A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

VERTICAL CIRCULAR MOTION

o= 2r1x1000 _ 100r rad &

60

2
At all times, R — 0.02gc@s = 0.0ZxO.S(%j

100002

R =0.01x — 9 + 0.02gco8

S0 Rmax = 0.01x

=109.86 N
= 110N

100002

+ 0.029g

Bl

M1 (resolving) M1(mo?) Al

M1

Al
(6]
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b)

A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

VERTICAL CIRCULAR MOTION

At any time, mgosd — R =

mv?

50

We require R> 0

2

SO0 mgcoso - mv
50

>0

509 c®% vV
minimum value of casis whend = 60

So 50g

= >y?

Ve = 15.7 m&

Car is modelled as a particle

M1 Al

M1
Al

Bl

B1
[6]

B1
[1]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

VERTICAL CIRCULAR MOTION

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, POtential Energy - O

mg

Using conservation of energy
Initially k.e. = 1 mu
p.e. = -mgL

When string makes andlevith upward vertical
ke.=imv

p.e. = mgL co®
So < mv’ + mgL co$® = < muf — mgL

Resolving inwards:
2

T+ mg co$ = mv
Combining:
2
T= mu_ 2mg — 2mg cds— mg co$

When =a, T=0

2
mu
0=

—2mg — 3mg cas

u® = gL(2 + 3cos)

b) VV = f — 2gL — 2gL co®

= 3gLcox + 2gL — 2gL— 2glLcosx

JgL cosa

<
1]
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M1

A1l (both)

A1l (both)
Al

M1
Al

M1
M1

Al
9]

M1 (substituting)
Al

(2]



A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

VERTICAL CIRCULAR MOTION

QUESTION 3 CONTINUED

C) =60 = v= g_2L Bl
AN
o0
. . [3gL
Upward component of v isy cos30° = Y M1 Al
Using “2as =v? —u?” M1
a=-g; v=0; u :,/% B1 (all)
_293 :_O%
8
S il‘— Al
16
So maximum height above A Ecos60° + % M1
-1 Al
16
(8]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

VERTICAL CIRCULAR MOTION

Potential Energy = ---------- -

Conservation of energy:
When0=60" p.e. =—2gcos60’
=9
ke. =0
When6=0 p.e. =-2¢9
ke. =3x 2u?

So: -g=u’-2g
g =u’
u =vg (=3.13md)

b) When6=10", p.e. = -2gcosfo
ke. =1ix2v?
vZ —2gcosl0” = -g
v? = 2gcoslO” — g
Resolving inwards: T 2gcoslO” = 2v?

29

T = gl4cosiO" — 2+ 2cos10r )

= 38.3N

¢) This occurs whei® =0°

Resolving:
T-29g=29g = T=4g =39.2N

M1
Al

B1

A1l (both)

Al
(5]

B1 (both)

Bl

M1 Al

Al
[5]

M1

Al
(2]

Pages



b)

A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

VERTICAL CIRCULAR MOTION

Potential Energy = ---------- By

Conservation of energy
Initially, p.e. =-mgL
ke. =imu’

When AB makes an angle:
p.e. =—mgLcos

k.e.=imv?

2 2
So mu” - mgL = 2 mv® —mgL cosb
Since rigid rod, just require? > 0, when8 =180
ForU,;,:  imu®-mgL = mgL

u=2gL
Conservation of momentum:
mx 2,/gL = 2mv
JoL =v

Using energy equation;
1% 2mgL - 2mgL =4 x 2mv® — 2mgL cosd
Rises until v=0
mgL — 2mgL = —-2mgL cosd
cosd = 3

So height is; L below B.

M1

A1l (both)

Al (or using6 =180")

Al
M1

Al
(6]

M1
Al
(2]

M1

M1

Al
B1
[4]

Pages



b)

A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

VERTICAL CIRCULAR MOTION

Conservation of energy:

Initially:  p.e. =-mg
ke.=imu’

At angle 6
p.e. =—mgcosH
ke. =imv?

1 2 -1 2
So ;mu” —mg=-smv® —mgcosd

Oscillations = v becomes 0 whefi < 90°

v=0 = u®-2g=-2gcosh
0=90 = Uu?2-29=0 SO Uy =+/29

u=4J2g
So using energy equation:
1 mx1x2g-mg=21mv® - mgcoso

At maximum height, v=0
2 -g=-gcosh
cosH =2

Maximum height =L- Lcosd = L

This is wherg = 0°
Resolving inwards

Potential Energy =0

M1

A1l (both)

A1l (both)

M1

Al
[5]

M1
Al

M1

Al

M1 Al
[6]

M1
M1

Al
3]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

VERTICAL CIRCULAR MOTION

Potential Energy =0

Using conservation of energy:
Initially ke.=0
p.e. =0.6mg

When OP makes an andlavith vertical
ke. =imv?
p.e. =0.6mgcosd

So imv? + 0.6mgcosd = 0.6mg
= v®=12g(1-cosh)

Resolving inwards:
mv?
0.6
mgcosd — R = 2mg(1- cosh)

mgcost —R =

Loses contact>> R=0
mgcosh = 2mg - 2mgcoso
cosh =4

Height =L cos =0.4

Pages

M1

A1l (both)

A1l (both)

Bl

M1 Al

Al (f.)

M1

Al

Al
[10]



A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES
VERTICAL CIRCULAR MOTION
QUESTION 7 CONTINUED

b)

Nmm—————
\

When particle loses contact,

v2=12g(1-2)=04g= v =,/0.4g B1
Vertical component =vsin® M1
_ 2\
= ,/0.4g4/1- (5) Al
V5 ——
2
—ng Al (or decimal)
Time to hit table:
s=ut+iat’ M1
s=04 u=@ a=g Bl
2
0.4 =Qt+%t2 M1 (solving)

t=0.172 or -0.474
=t=0.172 seconds Al
(8]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

VERTICAL CIRCULAR MOTION

29

Conservation of energy
Initially p.e. =4g

k.e. =25

When string makes an angbe
p.e. =4gcosH

k.e. =v?

S0 25 + 4g =v? + 4gcosd
v? =25 +4g(1l-cosH )
V = ,/25+ 4g(1- cosd)

Resolving inwards:
2
T +2gcosb = 2%
T +2gcosd = 25+ 4g(1- coso)
T =25+ 29(2 - 3cosh)

D) Tpax = 25+ 29(5)

=123 N
Toin = 25+29(-1)
=54N

Potential Energy =0

M1

A1l (both)

A1l (both)

Bl

Al

M1 (combining)
Al
(8]

Bl

B1
(2]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

VERTICAL CIRCULAR MOTION

Potential Energy =0

Conservation of energy M1
Initially:  p.e.=-0.1x0.3g

ke.=1x0.1u° A1l (both)
When OB makes angle with downward vertical:

p.e. =—0.03ycoso

ke.=1x0.1v? A1l (both)

So -0.03y+0.05u? = —0.03ycosd + 0.05v>

Require v? >0 when® =180 M1
For u,: —0.03y+0.05u°% =0.03y
W= Ui = 59 Al
5 5

[5]

b) Resolving inwards:

2
R—0.1gcosd = 2 M1 Al
0.3
Substituting from energy equation: M1
R—o.mcosezl(@—§+wj Al
3l5 5 5
R=9:3cop Al
5 10
R=0=co$=-2 M1 AL
6=132 Al
(8l
c) Initially no vertical velocity Bl
s=ut+iat® = 0.3 =1gt’ M1
t = 0.247 seconds Al

3]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

VERTICAL CIRCULAR MOTION

10a)
Potential Energy =0
Conservation of energy: M1
Initially ke.=p.e. =0 Bl
When OP makes angle:
ke.=imv’ p.e. =—mgacosa Al
So imv? = mgacosa
v = ,/2gacosu Al
(4]

b) =60 = v=.ga B1
Conservation of momentum M1
m\/@ =3mV
V=1/ga Al
Conservation of energy for combined particle: M1

Initially (at angle60”)

ke.=1x3mx (L /gaf Al
_—3mga
p.e. = Al

When OP makes angfe with downward vertical:
k.e. =4x3mv?

p.e. =—3mgacosd B1 (both)
2
So mga_ 3mga: 3mv® _ 3mgacost
6 2 2
Rises untilv=0 M1
—4mga _ —-3mgacosd
$=cos Al
height isga below 0 Al

[10]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

VERTICAL CIRCULAR MOTION

1la)

0.03g

F=0.1x0.03g
= 0.003g

Work done against friction = loss in energy

Initial energy =2 x0.03x1.5%

Work done by friction = forcex distance = 0.003g 0.6
So final energy =kx0.03v* = £x0.03x1.5° —0.003yx 0.6

v =1.036ms"

b) i) Rises until k.e.=0
Conservation of energy:
0.03gh = £ x 0.03v*

h = 0.0548m

ii) Before point B, R = 0.03g

2
After: resolving inwards: R — 0.03g 933‘2’

R = 0.455 N
Difference = 0.161 N

iii) It would decrease it

Because friction would reduce v to 0 before this height was reached.

M1
Al

M1
Bl
M1

Al
[6]

M1
M1

Al
(3]

B1

M1 Al

Al
Bl

[5]
B1

B1
(2]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

VERTICAL CIRCULAR MOTION

12.3) Potential Energy = 0---------- —.Q
i T
P
g

Conservation of energy M1

Initially ~ k.e.=3U?

p.e. =—+/2g A1 (both)

At angle©:

ke.=1v?
p.e. =—+/2gcosH Al (both)

So %UZ —\/Egz%vz —J2gcosh

Resolving inwards: M1

2
v
T-gco=— Al
TR
2
u
So T=gcosH+—-2g+2gcosh M1 Al
J2
When 6=135, T=0 M1
2
0 — __g + U_ — — ﬂ
v2 V2 V2
u? =39+ 20v2 = g3+ 212) Al
[9]
b) v2 =g(3+2v2)- 242 - 29 M1
=g Al
v=+g=3.13mg Al
3]

c) Vertical component of velocity vsin45® = \/g Bl
2as=v?-u? M1
v=0,a=-g

g

-20s=0-=

J 2
=t Al

4

3]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

VERTICAL CIRCULAR MOTION

13a
) A V2 m B
Im T T Im
g
Resolving vertically M1
2Tcos45 =g Al Al
1= 329 Al
2
[4]
b) Vertical distance of P below AB £sin45° M1
1
=— Al
J2
Conservation of energy Al
e _ -9
Initially: p.e.=—4
J2
ke.=1u? Al f.t. (both)
N
0
l V2T
P
g

When strings are at anddewith vertical:

ke.=1v?
_ —gcoso
p.e. = Al (both)
J2
Solv2- Y cosp-1y2- 9L
20 2 27 2
Resolving inwards: M1
2
V2T —gcosh=Y— Al
V2
U2
\/ET—gcosezﬁ—g+gcose M1 (combining) Al
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES
VERTICAL CIRCULAR MOTION

QUESTION 13 b) CONTINUED

RequireT >0 when 6=180’: M1

So minimum value of u is given by:
2

0+g="=-g-g
J2
u2=3\/§g Al
u=+3v2g (=6.45 md)
[11]
c) 6=90 B1
VZT:%—Q:ZQ =T =129 M1 Al
(3]
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