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1. Three forces, (15i +j) N, (5¢i—pj) N and (-3pi — gj) N, where p and ¢ are constants, act
on a particle. Given that the particle is in equilibrium, find the value of p and the value
of g.
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1
(15i + ) + (5¢i — pj) + (-3pi ~gj) = 0 M1
_ M1
3p-5¢=15 Al
ptq=1
p=25 ¢g=-15 M1 Al Al
Notes
First M1 for equating the sum of the three forces to zero (can be implied by subsequent

working)

Second M1 for equating the sum of the i components to zero AND the sum of the j
components to zero oe to produce TWO equations, each one being in p and g ONLY.
First Al for TWO correct equations (in any form)

N.B. It is possible to obtain TWO equations by using /(3p - 5g -15) = m(p + g - 1) with
TWO different pairs of values for fand /7, with one pair not a multiple of the other

eg [I=1, m=1AND [=1, m=2.

Third M1(independent) for attempt (either by substitution or elimination) to produce an
equation in either p ONLY or q ONLY.

Second A1 for p = 2.5 (any equivalent form, fractions do not need to be in lowest terms)
Third Al for g =- 1.5 (any equivalent form, fractions do not need to be in lowest terms)
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2. Two particles, P and Q, have masses 2m and 3m respectively. They are moving towards
each other in opposite directions on a smooth horizontal plane when they collide directly.
Immediately before they collide the speed of P is 4u and the speed of Q is 3u. As a result
of the collision, Q has its direction of motion reversed and is moving with speed u.
(a) Find the speed of P immediately after the collision.
3
(b) State whether or not the direction of motion of P has been reversed by the collision.
1)
(c) Find the magnitude of the impulse exerted on P by Q in the collision.
3
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2(a)
4u - : 3u
P (2m) Q(3m)
y —
8mu - 9mu = -2mV + 3mu
V=2u M1 Al
Al (3)
(b)
(Has been) reversed B1 1)
(©
For Q: I=3m(u--3u) M1 Al
_ Al (3)
=12mu OR
OR:
.7 M1 A1l
ForP: I=2m(2u- -4
m(2u u) AL (3)
=12mu
7
Notes
(@) M1 for CLM with correct no. of terms, all dimensionally correct, to give an equation in m,
u and their V only. Condone consistent g’s or cancelled m’s.
First Al for a correct equation (they may have + 2mV)
Second A1 for 2u (must be positive since speed is required)
(b) B1 for ‘(has been) reversed’. Only available if a correct velocity has been correctly
obtained in part (a).
BO for ‘changed’ ,‘direction has changed’ , ‘yes’
©) M1 for using Impulse = change in momentum of Q (must have 3m in both terms)

(MO if clearly adding momenta or if g is included) but condone sign errors.

First Al for 3m(u - -3u) or -3m(u - -3u)

Second Al for 12mu (must be positive since magnitude required)

OR

M1 for using Impulse = change in momentum of P (must have 2m in both terms) (MO if
clearly adding momenta) but condone sign errors.

First Al for 2m(2u - -4u) or -2m(2u - -4u)

Second Al for 12mu (must be positive since magnitude required)

N.B. Allow use of | = 3m(u — V) or | = 2m(u — v) since only magnitude required
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3. A plank 4B has length 6m and mass 30kg. The point C is on the plank with CB = 2m.
The plank rests in equilibrium in a horizontal position on supports at 4 and C. Two
people, each of mass 75kg, stand on the plank. One person stands at the point P of the
plank, where 4P = x metres, and the other person stands at the point Q of the plank, where
AQ = 2x metres. The plank remains horizontal and in equilibrium with the magnitude of
the reaction at C five times the magnitude of the reaction at 4. The plank is modelled as
a uniform rod and each person is modelled as a particle.

(a) Find the value of x.
(7)

(b) State two ways in which you have used the assumptions made in modelling the plank
as a uniform rod.
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3(a)
A P G Q C B
(0.25) R 759 30g 75g (S)5R
(-) R+5R=T75g+30g+ 75¢g
M(A) 750x+7592x+30g x 3=5R x 4 ML A2
x =3 =2.3 or better M1 A2
Al
( N.B. Or another Moments Equation)
(M1 A2)
(7)
(b)
uniform — mass is or acts at midpoint of plank; centre of mass is at middle of plank;
weight acts at the middle of the plank, centre of gravity is at midpoint Bl Bl
)
rod - plank does not bend, remains straight, is inflexible, is rigid
9
Notes
@ First M1 for either a vertical resolution (with correct of terms) or a moments equation (all
terms dim correct and correct no. of terms)
First Al and Second A1 for a correct equation in R (or S where S = 5R) only or R and x
only or S and x only. (-1 each error, A1AO0 or AOAO)
Second M1 for a moments equation (all terms dim correct and correct no. of terms)
Third Al and Fourth A1 for a correct equation in R (or S where S = 5R) only or R and x
only or Sand x only. (-1 each error, A1AO or AOAO)
Fifth Al for x = 3Y/;5 oe or 2.3 (or better)
(i) In a moments equation, if R and 5R (or S and 0.2S) are interchanged, treat as 1 error.
(ii) Ignore diagram if it helps the candidate.
(iii) If an equation is correct but contains both R and S, or S = 5R is never used, treat as 1
error.
(iv) Full marks possible if all g’s omitted.
(v) For inconsistent omission of g, penalise each omission.
M(B),R"6+5R™ 2=75g(6-x)+75g(6-2x)+30g" 3
M(C), 759(4 - x)+75¢9(4-2x)+30g " 1=R" 4
M(G), 759(3-x)+5R"1=R"~ 3+ 75g(2x - 3)
M(P), Rx+30g(3-x)+75gx =5R(4 - x)
M(Q), 75gx+30g(2x-3)+5R(4-2x)=R~ 2x
(b) First B1 for first correct answer seen.

Second B1 for the other answer, but only award this second mark if no extras given.
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4.
10N
a
Figure 1
A particle P of mass 5kg is held at rest in equilibrium on a rough inclined plane by a
horizontal force of magnitude 10N. The plane is inclined to the horizontal at an angle a
where tano = 1 as shown in Figure 1. The line of action of the force lies in the vertical
plane containing P and a line of greatest slope of the plane. The coefficient of friction
between P and the plane is u. Given that P is on the point of sliding down the plane, find
the value of u.
(€))
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4
F=mR B1
. M1 A2
(\), R=10sina+5gcosa (45.2) ML A2
("), F=5gsina-10cosa (21.4)
sina - 2cosa ML Al
=5~ =0.47 or 0.473
2sina + gcosa 9

Notes

B1 for F = /7R seen or implied

First M1 for resolving perpendicular to the plane with usual rules
First and second A1’s for a correct equation. A1AOQ if one error.
Second M1 for resolving parallel to the plane with usual rules
Third and fourth A1°’s for a correct equation. A1AO if one error.
If m is used instead of 5, penalise once in each equation.

Third M1 independent for eliminating R to produce an equation in z only. Does not need
tobe u=....

Fifth Al for 0.47 or 0.473.
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5.
(0.5kg)
(0.75kg) 0
Figure 2
A vertical light rod PQ has a particle of mass 0.5kg attached to it at P and a particle of
mass 0.75kg attached to it at O, to form a system, as shown in Figure 2. The system is
accelerated vertically upwards by a vertical force of magnitude 15N applied to the particle
at Q. Find the thrust in the rod.
(6)
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5
T-0.5g=0.5a M1 Al
15- T -0.75g=0.75a M1AL
(OR:15-0.5¢g-0.75¢ =1.254a)
—_ -2
(@=22ms™) MLAL &
T=6N
Notes

First M1 for an equation of motion for either P or Q with usual rules i.e. correct no. of
terms, dimensionally correct but condone sign errors

First Al for a correct equation (allow T replaced by — T and/or a replaced by —a)

Second M1 for another equation of motion (for either P or Q or whole system) with usual
rules as above

Second Al for a correct equation (allow T consistently replaced by — T and/or

a consistently replaced by —a )

Third M1 for solving two THREE term equations of motion for T

Third Al for 6 (N). Must be positive but allow a change from — 6 to 6, if they have
consistently used -T instead of T.
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6. A cyclist is moving along a straight horizontal road and passes a point 4. Five seconds
later, at the instant when she is moving with speed 10 ms™!, she passes the point B. She
moves with constant acceleration from 4 to B.

Given that AB = 40m, find
(a) the acceleration of the cyclist as she moves from A4 to B,
C))

(b) the time it takes her to travel from 4 to the midpoint of AB.
)
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6(a)
s=vt—1at®
) M1 A2
40=10 x 5 —1a5
a=0.8 Al (4
(b)
Findingu (=6) M1
=ut+lat® (AtoM
s=ut+sat” ( ) ML
20=6¢+10.8/ Al
_ -15++/225+ 200 DM1
2
=2.8 or 2.81or better Al ©)
Alternative :
Finding v ( = V68) m%
s=vt-tat’ (AtoM) Al
20 = /68¢ - 10.8¢2
t_«/@i«/ess-sz DM1
- 0.8 Al (5)
=2.8 or 2.81 or better
Alternative : M2
s=vt,-+ar} (M to B) Al
202101‘1—%0.8112 DM1
;= 10 ++/100 - 32
=
=2.192
t=5-1¢ =2.8 or 2.81 or better 9
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Notes
6(a) First M1 for a complete method to produce a value for a. They may use two (or more

equations) and solve for a.(see possible equations)
A2 if all correct, ALAO for one error

Third Al for 0.8 (ms?)

Possible equations:

40 =5u+%a5?
102 = %+ 2a.40
10=u+5a

6(b)

First M1 for attempt to find a value for u (This may have been done in part (a) but MUST
be used in (b))

Second M1 for a complete method (may involve 2 or more suvat equations) for finding an
equation in t only

First Al for a correct equation

Third M1, dependent on previous M, for solving their equation for t

52417 -6) 40
4 7 e+2417

Second A1 for 2.8 (s) or better or
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7. [In this question i and j are horizontal unit vectors due east and due north respectively and
position vectors are given relative to a fixed origin O.]
Two ships, P and Q, are moving with constant velocities.
The velocity of P is (9i — 2j)km h™! and the velocity of Q is (4i + 8j) km h™!
(a) Find the direction of motion of P, giving your answer as a bearing to the nearest
degree.
3
When ¢=0, the position vector of P is (9i + 10j)km and the position vector of Q is
(i+4j) km. Attime ¢ hours, the position vectors of P and Q are pkm and qkm respectively.
(b) Find an expression for
(1) pinterms of 7,
(i) q in terms of .
3)
(c) Hence show that, at time ¢ hours,
OP = (8 + 50)i + (6 — 100)j
(2)
(d) Find the values of # when the ships are 10km apart.
(6)
. J
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7(a)
tang=2 ¢=125° bearing 103° M1 A1l A1(3)
(b) PR
(i) p = (91 +10j) +¢(% - 2j) M1 Al
(ii) q=(i+4j)+t(4i+8j) Al (3
© -
OP = (8 +5¢)i + (6 -10¢)j MLAL (2)
(d)
D? =(8+5¢)* +(6-10¢)° X‘ll
= 125+ — 40z +100
100 = 125¢2 — 40z +100 m
0 =5¢(25¢-8) Al Al (6)
t=0 or 0.32
14
Notes
7(@) | M1for tang=+2 or +2 or use sing or cosq
First Al for g=+13° or +77° or £12.5° or £77.5° or better
Second Al for 103°
7(b) M1 for clear attempt at p = (9i+10j)+7(9 - 2j) or q=(i+4j)+¢(4i+8j) (Allow
slips but must be a ‘+’ sign and r + t v)
(i) First Al for p=(9i+10j)+#(9i- 2j)oe
(i) Second Al for q=(i+4j)+¢(4i+8j)oe
7(c) M1 for p—q or q—p with their p and q substituted
A1 for correct answer QP = (8 + 5¢)i + (6 - 10¢)j (don’t need QP but on R.H.S must
be identical coefficients of iand j but allow column vectors)
7(d) First M1 for attempt to find OP or QP? in terms of t only, using correct formula

First A1 for a correct expression (with or without V) 125t> — 40t +100

Second M1 for \ (3 term quadratic) = 10 or (3 term quadratic) =100.

Third M1 for quadratic expression = 0 and attempt to solve (e.g. factorising or using
formula)

Second Al fort =0 (if they divide by t and lose this value but get 0.32, M1AOAL)

Third A1 fort=0.32 0e
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A(2m)

B(m)

Figure 3

Two particles, 4 and B, have masses 2m and m respectively. The particles are attached to
the ends of a light inextensible string. Particle 4 is held at rest on a fixed rough horizontal
table at a distance d from a small smooth light pulley which is fixed at the edge of the

table at the point P. The coefficient of friction between 4 and the table is x, where u < % .

The string is parallel to the table from 4 to P and passes over the pulley. Particle B hangs
freely at rest vertically below P with the string taut and at a height 4, (h < d), above a
horizontal floor, as shown in Figure 3. Particle A4 is released from rest with the string taut
and slides along the table.

(a) (i) Write down an equation of motion for 4.

(i1)) Write down an equation of motion for B.

C))

(b) Hence show that, until B hits the floor, the acceleration of 4 is %(1 —2u).
3

(c) Find, in terms of g, 4 and u, the speed of A4 at the instant when B hits the floor.
2

1
After B hits the floor, A continues to slide along the table. Given that u= 3 and that
A comes to rest at P,

(d) find d in terms of 4.
(€))

1
(e) Describe what would happen if 4 = 5
1)

~
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8(a)
(i) Ford: T-F=2ma M1 Al
(i) o
ForB: mg-T =ma MI Al (4)
(b)
R =2mg Bl
mg(1—24) = 3ma MI
2a-2pm=a AL O
3
(© ,
2 _ gh
2
/ gh (1-27m) Al 2)
(d)
- MR = 2mat M1
0% = their u® - 2ats MI
2gh
0= § (1__) 2( g)s (or s=(d-h)) Al (AD)
s=3h Al
d=L1h+h=4%h Al (5)
()
A (or B) would not move; OR 4 (or B) would remain in (limiting) equilibrium; OR B1 (1)
the system would remain in (limiting) equilibrium 15
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Notes
8(a)(i) | First M1 for equation of motion for A with usual rules

First Al for a correct equation (allow —T instead of T)

(i) Second M1 for equation of motion for B with usual rules

Second Al for a correct equation (allow consistent —T instead of T)

8(b) B1 for R =2mg
M1 for using F = /7R and eliminating to give equation in a and /7 only.
Al for PRINTED ANSWER (Must be identical to printed answer)

8(c) M1 for using v? = u® + 2as or any other complete method to find the speed of A
Al for correct answer in any form

8(d) First M1 for equation of motion for Awith T=0and F = /IR e.g. MR = 2mat(must be

2m)

Second M1 for using v? = u? + 2as with their u? from (c), v = 0 and a new a (does not
need to be substituted)

First A1 for a correct equation in s, g and h with /7= /5

Second Al fors=1sh

Third Al for d =*5h

ALTERNATIVE using work-energy principle:

M2 for mRs =32mu’ (their u® from (C)) (M1 if they use m)
2gh

First Al for $2mgs = %Zm%(l -2)

Second Al fors="/3h

Third Al for d=%3h

8(e)

B1 for any one of the alternatives listed above.




