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2 Review Exercise
Exercise A, Question 1

Question:

QN

A particle of weight 24 N is held in equilibrium tyo light inextensible strings. One string is lzortal. The other string is inclin
at an angle of 30° to the horizontal, as shown.{€hsion in the horizontal string @newtons and the tension in the other string is
newtons. Find

a the value oP,

b the value 0Q.

Solution:
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PN

Draw a diagram, showing the
weight as well as the tensions in the
. strings.
ONL ‘;/3':' a

24N
R(T)
) Resolve vertically first, as there is only
Psin30 -24=0 / one unknown in the resulting equation.
_ 24
sin 30
= 48
b R(—) / Then  resolve  horizontally  and
Pcos30 —Q = 0 substitute the value of P, found in a.
C48c0s300-Q = 0
SO = 48cos30 o Give your answer to 3 s.1.
= 41.6 (3s.f)

Alternative solution USiI‘lg tl"iﬂllglﬂ of forces 44— | This 1s another method of sgl\.ring

problems involving equilibrium under
3 forces.

A

P \

i You can draw a triangle with sides
1 representing each of the three forces,
30 ¢ .
a
From the triangle 2
a h Use trigonometry of the triangle to find
sin30° = 24 P and to find Q.
P
&P = = i
sin 30
= 48
b
tan30 = ~
Q
24
- =41.6 (3s.f.
0 tan 30 )
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2 Review Exercise
Exercise A, Question 2

Question:

e o N

A particleP, of mass 2 kg, is attached to one end of a lightgs the other end of which is attached to adipeintO. The particle
is held in equilibrium, wittOP horizontal, by a force of magnitude 30 N appliedrmangle: to the horizontal, as shown.

a Find, to the nearest degree, the value of .

b Find, in N to 3 significant figures, the magnituafethe tension in the strir

Solution:
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a Let required tension be T'N.

Draw a diagram, showing the weight
2 N as well as the force 30 N and the
tension T'N.

] ]

R(T)

I0sine-2g=0 o

Resolve vertically first, as there is only
2¢ one unknown in the resulting equation.
ssing = —
30
= ().653 ” ) :
[ ‘__________,_-—-——--‘—"__" Find arcsin 0.653°.
b R(—)
30cosa~-T=0 < Resolve horizontally and substitute the
value of @ found in part a.
AT = 30cosa
= 227
Tension is 227N (3s.f.). < Give your answer to 3 s.f.

Alternative solution using triangle of forces

&

You can draw a triangle with sides
representing each of the three forces.

30
" 20

-
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a From the trniangle

7o
sin o 2
30

= 0.653 / Use trigonometry of the triangle to find
sa = 408 =41 o

30° =Q2g)+T?

~.T7 =900-384.16 Use Pythagoras' Theorem to find 7.
=515.84 /
s =3220N

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 3

Question:

A body of mass 5 kg is held in equilibrium undeagty by two inextensible light ropes. One ropédsizontal, the other is at an
anglea to the horizontal, as shown. The tensighérrope inclined at to the horizontal is 72 Md-i

athe angle: , giving your answer to the nearesteiegr

b the tensiorT in the horizontal rope, giving your answer to tiearest N

Solution:
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Y

Draw a diagram, showing the weight
5th g N as well as the forces 72 N and

Resolve vertically first as there is only
one unknown in the resulting equation.

“— | Find arcsin 0.6805 .

T
T
R(T) *
72sina—5g = 0
CLsina = 5_,!3
72
= (.6805
S = 429
= 43
b R(—)
-—
T-=72cosa=10
»T = T2coso
=52.8

Resolve horizontally and substitute the

value of & found in a.

tension =53 N(2s.f) ——

Give your answer to the nearest
Newton.
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Alternative solution using triangle of forces

You can draw a triangle with sides
representing each of the three forces.

From the triangle

a
sina = 28
2 Use trigonometry of the triangle to find
= 0.6805 e and to find 7.
s = 429 (3s.f)
b
i
cosay =—
72
-.T  =T2cosa
=53N(2 s.f)

© Pearson Education Ltd 2C
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Exercise A, Question 4

Question:

0

A particleP is attached to one end of a light inextensiblegtThe other end of the string is attached tixedfpointO. A
horizontal force of magnitude 12 N is appliedPtoThe particleP is in equilibrium with the string taut af@P making an angle of
20° with the downward vertical, as shown. Find

athe tension in the string,

b the weight oP.

Solution:
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a
o
T « Draw a diagram, showing the tension T
in the string and the weight mg of the
) CN— particle.
12N
b
mg

Let T be the tension in the string, and let mg be the weight of P.

R(=) + Resolve horizontally first as there is
only one unknown in the resulting
Tsin20'-12=0 equation.
S 12
sin 20
= 35.1

Tension in the string =35.1N (3sf) *+—m Give your answer to 3 s.f.

b R(M —
Then resolve vertically and substitute
the value of T found in a.
Teos20 —mg = 0
S35 0cos20 = mg
.. weight = 33.0N(3s.f) Give your answer to 3 s.f.

Alternative solution using triangle of forces

You can draw a triangle with sides
representing each of the three forces.

mg -~

12

. . . 12

a From the triangle: sin 20 =-%—
12 : Use trigonometry of the triangle

& = = -+ =
S sin 20 IR to find 7 and to find mg.
b

cos200 = &

T
Somg = 35.1cos200=33.0 (3s.f)
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Exercise A, Question 5

Question:

A particleP is held in equilibrium under gravity by two lightextensible strings. One string is inclined atagle of 60° to the
horizontal and has a tension of 40 N. The oth@ngsis inclined at an angle of 40° to the horizdatad has a tension dfnewtons,
as shown. Find, to three significant figures,

a the value off,

b the weight oP.

Solution:
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a Let the weight of P be mg N.

Draw a diagram showing the tension T in
Tt / the string and the weight mg of the particle.

N
40!

Resolve horizontally first as there is only
one unknown in the resulting equation.

'

R(=)

Tcosd) —40cos6d =0

T o= 40cos 60"
- cos 40’
= 26.1(3s.f) «— | Give your answer to 3 s.f.
b R(D
40sin 60" + Tsin 40" — mg — ( < | Then resolve vertically and substitute the
- 40sin60° +26.15in40" ~mg = 0 VANBIL IO 1A,

40sin 60" + 26.1sin 40"

‘,_,,-"’f Give your answer to 3 s.f.
514 (3s.f)

c.mg

Alternative solution using triangle of forces
This is not a right-angled triangle so use the sine rule.

You can draw a triangle with sides
/ representing each of the three forces.

‘\‘\__ Calculate the angles in the triangle using
90" - 60" = 30;90° —40° =50

and angles of a triangle add up to 180" to
give 100 as the third angle.

mg*y

T nmeg 40

sin 30° B sin 100" B sin 50°
S DDA e
sin 50 ;
Use the sine rule to find T and mg.
40sin 100° "
me = ———————=514(3s.1)
' sin 50"

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 6

Question:

A C

¥
6N

A smooth bead is threaded on a light inextensible string. Théseof the string are attached to two fixed poAktndC on the
same horizontal level. The bead is held in equiliorby a horizontal force of magnitude 6 N actiraggilel toAC. The bead is

3
vertically belowC and « BAC = a, as shown in the diagram. Given thatéan 7, find

a the tension in the string,

b the weight of the bee

Solution:
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W N
Let the tension in the string be TN and let the weight of the bead be W' N.

R(—) -

6-Tcosa =10

3
Astana = E,cnsn =—

5
.'.T=6+i=?‘5
5
b R(T
T+Tsinag-W=0 -
i 3
As tana =—,sing =—
4 5
3
215+75x5=W =0 B

SW=12

© Pearson Education Ltd 2C
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Draw a diagram showing the forces

on the bead.

The tension in both parts of the string

is the same.

Resolve horizontally first as there is
only one unknown in the resulting

equation.

Use this triangle to find

cosa and sin g
4

- {Tu

Resolve vertically and
substitute the value of T found
in part a.
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2 Review Exercise
Exercise A, Question 7

Question:

C{(3m)

Two small ringsA andB, each of massr, are threaded on a rough horizontal pole. Theficomfit of friction between each ring
and the pole ig. The rings are attached to the ends of a lighttémsible string. A smooth rin@, of mass 8, is threaded on the
string and hangs in equilibrium below the pole. TingsA andB are in limiting equilibrium on the pole, with

3
< BAC = £ ABC =¢, where ta = 7, as shown in the diagram.

5
a Show that the tension in the stringjisng.

b Find the value ou.

Solution:
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2 Show all the forces acting on A, B
) and C.

The normal reactions R and the
friction forces F will be the same at 4
as at B by symmetry.

a Consider the forces acting on the ring C. ¢——— [ Consider ring C first as there is only

R(T) one unknown force at C.
2Tsinf@-3mg=0
_ 3mg
2sind As tanﬁ=z,use3.4,5
p— 3 g —_— 3 4 4 +
As tan@ = i g i triangle to find sin & and cos 6.
y
rd
T - 3&; |
2x= #
5 /
_ 5 mg Aa .
2

b Consider the forces actingonthering 4, «——
You could consider ring A or ring B.

R(=)
Tcos@-F=0 — -
Smg 4 ‘—______,_——-—-—" Use the value of T given from part a
7 Xxo=2mg to find F.
2 5
R(T)
R—2mg—Tsinfl = «— | Use the value of T'to find R.
_'_R=2mg+5mgxi _ Img

5 2

The ring 4 is in limiting equilibrium -—
S

You were told that friction was
1R limiting at A and B.

]

1 mg

.'.ng = px

2 / Give g as a fraction as this is an
i exact answer.
7

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 8

Question:

A particle of weightW newtons is attached @tto the ends of two light inextensible strinfyS andBC. The other ends of the strings
are attached to two fixed poimdsandB on a horizontal ceiling. The particle hangs inikigium with AC andBC inclined to the
horizontal at 30° and 60° respectively, as showmesthe tension idC is 50 N, calculate

a the tension iBBC, to three significant figures,

b the value oW.

Solution:
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A B
X / Draw a diagram showing the three
* VAL / forces acting on the particle.

a Let the tension in the string 8C be T'N.
‘—_/___’__,_’4 Resolve horizontally first, as there is
R(—) only one unknown in the resulting

Tcos60 —50cos30 =0 equation.

50cos30

cos 60 / Give your answer to 3 s.1.
86.6 (3 s.1)
b R(T)

508in30 +Tsin6l) =W =0

Resolve vertically and substitute the
value of T found in part a.

~W =50sin30"+Tsin60°
= 50sin30° +86.6sin 60
~ 100

Calculate the angles of the triangle
using 90 -60 =30,90 —30 =60
and angles of a triangle add up to
180" to give 90" as the third angle.

From the triangle ) -
Use trigonometry of the right angled

T triangle to find 7 and W.

tan60 = —
50

ST = 50tan60 =86.6(3s.f)

cos60 = L
W

W= 2200
cos 60

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 9

Question:

i

A small box of mass 20 kg rests on a rough horaldidor. The coefficient of friction between thexvand the floor is 0.25. A light
inextensible rope is tied to the box and pullechwitforce of magnitude P newtons at 14° to thezbotal as shown in the diagram.
Given that the box is on the point of sliding, fithe value of P, giving your answer to 1 decimatp

Solution:

/ Draw a diagram showing the normal
F € A1 reaction R, the friction force F and
the weight 20g.

|

%]
S<—te
L~

R(T)
R+Psinld —20g=0 (

1)
R(—) The box i1s on the point of sliding and so the
friction is limiting.
Pcosld —F=0 (2)

As friction is limiting
F=025R (3)

Eliminate F and then eliminate R from the
Substituting F =0.25 R into (2) simultaneous equations to find P.

0.25 R = Pcosl4

From equation (1)
R=20g-Psinl4 / Collect the terms in P together and factorise.
02520 g —-Psinld )= Pcosl4

S.5g = Pleosl4d +0.25sin14)
P = o8 / Make P the subject of the formula.
cosl4 +0.25sin14
= 47.5(1d.p)

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 10

Question:

A smooth plane is inclined at an angle 10° to thezontal. A particle® of mass 2 kg is held in equilibrium on the plageab
horizontal force of magnitude newtons, as shown.

Find, to three significant figures,
a the normal reaction exerted by the plandon

b the value oF.

Solution:
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Show the normal reaction and the weight 2g.
There is no friction as the plane is smooth.

f=s
.-'r;_‘
E % - ‘___.--'"‘—----—-_.
> “b_,-f"f
.-""--;/
-~ L 4
0 kL
a R(D e

Rcosl0) -2g=0

Resolving vertically eliminates force F and
the equation has one unknown R.

R = =2
cosl0
= 199N (3s.f)
b R(D
F — Rsinl0 =0
S.F = Rsinl0

= 3.46 (3s.f)
Alternative method

b Resolve along the plane —
Fcosl(h =2 gsinl0 =0

2 gsinl0
cosl0
3.46 (3 5.1)

b

i

a Resolve perpendicular to the plane
R —Fsinl0) —2 gcosl0 =0
SR =Fsml0 +2 gcosl0

=19.9 (3 s.f) -

© Pearson Education Ltd 2C
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Substitute the value of R found in a.

Resolving along the plane gives an equation

in one unknown F.

This is answer to b.

Substitute the value of F to find R.

This is answer to a.
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Exercise A, Question 11

Question:

50°)

A particleP of mass 2.5 kg rests in equilibrium on a rougmelander the action of a force of magnitddeewtons acting up a line
of greatest slope of the plane, as shown in thgrailm. The plane is inclined at 20° to the horizbritae coefficient of friction
betweerP and the plane is 0.4. The particle is in limitegilibrium and is on the point of moving up thang. Calculate

a the normal reaction of the plane Bn
b the value oK.
The force of magnitud® newtons is now removed.

¢ Show thaP remains in equilibrium on the pla

Solution:
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a
RN
X szng Draw a diagram showing the normal reaction
vy — / R N, the friction force down the plane F' N
%’ and the weight 2 mg.
ﬂf_ﬁ-’/ 25g
R(N) :
g Resolve perpendicular to the plane first, as R
R — 25gco0s20 =0 is I.h‘e only unknown in the resulting
SR = 25gcos20 SRR
= 23(2s.f)
Give your answer to 2 s.f, as you used
The normal reaction is 23 M. g = 9.8 in your calculation.
b R()
X - F-25gsin20 =0 Resolve parallel to the plane to find X in
' terms of F.
“X = F+25gsin20 = -
As friction is limiting,
F = uR -«— Use limiting friction and the value of R from
ie.F = 04R part a to find the force F N.
and as R=23.0, F=9.21
substitute into equation #
2. X=176 “ Then X may be calculated. Again give X
=18(2s.f) b2

¢ The force X is removed and the friction force will now act up the plane.

R
' 3
"'\_V__:ﬁ/
i - - Draw a new diagram with F acting up the
;/_f, 2;g plane.

R()

For EqUi“b}‘iU“" Find the value of F which would maintain
F-25gsin20 TL// equilibrium.

R(™\)
R-2.5gcos20 =0, as before

Check to see whether F < uR.
Use 3 s.f. in your calculation.

o R 23.0

iR 0.4%23.0=9.21
This shows that F < uR , so the friction is‘y It is not possible for F' > uR.
limiting, and equilibrium is maintained. If < R equilibrium is maintained.

]
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Exercise A, Question 12

Question:

3{:}0'1'

A parcel of weight 10 N lies on a rough plane ineti at an angle of 30° to the horizontal. A hortabforce of magnitud®
newtons acts on the parcel, as shown. The paroekiguilibrium and on the point of slipping up thlane. The normal reaction of
the plane on the parcel is 18 N. The coefficierfriofion between the parcel and the plang is dFin

a the value of,
b the value of: .
The horizontal force is removed.

¢ Determine whether or not the parcel mo

Solution:
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€ s ; . 2
F'\. = s Draw a diagram showing the weight, the
normal reaction and the friction force F.

F acts down the plane as the parcel is on the
point of slipping up the plane.

a R(N\)

18-10c0s30 — Psin30 =0 <+ | Resolve perpendicular to the plane and make
- Psin30 =18 —10cos30 P the subject of the equation.

. p I8 —10cos30
it - sin 30 Answer is given to 3 s.f. as g 1s not used in
= 18.68 (4s.f) the calculation.
= 18.7 (3s.1)
b R() =
Resolve along the plane to find F.
Pcos30 = F=10sin30 =0 4«-”/’

o F =Pcos30 —-10sin30
=]11.2
As the friction is limiting,

Use u =% and give your answer to 2 s.f.

F = uR
11.2

18
0.62 (2 s.f)

Sl =

Il

P 1s now removed.

c

Draw a new diagram.

F now acts up the plane as any motion would
be down the plane.

The friction now acts up the plane and the normal reaction will be different. Let the
normal reaction be R.

R()

file://C:\Users\Buba\kaz\ouba\m1 rev2 a 12.| 3/22/201:
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If equilibrium is maintained

ook Find the force F which would maintain
F—10sm30" =0 equilibrium.

mF = 10sin 30

=D

£

R(™\)

R—10cos30 = 0 Find the normal reaction force R and use the
— 10cos30 value of g found in part b to calculate pR .

= 8.66

\

Sl

The value of g 1s unchanged

[}

c R 0.599 % 8.66
5.19(3s.f)
as I < pR, equilibrium is maintained,

and the parcel does not move

Check that F<uR. As F<uR the
equilibrium is not limiting.

\

© Pearson Education Ltd 2C
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Exercise A, Question 13

Question:

1.2N

407

oy

A small ring of mass 0.25 kg is threaded on a fisaeyh horizontal rod. The ring is pulled upwargisadight string which makes
angle 40° with the horizontal, as shown. The steand the rod are in the same vertical plane. Tihgida in the string is 1.2 N and
the coefficient of friction between the ring ane tlod isu. Given that the ring is in limiting equilibriuming

a the normal reaction between the ring and the rod,

b the value ou.

Solution:
//
12N/ ; . ; :
5 = Draw a diagram showing the forces acting on the
7t / ring. Include the weight 0.25g, the normal
i - reaction R and the friction force F.
F<—W%)
0.25¢
a R(M
R+1.2s5in40 -025¢g=0
Resolve vertically first as R is the only unknown
SR = 025g-1 ,ZSini/ force in the resulting equation.
= 1.68
.. Normal reaction 1s 1.7N(2 s.f) Give answer to 2 s.f. as g = 9.8 has been used in
the calculation.
b R(—
=) / Then resolve horizontally to find F.
1.2cos40 —F =0
SF =0919
as the ring is on limiting equilibrium F = uR
Sife=0-048 ) “ Use F=uR to find ,f:=£. Give final answer
=0.55(2s.f) R

to 2 s.f. but use values of F and K to 3 s.f in
calculation of 1.

© Pearson Education Ltd 2C
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Exercise A, Question 14

Question:

The diagram shows a bdabf mass 400 kg held at rest on a slipway by a.rdpe boat is modelled as a particle and the shpas
a rough plane inclined at 15° to the horizontale Ebefficient of friction betweeB and the slipway is 0.2. The rope is modelled
light, inextensible string, parallel to a line akgtest slope of the plane. The boat is in equilibrand on the point of sliding down
the slipway.

a Calculate the tension in the rope.
The boat is 50 m from the bottom of the slipwaye Tbpe is detached from the boat and the boatsstiden the slipway.

b Calculate the time taken for the boat to slidéhobottom of the slipwa

Solution:
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Draw a diagram showing the forces acting.

The friction acts up the plane, as the
motion would be down the plane.

Let T be the tension, F the friction and R the normal reaction.

a R(\)
R—=400 gcosls =10
o 4 = 400 gcosl5
= 3786

As friction is limiting, F = uR

8

DRI o
757

R()
+ o 4,__-—-—'-'-'_—-_--‘
T+F-400gsinl5 =0

o T =400gsinl5 — F
=257.3=257 (3s.f)) or 260(2s.f))

b  When the rope is detached, the resultant

force is 257 N acting down the plani______,__;

Using Newton's Second Law F = ma

First find force R.

Use F = uR to find F.

Then resolve along the plane to find 7.

opposite to T.

The forces were in equilibrium, when T is
removed the resultant force is equal and

257 = 400 a . . =
Find the constant acceleration a, then use one of
= 257 = the constant acceleration formulae to find «.
T 0.643
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Consider the motion down the plane.
u=0,a=0.643,5=50,1=7

Use
Choose this equation as it relates w, a, s and 1.

5 = ul —I—-lwlu.'2 /

.50 = G+%x{}.643r:

i 250 Make ¢ the subject of the equation, then square
L - 0.643 root to obtain 1.

= 1535
st o= 125(3sf)or =12 (1s.f)

Time to slide down is 12.5 s.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 15

Question:

60°

A heavy package is held in equilibrium on a slopaliope. The package is attached to one end abties the other end being held
by a man standing at the top of the slope. Theaggeks modelled as a particle of mass 20 kg. Todpess modelled as a rough
plane inclined at 60° to the horizontal and theerap a light inextensible string. The string isuassd to be parallel to a line of
greatest slope of the plane, as shown in the diagha the contact between the package and the dlop&oefficient of friction is
0.4.

a Find the minimum tension in the rope for the paekeo stay in equilibrium on the slope.

The man now pulls the package up the slope. Givanthe package moves at constant speed,
b find the tension in the rope.

¢ State how you have used, in your answer tolpatte fact that the package moves

i up the slope,

ii at constant spee

Solution:
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Draw a diagram, showing the forces acting.

The friction is directed up the plane to prevent
slipping down the plane.

Let 7 be the minimum tension, F the force
of friction and R the normal reaction.

R()
: _ | Resolve perpendicular to the plane first as the
R - 20gcos6l) =0 ; ;
resulting equation has only one unknown.
R =20 gcos6l
=08

As the friction is limiting, F = uR .

S F = 04x98 H“-—‘_“ When the tension is a minimum the friction is
= 392 limiting.
R(\)
TH+F — 20gsin60 =0 Resolve along the plane and substitute
: the value for F, to give 7.
a¥ =20gsin60 —F e
=130.5

Tension=131N(3s.F) or I30N (2 s.f.)

Draw a new diagram with F directed down the
plane.
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R()
R =98 as before

As the “particle’ is moving, friction is limiting,
so F=39.2 as before. -

R(™N)
T-F-20gsmn60 =0
ST =39.2+20 gsin60

Tension = 209 N(3s.)) or 210N (2s.1)

c

i friction acts down the slope and has /
magnitude 0.4 R

ii there is no acceleration so the net force

on the package is zero

© Pearson Education Ltd 2C

Page3 of 3

Use F = uR with 4 and R the same as in part a.

N.B. for 131<T <209 the package is in
equilibrium.

Friction opposes motion,

This is a result of Newton's First and Second
Laws.
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2 Review Exercise
Exercise A, Question 16

Question:

A particleP of mass 0.5 kg is on a rough plane inclined aragiea to the horizontal, whet@na = % . The particledkitat rest on

the plane by the action of a force of magnitude d@hhg up the plane in a direction parallel tina bf greatest slope of the plane,
as shown. The patrticle is on the point of slippipgthe plane.

a Find the coefficient of friction betwedhand the plane.
The force of magnitude 4 N is removed.

b Find the acceleration P down the plan

Solution:
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\p y / Draw a diagram showing the forces acting on P.

4 Friction acts down the plane to oppose slipping
up the plane.

a Let the normal reaction be R N, and the friction be F N.

R(™\)
R = 05gcosa =0 « Find R by resolving perpendicular to the plane.
Skt =10.5 gxi
5
=3.92(3s.f)
R()
4 — F-05gsina =0 Find F by resolving parallel to the plane.
o =4-05gsinn
=1.06 (3s.1))
Use F = puR, as the friction is limiting.
Y a0 " — | As the icle i ' ippi
. R 302 particle is on the point of slipping,

F=uR.
s = 0270 (3s.5) #

b The force of 4 N is removed.

The friction will now act up the plane

Friction acts up the plane, in the opposite
direction to the motion.

The forces perpendicular to the plane are
As before: R =3.92 and unaltered and so R is unchanged.

F = uR
1.06

[
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0.5gsina-F=05a 1\

A [[]_5 gxz— I.UL‘:]+U.S

5
= 3.76 (3s.£) \

Page3 of 3

Also g and therefore F are unchanged.

use Newton's Second Law along the plane
F=ma.

Rearrange the equation to find a.

. Acceleration is 3.76 m s (3 s.f.) down the plane

or 3.8ms (2s.f).

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 17

Question:

PN

20°

A box of mass 30 kg is being pulled along roughiZzmntal ground at a constant speed using a roperdjie makes an angle of 20°
with the ground, as shown. The coefficient of fdotbetween the box and the ground is 0.4. Theibaxodelled as a particle and
the rope as a light, inextensible string. The @man the rope i® newtons.

a Find the value oP.
The tension in the rope is now increased to 150 N.

b Find the acceleration of the b

Solution:
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Draw a diagram showing the forces acting on the
box.

As the box is moving F=puR,___—— The friction is limiting.
ie. F=04R (1

4

R(T)

Resolve vertically and horizontally to give two
equations.

R + Psin20 -30¢

0

SR = 30g-Psin200 (2)
R(—) ] . ;
- As the speed is constant, the resultant force is
Pcos20 - F =10 (3) FETD
S F=Peoos20 (3)

Substitute R from equation (2) and F from equation (3) into equation (1).
Then Pcos20 =0.4(30 g—Psin20)

SoPeos20 +04 Psin20 = 04x30¢g
SoP(cos20 +0.4s5in20) = 04x30g

12g
(cos20 +0.45in20)

= 125.3 «—— | Solve simultaneous equations to find
= 125(3s.f) or 130(2s.£) the value of P.

gl =

b

150 N

——
¥
R o s
R / Draw a new diagram.
F< o 20°
y

30g
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Again F=04R

R(T)
R+150sin20 =302=10

R = 30g- lﬂﬂsinV Resolve vertically to find R.
= 2427

AsF = 04R
£ =l i Use limiting equilibrium to find F.
R(=)

150cos20"-97.1=30a

.30a = 43.88 — Use Newton's Second Law F =ma along the
ie.a = 146 plane,

. acceleration of the box is 1.46 ms™

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 18

Question:
A C B
: Y 9

A uniform rodAB has length 8 m and mass 12 kg. A particle of massi8 &tgached to the rod Bt The rod is supported at a podand
is in equilibrium in a horizontal position, as shown.

Find the length oAC.

Solution:
i 4m e — d4am =
¢ xm R / Draw a diagram showing weights and distances.
5 @
A T oy B
b b
12g 8g

Let the length AC=x m.
Let G be the mid-point of 4B.

«— | You will need these distances in the moments

(x—4)m equation.
(8—x)m. ¢

The distance GC
The distance BC
As the beam is uniform the weight 12g acts through G.

Il

Take moments about C.

Anticlockwise moment =
12g(x—4)

Use moment = force = distance .

A

Clockwise moment =
8 (8- x)

~12g(x-4) = 8g(8-x) «— Use anticlockwise moment = clockwise moment .

S12gx-48g = 64g-8gx

S20gx = 112g
2 112 2 E
X = >0 +— | Make x the subject of the formula.
= 5.6

.. The length AC is 5.6 m.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 19

Question:

A C JH]

A x

«—1lm—-—
-« 3m »-

A uniform beamAB has mass 12 kg and length 3 m. The beam restgiilibeium in a horizontal position, resting on twmooth
supports. One support is at elydthe other at a poirf@ on the beam, wheBC = 1 m, as shown in the diagram. The beam is
modelled as a uniform rod.

a Find the reaction on the beamCat

A woman of mass 48 kg stands on the beam at tm PoiThe beam remains in equilibrium. The reactionghenbeam af andC
are now equal.

b Find the distancAD.

Solution:
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Draw a diagram showing the reactions at the
supports and the weight of the beam.

>0
o

1.5m G[rSrn( 1m—

A‘ B

©

S
12g

As the beam is uniform the weight acts through G, the mid-point of AB.
Let the reaction at 4 be § N and the reaction at C'be R N.

Distance AC=3m-Im=2m

Take moments about A.

The weight of the beam acts at its mid-point G.
Rx2 = 12gxl. 5 1 1
AG=—=x3m=1—m
12 _g}:l 5 2 2
R =
R = B82 N (3 s.f) Use anticlockwise moment = clockwise moment .
Make R the subject of the equation.
b
R R
Draw a new diagram showing the forces acting
A 0 C 2 B / d the dist ired
7Y i and the distances required.
4;9' J
129
“—xm—>
¢ 15m >

Let the distance AD be x m and let the reactions at 4 and C be R N.

R(TY

R4R IZg—43g=‘{/ Resolve to find the new value of R.
SR = 30g

Take moments about A.
12gx1.5+48 gxx—-30gx2= U*___,,..—--"‘ Use clockwise moment = anticlockwise moment .

SA48exy = 60g—18g
= 2g
42 o« | Make x the subject of the formula.

X = —_— = 0.875m
48

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 20

Question:

- 4m

Fred (¥ ‘ # Eric

¥

Two men, Eric and Fred, set out to carry a water coataoross a desert, using a long uniform pole. The lasfdte pole is 4 m and its
mass is 5 kg. The ends of the pole rest in equilibrium ostthalders of the two men, with the pole horizontal. Théewcontainer has
mass 16 kg and is suspended from the pole by meanbghit rope, which is short enough to prevent the conta@sahing the ground,
shown. Eric has a sprained ankle, so Fred fixes theinoggch a way that the vertical force on his shoulderitetas great as the verti
force on Eric's shoulder.

a Find the vertical force on Eric's shoulder.

b Find the distance from the centre of the pole to the poimhh the rope is fixe

Solution:
€ 4m F
l l x —] f = | Draw a diagram showing the forces acting.
| 16g 5g 1
2R R

Let the force on Eric's shoulder be R and
the force on Fred's shoulder be 2R,

R(T)
3R-16g-5g=0 / Resolve vertically to find R.
3R = 2lg
R = Tg

Take moments about Fred's shoulder.
Let distance from centre of pole to point

at which rope 1s fixed = xm. As the pole is uniform the weight acts at the
Then / middle i.e. 2 m from left hand end (Fred's
Sgx2+l6gx(2—x)=Rx4 shoulder).
~10g+32g-16gx=28¢ \
it = T \ Use clockwise moment = anticlockwise moment
7 ;o
S X = —m (2—x) is distance from Fred's shoulder to

\ “"Cighl lﬁg

Make x the subject of the formula.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 21

Question:

«— 09m——>»

A C B
- 1.5m *

A uniform rodAB has length 1.5 m and mass 8 kg. A particle of makg is attached to the rod Bt The rod is supported at the
pointC, whereAC = 0.9 m, and the system is in equilibrium WAB horizontal, as shown.

a Show tham = 2.

A particle of mass 5 kg is now attached to theabdl and the support is moved fra@ito a pointD of the rod. The system,
including both particles, is again in equilibriunittvAB horizontal.

b Find the distancAD.

Solution:
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Draw a diagram, showing the forces and
distances given.

Calculate the other lengths needed in the
moments equation,

: 09m »R
: cl; .IL.: ' 4//
89 mo
< 1.5m— #

a The weight 8¢ N acts at the mid-point of AB,
So AG = 0.75m
S0C = 09m=075m=0.15m

AlsoCB = 0.75m—-0.15m=0.6m
orCB = 15m—-09m=06m

Take moments about C.

Use clockwise moment = anticlockwise moment.

mgx0.6=8gx015 o =
Bx=0.15
0.6

o= 2

b

;:—xm_v.g G -

e A ] i

5g 8g 2g e

€ 1.5m- >

Let the distance AD=x m.

[{],?Sx}‘nk

(1.5—x)m

‘—__-_-_--—"_-—-

Then DG
and 8D

Take moments about D,

Draw a new diagram to illustrate the new
situation,

Express distances from D in terms of x.

Use clockwise moment = anticlockwise moment.

2g % (1.5—-x)+8gx(0.75-x)=5gx
s3g — 2gx+6g—8gx—5gx=0
gg " ljg\ -+
= i=ﬂ.6m
15

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 22

Question:

A B
A P

-« 21—

- 10m >

A uniform steel girdeAB, of mass 150 kg and length 10 m, rests horizgntalltwo supports & andB. A man of mass 90 kg
stands on the girder at the poitwhereAP = 2 m, as shown. By modelling the girder as a unifoschand the man as a particle.

a find the magnitude of the reactionBat

A Y b
A P A
-— 2m— -— xm—»
- 101m »

The supporB is moved to a point on the girder, wherBY = x metres, as shown. The man remains on the girderTdte
magnitudes of the reactions at the two supportaaneequal.

Find
b the magnitude of the reaction at each support,

c the value ox.

Solution:
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a
s R
AT P G 13 Draw a diagram showing the weights acting, the
A I L A reaction at R and distances.
90g 150g
—2m—>
& Sm-— 4
Il 10m R

Let G be the mid-point of AB. As the girder is uniform the weight acts through G.
Let the reaction at B be R N.

4— | The reaction at A is not needed in this part of the
question,

Take moments about 4.
Rx10-150 gx5-90gx2=0

SI0R = T750g+180¢g
SR = 930g+10
= PENY
= 9]IN(3sf) «— | Make R the subject of the equation.
or 910 N (2 s.f)
b
P G ¥ 4— | Draw a new diagram showing the weights acting
& I 1 ) £ and the two equal reactions.
s 90g 150g Sée—xm—3

Let the reactions at 4 and Y be S N.

R(T)
25-90g—150g = 0
285=240g=S = 120g=1176 N
S =1200N (2 s.f))

/ Take moments about either point 4 or point Y.
¢ Take moments about 4.

Resolve to find §.

Sx(10—x) = 150gx5-90gx2
oy - 150g+180g 930g
o § 120 ¢ Make x the subj "the fi '
g ject of the formula.
93 ./
Jox = 10-——
12
= 2.25m

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 23

Question:

A footbridge across a stream consists of a unifoonizontal plankAB of length 5 m and mass 140 kg, supported at tbe/&and
B

A.man of mass 100 kg is standing at a p@irtn the footbridge. Given that the magnitude offtitee exerted by the supportfts
twice the magnitude of the force exerted by thepsupatB, calculate

a the magnitude, in N, of the force exerted by tingpert atB,

b the distanc/AC.

Solution:
am
= xm=3 C 4 ' . .
A& 5 - 2% . —— | Draw a diagram showing forces and distances.
2P 100g 140g p
a R(T) Let the reaction at B be P and at A be 2P.
2P+P-140g-100g=0 Let the distance AC =x m.
. s +_-_____‘_‘—————____ .
~3P = 240g Resolve vertically to find P.
ie.P = B0g
= T84 N
= TJ80N(2s.f)

b Let distance AC be x m. Take moments about A4 (or about B) to find the

distance x.

Take moments about A.
Px5=140 gx2.5+100 gx

Substituting P = 784 Use total anticlockwise moment =
Sx=0.5

The distance AC is 0.5 m.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 24

Question:

A non-uniform thin straight rodB has length @ and massm. It is in equilibrium resting horizontally on sups at the pointX
andY, whereAX = XY = YB = d. A particle of massiis attached to the rod Bt Given that the rod is on the point of tilting albo

Y, find the distance of the centre of mass of tliefromA.

Solution:
£ X- e
o . —
X4 >y
A & L J:]
d A A d—
¢ & T i
oN ¥+ PN 2mg
5mg

When the rod begins to tilt about 1 the force exerted

Let the required distance be x m.

by the supportat X =0N, 1—-.\_\

This is an important fact which you should
know.

Take moments about Y.

Sme(2d —x) 2mgd 42—

Total of the moments anti-clockwise = total of

s 10 mgd —5mg x

SN0 mgd =2 mg d

i.e.8 med

"y

© Pearson Education Ltd 2C
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the moments clockwise.

Make x the subject of the formula.
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2 Review Exercise
Exercise A, Question 25

Question:
A r (4] B
,‘_ﬂ'SIn_‘.A A

< Im >

A uniform rodAB has weight 70 N and length 3 m. It rests in adworial position on two smooth supports placed ahdQ, where
AP = 0.5m as shown in the diagram. The reaction omdtiextP has magnitude 20 N. Find

a the magnitude of the reaction on the ro@at

b the distancAQ.

Solution:
¢ P ym
A-{---D-_S_]fm ? B +———| Let the reaction at O be O N and let the
% 1 distance AQ = ym.
20N 7N an
a R(T)
20+0-70=0
“0 = 70-20 «——— | Resolveto find Q.
= 50

.. The reaction at Q is 50 N.

b Take moments about P.

0x1=0(y-05) «——m Total clockwise moment = total

anticlockwise moment.

But 0 =350
~50(y-0.5) = 70
Le 50y = 05 4+——— | Substitute O and make y the subject of the
oy = 1.0 formula.
The distance AQ is 1.9 m.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 26

Question:

A C Fi B
—]im——xm—

- 3m .

A uniform plankAB has weight 120 N and length 3 m. The plank restidntally in equilibrium on two smooth suppo@sandD,
whereAC = 1 m andCD = xm, as shown. The reaction of the support on thekpéD has magnitude 80 N. Modelling the plank as
arod.

a show that = 0.75.

A rock is now placed @ and the plank is on the point of tilting ab@tModelling the rock as a particle, find
b the weight of the rock,

¢ the magnitude of the reaction of the support enpllank aD.

d State how you have used the model of the rockpastele

Solution:
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40N BON
T ¢ To
A A 8

4+—| Draw a diagram showing weights, distances and
reactions relevant to the problem.

+——| The reaction at C is not relevant to the problem
a Let G be the mid-point of AB. because we are taking moments about C.

The weight of the plank acts through G as
the plank is modelled as a uniform rod.

Take moments about C.

¢ The weight of the plane acts at the mid-point.
80x = 120x0.5
) 120%0.5
i o = RIHEEA AT T
80
-x = 0.75 4— | Make x the subject of the equation.
b
R +———— | Draw a new diagram, showing the rock of
I weight W at point B.
cC G D
120 N w

When the plank is on the point of tilting about D, the reaction at C is zero.

Take moments about D. Take moments about D as the resulting equation
has one unknown .

1200.25= W x 1.25

120x0.25
- 0:021 . N\ Distance DB= CB — CB=2m—0.75m

¢ R(T)
+— | Resolve vertically or take moments about point
R-120-W = 0 C to find R.
SR=120+24 = 144N

d The weight of the rock acts precisely at 5.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 27

Question:
Jill David
i R Sl
e A AN
“«—xm—>
- 4m >

A seesaw in a playground consists of a bé&of length 4 m which is supported by a smooth patdts centreC. Jill has mass 25
kg and sits on the enl David has mass 40 kg and sits at a distarmoetres fronC, as shown. The beam is initially modelled as a
uniform rod. Using this model,

a find the value ok for which the seesaw can rest in equilibrium hoazontal position.
b State what is implied by the modelling assumptitwas the beam is uniform.

David realises that the beam is not uniform adrsfhe must sit at a distance 1.4 m fi@rfor the seesaw to rest horizontally in
equilibrium. The beam is now modelled as a nonarnifrod of mass 15 kg. Using this model,

c find the distance of the centre of mass of therbfam C.

Solution:
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a
L3 4m *
A i I 5 = Draw a diagram, showing weights and
distances.

——2m —3&xm—y
- e
25g 40g

Take moments about C. ' “| As C is the mid-point the distance

AC=2m.
2egx2 = 40gxx
L = —Sﬂ -
40 g
x = 1.25
b The weight of the beam acts through its The weight has zero moment about C.
mid-point at C,
C
4m »
P $ M 14m- gy l——— Draw a new diagram showing weights and
2 distances.
Zgg 1%9 -IEg

Let the distance of the centre of mass from C be y m.
Take moments about C.
25gx24+15gxy=40gx14 «—

Use total anticlockwise moment = total clockwise moment.

Sdgy = 56g-3g
6o
T ISL
& 4+——— | Make y the subject of the formula.
= 0.4
.. Distance of centre of mass from C is 0.4 m.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 28

Question:

e G0cm ——»

A C B

A steel girder®B has weight 210 N. It is held in equilibrium in artzontal position by two vertical cables. One easlattached to
the endA. The other cable is attached to the p@mn the girder, wherAC = 90 cm, as shown. The girder is modelled as a umifor
rod, and the cables as light inextensible strings.

Given that the tension in the cableCais twice the tension in the cableAgtfind
a the tension in the cable At
b show thatAB = 120cm.

A small load of weigh¥ newtons is attached to the girdeBafThe load is modelled as a particle. The girderaia@s in equilibriun
in a horizontal position. The tension in the cadl€ is now three times the tension in the cablA.at

¢ Find the value oW.

Solution:
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A AT
S 90 cm B
G —
Al T B
€ X cm - ™ c
!}
210N

Let the weight act through G at x cm from A.
a

Page2 of 3

Draw a diagram showing forces and distances.

Let the tension in the cable at A be TN and at C'be 2T N.

Resolve vertically as T is the only
unknown in this equation.

It is also valid to take moments about C.

Express x in terms of T and use the value of T
found in part a to give x.

You were told that the girder is modelled as a
uniform rod, so AB=2x cm.

Draw a new diagram, showing the load at B.

R(T)
2r+7T — 210=0=3T-210=0
o R TON
b Take moments about A. —
2T x90=210xx
: 180T
- 4
210
Substitute T=70 +——
_ 18070
210
= H0cm
As G is the mid-point of 4B
s AB=120cm «—
c
IT ,Jrzr
G
—
A | c |E
210N WN
R(T)
T+3T-210-W =0 <
AT -W =210 (1

Resolve and take moments to give two
equations in 7 and W.

Take moments about 4,
IT=90=W=120-210x60

4
-

You could take moments about C to give a
second equation.

Divide equation by 30.
9T —-4W =420
Solve the simultaneous equations.

(2)

Ox(1)—4x(2) gives

QW16 = 1890-1680
SW = 30

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 29

Question:

A L B
«——1.5m—on
- dm -

A uniform rodAB has mass 8 kg and length 4 m. A particle of madggig attached to the rod Atand a particle of madd kg is
attached to the rod 8t The rod is supported at the po@ytwhereAC = 1.5m, and rests in equilibrium in a horizontal positias
shown in the diagram.

a Find the value oM.

b State how you used the information that the rachiform.

Solution:
c
&—2m —) ——2th—h,
it %« Using total of anti-clockwise moments = total
k4 - L3 & 5
4g PN 8g mg of clockwise moments.

a Take moments about C,

4gx15 = Bgx05+Mgx2.5
n6g-4g = 2.5 Mg . —
o Make M the subject of the formula,
g =
= M
25¢
M - 0.8

b The weight acts through the mid-point of the rod.
+«— | For a uniform rod its weight acts through the
mid-point.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 30

Question:
A B C
‘: 8m ="-‘ 4m *

A uniform plankABC, of length 12 m and mass 30 kg, is supportedhar&ontal position at the poinfsandB, whereAB = 8 m
andBC = 4m, as shown in the diagram. A woman of mass 6&tdagds on the plank at a distance of 2 m fAgrand a rock of mass
M kg is placed on the plank at the édThe plank remains in equilibrium. The plank isdalbed as a uniform rod, and the woman
and the rock as particles.

Given that the forces exerted by the supports emptank atA andB are equal in magnitude,
afindi the value oM, ii the magnitude of the force exerted by the supg@kton the plank.

b State how you used the modelling assumption teatdck is a particl

Solution:
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&2m-> 4mIe-2m-rBe4m-> .
Aq—T | m n + T2 ¢ ¢————— | Let the reactions at 4 and B be PN,

k.

PN 60g 30g PN mg

&t R(T) As there are two unknowns, P and M, you need
two equations.

2P-60g-30g—-Me=10

L2P-Mg=90g (1)

Take moments about A.

Px8=060gx2+30gx6+ Mex12

You can resolve and you can take moments

about 4 or B,

LEP-12Me=300g

+ through by 4 Using anticlockwise moment = clockwise
moment.

Then 2P-3Mg=T5g (2)

Solve by subtracting equation (2) from equation (1).

Then 2 Mg=15g

=108

M= 2g < Then solve simultaneous equations to find M.

=7.5kg

ii Substitute into equation (1)

* Substitute into one of the equations to find P,
L2P = %e+T75g
B o IS
2
= 4875g A particle is a point mass and its
». Force has magnitude 477.75 N =480 N (2 s.f.). / weight acts at C.

b Assumed that the centre of mass acts at the point C.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 31

Question:

PN AT A PP AP A A A AT AN AN

—2m—rl—Adm—e—— A m—>

& C D B

A light rod AB has length 10 m. It is suspended by two lightiealtables attached to the rod at the pdth&ndD, where
AC =2m,CD =4m, andDB = 4m, as shown in the diagram. A load of weight 6@ Bittached to the rod Atand a load of weight
XN is attached to the rod Bt The rod is hanging in equilibrium in a horizonpaksition. Find, in terms of,

a the tension in the cable Gt

b the tension in the cable Bt

¢ Hence show that 18 X < 90.

If the tension in either cable exceeds 120 N thhtecbreaks.

d Find the maximum possible valueX.

Solution:
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4 Ty TT?
C2me— am —> [cam —
A - - B
60N XN
a Take moments about 2,
60x6 = T x4+ X x4 —
~Tx4 = 360-4X
“T = 90-X

b Take moments about .

T,x4+60x2=Xx8 —

ST« 4 BX -120
P 2X-30

¢ As T,T, are both positive \

WN-X=z2z0=X=<90
and 2X -3020=X =15
so 15<X <90

Page2 of 2

Let the tensions in the tables be T, and T,

respectively.

Using anticlockwise moment = clockwise
moment.

Again using anticlockwise moment = clockwise
moment.

As the cables are under tension, T, and T, are
both positive.

d T cannot reach 120, ——

7, =90-X which cannot exceed 90 (from part
a).

If 7, > 120, then

2X - 30=120
Tk 150
e X > 75

T, =2x—30, was found in part b.

The maximum possible value of X is 75.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 32

Question:

- Bm *
<50 cm=

AB—

A large uniform plank of wood of length 8 m and m&$ kg is held in equilibrium by two small stegllers A andB, ready to be
pushed into a saw-mill. The centres of the roli@es50 cm apart. One end of the plank pressessigalterA from underneath, and
the plank rests on top of roll&; as shown in the diagram. The rollers are adjustetthat the plank remains horizontal and the force
exerted on the plank by each roller is vertical.

a Suggest a suitable model for the plank to detegrttie forces exerted by the rollers.
b Find the magnitude of the force exerted on thalplay the roller aB.

¢ Find the magnitude of the force exerted on thalplay the roller aA.

Solution:

D) ﬁ_.'n ’ ¢ Let the forces at 4 and B be A N and B N.

B 30g

a Model the plank as a uniform rod.

1-------—‘-----"—‘—----.

This implies the plank has negligible

thickness.
b Take moments about A.
Bx05 = 30gx4 < Using total moment anticlockwise = total
ol 120 g moment clockwise.
' 0.5
= 240 g=2400(2s.f)
c R(T)
B-4-30g = 0 % Resolve or take moments about £, to find
LA = B-30g the force exerted at A.
= 240g-—-30g

= 210g=2100(2s.f)

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 33

Question:

e 54m I *

A plank of woodAB has length 5.4 m. It lies on a horizontal platfomith 1.2 m projecting over the edge, as showthéndiagram.
When a girl of mass 50 kg stands at the pGion the plank, wherBC = 0.3 m the plank is on the point of tilting. By modetiithe
plank as a uniform rod and the girl as a particle,

a find the mass of the plank.

The girl places a rock on the end of the plank.@y modelling the rock also as a particle,

b find, to two significant figures, the smallest mad the rock which will enable the girl to standtbe plank aB without tilting.
¢ State briefly how you have used the modelling egsion that

i the plank is uniform,

ii the rock is a particl

Solution:
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& -2.7 m- oL 2.7 m >

 12m—s «——| Let the edge of the platform be point X, Let
X Cosi the mass of the plank be M kg.
A B
— |

a When it is on the point of tilting the - ) : -
force of the platform on the rod acts at X The weight of the plank acts at its mid-point.
(the edge of the platform).

Take moments about X,
Mex(2.7-1.2)=502(1.2-0.3)

+«— | Using anti-clockwise moment = clockwise

moment,
SMgxls5 = 50gx09
15Mg = 45 ¢ <« | Make M the subject of the formula.
45g
s M = ——
e s
M = 30
". The mass of the plank is 30 kg.
b This is a new situation so draw a new
48 27m H—2.7 m . / diagram. Let the mass of the rock be m
o—12 m;i kg.

Mg 30

+— | Using anticlockwise moment =

Take moments about X again. ;
g clockwise moment.

30 gx(2.7-1.2)+ mgx(5.4—1.2)=50 gx1.2

1emf; j; _ Zg i il‘é g3[l ¥l e — Make m the subject and evaluate to 2 s.f.
= 15g
Lm = 293
42¢
= 3.6 (2s.1)
S.mass = 3.6kg(2s.f)

¢i Plank is uniform — weight acts through the mid-point.
ii Rock is a particle — mass of rock acts through the end-point 4.

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 34

Question:

Three forces;, F, andF; act on a particle.

Fi=(-3/+7)N,F,= (7-j)N,F;= (p7+qg )N

a Given that the particle is in equilibrium, detenmithe value gb and the value dd.
The resultant of the forcés andF, isR.

b Calculate, in N, the magnitude Bf

¢ Calculate to the nearest degree, the angle betthedme of action oR and the vectg;.

Solution:
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a If the particle is in equilibrium then F +F, +F, =0 <4 Use the condition for equilibrium.

S=3i+Tj+i-j+ pi+gf = 0
S A(p=2)i+(g+6)j = 0 “—| Collect i terms and j terms.

Lp=2and g=-6

b The resultant of F, and F, is

R = F, +F,
~R = 3i+7j+i-]
= -2i+6j
- The magnitude of R is 4/(=2)" + 6
= 44+36
= 40 < Use Pythagoras' Theorem to find the
= 2J100r6.32 (3s.f) magnitude of R.

Let the angle between R and j be .
Then

2
Lan e ==
6

R
|

-

e

Use trigometry to find the
1 ] / required angle,

arctan [

18 (nearest degree)

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 35

Question:

Two forcesP andQ, act on a particle. The for€ehas magnitude 5 N and the fo@ehas magnitude 3 N. The angle between the
directions ofP andQ is 40°, as shown in the diagram. The resultaft ahdQ is F.

a Find, to three significant figures, the magnitadé-.

b Find, in degrees to one decimal place, the angilwden the directions F andP.

Solution:
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a Draw a vector triangle:-

Draw a triangle to illustrate P+Q =F.

The angle in the triangle = 180" —40°
=140

Use the cosine rule:

|F[° 57 +3° —2x5x3xcos |40
:|F| 7.55 (3 5.f)
b Use the sine rule:

- 0 140° Rearrange to make sin & the subject of
i i S the formula.
3 |F|
wsinf? = 3x sin 140 .
& 755 & = arcsin(0.255
= (.255
S0 = 148 (1dp)

Express the forces in component form.

Alternative method

5 £
a P A= Icos40
0 3sin40°

\

Use F =P +Q to give the components

/ ko
: d
APHQ = 5+3cos%ﬁ

3sin40° a
AFF = (543c0s40') +(3sind0’) o 3 sin 40°
JAF] = 755@sf) el

/‘.{ ]
5 + 3 cos 40°

I lge Puthaocaras' Theorem to find | F |

1~\

A - 3sin4)’
5+ 3cos 40’ Use trigonometry of the triangle to find &.
S0 = 148 (1dp)

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 36

Question:

Two forcesP andQ act on a particle. The foréehas magnitude 7 N and acts due north. The reswaté&handQ is a force of
magnitude 10 N acting in a direction with bearir2p2 Find

a the magnitude o®,

b the direction 0Q, giving your answer as a beari

Solution:
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Page2 of 3

N
N
e -
7 PN "\.\ -
N
: =
\1 20 \
e .- &
£ o .,
10N ~ N

a Use the cosine rule to find Q

Q° = T +10°-2xTx10xcos120’ ‘
= 219
~Q = 148
b
sin @ _ sin 120
10 Q —
ssin? = 10x sl ad
14.8
= (.585
6 = 358

Draw a triangle to illustrate P and Q
and their resultant.

Find Q by using the cosine rule,

Find & by using the sine rule,
then calculate 180— &, the

. The direction of Q is 180" —35.8" =144.2",

Alternative method

a Resultant P+Q = [

0
Also P=[ ]
7

10cos30°
”Q_(—msinm]_[

file://C:\Users\Buba\kaz\ouba\m1 rev2 _a_ 36.

u]:[sﬁ

5

10cos 30
—10sin 30

|

Express the forces in component form.

r

-12

|

Magnitude = 1/(5v/3)* +12° =14.8 (3 s.f.)

Express the resultant force and the
force P in component form.

Find Q in resultant form.
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12

In the diagram tan a = :
L= 542

s bearing =90 +54.2
=144°(3 s.f)

© Pearson Education Ltd 2C
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Use a sketch to find the required
bearing.

3/22/201:



Heinemann Solutionbank: Mechanics 1 Pagel of 2

Solutionbank M1

Edexcel AS and A Level Modular Mathematics

2 Review Exercise
Exercise A, Question 37

Question:

Two forcesk; = (27+ 3j ) NandF, = (A7+yj ) N, where) andu are scalars, act on a particle. The resultarfietwo forces is
R, whereR is parallel to the vectaf + 2.

a Find, to the nearest degree, the acute angle batthe line of action dk and the vector.
b Showthat2- x4+ 1=0.
Given that the direction d, is parallel tq,

c find, to three significant figures, the magnituaf¢R.

Solution:
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Let the required angle be .
Then tanar =2

Page2 of 2

Draw a diagram to show the vector
i+2].

La=634 =

b AsF+F, =R

As R is parallel to i+ 2j, R also makes
an angle a with i.

Ri+3P+(Ai+p))=k(i+2)) <

where & is a constant.
SL2+A=kand3+u=24k*

ot

Let R =k(i+2j) where k is constant.

Put i components equal.

—
Eliminate & from these two equations.
Then

2(2+4)
L2A-p+l = 0 =
¢ If F, is parallel to j then A=0.
Substituting 4 =0 into * gives

Il

3+

Put j components equal.

A

p=land k=2

~R
“IR|

2i+4j

v2°' +4°
= J20

Substitute k=2 into R = k(i+2j)

-

= 447 (3s.f)

© Pearson Education Ltd 2C
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from Pythagoras Theorem.
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2 Review Exercise
Exercise A, Question 38

Question:

A forceR acts on a particle, wheRe= ( 77+ 16 ) N .

Calculate

a the magnitude dR, giving your answers to one decimal place,

b the angle between the line of actiorRoéindi, giving your answer to the nearest degree.

The forceR is the resultant of two forcésandQ. The line of action of P is parallel to the vectof + 4j ) and the line of action of
Q is parallel to the vector {+j) .

¢ Determine the forceP andQ expressing each in termsi and].

Solution:

file://C:\Users\Buba\kaz\ouba\m1 rev2 a 38. 3/9/201:



Heinemann Solutionbank: Mechanics 1 Page2 of 3

«— | Use Pythagoras to find the magnitude.

7L
a  The magnitude of

R = 7" +1¢°
= 17.5(1d.p)
b
16
tanex = —
)
16 Use trigonometry to tfind the angle and give it to
La = arctan[TJ Ar'//' the nearest degree.
= 66"(nearest degree)
¢ Let
c Express P and Q as multiples of the vectors
P = A(i+4j)and / i+4j and i+ j respectively.
Q = ui+))
AsP+Q=R . P+Q =R is the vector addition law.

AL+ 45+ pli+ ) =(Ti+16j)

Equating i components

A+ pu=7 (n
Equating j components
4A+u=16 (2)
Subtract 2)—(1) 4 Solve the simultaneous equations to find A
and g.
A =9
A =3
Substitute into equation (1)
3+ o= 7
S =4 Substitute A and g to find P and Q in
terms of i and j.
~Po= 3(i+4j)=3i+12jand

Q = 4(i+j)=4i+4j

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 39

Question:

A particleP moves in a straight line with constant velocitytiblly P is at the point A with position vector ¢2 j) m relative to i
fixed origin O, and 2s later it is at the poiBtwith position vector (6+j) m.

a Find the velocity oP.
b Find, in degrees to one decimal place, the sizkefingle between the direction of motioPafnd the vector.
Three second after it pasde¢he particle? reaches the poird.

¢ Find, in metres to one decimal place, the distiOC.

Solution:
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difference in displacement
time Use the definition for constant velocity,
(6i+j)—(2i—j)
2
4i+2j
2
= 2+ j

velocity

‘___,_.,-"' This angle gives the direction of motion of P
which is asked for in the question.

b
Let the angle between vand i be .

b | =

Then tan e =

s.@ = arctan [lj
y)
= 26.6°(1d.p.)
c
Displacement = velocity x time
In 3 s displacement = 3(2i+j)
SBC = 6 +3j
But
OB = 6i+j / Use the vector law of addition to find OC .
~OC = OB+BC

12i +4j
The distance

r

127 +4° Use Pythagoras' Theorem to find the
Jidd+16 distance OC.
vl

60
12.6m (1d.p.)

oc

[

]

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 40

Question:

A particleP is moving with constant velocity (/5 3j ) ms~1. Attimet = 0, its position vector, with respect to a fixeijor O, is
( = 27+j) m.Find, to three significant figures.

athe speed d?,

b the distance cP from O whent = 2s.

Solution:

a The velocity i =5i—3j

The speed
jul = 5 +(3) < Use the formula for magnitude of a vector.
lu| = J34

= 583Ms”

b The displacement from =0 to

t=21s (Si-3j)x2 +— | Find the displacement between =0 and 1 = 2,

using velocity x time .

The position vector of Pat =2 is —
(=2i + j)+(10i - 6j) +— | Use the vector law of addition.

= 8i—5j
. The distance of P from O is

J82 4 (=5)?

[64+25 Use the formula for the magnitude of a vector.
\'@ /
9.4

43

© Pearson Education Ltd 2C
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2 Review Exercise
Exercise A, Question 41

Question:

A boatB is moving with constant velocity. At nooB,is at the point with position vector ¢3 4j ) km with respect to a fixed
origin O. At 1430 on the same da,is at the point with position vector ¢8 11j ) km.

a Find the velocity oB, giving your answer in the forpy + q.

At time t hours after noon, the position vectoBis b km.

b Find, in terms of, an expression fdy.

Another boatC is also moving with constant velocity. The positigector ofC, c km, at timet hours after noon, is given by
c=(-97+20)) +t(67+ —j) ,wherelis a constant.

Given thatC intercepts,

c find the value of,

d show that, beforC intercept<B, the boats are moving with the same sg

Solution:
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a Displacement between noon and 14.30 is

®i+11j) - (3i—4j)=(5i+15))
. o 1 — st velooity= displacement
covelocity = (5i+15)) +25 km/h ¥ T
= (2i+6j) km/'h.
b The position vector ¢ hours after noon is
b =(3i—4j)+(2i+6j) for boat B. <+——| Use vector law of addition.
¢ Forboal C
c=(—9i+20))+r(6i+ 4Aj)
When C intercepts B
3+2t t —9+61 <— | Equate the position vectors of 8 and of C.
~4+6¢ 20+ Ar
L3421 = O4+6¢
=1z = 4 +— | Equate the i components and solve to give
it = 3 G the value for 1.
Also
—4+6¢r = 20+Aratr=3
SL=4+18 = 20+34 4— | Equate the j components and use your value for f to
b = 34 give 4.
1.- A _ _2 /
d —
The \r'l:hwil}f U!" hui'-“- B _ {Ei £ ﬁ‘j) kmh—l Tht! "'li-]g_l'l'i-tudﬂ {‘}rtht} \"E](}Cilies are 2_ -+ 6_

(6i—2j) kmh ™' and /6 +(=2)° which are equal.

The velocity of boat C

speed of boat B =speed of boat C

=36 +4 =40 kmh™'

© Pearson Education Ltd 2C
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Exercise A, Question 42

Question:

A particleP of mass 2 kg is moving under the action of a amgorceF newtons. When= 0, P has velocity (F+2j ) ms~1
and at time = 4s,P has velocity (18- 4j ) ms~ 1. Find

athe acceleration d® in terms ofi andj,
b the magnitude df,

c the velocity olP at timet = 6s.

Solution:

a As the force is constant, the acceleration is constant.
Given u =3i+2j,v=15i—4j and 1 = 4, to find a use

You may use constant acceleration formulae.

v=u+atorv—u = al 4+————o |
A5 =4j—-(3i42j) = 4a
i.e 12i-6j=4a . .
i . Choose this as it connects u,v,a and ¢
sa=3i-1.5j
b Use
F = nia /// Use Newton's Second Law.
F = 2(3i—1.5j)
= 6i—3j

AF| = 68 +(=3) / Use the formula for magnitude of a vector.
= 45
6.7

¢ Use

v =u+atwitht=6 Use the value for @ found in part a.
Sov=314 2]+ 6(31—1.5))

=211-7)

© Pearson Education Ltd 2C
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Exercise A, Question 43

Question:
The horizontal unit vectorsi and j are due east and due north respectively.

A ship Sis moving with constant velocity2.5 +6)kmh* . At time 120Betposition vector oB relative to a fixed origii is
(16i +5))km. Find

athe speed df,
b the bearing on whicBis moving.

The ship is heading directly towards a submergekl R0 A radar tracking station calculates tha dontinues on the same course
with the same speed, it will HR at the time 1500.

¢ Find the position vector dg.

The tracking station warns the ship's captain efsituation. The captain maintai@®n its course with the same speed until the
is 1400. He then changes course so$mabves due north at a constant speeﬁmfﬁl . Assuthat& continues to move with
this new constant vector, find

d an expression for the position vector of the stipurs after 1400.

e The time wherS will be due east dR.

f The distance ¢S fromR at the time 150

Solution:
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a v=-25i+06j
You know that speed is the magnitude of
sspeed=|v| = J(=2.5)" +6 / velocity.
= /4225
—  65kmh” ¥ Use the formula for magnitude of a vector.

+— | The velocity vector indicates the direction of
motion, so draw a diagram showing this vector.
2.5
tanfd = — - .
6 «— | Use trigonometry to find &.
&g = 206

The bearing on which § moves is 337",

{measured clockwise from North).

Use geometry 360" —22.6 to find the bearing

¢ At 15.00 the ship has moved for 3 hours since noon.

Its displacement = (-2.5i+6j)x3
= =7.5i+18j

It started at 16i+5j so finishes at 8.5i+23j. +—0__

This is position vector of R.

/ Use velocity = time = displacement .

Use vector addition 16i+5j—7.5i + 18]

d At 14.00 the ship has moved for 2 hours since noon to (—2.5i + 6j) = 2

= —5i+12]j from noon position.

. At 14.00 ship is at 16i+5j-5i+12j

=11i+17j
It then moves North at 5 kmh ™' for ¢ hours.
Its displacement 1s 5¢j
- thours after 14.00 ship is at

-— - -
Use velocity x time.

Use vector addition.
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i+ (17+50)] ‘-_,./ Use vector addition.

e Ship is due east of R when

4— | Equate j components and find 1.

23] = (17+50)]
; )
ie.r = — hrs
5
= lhrl2 min

The time at which ship is due east of R is 15124 | Use 1= %hrs after 14.00 to give the

f At 16.00 the ship is at lime,

i+ (17+10)j=11i+27] =

Substitute =2 into the position vector
for §.

The distance of § from R 1s

\/({1 1-8.5) +(27-23)*)

([‘2'5]_ L 4_) Use the formula, based on Pythagoras'
J22.25 Theorem, for the distance between two

4.72km (3 5. points,

Il
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Exercise A, Question 44

Question:
The horizontal unit vectorsi and j are due east and due north respectively.

A model boatA moves on a lake with constant velogity+ 6j)m s . Attimeo Ais at the point with position vect(®i — 10))m
Find

athe speed oA,

b the direction in whick is moving, giving your answer as a bearing.

At timet =0, a second bo#tis at the point with position vect¢t26i + 4j)m

Given that the velocity dB is (3i + 4))ms 1,

¢ show thatA andB will collide at a poinf and find the position vector &

Given instead tha has speedms‘l and moves in the direction of the w¢gite 4)).

d find the distance B from P whent = 7s.

Solution:
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a
Yelooibyot /v is 110 § i Use the definition that speed is the
magnitude of velocity and use the
- Speed of A = m = JFT g formula for magnitude of a vector.
= 6.08ms™ (3s.f)
b
+ 6] A - Draw a diagram showing the velocity vector.

From the triangle:

1 «——— | Use trigonometry to find &, then calculate the
6 bearing (angle measured clockwise from North).

9.46

tan &

e

S Bearing = 360" -9.46
351" (3s.f)

é - Aitime «— | Use displacement = velocity x time.
position vector of 4 is r=2i—10j+#(—i+6j)
position vector of B is r = —-26i+ 4j+1(3i + 4j)

If 4 and B collide for some value of't,

(2=1)i + (=104 60)j = (~26 +30)i + (4 + 4,”/ Equate components of position vectors and solve
Equate i and j components. equations to find 1.
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2—t==-26+3tand -10+6r=4+4¢
In both cases r=7

~. They do collide at Check that position vectors of 4 and of B are the
/ same when r=7.

2§ —10j+ 7(=i + 6j) = =5i +32j

The position vector of Pis —=5i+32j. %
8 / The new velocity is — the previous velocity as
d The new velocity of Bis —(3i+4j)ms’’ 3
3 the previous speed was Sms™' (3, 4, 5A).

Position vectorof Bat ¢+ =7 15

] From the vector triangle law PB=0B - OP.
=261 + 4j +§{3i +4j)x 7 =7.6i+ 48.8j
~PB = b-p=12.6i+16.8j
IPB| = distance=+12.6"+16.8° =21 m.

© Pearson Education Ltd 2C
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Exercise A, Question 45

Question:
The horizontal unit vectorsi and j are due east and due north respectively.

At timet = 0, a football player kicks a ball from the poktvith position vector (Z+j) m on a horizontal football field. The
motion of the ball is modelled as that of a pagtizloving horizontally with constant velocity £5 8 ) ms~1. Find

a the speed of the ball,

b the position vector of the ball afteseconds.

The pointB on the field has position vector (48 7)) m .
¢ Find the time when the ball is due northBof

At timet = 0, another player starts running due north fand moves with constant speeu s~ 1. Given that he intercepts the
ball,

d find the value of.

e State one physical factor, other than air restsawhich would be needed in a refinement of theehof the ball's motion to
make the model more realis

Solution:
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velocity Si+8jms’ Use speed = magnitude of velocity.

1 Use formula for magnitude of vector.

sspeed = V5 +8 ms
V8O ms'=943ms” (3s.f)

I

Il

b After f seconds, position vector is i ) )
Use displacement = velocity x time,

r=2i+j+t5i+8j)

¢ When the ball is due north of 10i+7j

2451
S5

10 Equate the i component of the ball to 10.
8=1t=16s

]

d Atr=1.6 ballisat 10i+13.8j

The second player moves from
10i+7j to 10i+13.8j in 1.6 s.

His velocity is 6.8j+1.6
His speed is 6.8+1.6=425ms"".

Find the displacement of the second player.
Use velocity = displacement +time .

e Friction on the field = so velocity of ball not constant
or
vertical component of ball's motion Any of these answers would be valid.
or

time for player to accelerate.
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Exercise A, Question 46

Question:

A destroyer is moving due west at a constant spé& kmh~ 1. It has radar on board which, at titrwe 0, identifies a cruiser, 50
km due west and moving due north with a constae¢gmf 20 km h 1. The unit vectors andj are directed due east and north
respectively, and the origid is taken to be the initial position of the desemnyEach vessel maintains its constant velocity.

a Write down the velocity of each vessel in vectmni.

b Find the position vector of each vessel at tirheurs.

¢ Show that the distanackkm between the vessels at time t hours is given by

o2 = 5002 - 100Q + 2500

The radar on the cruiser detects vessels only apdistance of 40 km. By finding the minimum vabfe?, or otherwise,

d determine whether the destroyer will be detectethb cruiser's rad:

Solution:
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“ / As it moves west its direction is parallel to .

T ~10i kmh '
Vaiee = 20jkmh™" The cruiser is moving due North so is a positive
multiple of j.
b
G = —ifi=d +— | Usingr,, =r,+Vv
o = =501+20¢ j=¢

¢ The vector CD=d-¢

=10 i — (=501 + 20 )
(50-101)i-204 «— | Using the triangle law, or vector subtraction.

ICD| = J(50-101) +(=20¢)
= \/2500-1000 1 +100 £ +400 /°
~dt = 50047 =1000 ¢+ 2500 | Use Pythagoras' Theorem to find the magnitude
of CD.
d
d* = 5007 =2¢+5)
= 500((t—1) +4)
The minimum value of @ is when =1 and
d* = 500x4 | e n;in‘imun:‘ '-I;a]ue of d* can be found by
~ 2000 completion of the square.
~d = /2000
= 44,72

. As 44.72 = 40 cruiser will not be able to detect the destroyer.

\ An alternative method would be to attempt to

solve d* =407,
This gives a quadratic with no real solutions.
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Exercise A, Question 47

Question:

In this question the vectorsand] are horizontal unit vectors in the directions dast and due north respectively. Two bdatsdB
are moving with constant velocities. Béamoves with velocity gkm h~ 1. BoatB moves with velocity ( 3+ 5/ ) kmh~1,

a Find the bearings on whidhis moving.

At noonA is at the poin© andB is 10 km due west @D. At timet hours after noon, the position vectorsAdndB relative to O are
a km andb km respectively.

b Find expressions fa andb in terms ot, giving your answer in the form

p7+qj

¢ Find the time wheB is due south of\.

At time timet hours after noon, the distance betwAeandB is d km. By finding an expression fAB,
d show that? = 252 - 60t + 100.

At noon the boats are 10 km apart.

e Find the time after noon at which the boats asragj0 km apat

Solution:
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Let the bearing on which B is moving be & .

3
Then tana g Use trigonometry to find «. The bearing is the

angle measured clockwise from the North

= arctan(0.6) direction.
= 3096
.. bearing is 031" (nearest degree)
’ using ., =r,,+VvI.
a = 0+91j
b = -10i+(3i+5j)

Il

(31—10)i+51j

¢ When B is due south of 4

10

i | =

As A has i component zero.

-

2
= 3h 20 min
i.e. the time is 15.20
d
AB = b-a
= (3r-10)i—-4¢j
|m| _ J{SI—IU}:+(—4I): <+ | Using the 'triangle law' or vector subtraction.
= VOr-60r+100+16¢")
nd® = 251 -601+100 —
Use Pythagoras to find the magnitude of AB.

e When d=10 = Form and solve a quadratic equation in 1.
100=25¢-607+100

258 -60t = 0
s 31(51=-12) = 0
_ _ 12 Express your answer as a time in hours and
S A=0ort = — :
5 minutes.
= 24h

So the boats are 10 km apart at 14.24,
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