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A particle P moves along a straight line. The speed of P at time 7 seconds (> 0) is vm s ',
where v = (p* + gt + r) and p, g and r are constants. When ¢ = 2 the speed of P has its
minimum value. Whent=0,v=11and whent=2,v=3.

Find

(a) the acceleration of P when ¢ =3,

@®)

(b) the distance travelled by P in the third second of the motion.
3)
(Total 13 marks)

A car of mass 800 kg is moving on a straight road which is inclined at an angle 6 to the

. . 1 : : o
horizontal, where sin 6 = 50" The resistance to the motion of the car from non-gravitational

forces is modelled as a constant force of magnitude R newtons. When the car is moving up
the road at a constant speed of 12.5 m s ', the engine of the car is working at a constant rate
of 3P watts. When the car is moving down the road at a constant speed of 12.5 m s ', the
engine of the car is working at a constant rate of P watts.

(a) Find
(i) the value of P,

(i1) the value of R.
(6

When the car is moving up the road at 12.5 m s ' the engine is switched off and the car
comes to rest, without braking, in a distance d metres. The resistance to the motion of the car
from non-gravitational forces is still modelled as a constant force of magnitude R newtons.

(b) Use the work-energy principle to find the value of d.
(C))
(Total 10 marks)

A particle of mass 0.6 kg is moving with constant velocity (ci + 2cj) m s, where ¢ is a
positive constant. The particle receives an impulse of magnitude 2 /10N s.

Immediately after receiving the impulse the particle has velocity (2ci—cj) ms ",

Find the value of c.
(6
(Total 6 marks)
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Figure 1
The uniform lamina OBC is one quarter of a circular disc with centre O and radius 4 m. The
points 4 and D, on OB and OC respectively, are 3m from O. The uniform lamina ABCD,
shown shaded in Figure 1, is formed by removing the triangle OAD from OBC.

Given that the centre of mass of one quarter of a uniform circular disc of radius r is at a

distance 3 r from the centre of the disc,
V4
(a) find the distance of the centre of mass of the lamina ABCD from AD.
(6))
The lamina is freely suspended from D and hangs in equilibrium.
(b) Find, to the nearest degree, the angle between DC and the downward vertical.
(C))
(Total 9 marks)
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Figure 2

A non-uniform rod AB, of mass 5 kg and length 4 m, rests with one end 4 on rough
horizontal ground. The centre of mass of the rod is d metres from A. The rod is held in
limiting equilibrium at an angle 6 to the horizontal by a force P, which acts in a direction
perpendicular to the rod at B, as shown in Figure 2. The line of action of P lies in the same
vertical plane as the rod.

(a) Find, in terms of d, g and 6,
(1) the magnitude of the vertical component of the force exerted on the rod by the ground,

(i1) the magnitude of the friction force acting on the rod at 4.
®

Given that tan 6 = % and that the coefficient of friction between the rod and the ground

.1
is —,

(b) find the value of d.
(C))
(Total 12 marks)
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[In this question, i is a horizontal unit vector and j is an upward vertical unit vector.]

A particle P is projected from a fixed origin O with velocity (3i + 4j) m s '. The particle
moves freely under gravity and passes through the point 4 with position vector A(i — j) m,
where 4 is a positive constant.

(a) Find the value of A.

()
(b) Find
(1) the speed of P at the instant when it passes through A4,
(i1) the direction of motion of P at the instant when it passes through A.
(7

(Total 13 marks)

Two particles 4 and B, of mass 2m and 3m respectively, are initially at rest on a smooth
horizontal surface. Particle 4 is projected with speed 3u towards B. Particle 4 collides

directly with particle B. The coefficient of restitution between 4 and B is % .

(a) Find
(1) the speed of 4 immediately after the collision,

(i1) the speed of B immediately after the collision.

@)

After the collision B hits a fixed smooth vertical wall and rebounds. The wall is perpendicular
to the direction of motion of B. The coefficient of restitution between B and the wall is e. The

magnitude of the impulse received by B when it hits the wall is %77 mu.

(b) Find the value of e.

3)
(¢) Determine whether there is a further collision between 4 and B after B rebounds from the
wall.
(2)
(Total 12 marks)
TOTAL FOR PAPER: 75 MARKS
P46710A 5

©2016 Pearson Education Ltd.



Q Scheme Marks Notes
la t=0,v=11 =r=11 Bl
t=2,v=3 =4p+2q+11=3, M1 | Accept 4p+2g+r=3
4p+2g=-8 Al Any equivalent unsimplified form with
11 used
Differentiate to find acceleration M1 OR use symmetry, t=4,v=11
a=2pt+gq Al =11=16p+4q+11, 4p+g=0
_ _ B 2" eqn in p & g and solve for p & ¢
t=2,a=0 =4p+q=0 DMI Dependent on both previous m marks
=>-—q+2qg=-8, g=-8, p=2 | Al
(v=27-8t+11)
t=3, a=4t-8=4(ms>) Al
®)
Min speed at t =2 = B1
laalt v =(pt2 +qt+r) =k(t—2)2 +c
M1 | Completed square form.
vk (t B 2)2 43 Al Correct completed square form
t=0,v=11 =4k+3=11, M1 Solve for k&
k=2 Al | v=2(t-2) +3(=21 -8t +11)
Differentiate to find acceleration DM1 | Dependent on both previous m marks
a=4(t-2) Al
t=3, a=4(ms?) Al
(8)
Integrate: follow their coefficients found in (a)
2 2 3
. jz(z—z) +3dt=§(t—2) +31(+C) ui | Acceptinp, g, r
2
or [27~8¢+11dt = 513 — 412 +11¢(+C)
At most one error seen Alft | For their coefficients
All correct Alft | For their coefficients provided #0
o) s ) Use of ¢ =2,¢ =3 as limits on a definite
[5 (1-2) +3t } = (5 + 9) —(0+6) or integral (or subtract distances to cancel
2
O).
DM1

3
Fﬁ — 44 +llt}
3 >

=(18—36+33)—(?—16+22j

Dependent on having integrated.
Allow with p, g, r




Scheme Marks Notes
3 2 (m) Al Accept exact equivalent or 3.7 or better
3
(©)
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Q Scheme Marks Notes
Equation of motion up or down the
24 M1 road. Requires all 3 terms. Condone
sign errors and trig confusion.
Must be dimensionally correct.
F =mgsin@+R ( F=R+ 392) Al Correct equation up the road
G+mgsind=R (G=R-392) Al Correct equation down the road
F= Eld or G= £ B1
12.5 12.5 P
1p p Use of F'=— at least once
= ——=392+Ror ——=R-392 Y
12.5 12.5
2P 4p Solve simultaneous equations for P
—=2x%x392 , 2R=—— .
12.5 12.5 M1 or R, provided F # G and P and 3P
used correctly
_ _ CSO. Both values correct. Accept
P=4900(500g), R =784(80g) Al 2sf, 3sf or an exact multiple of g
(6)
2b Must be using work-energy.
KE lost = PE gained + WD against R M1 Equation needs a11.3 terms and no
extras. Condone sign errors.
1 ) At most 1 error. Allow with R
9 x800x12.5 (with trig. substituted)
d Al 1 (62500 =392d + Rd)
=800x9.8x %+ (their R)xd
Correct equation in their R(with trig.
Alft | substituted)
62500
=———=53.1(m) Al CSO. Accept 53(m)
1176
“4)
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Scheme

| Marks |

Notes

Since this question is about the magnitude of the impulse, condone subtraction in the "wrong

3. order" throughout.
. . . . Impulse = change in momentum
—mu=0.6(2ci—cj—ci—2
v ( a-a-da CJ) Ml Marking the RHS only
:0.6(ci—3cj) Al
Correct use of Pythagoras' theorem on
) B > > mv—mu or Vv—u
Magnitude  =0.6vc” +9¢ bMI Marking the RHS only.
Dependent on the previous M1
—0.6\10c (= 0.6510c> ) Al Accept J10¢ for change in velocity
The next two marks are not available to a candidate who has equated a scalar to a vector.
Equate & solve for ¢
2@ B 0'6\/50 DMI Dependent on the previous M1
10
c= 3 Al Accept 3.3 or better
(6)
alt | mv—mu=0.6(2ci—cj—ci—2cj) M1 | change in momentum
:O.6(Ci—3cj) Al
Square of magnitude DMI1
= 0.36(10c") Al
The next two marks are not available to a candidate who has equated a scalar to a vector.
40 = 0_36((;2 +9c2) , pM1 | Equate & solve for ¢
10
c=— Al
3
Q)
ZE cosd 2c—c ]
alt 20 sind =0.6 wy M1 Impulse momentum equation
sin —C—
1
= 0.60( 3} Al Correct equation
2 \/ﬁ cosd = 0.6¢ Compare coefficients and form
) DM1 i
2105in 0 = -3x0.6¢ equation for
tanf=-3 = cos0=(2) 1 Al cos@ or sin@ correct
J1o
2\/5(:059 =0.6¢ DM1
1
N LY Al

3




mu

Impulse momentum triangle

alt 1 M1 Units used for the vectors must be
dimensionally correct
Sides of magnitude J5e,/5¢, 10\3/5
Al
or 3\EC ,—3\50 , 2\/%
5 5
c 2c
u-v :( j( J DM1 | Use of scalar product
2c¢ )\ —c
=2¢>-2c¢*=0 . at90° Al ...to show velocities perpendicular
2 2 2 Use of Pythagoras' theorem in a right
(0'6X\/§0) +(0.6><\/§c) B (2\/5) DMI angled triangle
2
18¢" _ 40, c= 10 Al
5 3

(6)




Q Scheme Marks
4a Triangle sector .
ass 45 yp BI Mass ratios
(=12.56..) Distances
B1 7
¢ of m 2 3\/5 1612 — 240 Distances from AD are —— >< 3
from O X —(— . ) 3 2
3 2 3z 5 3
(:1.41...) L_3_( 0.280)
3z 2
Moments about an axis through O
1652 1012 and parallel to DA.
47 x 2 2 (= —\/_] = (47z —4.5)d Mi Terms must be dimensionally
37 6 correct.
Shapes combined correctly.
Al Correct unsimplified equation
101v2
2 =2.951..... (distance from O)
6(47—4.5)
2
Distance from DA = 2.951...—£ Al Accept 101\}5 . 3\/5
2 6(4r—45) 2
=0.830(0.83) m
®)
4a Triangle sector
alt mass 4.5 =
4r(=1256.) B1 Mass ratios
Cfofm 1 16«/_ 116
rom 5 2. ||BI1 Distances
both axes \F 3
OC,0B
16 M1 Moments about an axis through O.
4rx——4.51= (47[ — 4.5) X Terms must be dimensionally
3 correct. Condone sign error(s)
01
Al Correct unsimplified equation
47z 4. 5)
101
d= \/_ Distance from O
6(47r 4. 5)
2
Distance from DA = 2.951...—i Al
2

~0.830(0.83) m

©)




3.2
— @12
a | ! 0
0.830 m
G
their 0. 2.12
tan @ = their 0.830 or tang=—-——— | Ml Use of tan to find a relevant angle:
2.12 their 0.830
21.4° or 68.6° Al
Angle between DC and downward vertical Correct method for the required
. . M1
= 135" - their 0 angle
—114° Al The Q asks for the angle to the
nearest degree.
“4)
GD* =OD? + OG* —20D.OC cos 45
Abalt - sin45 sirfgs M1 Complete method to find angle
(GD = 2.28) = ODG
DG 0OG
= 0 =66.4° Al
M1 Correct method for the required
angle
Required angle =180 —66.4=114° Al The Q asks for the angle to the

nearest degree.

(4)
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Q Scheme Marks Notes
Terms must be dimensionally correct.
M(A): = . .
Sa (A): dcosfx5g=4P Mi Condone trig confusion
Al
Resolving horizontally: Psinf=F Bl
Resolving vertically: Pcos@+R=5g Ml RequlrF:s all 3 te?rms. Condone trig
confusion and sign errors
Al Correct equation
DM Substitute for P to find R or F
Dependent on both previous M marks
One force correct. Accept equivalent
5gd cos’ 6 _ 2
R=5g— Al forms e.g. R:20g 5gd+2(2)gtan 0
4 (1 + tan 6?)
. Both fi . A ival
5d cosOsin 0 oth forces correct. Accept equivalent
F=— Al Sgdtan @
4 formse.g. F=—"—-—
4sec” 0
®)
M(B): Needs all three terms.
Sa alt 50 cosOx ( 4_ d) 4 FsinOx4=RcosOx4 M1 Terms must be dlmepsmnally correct.
Condone trig confusion
Al At most one error
Resolve parallel to the rod: M1 Requires all 3 terms. Condone trig
5gsinfd = Rsin@+ Fcosb confusion and sign errors
Bl At most one error
Al Correct equation
— R=5g— F <‘:os 0
sinéd
5gcosOx(4—d)+FsinOx4
DM Eliminate one variable to find F or R
=4cos@| 5g — Fcos & Dependent on both previous M marks
sin @
2
4F(sin 0+ C(?S 8]
sind
=20gcos@—20gcosd+5gd cosb
5gd cosfsinf
F = 289507 CO: S Al One force correct
2
R=5g- w Al Both forces correct

See next page for part (b)




Sgdcosfsind

4
= Use of F'=uR
5b M Sgdcos’ 0 M1 se o y7i
5g— 2802 2
4
2 .
1 5g28dcos 0] _3gdcosfsinG Al (4-dcos® 6 =2d cos Osin6)
2 4 4
4x169 =120d +144d Ml Use tanﬁzé and solve for d
169
=— Al (= 2.6 m or better)
66
4
12 5 1( 75¢d 5
F=5gd x—x—x—|=—2— M1 Use tan@ = —
Sbalt g 313 4( 169 j se tan T
5gd 144
R=5g- 284 T Al Both unsimplified expressions
4 169
75gd =%(5x169g—180gd) M1 Use of F = uR and solve for d
169
150gd +180gd =845¢g , d :E Al (= 2.6 m or better)
4
Sbalt | R= 5g—£ P, F- 5 p M1 Substitute trig in their equations from
13 13 resolving.
5 1 12
—P=—(5g——Pj M1 use F = uR and solve for d
13 2 13
65
=>P=— Al
2°
4P 169
= = Al

B Sgcosd T 66
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Q Scheme Marks Notes
6a Horizontal motion: x =3¢ Bl
ical . _4 8p Correct use of suvat.
Vertical motion: y= t—Et M1 Condone sign error(s)
Al
y:4><———><x—2 _ ﬂ_glz M1 Use y=—x and form an equation in
3.2 9) 318 one variable
72 _gh M solve for 4
T3 18
=% or 43 (429 Al Not 22
g (6) 7
alta | Horizontal motion: x =3¢ Bl
, . _4 8p Correct use of suvat.
Vertical motion: y=4t— Et M1 Condone sign error(s)
Al
:>—3t=4t—lgt2 14 Mi Use y=—x and form an equation in
277 g one variable
A=3t MI1 Solve for 4
A=43 (4.29) Al (6)
6b |AtA: v—>3(ms?) Bl
vt 4—gx 14 M1 Complete method using suvat to find
g v with their ¢ or A
] Accept +10 with direction confirmed by
__ 1
=-10(ms™) Al diagram
Speed = \/( their 1 0)2 N (3)2 DM Dependent on the first M1 in (b)
=109 (m s Al (10.4) Allow for v T=10
_( their 10 O 3 Use trig to find a relevant angle.
tan 3 or tan their 10 DMI1 | Dependent on the first M1 in (b)
12 - A — Y
Direction =73.3° below the horizontal Al (1.28 radians) Accept direction 3i=10]
Do not accept a bearing
(7)
Alt 6b | Loss in GPE : mgA=42m B1
. 1,1 ) Terms must be dimensionally correct.
Gain in KE : Emv —me 5 M1 Condone sign error.
Al
1 25
Solve for v: 42=—v"-"= M1
2 2
v=4/109 Al
vcosd =3 M1 Use trig. to find a relevant angle
0 =73.3°below the horizontal Al (7) Accept correct angle marked correctly

on a diagram.
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Q Scheme Marks Notes
3u
—
Ta i e
4
% v % w
ew i
M1 Requires all 3 terms.
CLM: 6mu =2mv+3mw Must be dimensionally correct.
Condone sign error(s)
(61,, =2v+ 3w) Al This equation defines their directions
3 9 M1 Must be used with e on the correct side
Impact: w—v=—x3u| =—u
4 4
Al Penalise inconsistent directions here
=2 9 3 DMI1 Solve simultaneous equations for v or w
u= W_Eu tow Dependent on the 2 previous M marks
21 Al One correct
wW=—u =vp
10
9 21 9 3 3 Al Both correct
V=W——uU=|—-——|U=—"—U, v4=-—1U
4 10 4 20 20
(7
M1(B1 thei
Tb | Speed of B after hitting wall = lz—éue (BI) | ex theirw
21 21 M1 f()r their w.
Impulse =—mu =3m (—u + —uej Must be trying to use the correct
1010 equation with 3m.
2 2te), o=t Al
4 10 ’ 14 3)
_ _ 21 3u Use impulse to find V. Must be trying to
7balt | Impulse =—=mu = 3m(lo ut Vj | V= Ej MI(B1) use the correct equation with 3m.
21 — :
ek :3_”, M1 V =ex theirw .
10 20
_ 1 Al
14 €)
Speed of B after second impact = Blft Compare two relevant speeds.
7c 1 21 3
14 x Eu - %” (ft on their 7 or their e x their w)
Same velocity (and 4 has a head start), sono | Bl From correct work only
collision. (2)
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