A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

STATICS, FRICTION & NEWTON’S SECOND LAW

1. a) Smooth string. tension same throughout the string Bl

For the forces acting on the bead:

Resolving horizontally: M1
T cosx =T cosp Al
a =B
[3]
b) Resolving vertically: M1
2T sina-10=0 Al
sina = 2 B1
T=8IN Al fit.
[4]
2. Resolving perpendicular to force P: M1
Qsin48+3sin30=6 Al
Q= % (6.36to 3S.F.) Al c.a.o.
Resolving parallel to force P M1
Gives P + 3 cos36= Q cos45 Al
P=190(3S.F) Al c.a.o.
[6]
3 ANNET ag” B
T, T
M
0.2
Resolving vertically M1
T, sin30 + T, sind0 = 0.2 Al
Resolving horizontally M1
T, cos38 = T, cos4( Al
Solving for T, and T M1
T,=0.163 N Al c.a.o.
T,=0.184 N Al c.a.o.

[7]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

STATICS, FRICTION & NEWTON’S SECOND LAW

Resolving horizontally : M1

F =P cos3b Al

Resolving vertically :

N-Psin30-3w=0 Al

Moving .. F =uN M1

Pﬁ = i(E + SWJ Al ft.

2 J3l2
P=3W Al c.a.o.
[6]

When returning the trolley, let force’s magnitude ke P

N =W + R sin20 M1 Al

F =R cos20 Al c.a.o.

Again F =uN - Pcos 2§ = % (W + P, sin20) Al ft

P, =0.778W (3 S.F) Al c.a.o.

[5]
5. a) Steady speed no acceleration Bl
Resolving T normal reaction = 150 M1 Al
— frictional force = 100 Al
Since moving F 1N M1
p=Z Al
[6]

b) T T cos30+N—-150=0 = N =150 — T cos30 M1 Al
—>Tsin30—-F=0 =>N=2T Al
F=uN Bl
soT = 2150 Y37 M1

2 3
T=928N Al
[5]
¢) Block is modelled as a patrticle Bl

[1]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

STATICS, FRICTION & NEWTON’S SECOND LAW

39
3

Resolving parallel to plane M1
P-F-3gsin30=0 Al c.a.o.
Resolving perpendicular to plane
N — 3g cos3b=0 Al c.a.o.
Limiting equilibrium= F =uN Bl
F=g3 } M1 (combining)
P=qg3+ %
P=317 Al c.a.o.
[6]
7. N
F
59
60
Resolving parallel and perpendicular to plane M1
/I F =5gsi® Al
1 N =5gcos Al
cod = ¢ B1
F=pR M1
5g sirt = us5gco®
tard =p
p=2 Al

[6]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

STATICS, FRICTION & NEWTON’S SECOND LAW

F+X

59
60

For case where particle about to move down plane:

resolving parallel and perpendicular to plane M1
5gsi-X-F=0 Al
N-5g co8 =0 Al
cod =2
F =uN (as about to move) M1
F=g Al
s X=2g (=19.6) M1 Al
[7]
N
b) X
F
59
60
For case where about to move up plane
Resolving parallel to plane M1
59si-X+F=0 Al
N unchanged, so F =g Bl
X =4g (=39.2) M1 Al
[5]
9.8 @+2)+(7-9)+(@+H)=0 M1
a=-10 b=3 Al Al
[3]
b) Resultant force £, +F3;+F, M1
= —4+4 Al f.t.
magnitude =y/(- 42 )+ 4 M1
= 42N or 5.66 N(3 S.F.)
a2, _
So acceleration e ms?or 1.13 mg (3 S.F.) Al c.a.o.
[4]
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10.

Considering case where about to move up the plane
Resolving parallel to plane

T—-F-5gsin=0

Resolving perpendicular to plane
N —5g cos=0

Not moving.. F<puN
.. T—49g<0.6x 3g
i.e. T<5.8¢g

T+F

59
(XO

Case when about to slide down plane
T+F-5gsin=0

F<uN

49 -T<0.6x 39

T>2.2g

ie. 2.2g< T<5.8g

M1
M1
Al
Al
Bl

Al c.a.o.

M1 Al

M1
Al c.a.o.

B1 ft.
[11]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

STATICS, FRICTION & NEWTON’S SECOND LAW

11a)

Resolving parallel to plane
= F+3cost—6sim=0
12

Cox = —
13

F= E

13

Resolving perpendicular to plane
= N-6cost—3sim =0

7
N:i
13

b) Do not know if equilibrium is limiting
S F<uN

> 6
H= g7

M1
Al

Bl

Al c.a.o.

M1

Al
[6]

M1

Alft. (not forp :%)

[2]

12.a) Forlift : T

]
I

509

Forboy: R -20g=20a

= R =20g + 2k 0.1 = 198N

b) Forlift: T— R —50g = 50a
=T =50a+R +50g
=5+198 + 490
= 693N

For boy :

20g

<

M1 Al

Bl
[3]

Bl
M1

Al
[3]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

STATICS, FRICTION & NEWTON’S SECOND LAW

13.

Resistance 400k, 1000k Bl
Forcar: 3000 -T - 1000k = 1000a O] M1 Al
For trailer : T — 400k = 400a @ Al
Total resistance 700, so 400k + 1000k = 700
k=1 Bl
So® becomes: 3000 -T-500=1000a ®
@ becomes: T - 200 = 400a @
®+ @ : 3000 -500-200 =1400a M1
2300 = 1400a
ZBms’=a Al
[7]
b) Substitute int@® : T = 200 + 400a M1
=852 N Al ft.
[2]
14.
T T
A
B
3m
0 J mg
For A resolving parallel to plane M1
T-3mgsim=0 Al
For B resolving vertically M1
T-mg=0 Al
mg = 3mg sif M1
6 =sin'(l) =19.3 (3S.F) Al c.a.o.

[6]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

STATICS, FRICTION & NEWTON’S SECOND LAW

15.For A resolving perpendicular to plane M1
gives N = 5g cos 30 Al
Resultant force up the plane
is T— F—5g sin3d
Newton Il gives T — F — 59 sin3& 5a M1 Al
For B downward resultant force =89 — T
Newton Il—=> 89— T = 8a Al
A moving .. F=uN
S F=0.7% @ (=29.70) Bl
.. T-54.20 = Sa} M1
784-T =8a
a=1.86m$ (3 S.F.) Al cao
[8]
16a)
T, T
A B
2mg  3mg
Using F = ma in direction of acceleration: M1
ForA: T-2mg=2ma @ Al
ForB: 3mg-T=3ma @ Al
®+@: mg=5ma> tg=a Al
[4]
b) Using s = ut 4 af M1
025=1 xigxft Al
t = 0.505 seconds Al
[3]
¢) Need speed with which B hits floor M1
Using “v=u + at”
v =2 x 0.505.. =0.990 ns Al
A rises until its speed is zero M1
a=-g Bl
2as = V- U M1
-2gs =0 —0.990= s =0.05m Al ft.
A is now 55 cm above floor B1f.t.

[7]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

STATICS, FRICTION & NEWTON’S SECOND LAW

17a) Using F = ma M1
ForP: T=ma O) Al
ForQ: mg-T=ma @ Al
®+@: mg=2ma
%g =a Al
[4]
¢) Q must travel 90cm Bl
s =ut+ af M1
09=1xigf
0.606 =t Al
[3]
18.
For A : 59 sin30 — T =5a M1 Al
5g cos30 =R Al
Since it is moving, F= pR; M1
So 5¢g sin36- u5gcos30 — T = 5a ® Bl
For B : T — 2gsin60 —F= 2a Al
2gcos60 = R
Fz = |,LR2 Al
So T — 2gsin66- pu2gcos60 = 2a @ Bl
® + @ : 5gsin30- u5gcos30 — 2gsin69 u2gcos60 = 7a =;—g M1
59 5g¥3 pq¥3 179
> M5 > M%7 %0
5 7 [(5/3 .
——A3——=y —+1 M1 (solvin
5 20 u[ > J ( 9)
0.078 =n Al c.a.o.
[11]
b) Tensions on each side of the pulley are the same B1

[1]
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19.a) For A using Newton Il for horizontal motion

b)

A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

STATICS, FRICTION & NEWTON’S SECOND LAW

T-F=ma
Resolving vertically N = mg
A is moving . F=uN
- mg
2

For B using Newton Il for vertical motion
2mg—-T =2ma

Solving T —% =maand 2mg—-T =2ma
a=1g
For A using “V = \f + 2as” and s = 0.64

v=0.8g

Using equations of motion
For B.

u=0.8Jg

a=g
s=0.36
t="7

'|'|
o
=)
>

pa ©

a—rwmc

ForB:

s=ut+iat’
0.36=0.8gt+1gt’
t=0.1170

For A:

s = ut +at®
1=43ig ¢t
t=0.4518

M1
Al
Al

B1

Al

M1

Al cao

[7]

M1
Al f.t. (but answer must
be in terms of g)

[2]
M1

B1B1

B1 (both)

M1
M1 Al

M1
Al

Time between A and B reaching the floor is 0.4518 — 0.1170 = 0.335 seconds Al ft.

[10]
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A LEVEL MATHEMATICS ANSWERS & MARKSCHEMES

STATICS, FRICTION & NEWTON’S SECOND LAW

20.a) . T
r N
30°
Resolving up slope: M1
Tcos15-F—-6sin38 0 Al
Resolving perpendicular to slope
R—-6c0s30 + T sinl5=0 Al
Limiting equilibrium .. F =uN M1
& Tcos15-3 == (3V3 — T sin15) Al
V3
= T=538N(3S.F) Al c.a.o.
[6]
b) When moving using s = ut 4af’ M1
a= % Al c.a.o.
Newton Il applied to motion up slope M1
And using mass 5 M1
. .~6 1
T cosl5 — F — 6 sin30=x — Al ft.
g 8
1 .
F = —-(6cos30- Tsin15) M1
J3
So T[cosl5+ Sm15j _6cos30 6sin30= 5 Al
NE NE 8g
T =5.45N Al
[8]
c) Crate treated as a patrticle B2
No other external forces (any 2)
Tension increased instantaneously

[2]
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