Sample Paper 6 Marking Scheme
Question 1

(a)

A particle is projected from a point O with speed u m s at an angle a to the
horizontal.

2 s
(i)  Show that the range of the particle is ———

’ u
B
and that the maximum range |0Q] is ug. o
®

0 P oy
If the angle of projection is increased to 60° the
particle strikes the horizontal plane at P.
(ii) Find the distance |PQ] in terms of u.
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(b)
If there were no emigration, the population x of a certain county would increase at a

constant rate of 2-5% per annum. By emigration the county loses population at a

constant rate of n people per annum.

X

. . . dx
When the time is measured in years then i L

(i) [Ifinitially the population is P people, find in terms of n, P and t, the population
after t years.

(ii) Giventhatn = 800 and P = 30000, find the value of t when the population is 29734.

0 Eeton
40 x [—=—= [dt (5)
40 x [In(x —40n) |3 = [¢]§ (5), (5)

40in(x — 40n) — 40in(P —40n) =t
In (x—40n) . i
P—a0n/) 40

x = (P —40n)e /20 + 40n (5)
(ii) x = (P — 40n)e 710 + 40n

29734 = (30000 — 32000)e /40 + 32000

2000 x e /20 = 2266
t = 40In(1.133)

t = 4.99 years (5) (25)



Question 2

(a)

A block C of mass 6m rests on a rough c—0
horizontal table.

It is connected by a light inextensible
string which passes over a smooth fixed
pulley at the edge of the table to a block
D of mass 3m. D is connected by E
another light inextensible string to a

block E of mass 2m, as shown in the diagram.

The coefficient of friction between C and the table is %

The system is released from rest.
(i) Show on separate diagrams the forces acting on each block.
(ii) Find the acceleration of C.

(iii) Find the tension in each string.

i R
(i) T AT 4T,
T
fR l
3
6mg v v
Ty + 3mg 2mg
(ii) T —2mg = 6ma (5)
T, +3mg —T = 3ma (5)
2mg —T; = 2ma (5)
_ 39
a=<7 (5)
(iii) T=2mg+6m><E = Tzﬂmg

11

T1=2mg—2mx?1’—“j = T, =—mg (5)

(30)



(b)
. __ rh mgRr? . 2(_ 1 .
@ w=J (R+x)2 dx =mgR ( R+x) |0 14k

(ii)  If his small compared to R,% ~ 0

W=m—gh=mgh

Q.E.D.

QE.D. (5)+(5)

(5)
(5)



Question 3
(a)

A smooth sphere A of mass 2m, moving with speed 3u on a
smooth horizontal table collides directly with a smooth sphere —>

B of mass m, moving in the opposite direction with speed u. @
The coefficient of restitution between Aand Bis e.

Find, in terms of u and e,

(i) the speed of each sphere after the collision

(ii) the magnitude of the impulse imparted to B due to the collision.
The loss of the kinetic energy due to the collision is kmu?(1 — €2).

(ili) Find the value of k.

3u u

)

—_— —p

(i) PCM 2m(3u) + m(—u) = 2mvy + mv,

NEL V] — Uy = —e(Su — (—u))

2v; +v; = 5u

vy — Uy = —4deu
(5—-4 5+8
v1:u3e) vzzu(;-e)
(ii) [ = |mu(a+89) m(— u)|
=22 (1+e)

(iii) KEg = = (2m)(3u)? + = (m) (—w)? = Zmu?
KEx = 3 (2m)(vy)? +3 () (v,)?
= 2mu? {(25 — 40e + 16¢2) +2 (25 + 80c + 6462):}
= smu?(37.5 + 48¢%}
19

KE; = ?muz — 6muz{37 5+ 48e?}

= ?muz(l —e?)

(5), (5)

(5)
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Question 4

(a)
(i)
(5)
(i)  BD, AC, DF, BC, DE (5)+(5)
Length = 18 km
(iii)

—

e )

(iv) (B, D), (D,F), (B, C), (A C) (D, E) (5)



(b)
— . : 9gh : :
A particle is projected with speed 3 from a point P on the top of a cliff of
height h. It strikes the ground a horizontal distance 3h from P.
(i) Find the two possible angles of projection.

(ii) For each angle of proiection find. in terms of h, the time it takes the

particle to reach the ground.
5
1 e =3
(1) " 5
ucosaxt= 3h
_ 3h
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r-=—h
J
usinaxt—Lgt’ = —h
.0{3;;)1[3/7]3
usin -ig = —h 5
ucoso B ucosox
tan’ @ —3tanor =0
tano =0 = o=0°
tano =3 == 116"
(11) t, =0 or f,= U 5
UCoSo
B 3h _ |2k
9
ihcosO &
2
3
t,=0 or t,= f
UCOS
B 3h 3 120/
- - 5
%00871.6 &




Question 5

(a)
A ball is thrown vertically downwards from the top of a building of height h m.
The ball passes the top half of the building in 1.2 s and takes a further 0.8 s to
reach the bottom of the building.
Find
(i) thevalueofh
(ii) the speed of the ball at the bottom of the building.

(i) s=ut+ %at2
~h=12u+-g x 144
h = 2.4u + 1.44g (5)

s:ut+%at2
h=2u+%gx4
h=2u+2g (5)

S5h = 12u + 70.56
6h =12u+117.6

h = 47.04 (5)

(ii) h=2u+2g
47.04 = 2u + 19.6
u=13.72 (5)

v=u+at
v=13.72 +9.8 X 2

v=3332 ms™? (5) (25)



(b)

(i) Assume:P,=an+b
20(an+b) —28(a(n—1) + b) +9(a(n — 2) + b) = 20(40n + 500) (5)
a =800, b =2000
Particular solution: P, = 800n + 2000 (5)
Total solution: B, = 1(0.9)™ + m(0.5)" + 800n + 2000 (5)
3200 = 1(0.9)° + m(0.5)° + 800(0) + 2000
2690 = 1(0.9)! + m(0.5)! 4+ 800(1) + 2000
[ =-1775, m = 2975
P, = 2975(0.5)" — 1775(0.9)™ + 800n + 2000 (5)

(i) P,y =2975(0.5)1° — 1775(0.9)1° 4+ 800(10) + 2000 ~ 9384  (5)



Question 6

(a)

A moveable pulley of mass m is suspended on a light
inextensible string between two fixed pulleys as shown in
the diagram. Masses of 6 kg and 3 kg are attached to the
ends of the string.

The system is released from rest.

(i)

(ii)
(iii)
(i)

(ii)

(iif)

Show, on separate diagrams, the forces acting on the
moveable pulley and on each of the masses.
Find in terms of m the tension in the string.

For what value of m will the acceleration of the moveable pulley be zero?

R NC
¢

6g mg 3g
T—6g = 6a
T —3g =3b

mg—Zszx%(a—kb)
1(T T
mg—Zszx;(Z—g—kg—g)

4mg — 8T =m x (T —4g)

__ 8mg
~ 8+m
~(a+b)=0
mg — 2T =0
mgzZTzlgnnf

m=28

(5)

(5)

(5)

(25)




(b)

A car C moves with uniform acceleration a from rest to a maximum speed .
It then travels at uniform speed u.

Just as car C starts, it is overtaken by a car D moving in the same direction with constant

3
speed Tu
Car C catches up with car D when car C has travelled a distance d.
(i) Show that, at the instant car C catches up with car D, car C has been travelling with
speed u for a time d_x
3u a
(i) Find d in terms of u and a.
(i) D s=ut+ %atz
3
d= Zut +0 (5)
t =22
3u
C v=u+at
u=0+at, (5)
u
— = _u
Ly=t—t; =——~ (5)
(i) C d=0+%atlz+ut2+0
1 u\2 4d u
d=z2a(%) +u(=-2) (5)
2 a 3u a

2 2
u 4d u
d=—

2a 3 a

3u?

d=2= (5) (25)



Question 7

(a)

A particle moves in a horizontal line such that its speed v at time t is given by the
differential equation

(i) Giventhatv = 2 whent = 0, find an expression for v in terms of t.

dv
— =5—8et.
dt

(ii) Find the minimum value of v.

(iii) Find the distance travelled by the particle before it attains its minimum speed.

(i)

(ii)

(iii)

v _ 5 _ge-t

dt
[dv=[(5-8e")dt (5)
[v] =[5t +8e~']; (5)

v—2=(5t+8e%)—8

v=5t+8e"—-6 (5)
Z=0
5—8e~t=
t =Inz = 0.47
Vmin = 5 X 047 4 5 — 6 = 1.35 (5)
Z=5t+8e—6

[s]5 = [—tz —8e t - 6t]z'47

s = (E (0.47)? — 8e =047 — 6(0.47)) — (-8)

s =0.73 (5)



(b)

A small smooth sphere P, of mass 2m, moving with speed 4u,

collides obliquely with an equal smooth sphere Q, p Q u
of mass 3m, moving with speed u.

Before the collision the spheres are moving in opposite a
directions, each making an angle a to the line of centres, as a

shown in the diagram.

The coefficient of restitution between the spheres is % . du

(i) Find, in terms of u and a, the speed of each sphere after the collision.

After the collision the speed of P is twice the speed of Q.

(i) Find the value of a.

P 2m  4ucosa T+ 4usina J v, T + 4usina J

Q 3m  —ucosa T —usina J v, T — usina J

(i) PCM 2m(4ucosa) + 3m(—ucosa) = 2mv,; + 3mv, (5)
NEL v, —v, = —% (4ucosa + ucosa) (5)

2v, + 3v, = Sucosa

V; — VU, = —UCOSA
2 7
vV, = =ucosa vV, = -ucosa (5)
2 D
2 2 .
Speedof P = (;ucosac) + (4usina)?
7 2 .
Speedof Q = (;ucosac) + (—usina)? (5)
" 4 5 2 2ciny — A 422 . 2 2cin2
(i) Su‘costa + l6u“sin“a = 4{27u cos“a + u“sin a}
2 J
tanq = =
25

a = 38.66° (5) (25)



Question 8
(a)

A car passes four collinear markers A, B, C, and D while moving in a straight line with
uniform acceleration. The car takes t seconds to travel from A to B, t seconds to travel
from B to C and t seconds to travel from C to D.

If |AB| + |CD| = k|BC|, find the value of k.

1
AB =ut+Eatz 5

1
AC|=2ut + Ea(Zt)z =2ut +2at’

1 2 9 2
AD =3ut+5a(3t) =3ut+Eat

|BC| =ut+§at2 5
cD| —ut +2at’ 5
2
|AB|+|cD| = 2ut + 3at’ 5
= Z{Ut $2 atz}
2
=2x|BC|
k=2 5 -




(b)

A particle P is attached to one end of a light inextensible R
string of length d. R v\ B
The other end of the string is attached to a fixed point O. / i /” Y
The particle is hanging freely at rest, with the string vertical, (' 0 Lo \
when it is projected horizontally with speed @ ‘\\ ,l‘
The particle moves in a vertical circle. N i

The string becomes slack when P is at the point B.
OB makes an angle 8 with the upward vertical.

(i) Showthatcosf = %

(ii) Interms of d, find the greatest height of P above B in the subsequent motion.

muv?

(i) T +mgcosf = (5)
%m(Bgd) = %mvz + mg(d + d cos ) (5)

2

mg(1 —2cosh) = m;

2
T +mgcos6 =— =mg(1—2cos6)

T + 3mg cose =mg

T=0 = cosf =~ (5)
3
L2
(ii) T +mgcosé = m:
0+ mg x & =1
mg»3==3
2_1
ve =-dg (5)

v? =u®+2as
0 = (vsin®)? — 2gs

1 8
0= gdgx;—ng

4d
s= 12 (5 (25)



