Applications of forces: slopes and
R connected particles

ROBINSON .
TUITION Worked solutions

This topic online

n A box of mass 5 kg is pulled up a line of greatest slope of a smooth ramp inclined at 15° to the
horizontal. The pulling force has magnitude 40 N and acts parallel to the ramp.

The box is modelled as a particle.
a. Find the acceleration of the box.

b. Find the magnitude of the normal reaction of the ramp on the box.

40 N
15°
59
(4 marks)
o) F = ma vp the ramp
°
40 - 53 A \S = Sa
%40 - 12.682... = Sa
27.37... = Sa
oo = S.4635..

o=5S4Cms 2

b) No motion perpendicular £o the ramp
R = 5'5 cos \5°

R = 4y71.330..

R=473N
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u A particle C of weight 20 N hangs in equilibrium from two light inextensible strings AC and BC. The
points A and B are on a horizontal ceiling. The string AC makes an angle of 30° with the ceiling and
the string BC makes an angle of 60° with the ceiling, as shown in the diagram.

Find the tension in each string.

(5 marks)
Let €he tenscons be T 1ecn AC and T 2 ¢n BC

Resolve korizol\to.(.(.:}
o

o
T Veos 30 = T_2 cos 60

N
2 2

T2 = {371,

Resolve ve.rt:.cm(.(.:)
[~ ()

T 1sn30 + T _2sn60 = 20
3 = 20
2

%T_l-t-r?.‘l’_\x

lra+ 2T, =20
2 2

2T

20
Ti=1lo
T 2 = 10 3 = 17.320..
AC: 10N, BC: ol 3N (7.3N)
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n A particle A of mass 3 kg rests on a smooth plane inclined at 30° to the horizontal. It is attached to
one end of a light inextensible string which passes over a small smooth pulley fixed at the top of the
plane. The other end of the string is attached to a particle B of mass 2 kg, which hangs freely below
the pulley. The part of the string from A to the pulley is parallel to a line of greatest slope, as shown
in the diagram.

The system is released from rest with the string taut.
a. Find the acceleration of the particles.

b. Find the tension in the string.

30°

39 29

(6 marks)

a) The strma s thextensible, so A and ® have the same acceleration o

= ma for B (down posctive)
13 -T = 2a
F = mo gor A (up £he plane posctive)
T - 33 LA 30° = 3a
Add the equations ko remove T
2.3 - "53 = So
So

0.5’3
o = O.I3 = 0.9%

oa=093ms2

b) Substitute into the equation for &
29-T = 2(0.9%)

T = 19.¢ - 1.9

T = \7.44

T=\746N
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n Three horizontal forces act on a particle 0, which is in equilibrium. One force has magnitude 10 N
and acts due east. A second force has magnitude 7 N and acts in a direction making an angle of

120° with the first force, measured anticlockwise (so it points north of west). The third force has
magnitude P newtons.

a. Find the value of P, giving your answer as an exact surd.

b. Find the angle that the third force makes with due west.

10N

V79N

(6 marks)

Talke east as posctive x and north as positive Y

Resolve the 7N Foree
°
% Tcos\20 = =-3.§

(~
3: Tsinl20 = 7_'1_3 = ¢.062I...

a) Ia QALULL&bf‘LUM, the therd Foree cancels the other two
2:10=-3S+XK = 0,50 K =-(.5
y: 6.0621... + Y = o, 50\ =-6.0¢2l..

P2 = ‘sz+(7-r3)

P = 42.25 + 3¢.715 = 19
P =1 19(=%.29)

b) Both componel\ts ore neao.‘k:.\/e.I the Foree pounts south °of west
ton B = 6.O62\..
¢.S

0 = u3.003..

H‘b.oo south of west
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a A rough plane is inclined to the horizontal at an angle o, where tan a = % A particle A of mass 4 kg

is on the plane and is attached to a light inextensible string. The string passes over a small smooth
pulley at the top of the plane, and a particle B of mass 5 kg hangs freely on the other end. The
coefficient of friction between A4 and the plane is 0.25

The system is released from rest with the string taut and A moves up the plane.
a. Find the acceleration of A.
b. Find the tension in the string.

c. State how you have used the fact that the string is inextensible.

(8 marks)
tan0(=ils:.00(= i,c.050(=l
%Y S S
o) A: resolve perpendicular to the plane
R = '-GS cos X = '5.7.3
A moves up, %o l.r&.c.tion octs down the p(.o.M.

F = 0.25 x 3.23 = O.%3
F =ma Fo A (up the p(.o.ne.)

T- '-\-3(%) - O'%S = Ha

T - 7..'43 - 0.83 = Yo
F = ma £or B (down)
5'3 -T Sa
Add to remove T

5’3 - 3.?.3 = Ya

l.%3 = 9a
o = 0.13=I.'16
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oa=1.9ms2

b) Substitute ko the equation for &
T = Sy- s(\.1¢)

T = 4i-18=312
T=32N

¢) Where the model was vsed

A and 6 have the same acceleration
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n A particle A of mass 2 kg is on a rough plane inclined at 20° to the horizontal. The coefficient of
friction between A and the plane is 0.2. A is attached to a light inextensible string which passes over
a small smooth pulley at the top of the plane. A particle B of mass 3 kg hangs on the other end of
the string, 1.5 m above the ground.

The system is released from rest with the string taut. B hits the ground and does not rebound. In the
subsequent motion A does not reach the pulley.

a. Find the acceleration of B before it hits the ground.
b. Find the speed of B as it hits the ground.

c. Find the further distance that A moves up the plane before it comes to rest.

(9 marks)

a) A R = 29 cos 20, moviay up vo prection acts down the plane
F = o2x 29 cos 20 = 3.4%35...
F = ma gor A (vp the p(.om!-)
T- ?.3 sin 2.0° - 3.6%35... = 2a
= ma por & (douwn)
'55 -T 3a
Add to remove T

33 - 2.3 5N 2.0° -34%35... = Sa
294 - ¢.7035... - 3.4%35... = Sa
\9.012... = Sa

oo = 3.202S5..

oa=300ms 2

b)B:v=0,a=32025.,s=\5
v = 0+ 2(32025..)(\.5)
v = IL40T...

v = 3.377S..

338 m &)

c) B hos Landed, so the s{:ru\a ¢s slack: T=0
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F = ma For A, down the plane posctive
°
2q 3tn 20 3.4335... = 24

d s.\93s...

v = I\.%407..,v=0

O = Ww407... - 2(5.1935...)s
s — "."*07.-.
10.3%7...

s = \.09%2...

1LIO m
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A particle A of mass 4 kg rests on a smooth plane inclined at an angle 0 to the horizontal. A is
attached to a light inextensible string which passes over a small smooth pulley at the top of the
plane. A particle B of mass 2.5 kg hangs freely on the other end of the string. The system is in
equilibrium.

a. Find the size of the angle 6.

B is replaced by a particle of mass 3.5 kg and the system is released from rest.

b. Find the acceleration of A and the tension in the string. (7 marks)

) ® e.lu;u\orwm
T = 1.55
A in eguililrium: Fesolve paratlel €o the plane
T = '-}3 sin O
'-}3 snb = 25 9
sin & = o.2s
O = 3%.682...
0= 38.7°
L) F = ma for the 3.5 kg particle (down)
3.53 -T = 3.5a
F = ma por A (up the plane), and 4q sca 0= 2.59
T - 2.53 = Ya
Add to remove T

9 = 7.Sa

a = 1.30¢6...

T = 3.5(9.2 - 1.30¢6...)
T = 2%.726..

a=1L3Aims2, T=29.7N
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n A car of mass 1200 kg tows a trailer of mass 400 kg up a straight road inclined at an angle o to the

horizontal, where sin o = % The tow bar is light and parallel to the road. The engine produces a

driving force of 2400 N. The resistances to motion are 300 N on the car and 100 N on the trailer.
a. Find the acceleration of the car.
b. Find the tension in the tow bar.

When the speed is 12 m s~ 1 the tow bar breaks. The resistance on the trailer is unchanged.
c. Find the distance the trailer moves up the road after the tow bar breaks before it comes to rest.

o) Whole svstem up the road: we;akt compone.(\(: ICOOS X 2.l0

\ =
2400 - 300 - \00 - 16003 x — = 1600a

20
2000 - 734 = 1(00a
o = 12\6

\éOO

oa=0.Tédms2L

b) Tracwler alone, up the road

-
T =100 -4o0gx — = 40O x 0.7¢
2

T -100-11¢ = 304

T =¢c0oN

¢) Trailer alone, no £enscon: down the road posctive

100 +\U¢ = 4004

d = 0.4

v=I12,v=0

O = \22-2(0.7T4)s

s = 44
.48

s = 97.297...

7.3 m
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n A particle A of mass 5 kg is on a rough plane inclined at 30° to the horizontal. The coefficient of
friction between A and the plane is 0.4. A is attached to a light inextensible string which passes over

a small smooth pulley at the top of the plane. A particle B of mass m kg hangs freely on the other
end of the string.

Given that the system is in equilibrium, find the range of possible values of m.

30°

m
59 g

(8 marks)
® n eiv:.(.i\ora.um

T = ma
A: resolve perpendicular to the plane
R =5 q cos 0

F max = OM4 X% 53 cos 30° = ?.3 cos '600

Least m: A about £o stede 0OWN, Friction acts UP the plane
° °

M3+13cos30 = 5'35:.(\30 .
m = 2.5 =2 cos 30

m = 2.5-{3=072¢7M..
Greatest m: A abouk to slide UP, J.ru.t:.o(\ acks 0OWN &he plane

o

(-
my = 5’5 sen 30 + 13 cos 30
m =25+ 3=4.2320..

O.T6x &€ m & w+.23
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m A rough plane is inclined to the horizontal at an angle o, where sin a = % A particle A of mass 2m
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is on the plane and is attached to a light inextensible string which passes over a small smooth
pulley P at the top of the plane. A particle B of mass 3m hangs freely on the other end of the string.
The part of the string from A to P is parallel to a line of greatest slope. The coefficient of friction

between A and the plane is %

The system is released from rest with the string taut.

a. Show that the acceleration of B is %g

b. Find, in terms of m and g, the tension in the string.

c. Find, in terms of m and g, the magnitude of the force exerted on the pulley by the string, giving

your answer as an exact surd.

3 “+
sin X = —, s0cos X = —
S

o) A: resolve perpendicular to the plone

ﬂ - zmax%=%ms

Movu\s vp, J,r'\ck:.oﬁ octs down the plane

F=lx1m =im
2 .'J'3 53

F =ma gor A (vp Ehe plone)
T-Zmaxi-iths = 2mo
S S

T - 1M3 = 2Zmo
F = ma £or ® (down)
Sms =T = 3ma
Add o remove T

(10 marks)
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M3 = Yma

|
b) Substitute cato the e.lud:iol\ For ®
T =

3M3-3mx %3

T=—M5

) Both parts op the str:.na pull on P with tension T

Anate. between them = 90 - K, and cos(‘10° -X)=sn X = %

Add the £uwo porees (cosne rule For vectors)

F‘=-r1+-r2+2.-rx-rx%
Fre= K
s
= 4
r '
r- ;'5*%‘“3

F

F = ﬁms (a.bout "}.7.1M3)
25
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m Two boxes, A of mass 10 kg and B of mass 6 kg, are joined by a light inextensible rope and are
pulled up a line of greatest slope of a rough ramp inclined at 15° to the horizontal. 4 is higher up
the ramp than B, and the rope is parallel to the ramp. A force of magnitude 150 N, parallel to the
ramp, acts on 4, as shown in the diagram. The coefficient of friction between each box and the

ramp is 0.3
The boxes are modelled as particles.
a. Find the acceleration of the boxes.

b. Find the tension in the rope.

c. Show that, for this pulling force, the tension in the rope does not depend on the angle of the
ramp, provided both boxes have the same coefficient of friction.

When the boxes are moving at 3 m 571 the rope breaks.

d. Find the further distance that B moves up the ramp, and determine whether B then stays at rest.

=

15°

150 N

o.) Whole svste.m (¢ ha), vp the fomp

R

l,r;c‘kiof\

I63 sen IS°

\SO - 4O.522... = 45 .437...
€3%.980...

o

a=4400ms2

b) 6 alene, up the ro.mp

I‘S cos ISO
°
0.3 % "3 cos IS = YS.4d7T...
4+0.5%2..
\éo.
\Ga.
3.99%7...

T - 63 SLA I$° - 0.3 % 63 c0% IS'° = Go
T -\5.2\%... - 17.0%8... = ¢(3.9987...)

T =9563N

c) Let 6 ve the oma(.e. ond b = S(sm 6 + L cos 9), the same For both boxes

whole: 1ISO = \éle = Iba

T S$6.25
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B: T-¢ = ¢a

T = é(a +w)
otk = \5O

\¢
\SO

EXR — =

16

T

S6..5

T does not depend on O (or (,L)

4) 6 alone, rope brolen: down the ramp posctive

(~) [~
63 sin IS + 0.3 % 63 cos IS =
d =

O =

S

At rest: compa.re tan \$° with s
°
tan 1S = 0.2 < 0.3

éd.

(~) -]
s(su\ IS +0.3cos IS ) = 5.3762...

32 - 2(5.3762...)s
q
\O.792...

0.%370\...

0.937 m, thea & stays at rest
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m A fixed wedge has two faces, one inclined at 30° to the horizontal and one inclined at 60° to the
horizontal, meeting at a ridge. A small smooth pulley is fixed at the ridge. A particle A of mass 4 kg

is on the 30° face and a particle B of mass 6 kg is on the 60° face. They are joined by a light
inextensible string which passes over the pulley, with each part of the string parallel to a line of
greatest slope of its face, as shown in the diagram.

The 30° face is rough, with coefficient of friction 0.2 between A and the face. The 60° face is
smooth.

The system is released from rest with the string taut, and B moves down its face.
a. Find the acceleration of the particles and the tension in the string.
After B has moved 1.2 m the string breaks. A does not reach the pulley.

b. Find the further distance that A moves up its face before coming to rest.

O
20

30° 60°

(10 marks)
a) F = ma For B, down its Foce (smooth)
63 sin COO -T = 4o
A: R = Uq cos 300, moving vp so prickion 0.2R ackts down the Foce
F = ma For A, vp cts poce
T- '-I»s sin 30° - 0.2 % '-}3 cos 300 = 4o
Add to remove T
° ° °
63 sin 6O - Hq sen 30 - O.%3 cos 30 = \Oa
so.922.. - 194 - €.7%%6... = \Oa
24.5%2... = 10a
o = 2,4532..
T = ¢(9.2 sen 400 -
2.4532...)
T = 3¢.202..
a=24 ms2, T=3%2N
b) Speed when khe string breaks:v=0,s =12
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vi = 2(2.4532.)0.2) = 5.8%7%...

A alone: down its oco.oc. pos:.‘t:.\le.

[~ [~
'-|-3 stn 30 + 0.2 % '-\-3 cos 30 = u4d

3(0.5 4+ 0.2 cos 3o°) =¢.5974...

o = 5.8%78... - 2(6.5974...)s
. = S5.5%7%..
13.\9%...

s = O.44622..

O.44€ m
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