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Question 1

MMO3

1 The magnitude of the gravitational force, £, between two planets of masses m; and m, with

centres at a distance x apart is given by

Gm iy

x2
where G is a constant.
(a) By using dimensional analysis, find the dimensions of G.

(b) The lifetime, ¢, of a planet is thought to depend on its mass, m,
constant G and a dimensionless constant, &, so that

(= km*RPGY
where o, f and y are constants.

Find the values of o, ff and 7.

(3 marks)

its initial radius, R, the

(5 marks)
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Commentary

The candidate is well familiar with the concept of dimensional analysis. The square
brackets are used for dimensions of the physical quantities. The candidate uses the
dimensions of force, mass, length squared and time correctly. Algebraic manipulation
and solution of simultaneous equations are correct and lead to the results required
for full marks in parts (a) and (b) of the question.
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Question 2

MMO3

2 The unit vectors i, j and k are directed due east, due north and vertically upwards
respectively.

Two helicopters, 4 and B, are flying with constant velocities of (20i — 10j + 20k)ms~! and
(30i + 10j + 10k) ms ! respectively. At noon, the position vectors of 4 and B relative to a
fixed origin, O, are (8000i + 1500j + 3000k) m and (2000i + 500j 4+ 1000k) m respectively.

(a) Write down the velocity of 4 relative to 5.
(b) Find the position vector of A4 relative to B at time ¢ seconds after noon.

(¢) Find the value of r when 4 and B are closest together.

(2 marks)
(3 marks)

(5 marks)
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Commentary

The candidate finds the velocity of A relative to B, ,v ,, correctly by subtracting the velocity

of B from the velocity of A. Although collecting like vector terms is not required for full marks
in this part of the question, but, by doing so, the candidate reduces the risk of making errors
in the subsequent parts of the question.

The candidate finds 7, the initial position vector of A relative to B. The position vector of A

relative to B attime t, ,r,, is then found by using the relationship ,r, =r,+,v, ¢. Evidently,
the candidate’s familiarity with this relationship helps the efficacy of the work done.

2c) The candidate recognises that the helicopters are closest together when |B VA|2 is a
d| " A|2
minimum and that this implies d— = 0. However, in implementing these requirement, the
t
candidate commits an error and writes -12000+1200¢=0 instead of —120000+1200¢=0.
Mark Scheme
MNMIO03 (cont)
Q Solution Marks | Total Comments
2 (a) sV, =V, —V,
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MMO3

Question 3a&c

3 A particle P, of mass 2kg, is initially at rest at a point O on a smooth horizontal surface.
The particle moves along a straight line, OA4, under the action of a horizontal force. When
the force has been acting for ¢ seconds, it has magnitude (4¢ + 5) N.

(a) Find the magnitude of the impulse exerted by the force on P between the times ¢ = 0
andr = 3. (3 marks)

(b) Find the speed of P whent =3. (2 marks)

(¢) The speed of P at A is 37.5ms ', Find the time taken for the particle to reach A.
(4 marks)
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Commentary

The candidate seems to know how to find the impulse of a constant force. But they do not
know how to find the impulse of a variable force and treats the force as constant. The
candidate simply multiplies the variable force by t.

For part (c), the candidate understood the Impulse-Momentum principle and gained one
method mark. However, again, the candidate proceeded further by treating the force as
constant and gained no more marks.
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MMO3 (cont)
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MMO3

Question3b

3 A particle P, of mass 2 kg, is initially at rest at a point O on a smooth horizontal surface.
The particle moves along a straight line, 04, under the action of a horizontal force. When
the force has been acting for ¢ scconds, it has magnitude (4 + 5) N.

(a) Find the magnitude of the impulse exerted by the force on P between the times ¢t =0
and r =3. (3 marks)

(b) Find the speed of P whent =3. (2 marks)

(¢c) The speed of P at 4 is 37.5ms!. Find the time taken for the particle to reach A.
(4 marks)
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Commentary

The candidate knows the Impulse-Momentum principle and uses it correctly to arrive at the

required result of 16.5 ms™" .
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MMO03
Question 4

4 Two small smooth spheres, 4 and B, of equal radii have masses 0.3kg and 0.2kg
respectively. They are moving on a smooth horizontal surface directly towards each other

with speeds 3ms ! and 2ms ! respectively when they collide. The coefficient of restitution
between 4 and B is 0.8.

(a) Find the speeds of 4 and B immediately after the collision. (6 marks)

(b) Subsequently, B collides with a fixed smooth vertical wall which is at right angles to
the path of the sphere. The coefficient of restitution between B and the wall is 0.7.
Show that B will collide again with A. (3 marks)
Student Response

(cont on next page)

' —3 —— )
[_LAJ., __________ ﬂ > /h—‘\ . e 0.% N
! | °»3L? | ( - i

T~ N

|
I




of MOMEatvM |

blank

| conservation

* ”. v’
T ¢

| meu, e v, F eV

| 0.3x3 4 (@2x2): G3v + 02w

0-9 o.L4 - ©-3V y o0.2W

6.5 0.3V 4 c.2aW

_ Reskibybon:

€ = Spged of sepacabion
Speed of  appreuch -
i e.8 = W-Vv ..v/
3-¢2)
; e.8 = w- Vv ‘ i
s v |
w-V = L [©) : |
@ x 0.2 0.aW ~062aVv z 0.8 @ .,/
@ - 0 -0.85Vv - 03 v/
V. 2 -o0.bwus' V//
% in O 0.5 :  (e.3x -0.6) 4+ 02W
0.5 = -~ 0.8 4 o-2W \
| 0.1 = o-68 y
B = A S 2 AT \,/ |
e h 'a&elj after Hhe co lisian ) is  *ravelling ‘
laiv_oJGJi"ngﬂ.Hm ___oppesite direction  to  initial and

& i teaveling at 3.4 ms”  in  the opposite  ditechion
‘o iniHal. 3. L ‘
4_.) |
O ez 0.7 !
|
4 —T— ‘
Rest itution e- S of S n H e R
}
il Speed coach : |
6-7 = 5 _V ) ’\// _
J:_ ENN
i
| v = 3. Lxo-? = 2.38ms" _V/ |
e Leave
b. Tz mCvu-v) blank
33:2(v-0) )
332 2v o
v = 1. SHS" \/
viken £z 3 He speed of P is 16.5ms” ; :)«




Commentary

The work is clearly presented and every step in the solution shown. The candidate uses the
principle of conservation of linear momentum and Newton’s experimental law correctly
(without any sign errors). The resulting equations are then solved simultaneously to give
the speeds of A and B as well as their directions.

For part (b), the candidate uses the experimental law for the sphere B to find its speed

immediately after collision with the wall. The given result of 2.38 ms™'is accurate. The
candidate then comments clearly on both speeds and directions of A and B to explain
why B would collide again with A.
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MMO3

Question 5a

5 A ball is projected with speed #ms ! at an angle of clevation « above the horizontal so as
to hit a point 2 on a wall. The ball travels in a vertical plane through the point of projection.
During the motion, the horizontal and upward vertical displacements of the ball from the
point of projection are x metres and v metres respectively.

(a) Show that. during the flight. the equation of the trajectory of the ball is given by

8]

X

el

(1 + tan” o) (6 marks)

Vv = Xxtanoc —

¥
[§)

[

(b) The ball is projected from a point 1 metre vertically below and R metres horizontally
from the point 7.

(i) By taking g — 10ms 2, show that R satisfies the equation
SR2tanZ o — 2 Rtan o -+ sSR2 —+ w2 =0 (2 marks)

(i1) Hence. given that ©# and R are constants, show that, for tan« to have real values,
R must satisty the inequality

2.2 3\
2 o w(us — 20)

> 11k )
100 (2 marks)

R

(ii1) Given that R = 5. determine the minimum possible speed of projection.
(3 marks)
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Commentary

The candidate considers the motion of the ball horizontally to find an expression for the time
in terms of x, u and cosa . The expression is then substituted into the equation for the
vertical motion. Some algebraic manipulation and the identities

sinox . , .
=tan o and —=1+ tan’ o are used to give the equation of the trajectory.
coso cos o
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MMO03 (cont)
Q Solution Marks | Total Comments
Sa@ | . 1, M1
¥ —Hrsmﬂ‘—?g! Al
X =urcose M1
t=—> Al
HCOs
p - 1 ( x ¥ i
v=u sing ——
|-\ I COS ﬁ‘l 2 g’| ucosar )
v= xta.llt’i’—L
N Cos o
y=xtang— ;ﬂ (1+tan’ @) Al 6 Answer given




MMO3

Question 5b

AT

(b) The ball is projected from a point 1 metre vertically below and R metres horizontally
from the point P.

(i) By taking g = 10ms 2, show that R satisfies the equation

SR tan’ o — P Rtana + SR +u® =0 (2 marks)
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Commentary

Clearly, by writing P(R,1), the candidate understands the axes of reference correctly and
recognises that when y=1 (as opposed to —1), x=R. These coordinates are substituted into
the equation of the trajectory and then the equation is manipulated to give the required result.

For the part (b)(ii), the candidate recognises that the quadratic equation in tan has real
roots if its discriminant is non-negative. The candidate forms this inequality and carries out
the necessary algebraic manipulation to give the required result.
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MMO3

Question 5b iii

(ii1)) Given that R = 5, determine the minimum possible speed of projection.
(3 marks)
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Commentary

The candidate substitutes 5 for R in the given inequality and then multiplies both sides of the
inequality by 100 to write u*(u* —20) = 2500. Then, in attempting to solve the inequality,

the candidate falsely asserts that either x> > 2500 or u* —20 > 2500 and gains no marks for
this part of the question.
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MMO3

Question 6

6 A smooth spherical ball, A, is moving with speed u in a straight line on a smooth horizontal
table when it hits an identical ball, B, which is at rest on the table.
Just before the collision, the direction of motion of 4 makes an angle of 30° with the line of
the centres of the two balls, as shown in the diagram.
Line of centres
The coefficient of restitution between 4 and B is e
(a) Given that cos30° = - show that the speed of B immediately after the collision is
V3o |
T“U + e) (5 marks)
(b) Find, in terms of u and e, the components of the velocity of 4, parallel and
perpendicular to the line of centres, immediately after the collision. (3 marks)
. 2 - . - . . -
(c) Given that e = =, find the angle that the velocity of 4 makes with the line of centres
immediately after the collision. Give your answer to the nearest degree. (3 marks)
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Commentary

The candidate applies the principle of conservation of linear momentum and the law of
restitution along the line of centers of the two balls. The applications are free from sign
errors. The candidate solves these equations simultaneously to show the requested result.

For the part (b), the candidate completes the solution of the simultaneous equations to give
the speed of A parallel to the line of centers in terms of u and e. The candidate recognises
that the speed of A perpendicular to the line of centers is unchanged and states it as
usin30.

The candidate forms the tangent ratio involving the velocity components of A perpendicular
and parallel to the line of centers to find the angle requested. The ratio is simplified correctly
and calculator’s inverse tangent function used to find the angle.




Mark Scheme

MMO03 (cont)
Q Solution Marks | Total Comments
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4 ycos30c B 0
usin3n® 0
After:
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4 Vi B Vg
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MMO3

Question 7

7 A particle is projected from a point on a plane which is inclined at an angle « to the
horizontal. The particle is projected up the plane with velocity « at an angle ¢ above the
plane. The motion of the particle is in a vertical plane containing a line of greatest slope of
the inclined plane.

(a) Using the identity cos(4 + B) = cosA4 cos B — sin 4 sin B, show that the range up the
plane is

2u? sin 0 cos (0 + o

LO:(‘FJ) (8 marks)

gcosta

B), show that,
o

. . . T
as 0 varies, the range up the plane is a maximum when 0 = 1773

(b) Hence, using the identity 2sinA4 cosB = sin(4 + B) + sin(4 —
(3 marks)

(¢) Given that the particle strikes the plane at right angles, show that

2tan ) = coto (4 marks)
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Commentary

The candidate considers the motion of the particle perpendicular to the slope. The
components of the initial velocity and acceleration perpendicular to the slope are stated. It is
recognised and stated that for range the displacement s=0. The constant acceleration
formula involving s, u, a and t is used to give and solve the equation for t. The candidate then
considers motion parallel to the slope, stating and using the relevant expressions for u, s, t
and a in the constant acceleration formula. Correct algebraic manipulation of the resulting
equation and the use of the given identity yield the required expression for the range up the
plane.

For the part (b), the candidate uses the given trigonometric identity correctly to separate
¢ from «. The candidate asserts that, as « is fixed, for maximum range, sin(2d+a) =1.
The candidate solves this simple trigonometric equation to show the requested result.

In attempting the last part of this question, the candidate recognises and uses the two
essential implications arising from the particle striking the plane at right angles, viz., the
component of the velocity parallel to the plane being zero and the displacement
perpendicular to the plane being zero. The accurate algebraic manipulation leads to the
correct result.
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MMO3 (cont)
Q Solution Marks | Total Comments
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N.B. A problem arose which ultumately
affected the marking of part 7(c).

Please see the Report on the Examination
for details.
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