R Forces and friction

ROBINSON Worked solutions

This topic online

n A particle of mass 4 kg is held at rest on a smooth plane inclined at 25° to the horizontal. It is held
by a force of magnitude P newtons acting up a line of greatest slope of the plane, as shown in the

diagram.
a. Find the value of P.

b. Find the magnitude of the normal reaction of the plane on the particle.

PN

25°

49

(4 marks)

o) Resolve parallel to £he plane (up the plane posctive)
p“-iasa.(\?.so = O
4
P

(~Y
'+3 sin 25

16.5¢6...

P =16.6

b) Resolve perpendicular to the plone

o
ﬂ-'-}soos?.s = O
o
R = 4300525’
R

35.527...

R=3s.sN
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n A box of mass 6 kg rests on rough horizontal ground. A rope is attached to the box and pulled with
a force of 30 N at an angle of 20° above the horizontal, as shown in the diagram. The box is on the
point of moving.

The box is modelled as a particle.

a. Find the magnitude of the normal reaction of the ground on the box.

b. Find the coefficient of friction between the box and the ground.

30N

AEOO/V

(5 marks)
«) Resolve Vbrkicm(.(.y
o

R+30sin20 = 43
[~
R = $8.2 - 30 stn 20
R = 48.529..

R =4as N

b) Resolve korizonto.(.(.y
o

F = 30 cos 20

F = 28.9%0..
On the pount °of MoVins, so ocrict;.on X3 (.im:.‘k:.nai F= ptﬁ
28.90.. = px 43.539...

w = 2%.190...
4+9.539...
0.5807...

w
= O.5%lI
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n A sledge of mass 12 kg is at rest on a rough slope inclined at 15° to the horizontal. The coefficient of
friction between the sledge and the slope is 0.4

The sledge is modelled as a particle.
a. Find the magnitude of the frictional force acting on the sledge.

b. Show that the sledge is not in limiting equilibrium. (5 marks)

a) The s(.e.«LSQ. ws at rest, so priction acts vp the slope
Resolve parallel to the slope

[~
F = \23 sin \S
F = 30.4%7..

F=%04N

b) Resolve perpendicular £o £he slope
o

R = l?.s cos \S

R = u3.si..
L.arﬁe.s{: o(:,r'w.{::.on possible

LR = o x n3si..
U = 4sudT..
30.4 £ 454

F <« (,L‘L, so J.r:.c.t'\on s not (.a.m'\tu\s
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n A rough plane is inclined to the horizontal at an angle o, where tan a = %

A small parcel of mass 3 kg is released from rest on the plane and slides down a line of greatest
slope. The coefficient of friction between the parcel and the plane is 0.1

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

b. Find the speed of the parcel when it has slid 5 m.

39

(7 marks)
ton X = l ‘e 7,24, 25 'Cr:.o.na(.e.
24
scn X = 1
1S
cos = 24
y -3

o) Resolve perpendicular £o the plane
R = 33 cos X

R = 3xqax2t

25
R = 28.224
SL:.d.ma, so J,r:.ot:.ol\ is (.:.m:.'tins
F = uk
F = oux2%.224 = 2.%9224
F = ma down the plane

BSs&nO(-F = 3a

398 % 1 -28224 = 3a
25
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8.232 - 2.9224 = 3a

s.409¢ do.

o

1.8032

a =10 ms2

b)u=0,a =12032,s =5, use v2= v’ + 2as
vi = O+2X13032 xS
vl = 12.0%2

v = Y4.24%464...

v=425 ms"\
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a A puck of mass 0.5 kg is projected with speed 8 m 571 up a line of greatest slope of a rough plane
inclined at 20° to the horizontal. The coefficient of friction between the puck and the plane is 0.3

The puck is modelled as a particle.
a. Find the deceleration of the puck as it moves up the plane.
b. Find the distance the puck travels up the plane before it comes to rest.

c. Determine whether the puck remains at rest, giving a reason for your answer.

8ms

20°

0.5g

(8 marks)
o) Movu\s vp the plane, so priction acts down the plane

Resolve perpendicular to the plane
[~}

R = 0.5'3 cos 20

R = ycous..

F = ‘,{,ﬂ = 0.3 X H.CO04%S... = .3,

F = ma, taking down the plane as posctive
O.5q sin 20 +F = o.s4d
.6758... +1.3%3... = 0O.5d

d = 6.I44...

deceleration =6¢.\m s™2

)u=9%,v=0,a=-ClI44..., use v* = v* + Zas
0 = %2 - 2(Cu4...)s
s = &%
12.228...
s = 5.2334..

=923 m
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¢) Ak rest: compare the putl down the plane with the Largest o(;ra.c.(:um
O.5q sin 200 = 4 N

U = 38 N
.63 > \.3%

J;ru.t:.ot\ cannot hold tt: the Puc.k slides back down
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n A block of mass 8 kg rests on a rough plane inclined at 30° to the horizontal. A horizontal force of
magnitude 60 N acts on the block, in the vertical plane containing a line of greatest slope, pushing

towards the plane as shown in the diagram. The block is on the point of moving up the plane.
The block is modelled as a particle.

a. Find the magnitude of the normal reaction of the plane on the block.

b. Find the coefficient of friction between the block and the plane.
The horizontal force is now removed.

c. Find the acceleration of the block down the plane.

30°

8g

(9 marks)
a) Resolve perpendicular to the plane

The horczontal porce has a component €O sin 30 cnto Ehe plant
R = %3 cos '600 + 6O sin '500

R = €7.896.. + 30

R = 97.8964..

R =979N

b) About to move vp the plone, so J,r:.cti.on acts down the plane

Resolve parallel to the plone
o °
€O cos 30 = g 5tn 30 4 F
S1.96\... = 39.2+F

F = 2.7
Limcting priction: F=uR
W = 12.760...
97.99¢...

L = 0.3035..
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= 0.30

c) Now R = &3 cos 30° = ¢7.9%...

F = 0.1%0%5... x ¢7.89¢... = 2.%50A...
F = mo. down the p(.o.ne.

‘63 SN 30° -F = 8a
29.2 - 8.8508... = %a
3.793¢...

o

a=3T7Ims2
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A particle of mass m is on a rough plane inclined at an angle 6 to the horizontal. The coefficient of
friction between the particle and the plane is p. A force of magnitude P, acting up a line of greatest
slope, pulls the particle up the plane at constant speed.

a. Show that P = mg(sin © + p cos 0).
The force is replaced by a force of magnitude %P, also acting up the line of greatest slope. The

particle is now at rest and on the point of sliding down the plane.

b. Show that p = %tan 0.

(7 marks)
o) Resolve perpendicular o the plaone
R = ma cos 9
Mov‘ms, so prection is Limeking and acks down the plane
F = [J.MS cos 9
Constant speed, so the porces along the plane balance
P = M3 sin 9 +F
P = masane'}umacose
= ms(su\ 9 + L cos 9)
b) Now about o slide down, so J.r‘u.t:.on acts vp the plane
| . 6
LI s O = mgsen
2 [J.MS co 3
Substitute ¢ From part o
\ -
—ms(s‘m O+ Lcos B) + Mg cos B = mgsen o
2
Oivide by mg
| \ - e
—sinB+ —Lcos B+ Leos B = s O
2 2
3 = |
— A cos 9 — SLA 9
2 2
M - SN 9
3 cos O
\
H=—= tan 9
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n A sledge of mass 15 kg is pulled along rough horizontal ground by a rope inclined at 30° above the
horizontal. The tension in the rope is 60 N. The coefficient of friction between the sledge and the
ground is 0.2

The sledge is modelled as a particle and the rope as light.
a. Find the acceleration of the sledge.

The sledge is now pushed along the same ground by a light rod inclined at 30° below the
horizontal. The thrust in the rod is 60 N.

b. Explain why the acceleration is now less than in part (a).

c. Find the new acceleration.

60 N

30°

(8 marks)
o) Resolve ve.rt:.co.(.(.:)

R + 60 sen 30 = ISy
R = wu7-30 =17
Mov:.my so priction ¢ Limctong
F = 02x17=2%4%
= ma hor;zoatm(.(.:)

[~
€0 c0s 30 -23.4 = |Sa
S1.9€l... - 23.4 = |Sa

o = \LJOw\..

oa=1L90ms2

b) The thrust now has o vertical compw\e.nt dowanwards
so R is Lmrse.r, so the ocru.ticm [/LK LS (.o.rae.r

©
the Forward component €O cos 30 s the same
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(.a.rae.r ocr:.ction, same l.orwmrcl Foree, so smaller acceleration

c) Resolve ve.rt'\co.(.(.y

R
R
F
[~
€O cos 30 - 35.4%

o
|53 + €O sin 30

I4+7 + 30 =\77
0.2 X177 =354+

= ISa
& = \lloq‘.l.
oa=LIOMms™2
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n A small crate of mass 3 kg is on a rough ramp inclined at 35° to the horizontal. The coefficient of

friction between the crate and the ramp is 0.5

A force of magnitude P newtons, acting up a line of greatest slope of the ramp, keeps the crate at
rest. The crate is modelled as a particle.

a. Explain why the crate would not stay at rest if P = 0
b. Find the least possible value of P.

c. Find the greatest possible value of P.
Resolve perpendicular to the ramp

o
R = '53 cos 35 = 24.083...
KR = O.5 % 24.08%.. = \2.0M4l...

(=}
39 5in 35 = 16.843...
) Weth P = 0, compare the pu(.(. down the ramp with the most ocric‘k'\on

\6.%¢ > 12.04

J.rio‘kion cannot hold &, so it sledes down

b) Least P: abovk to stide 0OWN, crection acks UP £he ramp
P+ Rk = 33 sin 35

P = \¢.8¢3... - \2.04\...

P = 4.9216..
P =4sr2

¢) Greatest P: about o slide UP, Fricteon acks 0OWN the ramp
P = 33 SeA 330 + Uk

P = 16.8¢3... +12.04\...

P = 28.90u..

? =28.9
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m A particle P of mass 4 kg is on a rough plane inclined at 25° to the horizontal. The coefficient of
friction between P and the plane is 0.35

A force of magnitude X newtons acts on P at an angle of 30° above a line of greatest slope, in the

vertical plane containing that line, as shown in the diagram. The particle is on the point of moving up
the plane.

a. Find the value of X.
The force is now removed.

b. Show that P slides down the plane and find its acceleration.

25°

49

(9 marks)
«) Resolve perpendiculor to the plane

(~Y [~
R+Asn30 = '+3cos?.5'

R = 35.527..-0.5K

About £o move up, so J;rx.ction acts down the plane and F = 0.35R
Resolve parallel to the plane

K cos 30° = '-}3 SLA ?.So + 0.35R
0.26¢02..K = 16.5¢E... + 0.35(35.527... - 0.5K)
0.%6¢02.. K = 16.566... + 12.434... - O.\TSK
Lowoz..X = 29.00\...
K = 27.85%..

K =271

b) Now R = Hq cos ZS° = 35.527...

PR = 0.35 % 35.527... = \2.434...
©
'-}3 stn 25 = \6.5¢6...

\6.ST 71243, so ocr:.c(:a.on co.nnot hold P: ik slides down
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F = ma down the pLo.AL

16.566... = 12.434.., Ya

4.\320... Ya

o

1.03%0...

slides down with oo =1.03 m o2
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m A skier of mass 70 kg passes the top of a straight slope with speed 3 m 57T, moving down a line of

greatest slope. The slope is 50 m long and is inclined at 12° to the horizontal. At the bottom the
skier moves onto horizontal snow, with no change of speed, and continues in a straight line until
coming to rest. The coefficient of friction between the skis and the snow is 0.08 everywhere.

The skier is modelled as a particle and air resistance is ignored.
a. Find the speed of the skier at the bottom of the slope.
b. Find the distance the skier travels on the horizontal snow.
c. Air resistance is now included in the model. State, with a reason, how this would change your

answer to part (b).

o) On the slope, resolve perpendcculor
°

R = 703 cos \2Z
Friction acts vp the stope, F = 0.08R

= mo. down the slope

0o [~
703 sin\2 - 0.08 X 703 cos \2 = T0a

[~ o
a = 3("“‘ \2 - 0.0% cos \2 )

o 1.2706...

v=13,8 =50, use v = v’ 4 2as
v: = 3 42(1.270¢..)(50)
vt = 13¢.06...

v = I\.66M...

v==I\L7Tms"\

b) On Level snow R = 70y, %0 J;ru.ka.on = 0.08 % 703
-0.0% % 703 = TOa
oo = =0.7%4
v* =1%6.06...,v=0
O = 13¢.0¢... - 2(0.734)s

s = 136.0¢...
1.54¢8

s = 2¢.T777...

s=B.Im

¢) Acr rescstance s an extra Foree opposing the motion

the distance would be shorter
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m A rough plane is inclined to the horizontal at an angle o, where tan a = %

A particle Q of mass m is projected with speed U up a line of greatest slope of the plane from the
point A. As Q moves up the plane it decelerates at %g. The coefficient of friction between Q and
the plane is p.

a. Show that p = %

b. Explain why Q does not remain at rest when it stops.

c. Find, in terms of g, the acceleration of Q as it slides back down the plane.

d. Show that Q passes back through A with speed %U.

S

tan X = —:a 5,\2,\d tr'uu\a(.e.
12
ssn X = 5
\3
cos X = \2
\3
o) Resolve perpendccular £o the plane
R = 2

Mg cos K= —ms

Movu\s vp, o ocric.t:.on MR acks down the plane
F = ma down the plane

masin0(+ptﬂ= 1

s = 1
s+izp = 9
po=2
\2
=1
#=3

b) At rest: compare the pull down the plane with the most J,rid:um
mg scn X = S

-_—WN

)

R = | .\ 4
{’L EX—MS 3

q
: > R Q. slides back down

¢) Now J;rict:.on acts vp the plane
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S “ = ma

—mq = —M

13 13

_
o= —

39
1

d) Up th C rv=U,v=0,a=~-—
) p e plane. v v O, a ‘33

o = Uz‘l(%3)$

s = \3U?
\%3

Oown the plane From rest:v=0,a = é 9, same s

V= oa( L2
13 \83
vt = U?

q

V)

v =

|
3
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