Edexcel A level Maths A model for friction o

Section 1: Friction

Solutions to Exercise level 3

1.
= P R F
F kP
6
mg mg

Resolving perpendicular to plane (both cases) R~ —mgeosd =0
R = mgcos O

Friction is Limiting in both cases: F = urR = mgcos

When the particle s about to move upwards (left-hand diagram)
Resolving up the plane:  P—F —mgsinbd=o0
P —umgeosd—mgsind =0
P = umgcos @ +mgsin b
When the particle Ls about to wmove downward (right-hand diagram)
Resolving down the plane: kP +mgsind —F =0
kP +mgsin 0 — pmgceosd =0
kP = umgcos 0 —mgsin 0
So k(umgcos 0 +mgsin ) = mgcos 0 —mgsin 0
kpcosO+ksind = pcosd—sinb
(1+kR)sind = u(1—-k)cost
1+k
1-k

U= tan @

2. (1) when wmoving upwards:

VF>T/
—

mg
Resolving perpendicular to plane =R —mgeost =0
R = mgcos 0
Frictlon is limiting: F = ur = g cos 0
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Edexcel A level Maths Friction 1 Exercise solutions

(i)

(iit)

Resolving up the plane: —F —mgsind = ma
—umgcos 0 —mgsind = ma

a=—g(pcosO+sinb)
vV =wu+at

0=u—g(ucosd+sin )t

u

B g(pcosO+sin )

v* =u® +24s
0=u*—-2g(ucos 6 +sinb)s

2
u

B 29(ucos O +sin )

When moving dowwn the 'pL&IVLE'

o~

R

”49

Resolving down the plane: mgsind —F = ma
mg sin 0 — pmgcos 0 = ma
gsinb—ugceost =a
For maovement, gsin @ — ugeost >0
sin@ > ucosd
tan @ > u

g(sin @ — pcos ) =
S=ut+iat®

M2

=0+2g(sin @ — 1cosO)¢t>
29(1cos 0 +sin 6) =9 a
2 [/(2

g% (sin 0+ pcos ) (stn 0 — prcos 0)

2
2 “u

g7 (stn” 6 — 1” cos™ 0)

u
t =

g\/s’wx,2 0 —u*cos* 0
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Edexcel A level Maths Friction 1 Exercise solutions

vV =wu+at

u

=0+ g(stn @ — pcos ) x
g\/s’m2 0 — u”cos® 0

_u(stn @ — ucos0)

Jsin? 0 — 1 cos? 0
B u(sin @ — Lcos 6)
 J(stn 0 — pcos 0) (sin O + ueos )

ZM\/SLVLH—ﬂOOSQ

sin@+ ucosd

(D) Forbothparticles: R —mgeosd =0
For Lower particle: 7, = urR = umgeosd
For whole system:  force down the slope = 2mgsin b
For the system to move, this must be greater than the maximuwm friction
force: 2mgsin @ > pmgcos
u<2tand

(i) stage 1: top particle on smooth and bottowm particle on rough
Friction applies to just one particle:
2mgsin 0 — umgeos 0 = ma,
a, = g(sin b —cos0)
u,=0,5, =0
v =u* +24s
vi =0+2g(2sin b —cos )b
=24g6(2sin 0 —cos 0)

Stage 2: both particles on rough
Friction applies to both particles:
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Edexcel A level Maths Friction 1 Exercise solutions

2mgsind —2umgcos 0 = ma,
a, =24(stn @ —cos )

u; =v;=2gb6(2stn 60 —cos )
s, =0

*=u* +2as

v
v: =29b6(2sin 6 —cos6) +2 x2(sin 0 —cos )b
=296(2sin 0 —cos@+2sitn 0 —2c0s0)

=29b6(4sin 0 —3c0s0)

Stage 3: top particle on rough and bottowm particle on smooth
Friction applies to just one particle:

Same as stage 1 so a, =4, = g(2sin 0 —cos )

W =vZ =296(4sin b —3c0s0)

s, =0b

3
2

v =u® +2as

VZ =2gb(4stn 0 —3c0s0) +2x g(2sin 0 —cos 0)b
=296(4stn @ —3c0s 0 +2sin 0 —cos 6)
=2g6(6sin 0 —4c0s0)
=2g6(6sin 0 —4c0s0)

so final speed Ls = \|296(6sin 6 — 4 cos 0)
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