A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

HORIZONTAL CIRCULAR MOTION

2n 2w

w="-=""rad ¢ B1
5
F = mro? M1
2
= 0.2x 0.2x 2% Al
25
= 0.0632N Al
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100
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100
10 1
79999
Resolving M1
Vertically : Tco$ = mg Al
2
Horizontally : Tsir® = mVT Al
100
2
o] m\{ Mg M1 (combining)
165SiN6  cosH
2 = _sme L Al
cos9 100
1
tard = B1
V79999
o-_9 L __ ot Al
7/9999100 100y9999
(8l
mv?
b) T=—-F M1
160SIN0
m gL _100mg Al

L5%0.01100/9999 /9999
(2]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

HORIZONTAL CIRCULAR MOTION

Resolving M1
Vertically: Rsird = mg @ Al
mu’
Horizontally : Rco8 = @ Al
@ iarp=9" M1 Al
@ 2
But% = tard B1
soL=9 M1
h wu
2
Y oop Al
g
(8]
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b)

A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

HORIZONTAL CIRCULAR MOTION

R
15°
Resolving M1
Vertically : Rcosl15=1200g @ Al
2
Horizontally : Rsin15 -1228/ @ Al Al
@ V'
1) tanls =
o 80y i
vz = 210.07
v = 145ms* Al
[6]
Resolving: M1
Vertically : 1200g + Fsinl5 = Rcos15®
2
Horizontally : Rsin15 + Fcos15 lzgg’ @ Al
About to slip= F =uR = 0.6R B1

® = 1200g = R(cos15 — 0.6sin15)
M1 Al

2
@ — 1200/

= R(sin15 + 0.6cos15)

2 -
Dividing : v sinl5+ O.GCQSLS M1
80g cos€l5-0.6sin15

v2=810.83= v =28.5m& Al
[7]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

HORIZONTAL CIRCULAR MOTION

5. Hooke's Law : T :kTX

_6x
0.8

2
Resolving inwards : %X _xv
r

6x _1x15°
8 r
Butr=0.8 +x
6_x 225
8 0.8+x
= 6x(0.8+x) = 2.25 8

48x +6%x2 = 18
X =1.38 0or-2.18
sor=2.18m

M1

M1 Al

M1

M1 (reasonable attempt
to solve)

M1 (solving) Al (1.38)
Bl

(8]

6. a) Particle about to slip> F=uR

0.5v>

F =0.4x 0.5¢
=0.2g
Resolving inwards : 0.2g =
r

vz = 0.4qr

i) v=0.885mg

i) v=1.25ms"

b) none

M1

Al

M1
Al

B1
B1

[6]

Bl
(1]
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7. a) Atsurface, mg =——

A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

HORIZONTAL CIRCULAR MOTION

kmM
2

3R

by D=—
) 2

C) o

_gR?> mM

Gravitational force

_ 4mg
9

Resolving inwards :
9 2
o_ 8
27R

02|28
3V3R

3 21 _om

~ 24x60x60 43200

gR? mM
M D2

gR2 . 72
D? 43200

D3 _ 43200° gR?

TC2

2 2
D:3/4320029R (= 7203/593 )
T T

=mDo?

M1 Al Al

Al
[4]

Bl

M1

Al

M1

Al

Al
[7]

M1 (give forz:) Al

M1 Al

M1

Al

[6]
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b)

A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

HORIZONTAL CIRCULAR MOTION

Resolving
Vertically : Ticod =g + T,sind
Horizontally : T;sind + T,c09 = rv?

sind = 0.8; cof = 0.6
r=0.6si® = 0.48

S00.6T=g+0.8%
0.8T, + 0.6T, = 0.48»°

Solving simultaneously

0> "3 (5.22 rad S)

T,>T5,s0T <40

3y 48

=+ —0°<40
5 125

o< 225403
48 5
©°<88.854= »<9.43rad ¢

M1 (correct diagram)

M1
Al
Al

Bl
M1 Al

M1
Al

Al
[10]

M1

Al

Al
3]

Bl

M1

Al
[3]
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b)

A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

HORIZONTAL CIRCULAR MOTION

Resolving :
Vertically : Tco®=mg @
Horizontally : Tsi® = mme? @

Hooke’s law : T = 4mgx ®
r=(1+ x)sird

@=Tsim=m(1l+x)siBe2 =>T=m(1+xp2®
S0 4mgx = m(1 +x)?

2

giving 4gx =02 + X02 = X = .
49-»

Using® and®
mg _ m(L+ X)m?
coso

2
But x =

49— o®
2
LA P
cosd 49 -
g 2 49 - 0° +0°
cosd 4g - o°

2
9 _ %o = C0% = 20 _ZD
cosh 4g-o® 4o

2

O<cos<1
49 -0°>0
49 >0° = 2\/§>co

4g - »°
2

<1l= 4g —0° < 4p?
4o

Hence 4g < &7, giving 2\/2 <o

Hencez\/g <o <2g

M1
Al
Al

M1 Al
Bl

Bl
M1

Al

[9]

M1 Al

M1

M1

Al
[5]
M1

Al

Al

Al

[4]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

HORIZONTAL CIRCULAR MOTION

10a) v =or = 0.9ms" Bl
ke. =vmy M1
=0.81J Al
3]
b) Distance moved 0 .jn Bl
F=puR =0.1g Bl
Work done =0.1bx 0.1g M1
=0.015wg Al
(4]
¢) Work done against friction = loss in energy M1
New kinetic energy 2 x 2/ =0.81 — 0.01fg Al
V> =0.348
2
=MV :1X0'348:1.16N Al
r
3]
d) Require kinetic energy to decrease to zero M1
0.81 =0.1gx distance M1
0.827 = distance
angle = 0'827>< 360 M1
0.6n
= 158 Al

[4]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

HORIZONTAL CIRCULAR MOTION

11.a) Hooke’s law T= xTX M1
AP :T= —k"ig?’ - 3kmg Al
PB:T-%szmg Al

(3]
b)

Resolving M1
Vertically : Ticod=mg+ Tsilb @ Al
Horizontally : Tsin® + T.cod = mro® @ Al

Using values of Tand T, and sing = %; co® = % M1 Al

@ : _12k5mg = mg+—6krng Al

—6k;ng=mg:k=% Al
(7]
c) Using® :

Smgx £+ Smgx £ =mre’ M1 Al

Butr = 4si) = 2 M1 Al

3mg , 4mg _ 12mo?

2 3 5
o? §g Al
72
o = 3.40rad3 Al

[6]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

HORIZONTAL CIRCULAR MOTION

12.T=%=ng M1 Al
Radius :% (1+x) Bl
Resolving inward for either particle : M1
2gx = 4x %(l+x) AL AL
= 20X =2 + 2X
= Xx(2g-2)=2 M1 (solving)
= L Al
g-1
T-29 503N Al
g-1

[9]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

HORIZONTAL CIRCULAR MOTION

13.a)

Resolving
Vertically : Rsih=Tco®+g @

Horizontally : Rco8 + TsirH = 25 @
r

r=1si® =0.6
co =0.8

so®:06R=08T+g

@ :0.8R+0.6T =25
0.6

Solving : T=17.16N

b)

g

Resolving vertically : Tcas =g

COSXZL
17.16

o =55

¢) Resolving horizontally :

Tsino = 2—5
r
r =Lsina
L = 25
Tsin®a
= 2.16m

M1
Al

Al

Bl
Bl

M1 Al
[7]

Bl

B1fit.
(2]

M1
Bl

Al
[3]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

HORIZONTAL CIRCULAR MOTION

14.a)

F =uR, as about to slip B1
Resolving M1

Vertically : Rcos = Fsirx + 1200g @® Al

2
Horizontally : Rsimc + Fcos. = 1200< 407 @ Al
200
cosy = @ Bl
10
O R@ _HR +120Qy
10 10
M1 Al
@: R + L@ =9600
10 10

So, from® : R(@ -1) = 120009
@ : R(1 +1+/99 ) = 96000

Dividing : V99— _ 12000 M1 Al
1+14/99 96000
8\/@—814:9 + gu\/9_9 M1
n=399-9 _ 4662 Al
8+ g@
[11]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

HORIZONTAL CIRCULAR MOTION

15. a)
Resolving M1
Vertically : Rcos + Fsire = 1000g Al
2
Horizontally : Rsim - Fcost = 1000v Al
100
About to slip= F =uR M1
So: R(cos + usina) = 1000g ® } Al
R(sin - pcosy) = 10V ®
@ . Sino-pcosa _ v?
@ coso+psino 100y M1 Al
Multiplying top and bottom of left-hand side byl— ; M1
cosu
tano—p V2
l+ptano 10Qg
V2o 10Qg(tano — L) Al
1+ ptana
[9]
b) V2= 100y(tano — 0.2)
1+ 0.2tana

V2> 0= tam > 0.2 M1
oa>11.3 Al

(2]
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A LEVEL MATHEMATICS ANSWERS AND MARKSCHEMES

HORIZONTAL CIRCULAR MOTION

QUESTION 15 CONTINUED

c)

Resolving M1
Vertically : Rcos. = 1000g + Fsia
2
Horizontally : Rsim + Fcos. = 100Qu Al
100
About to slip out= F = 0.2R M1
So: R(cos - 0.2sim) = 1000g @
Al
R(sim + 0.2cos) = 100 @
® WP - (sina+0.2cosa)100y
[0 cosa—0.2sina M1 Al
_ 100g(tana + 0.2)
1-0.2tana
(6]
d) >0 sol >0.2tam M1
5 >tam Al
78.P >q
S0 78.7 >a.>11.3 Bl
(3]
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