs in equilibriun 5[}«
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 Bdl andSN as shown in the
figure.

R(<) [Resolve in two directions and obtain simultaneous equgions.
T cos 60° -S cos 45° =0
I_5s_
2 2 ~
L T=92 (1)
R(1)
T sin 60° +Ssin 45° —@=0  (2) - -
cos 60 = cos 45 :ﬁ
SubstituteT = S[2 into equation (2) B 1
sun 60 ° =, sun 45 ° Iz

.'.S(\|_2 sin 60° + sin 45° ) =6g
69
({2 sin 60° + sin 45° )
692
(V3+1)
392 (V3-1)

=30 (2s.f.)

andT=6g((3-1) =43 (2sf.)
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Statics of a particle
Exercise B, Question 5

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 anc
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 beand the massThe tension is the same throughout the sifing.
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(Y3+1)
(V3-1) (¥3+1)
_ 4(3+1)

2
=2({3+1) =5.46N (3s.f.)

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Page2 of 2

b R(t)

T sin 60° +T sin 30° - mg=0
.omg =T( sn 60° + sin 30° )
\3 _4+2(3

m :93(\1_3+1)(73 +2) = =2 =0.76kg (2sf.)
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Statics of a particle
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 above CThe bead is held in equilibriur :
by a horizontal force of magnitude 2 N. The 30°2
sections ABandBC 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 the nearest gr

Solution:

N Let the tension in the string bé&Tand 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. T
cos 60 ° :% cos 30° =%
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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° -mg=0

.omg =T( sn 60° - sin 30° )

=2(f3-1) (2 -1
= (J3-1)?
=4-2(3
m =(4_Tzr3)=0.055kg=559
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Statics of a particle
Exercise B, Question 7

Question:

A particle 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 tad = 3
The other has magnitude ¥ and acts in a
horizontal direction. Find

athe value of,

b the magnitude of the normal reaction between the particle and the ¢

Solution:

A
A
F& c‘/
S
5]

Let the normal reaction ba\R
5

a
R(>)
5cos 6-F =0 The angle ds defined as satisfying tafi =

wlb

L 3 _
SF=56x c =3N

3
From the right-angled triangle shown, cés=

3 . 4
5and sin 0= =

b R()
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R+5 sind-6 =0

.-.R:6—5x§ =2N

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Pagel of 2
Solutionbank M11
Edexcel AS and A Level Modular Mathematics
Statics of a particle
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 /' 1IN
of magnitude 1 N and the other is a forchlP_———~""""""""%_
at an angle o the horizontal, where tafl =
12
< - Find
a the magnitude oP,
b the normal reaction between the particle and the su
Solution:

i Let the normal reaction be\R

P
Ui

W

2
a
R(=) 12
Pcosfd-1=0 When tané = — we can used the triangle

13 12

h

) ) 12 5
shown to find sin 8 = Eand cosf= —

13°

PhysicsAndMathsTutor.com
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R(?)

R-P sin9-2=0

SR =P sin g+ 2

12
=2.6x% P +2

=24+2
=44
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Statics of a particle
Exercise B, Question 9

Question:

A particle A of masam kg rests on a smooth horizontal table. The particle is attached by a light inextensible string to
another particl® of mass & kg, which hangs over the edge of the table.

The string passes over a smooth pulley, which is fixed at the edge of the table so that the string is horizont#{ between
and the pulley and then is vertical between the pulleyBand

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 the edge of the table so that the string is inclined at 30 degrees to the
horizontal betweeA and the pulley. Again the string then hangs vertically between the pulléd. @nkorizontal force
F’ N applied toA maintains equilibrium in this new situation. The normal reaction beteemd the table is no®w’ N.

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

Solution:

R
i
F{l\.
mg

& T
B
a 2mg
Consider the mass 2kg. Consider the mass 2 kyg 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
SLF=T =2m g
= 19.6m ( accept 2fn)
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R(?)

R-mg=0
"R=mg
=9.8m

b
Consider the 2rkg mass.
AgainT=2m g.
Consider the mass ky.
R(=)
T cos30° -F=0
SoF =2m gx %=‘|_3m g

=17m (2s.f.)
R(1)

R+T sn 30-mg=0
SR =mg-T sn 30
=m g-2m gXx %

=0
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Statics of a particle
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 maintain
in equilibrium by a force N acting up the
line of greatest slope of the inclined plane,
shown in the figure. Find the value of P

Solution:

Let the normal reaction ba\R

R(7) IResolve along the plae.
P-2g sin 45° =0
P = on ain AE © sun 45° == =12
. P =29 sin 45 \2 2
= g\2
= 14N (2sf.)
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Statics of a particle
Exercise B, Question 11

Question:

A particle of mass 4 kg is held in equilibriur
on asmooth plane which is inclined at 45t6
the horizontal by a horizontal force of
magnitude AN, as shown in the diagram. Fi
the value of P

Solution:

Let the normal reaction ba\R

R( 7)) IResolve along the plane.
P cos45° —4gsin 45° =0
) _ 4g sin 45°
-P= cos 45 °

:4g
=39 (2sf.)
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Exercise B, Question 12

Question:
A particle Aof 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 light inextensible string which passes over a smooth pulley, as shown in the
figure. The other end of the string is attached to a paBioflemass 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 partkRlend
the plane be R.

Let the tension in the string b&\T Consider the 5 kg mass first to find Then
Consider first the 5 kg mass. resolve perpendicular to the plane and parallel|to
R(1) the plane for the forces acting on the 2 kg mass.
T-59=0 Use a 3, 4, 5 triangle to find siéiand cos¥é.

.. T=5¢g
Consder the 2 kg mass.
R(™N)

R-2g cosd =0

S R=2gx % = 8?9216N (2s.f.)
R( 7))

T-F-2gsin =0

S.F=T-2g sin 6

ButasT = 59

PhysicsAndMathsTutor.com
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F =5g-2g% ¢
- 19
5
=37N (2sf.)
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Statics of a particle
Exercise B, Question 13

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

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

Qs attached to one end of a light inextensible string which passes over a smooth pulley as shown. The other end of the
string is attached to a particle of mass 2 kg.

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

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

Solution:

Consider the 2 kg patrticle.

R(1)

T-29g=0
L. T=29

Consider the 5 kg particle.
R(7)

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

4 3
AsT=2g, cos 0= gand sind= ¢
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Fx - =5gx = -2¢
4
F =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 o9 5
19

=L =47 (2sf.)

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com

Page2 of 2



Heinemann Solutionbank: Mechanics 1 Pagel of 2

Solutionbank M11
Edexcel AS and A Level Modular Mathematics
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Exercise B, Question 14

Question:

A patrticle 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 fo

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 the particle and the

Solution:

Let the normal reaction ba\R

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.
3
cos 45° :iz sun 45 ° :% cos 30° QZE
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5 cos 45° +20 sin 45°

LP o= cos 30°
= (5- %+20- %) T%
_ 2502
I
_ 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 sn 30°

As

25(6

3

_ 15 256 _ 45{2-256
R~ V{2 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 horizontal table. When a force of magnitude 8 N acts on the book, at an angle of
20 ° to the horizontal in an upward direction, the book is on the point of slipping.

Calculate, to three significant figures, the value of the coefficient of friction between the book and t

Solution:

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

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

..F=8 cos 20°
R(1)

R+8dn 20° -2 9g=0
.R=2g-8sin 20°

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

F=uR

) _F

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

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



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 horizontal table. When a force of 6 N acts on the block, at an angle of 30 ° to the
horizontal in a downward direction, the block is on the point of slipping. Find the value of the coefficient of friction
between the block and the tal

Solution:
6N R Let the normal reaction beN\rand the Friction forc
o beFN. Let the coefficient of friction on be u
30°/ < F
W
49
R(=) Resolve horizontally to find Fvertically to findR
6 cos 30° -F=0 F
and use: = —.
. F=6 cos 30° =\3=5.20 (3s.f.) R
R-6sin 30° —4g=0 3
“R =6dn 30° +4g 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.)
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Statics of a particle
Exercise C, Question 3

Question:

A block of weight 10 N is at rest on a rough horizontal surface. A force of magnitude 3 N is applied to the block at an
angle of 60 ° above the horizontal in an upward direction. The coefficient of friction between the block and 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(>) . Find the friction force necessary to maintain
3 cos 60° -F=0 equilibrium. Find the normal reaction force. Ch
"F =3 cos 60° whether F< R — non limiting equilibrium or
F =1.5 and so frictionis 1.5 N F = #R - limiting equilibrium.
b R(1) NYE
R+3sn 60° —10=0 sin 60° =
"R =10-3sin 60°
_ 10 3B
=10- -,
=7.40 (3s.f.)
s uR =0.3% 7.40
=2.22 (3s.f.)

As F < uR the friction force is 1.5 N and is not limitir
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Statics of a particle
Exercise C, Question 4

Question:

A packing crate of mass 10 kg rests on rough ground. It is filled with books which are evenly distributed through the crate.
The coefficient of friction between the crate and the ground is 0.3.

a Find the mass of the books if the crate is in limiting equilibrium under the effect of a horizontal force of magnitude 147 N.

b State what modelling assumptions you have n

Solution:

a
R Let the normal reaction beNRand the friction force be
48 FN.

F&—@—>147
10 g+ mg
Let the mass of the books bekan Find FandR 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 limiting, = uR

.. 147 =0.3 (10g+ m g)

. 147 =3g+ 0.3m ¢
. 147 - 39
- M 0.3g

=40

b The assumption is that the crate and books may be modelled as a
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Statics of a particle
Exercise C, Question 5

Question:

A block of mass 2 kg rests on a rough horizontal plane. A férets on the block at an angle of 45 ° to the horizontal.
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 andoE the force of
I 45 friction.
.
N
45° ("¢—<—F
2g
R(=) Resolve horizontally and vertically to finddnd
Pcos 45° -F =0 R, then use the condition for limiting friction.
“F = Pcos 45 °
R(1)
R-P sin 45° -2g =0
"~ R =P sn 45° +2¢g
As equilibrium is limiting,F = uR
S.P cos 45° =0.3 P sin 45° + 2g)
. Pcos 45° - 0.3Psin 45° =0.69
"~ P(cos 45° -0.3sin 45° ) =0.69
- 0.69 0 — i o _i _E
P = cos 45° —0.3sin 45° cos 45° =sin 45 N2 T2
_ 82
T7

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

Let R bethe normal reaction andlfe 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° -29g =0
"~ R =29-P sin 45°

As equilibrium is limiting,F = uR.

S.Pcos 45° =0.3(2g P sin 45° )
.. Pcos 45° +0.3Psin 45° =0.69
S.P(cos 45° +0.3sin 45° ) =0.6g

69(2

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

P =
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Statics of a particle
Exercise C, Question 6

Question:

A particle Pof 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 the
plane by a force of magnitude 3 N acting uy
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 between Bnd the

plane.

30°)

Solution:

Let Rbe 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 Resolve parallel and perpendicular to the plane to
~F =3-0.3gsin 30° obtain FandR and use = uR.
=153N
R(™N)

R-0.3gcos 30° =0

.. R =0.3gcos 30 °
=2.546 N

As the particle is on the point of slipping

F =uR

. 1.53 = 4 x 2.546
_ 153

R T o

=0.601 (3s.f.) (accept0.6)
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Statics of a particle
Exercise C, Question 7

Question:

A particle of mass 1.5 kg rests in equilibriur
on arough plane under the action of a force
magnitude Xl 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.

Calculate a the normal reaction of the plane
on P, b the value of X

Solution:

Let Rbe the normal reaction afrdbe the force

of friction.
arR( ) 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-1.5gsin 25° =0
S.X=F+15gsin 25°

But the friction is limiting

SF =uR
= 0.25 x 13.3227
= 3.3306...
. X =3.33+1.5¢gsin 25°
=954N (3s.f.) or95N (2s.f.)
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Statics of a particle
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 frictional force acting on the block.
b Find the normal reaction between the block and the plane.

¢ What can you deduce about the coefficient of friction between the block and the

Solution:

Let the normal reaction bedhd the friction force
beF acting down the plane.

7307
aR( 7)) Draw a diagram showing all the forces acting wjith
20 cos 30° -F-1.5gsin 30° =0 friction down the plane.
) _ o _ . o Resolve along the plane.Rf> 0 then you have
-F =20 cos 30 1.5gsin 30 chosen the correct direction. If€0 then friction
=9.97 (3s.f.) acts up the plane.

The friction force has magnitude 9.97 N or 10 N (2 s.f.) and acts down the plane.
bR(N)

R - 20sin 30° —1.5gcos 30° =0

..R =20sn 30° +159g cos 30°
=227 (3s.f.)

The normal reaction has magnitude 22.7 N or 23 N (2 s.f.).

¢ For equilibriumF < uR
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F
Son oz =
- R

le.:u >0.43%ru>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&N. 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 the pb Find X.

Solution:

Let the normal reaction bedhd the friction force
beF acting down the plane.

.

_~140°

R(~) You may decide to find Xrst and then use your
R-Xsin 40° —3gcos 40° =0 answer to find R

The simplest way to find Rrst is to resolve
vertically as there is no derm in the equation
obtained.

S.R=Xsin 40° + 3gcos 40° *

R(7)

Xcos 40° -F —3gsin 40° =0
.. F=Xcos 40 ° - 3gsin 40°

As the friction is limitingF = uR

. Xcos 40° - 3gsin 40° =0.3Xsin 40 ° + 3gcos 40° )
. Xcos 40° - 0.3%n 40° =0.9gcos 40 ° + 3gsin 40 °
. X(cos 40° -0.3sin 40° ) =0.9gcos 40 ° + 3gsin 40 °
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0.9ycos 40 ° + @sin 40 °

L Xo= cos 40° - 0.3sin 40°
_ 2565
T 05732
X =448 (acceptd44.7) ox=45 (2s.f.)

Substitute into equationk to give
R=51.2orR=51 (2s.f.)
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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 bednd the friction be F
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 — 22gcos 35° =0
SR =22gcos 35°

R =176.6

Normal reaction is 180 N (2 s.

As the friction is limiting,F = R

.. 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 (3s.f.)

Tension is 100 N (2 s.
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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 lir
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 string idlTFind
T

a if 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 bedhd the friction force
beF.

In part a Facts down the plane and in plant:'
acts up the plane.

R(™)

R+ Tsin 20° - 0.5gcos 40° =0
.. R=0.5gcos 40° -Tsin 20 °

R(7)

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

As the friction is limitingF = uR
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.. T cos 20° —-0.5gsin 40° :% (0.5gcos 40 °Tsin 20 ° )
.. T cos 20° +%Tsin 20 ° =0.1gcos 40° + 0.5gsin 40°
. T(cos 20° + ¢ sin 20° ) =3.900

3.900

L T= cos 20° +0.2sin 20 .= 3.87N

Tension is 3.9 N (2 s.f.)

b
a7 Let the normal reaction bedhd the friction force
INA beF .
\ QL E
e
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° :% (0.5gcos 40° Fsin 20° )

.. 0.5gsin 40 ° - 0.1gcos 40° F cos 20° —éTsin 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
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Statics of a particle
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 by
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 plane.is u
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 wms 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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Statics of a particle
Exercise D, Question 1

Question:

15N
> A particleP of mass 2 kg is held in equilibrium under gravity by two

light inextensible strings. One string is horizontal and the other is inclined at amdaghe horizontal, as shown in t
diagram. The tension in the horizontal string is 15 N. The tension in the other sfringvigons.

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

Solution:

2g
R(—)

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

R(1)

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

Divide equation (2) by equation (1)

T sin « _ 2_g
T cos «a T 15
]
tan a = 15

= 1.307

Lo =526°

Substitute into equation (
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T cos 52.6° =15
15
T= cos 52.6° 24.7
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Statics of a particle
Exercise D, Question 2

Question:

A particle is suspended by two light inextensible strings and hangs in equilibrium. One string is inclined at 30 ° to the
horizontal and the tension in that string is of magnitude 40 N. the second string is inclined at 60 ° to the 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 M¥N and the tension in the second stringibe
R(>)
40 cos 30° -T cos 60° =0

_ 40 cos 30°
cos 60 °

=40{3 ( =69.3N)

T

R(?)

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

1

_ . B a0
Substltuté':40r3, sin 60° =" and sin 30° =

TherW =60 + 20
=80

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

Alter native method

R(7)

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1

40-W cos 60° =0
W cos 60° =40

40
cos 60 °

= 80.

W=

bR( ™)

T-W sin 60° =0

ST =W sin 60 °
:80%

= 40(3

=69.3 (3s.f.)
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Statics of a particle
Exercise D, Question 3

Question:

0

P I N A particleP of weight 6 N is attached to one end of a light inextensible string.
The other end of the string is attached to a fixed point O. A horizontal force of madghieseons is applied tB. The
particleP is in equilibrium under gravity with the string making an angle of 30 ° with the vertical, as shown in the
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(1)

T cos 30° -6=0

_6
cos 30°

The 6.93 tension is 6.93 N ( 3s.f.)

b R(—)

F-T sin 30° =0
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S F =T sin 30°

1
= X —
T 2

=3.46. (3s.f.)
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Exercise D, Question 4

Question:

g
TN A body of mass 5 kg is held in equilibrium under gravity by two
inextensible light ropes. One rope is horizontal, the other is at ancatggthe 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 numk

Solution:

72

aR(1)

72 sina-59=0

59
72

0.681
=43° ( nearest degree)

sin a =

b R(—)

T-72 cosa=0
T =72 cos a
=52.8

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Page2 of 2

. Tension is 53 N to the nearest Newton
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Exercise D, Question 5

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 coplanar forces. The three forces have magnitudes 8 N, 12 N and
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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cos (#—90° ) = %
S.60-90° =48.2°
.0 =138.2° (1d.p.)
b R(—»)

X-12 sin (6-90° ) =0

X =12 sin 48.2°
=8.95 (2d.p.)
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Exercise D, Question 6

Question:

The two ends of a string are attached to two pdwaadB of a horizontal beam. A package of mass 2 kg is attached 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 the string as light and inextensible, find, to three significant figures,

a the tension itAC, b the tension iBC.

Solution:

Ao 40"
e

2gN
Let the tension ih\C be TN and the tension iBC be SN.
R(=)
Scos 40° -T cos 20° =0 Q)
R(1)
Ssin 40° +T sin 20° -2=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°

21.3

ThenS
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Exercise D, Question 7

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

the value of the coefficient of friction between the block and the

Solution:

Let the normal reaction B N the friction force b&N and the coefficient of friction bhe
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 friction is limiting &d u«R.

. F
=R

5

20.7
=0.2410.24 (2sf.)
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Exercise D, Question 8

Question:

A particleP of mass wis placed on a rough horizontal table, the coefficient of friction bet®Wemrd the table being
A force of magnitude r2g, acting upwards at an acute angl® the horizontal, is applied #and equilibrium is on the

5
point of being broken by the particle sliding on the table. Given thattary,, find the value ofi.
Solution:

(=4 Let the normal reaction ba\Rand the friction force
beFN.

RE)
2Zm g cosa—-F=0

S 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

sina= 3 and cosa = 3

Astan a = 12
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2m ><1—2
g 13

5
mg-2m gx —
g g 13

24
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 ground. The
coefficient of friction between the box and the ground is 0.6. A force of magnitndev#®ns is applied to the box at an ar

of 15° to the horizontal, as shown in the diagram, and the box is now in limiting equilibrium. By modelling the box as a
particle find, to three significant figures, the valueP.

Solution:

Let the normal reaction beNRand the frictional force beNk

R(=)

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

R(1)

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° = 30g

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

30g
cos 15 —-0.6 sin 15

P =363
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Exercise D, Question 10

Question:

A book of mass 2 kg rests on a rough plane inclined at an andgie the horizontal. Given that the coefficient of
friction between the book and the plane is 0.2, and that the book is on the point of slipping down the plane, 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 limiting,F = 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 )
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Exercise D, Question 11

Question:

a A book is placed on a desk lid which is slowly tilted. Given that the book begins to slide when the inclination of the lid
to the horizontal is 30 °, find the coefficient of friction between the book and the desk lid.

b State an assumption you have made about the book when forming the mathematical model you used tca.

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

F-mgsin 30° =0

R(N)

R-mgcos 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
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Exercise D, Question 12

Question:

A particle is placed on a smooth plane inclined at 35 ° to the horizontal. The particle is kept in equilibrium by a
horizontal force, of magnitude 8 N, acting in the vertical plane containing the line of greatest slope of the inclined plane
through the particle. Calculate, in N to one decimal place,

a the weight of the patrticle,
b the magnitude of the force exerted by the plane on the p:

Solution:

Let the normal reaction beN\rand let the weight of
the particle be WN.

aR( 7))

8 cos 35° W sin 35° =0

oW sn 35° =8 cos 35°

) _ cos 35°
- W =8 sin 35°
w =11.4
bR(N)

R-8 sin 35° -W cos 35° =0

SR =8 sin 35° +W cos 35°
R =13.9
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Statics of a particle
Exercise D, Question 13

Question:

3
A particle of mass 0.3 kg lies on a smooth plane inclined at an atglhe horizontal, where tarr 7. The particle is

held in equilibrium by a horizontal force of magnitudaewtons. The line of action of this force is in the same vertical
plane as a line of greatest slope of the inclined plane. Calculate the vQ, to one decimal plac

Solution:

Let the normal reaction force b&R

o~
-~
~a

R(7)

Q cos a -0.3gsin a=0
S.Q cos a =0.3g sin a
. _ 03y sina
-Q - oS o

=0.3g tan a
3

Buttan a = 7
.Q =03x 3

=22 (1d.p.)
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Exercise D, Question 14

Question:

A small boat Bof mass 100 kg is standing on a ramp which is inclined atta8
the horizontal. A force of magnitude 400 N is applied &nB acts down the ramp as shown in the diagram. The boat is in
limiting equilibrium on the point of sliding down the ramp. Find the coefficient of friction betwesmBhe ramp, giving
your answer to two decimal plac

Solution:

Let the normal reaction beNRand the friction b&N.

AN
et
P
A8
R(7)
F - 400-100gsin 18" =0
. F =400+ 100gsin 18°
=702.8
R(™N)
R - 100y cos 18 =0
".R =100y cos 18
=932.0

As the Friction is limiting == R

. _ F
Sou= g

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

Question:

L A parcel of mass 5 kg lies on a rough plane inclined at an angltodhe

3
horizontal, where tan= 7. The parcel is held in equilibrium by the action of a horizontal force of magnitude 20 N, as

shown in the diagram. The force acts in a vertical plane through a line of greatest slope of the plane. The parcel is on the
point of sliding down the plane. Find the coefficient of friction between the parcel and thi

Solution:
Eﬁ' Let the normal reaction beNRand the friction be
'X ™ FN.
20N ,-f"d-'iff
-~
.-"{f/
/’f 5gN
_Aa
R(7)
F - 59 sin a+20 cosa=0

" F =59 sin a —20 cosa

Astan a = %, sin a = %and cosa = %
S.F=3g-16

R(N)

R - 20 sina—-5g cos a =0

.. R =20 sin a +5g cos «a
=12 +4g

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 equilibrium on a rough plane by the
action of a horizontal force of magnitude 30 N acting in a vertical plane through a line of greatest slope. The plane is
inclined at an angle of 30 ° to the horizontal, as shown in the diagram.

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

c Find the coefficient of friction between the parcel and the

Solution:

Let the normal reaction be\Rand the friction be
FN.

bR( 7))

30 cos 30° +-3g sin 30° =0

"F =30 cos 30° -3gsin 30°

=11.28
R(N)
R - 30 sin 30° —3gcos 30° =0
..R =30 sin 30° +3gcos 30°

= 40.46

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

Question:

A box of mass 6 kg lies on a rough plane inclined at an angle of 30 ° to the
horizontal. The box is held in equilibrium by means of a horizontal force of magmtadeitons, as shown in the
diagram.

The line of action of the force is in the same vertical plane as a line of greatest slope of the plane. The coefficient of
friction between the box and the plane is 0.4. The box is modelled as a particle. Given that the box is in limiting
equilibrium and on the point of moving up the plane, find,

a the normal reaction exerted on the box by the plane,
b the value oP.
The horizontal force is removed.

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

Solution:

Let the normal reaction be\Rand 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 (
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..Rcos 30° -0.4Rsn 30° =69
..R( cos 30° -0.4 sin 30° )=6g

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

S.P =R sin 30° +0.4Rcos 30° (a$ =0.4R)
=88.3( sin 30° +0.4 cos 30°)

=747
C
?3;&- Draw a new sketch with the new normal reactibh R
N e and friction force IN.
T
Fxf”
.-"ff-’f
7 6 g
30
R(~N)
R - 6gcos 30° =0
"R =6g cos 30°
=50.9
SouR =204
R(7)

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

As maximum valu¢ can take is 20.4, there is a resultant force of 9 N down the plane and the box wi
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Exercise D, Question 18

Question:

A box of mass 1.5 kg is placed on a plane which is inclined at an angle of

1
30 ° to the horizontal. The coefficient of friction between the box and plage is . The box is kept in equilibrium by a

light string which lies in a vertical plane containing a line 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 is about to move up the plane. The tension in the stringvisons. The box is
modelled as a patrticle. Find the valueT.

Solution:

Let the normal reaction beN\Rand the friction force
beFN.

R(7)
T cos 20° -F-1.5 sin 30° =0
S.F=T cos 20° -1.§ sin 30°
R(N)

R + T sin 20° —1.5gcos 30° =0
S.R =153 cos 30° -T sin 20°

As the box is in limiting equilibriurrF = 4R

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Mechanics 1 Page2 of 2

T cos 20° —1.5gsn 30° =

w |~

(1.5gcos 30° -T sin 20° )
T cos 20° + %T sn 20 ° =0.59g cos 30° + 1.5gsin 30 °

~T( cos 20° +% sin 20° )=0.5g cos 30° + 1.5gsin 30°

) 1159
T T 1.054
T =11.0
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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 masM is at rest on the slope, and the coefficient of friction between the parcel and the glépéoize
of magnitudekMg, wherek is a constant, is applied to the parcel in a direction making an @amgtk a line of greatest
slope, as shown in the diagram.

The line of action of the force is in the same vertical plane as the line of greatest slope. Given that the parcel is on the

1 COst — Sina

point of moving down the slope, show thiat: cost — 1 sina

Solution:
KMg N/ Let R be the normal reaction andoE the force of
¥ -
;ﬁ v friction.
\\ L
e
.:___,.-"
e i
- mg M
e
e
~<a
R(7)
F - kM gcosa-M g sn a=0

“"F =M g(k cos a+ sin a)
R(~)

R - kM gsina-M g cos a=0
SR =M g(k sn 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 Ccos a— Sin a
“k( cosa-pu Sn a) =u CcosS a-— Sin a

CcoS a— Sin «a
Kk - i

CoS a—u Sin a
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Exercise D, Question 20

Question:

2.2kg

3
angled to the horizontal, where tafl = 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 welghft mass 2.2 kg, which hangs freely, as shown in the diagram.

The parcel is in limiting equilibrium and about to slide up the slope. By modelirandB as particles and the string
as light and inextensible, find

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

Solution:

a
Let the normal reaction be\rRand the friction be
FN acting down the plane. Let the tension in the
™ string be N.

=38 22gN
Consider the 2 kg mass.

R(7)

R - 2gcosfd=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- 229 =0
T =2.%

Consider the 2 kg mass.
R(7)

T - F-2gsin =0
S.F =T-2g9 sin 6

ButT=22gand sinf= 7

“F =229-2g% 7

e.:F =g
“F =938

As the Friction is limiting- = R

F

98 . 8
15.68 (org- 5 )

= 0.625 org
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Exercise D, Question 21

Question:

A light inextensible string passes over a smooth peg, and is attached at one end to
a particle of massn kg and at the other end to a ring also of nrmag&g. The ring is threaded on a rough vertical wire as
shown in the diagram. The system is in limiting equilibrium with the part of the string between the ring and the peg
making an angle of 60 ° with the vertical wire.

Calculate the coefficient of friction between the ring and the wire, giving your answer to three significan

Solution:
Let the normal reaction, the friction and the tension
beRN, FN and N 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 sn 60 -R=0

"~ R =T sin 60°
=m g sin 60°

\3

=m g?
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R(?)

F + T cos 60° -mg=0
S.F =m g-T cos 60°

1
=mg- ;mg
_ 1
_2mg

As the friction is limitingF = uR

) F
SoH= g
_1 \E
= Z;mg=mg-;
_ 1
R E!
=0.577 (3s.f.)
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Exercise D, Question 22

Question:

(

A light inextensible string passes over a smooth peg, and is attached at one end to a particlenof mass 3
kg and at the other end to a ring of masskgmirhe ring is threaded on a rough vertical wire as shown in the diagram.
The system is in limiting equilibrium with the part of the string between the ring and the peg making an angle of 30 °
with the vertical wire.

Calculate the coefficient of friction between the ring and the wire, giving your answer to three significan

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

Consider the 3nkg particle.

R(?)

T - 3mg=0
~T =3mg

Consider the nkg 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 cos30° -2m g

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

.- E
AT R T 1smg
=0.399 (3s.f.)
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Exercise D, Question 23

Question:

A ring of mass 0.3 kg is threaded on a fixed, rough horizontal curtain pole. A
light inextensible string is attached to the ring. The string and the pole lie in the same vertical plane. 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 limiting equilibrium,
a find the coefficient of friction between the ring and the pole.

The direction of the string is now altered so that the ring is pulled upwards. The string lies in the same vertical plane as
before and again makes an anglsith 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 on the ring.

c State whether the ring is in equilibrium in the position shown in the second figure, giving a brief justification for your
answer. You need make no further detailed calculation of the forces

Solution:

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

FN <—®

R(=)

28 coc a—-F=0
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.. F=2.5 cosa.

. 1
Astan a = sin a = ﬁ and coso =

7
Pythagoras' Theorem.

4
S F=25x ﬁ =2.425

R(1)

R - 0.3g-25 sina=0
1

LR =03y+25x &=

= 3.546

As the friction is limitingF = uR

R(1)

R + 2.5 sin a =0.3g
1

"R’ =03g-25x%

=2.33

iy
7T from

Page2 of 3

Let the new normal reaction be R, the
friction remains N.

¢ To maintain equilibriunt would need to be 2.425 N (as in part

But the maximum valu€ can take igR

i.e.: 0.68x 2.37 (1.59¢N )
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As 2.42% > 1.59¢ the ring is not in equilibriur
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