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A particle P of mass 0.5 kg is moving along the positive x-axis under the action of a resultant
force. The force acts along the x-axis. At time ¢ seconds, P is x metres from the origin O and

1

is moving away from O in the positive x direction with speed 3 ms .
X+
(a) Find the magnitude of the force acting on P when x = 3.
“4)
Given that x =4 when =2,
(b) find the value of # when x = 10.
3)
(Total 9 marks)
A
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Figure 1

Figure 1 shows a uniform triangular lamina ABC in which 4B = 6cm, BC = 9cm and angle
ABC = 90°. The centre of mass of the lamina is G. Use algebraic integration to find the
distance of G from 4B.

(Total 6 marks)

One end of a light elastic string, of natural length 1.5m and modulus of elasticity 14.7 N, is
attached to a fixed point O on a ceiling. A particle P of mass 0.6 kg is attached to the free end
of the string. The particle is held at O and released from rest. The particle comes to
instantaneous rest for the first time at the point 4.

Find

(a) the distance OA,
(6)
(b) the magnitude of the instantaneous acceleration of P at 4.
3)
(Total 9 marks)
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Figure 2

A uniform solid S consists of two right circular cones of base radius . The smaller cone has
height 2/ and the centre of the plane face of this cone is O. The larger cone has height k4,
where k> 2. The two cones are joined so that their plane faces coincide, as shown in
Figure 2.

(a) Show that the distance of the centre of mass of S from O is

h
762
)

The point 4 lies on the circumference of the base of one of the cones. The solid is suspended
by a string attached at 4 and hangs freely in equilibrium.

Given that » =3h and k= 6,

(b) find the size of the angle between 4O and the vertical.
3)
(Total 8 marks)
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Figure 3

A particle P of mass m is attached to the ends of two light inextensible strings. The other ends
of the strings are attached to fixed points 4 and B, where B is vertically below 4 and 4B = L.
The particle is moving with constant angular speed o in a horizontal circle. Both strings are
taut and inclined at 30° to 4B, as shown in Figure 3.

my3
6

(a) (i) Show that the tension in AP is Qg —Ilw*).

(i) Find the tension in BP.

(€))
(b) Show that the time taken by P to complete one revolution is less than \/Z .
g
C))

(Total 13 marks)
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One end of a light inextensible string of length / is attached to a particle P of mass 2m. The
other end of the string is attached to a fixed point 4. The particle is hanging freely at rest with

the string vertical. The particle is then projected horizontally with speed /%gl .

(a) Find the speed of P at the instant when the string is horizontal.

@

When the string is horizontal and P is moving upwards, the string comes into contact with a
small smooth peg which is fixed at the point B, where 4B is horizontal and 4B < /. The
particle then describes a complete semicircle with centre B.

(b) Show that AB > %l .

®
(Total 13 marks)

A particle P of mass 0.5 kg is attached to one end of a light elastic spring, of natural length
1.2 m and modulus of elasticity 15 N. The other end of the spring is attached to a fixed
point 4 on a smooth horizontal table. The particle is placed on the table at the point B where
AB = 1.2 m. The particle is pulled away from B to the point C, where ABC is a straight line
and BC = 0.8 m, and is then released from rest.

(a) (i) Show that P moves with simple harmonic motion with centre B.

(i1) Find the period of this motion.

5)
(b) Find the speed of P when it reaches B.

(2)
The point D is the midpoint of 4B.
(¢) Find the time taken for P to move directly from C to D.

3)

When P first comes to instantaneous rest a particle O of mass 0.3 kg is placed at B. When P
reaches B again, P strikes and adheres to Q to form a single particle R.

(d) Show that R also moves with simple harmonic motion.
3)
(e) Find the amplitude of this motion.
“4)
(Total 17 marks)

TOTAL FOR PAPER: 75 MARKS
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M3 6679 June 2016
Mark Scheme

Question Scheme Marks
Number
12
1(a) v=—-"
x+3
dv 12
i M1
dx (x + 3)2
F:O.Svgzo.Sx 12 X — 12 > DMI1A1
dx x+3 (x + 3)
x=3 |F|:O.5><2><%:l Al (4)
6 6 3
® | [(x+3)de=]12dr
%x2+3x:12t (+c) M1Al
x=4,t=2 8+12=244+¢c c=-4 DM1
x=10 50+30=12r—-4 DMI1
t=17 Alcao &)
ALT (b) | Definite integration: [9]
[[12d =] (x+3)dx
2 4
) 10
12(T-2)= {% + 3x} MI1A1 as main scheme - limits not needed
4
DMI1 Correct limits shown
12(T—2) =80-20, T=7| DM1 Substitute limits, A1 7 =7
(M1  Attempt differentiation of v = 12 Ll s wrtx  (x+3)" or (x+3)” (oe)
x+3 2 (x+3)
must be seen. Both sides of the equation must be differentiated wrt x
DM1 Use NL2 with accel vg as obtained above. Must include mass. Dependent on the first M
mark.
Al Correct expression for F with correct mass and correct acceleration seen here or before use
in NL2
Al Use x = 3 to obtain the correct magnitude, % , 0.33 or better Must be positive
dx . .
(b)M1  Use v= s and attempt the integration
t
Al Correct integration constant of integration not needed
DM1  Use given values to obtain a value for ¢. Dependent on first M mark
DM1  Use x =10to obtain a linear equation for ¢#. Dependent on the first but not the second M

Al

mark

cao =7




Question Scheme Marks
Number
2 J.xydx=J‘ —2—xz+6x dx Ml
3
2 5 0]
=|——x +3x DMI1A1
9 0
=-162+243-0=81 Al
1
)?:8—:3 MI1Alcso (6)
27
[6]
M1 Attempting to obtain the correct form for j xydx, using an equation of a line. Limits not
needed.
DM1  Attempting the integration. Limits not needed. Dependent on the first M mark.
Al Correct integration and correct limits shown. This is not ft; equation of the line must be
correct.
Al Substitute the correct limits to obtain 81
M1 Divide their value from the integration by their area of the triangle
Alcso x=3
ALTs:
1 Using C as the origin and 4B parallel to y-axis:
Equation of line must be y = %x
2x° 2 57
[apde=[| == dxzz[—xﬂ MIDMIAL
3 9
=162 Al
_ 162 .
x:E,(:6) Dist from AB=9-6=3 MI, Al
2 Using AB along the x-axis:
1
Must be using | — y*dx
gf v
(1) Origin at B equation of line is y = —gx +9
2
(i1) Origin at 4 equation of lineis y = %x
NB Ignore any work for the distance from BC, whether before or after distance

from AB




Question Scheme Marks
Number
2
3(a) | EPE gained = 47 Bl
2x1.5
2
147X 0.6gx(x+1.5) MIALft
5x*—6x-9=0
+
x = 4ENI0+180 “312”80 =2.069... (or —0.869) DMIAL
0A4=3.569...=3.6 or 3.57 Al (6)
(b) W—O.&&B =0.6a or 0.6><9.8—M =0.6a MI1ALlft
a=23.993...= 24 or 24.0 Al cao 3)
[9]
(a) B1 Correct EPE when extension is x
2
M1 Equating EPE to GPE lost EPE to be of the form & Ax , where £ is a rational no.
Alft Correct equation ft their EPE. Use of unknown must be consistent.
DM1 Solve their equation (3TQ) (quadratic formula must be correct)
Al x =2.069...neg value not needed
Al Add 1.5 to 2.069... and give final answer to 2 or 3 sf. (No "exact" answers allowed here due
to use of g.)
ALT 1:  Using extension (x—1.5):
B1 Correct EPE when extension is (x—l.S) where x is total length
M1 Equating EPE to GPE lost EPE of form shown above
Alft Correct equation ft their EPE. Use of unknown must be consistent. No simplification
. 147(x-15)
needed. Equation is ———— =0.6gx
Al Simplify to x> —4.2x+2.25=0 or equivalent 3TQ
DM1 Solve their equation (3TQ) (quadratic formula must be correct)
Al x=3.57 or 3.6 Mustbe 2 or 3 sf
ALT 2:  Use v* =u” +2as or energy to obtain speed at natural length, then energy to A4.
B1 for EPE at 4
No more marks until an energy equation with EPE, GPE and KE terms seen.
M1A1ft Energy equation ft their EPE and initial speed EPE of form shown above
DMI1Al1 .
Al As main scheme
NB: Solution of quadratic by calculator: Method mark only available if solution is
correct ( 2.069 or 3.569)
(b)M1 Use NL2 at 4 inc use of Hooke's law. Formula for HL to be correct. Ext can be
(3.569 -1 .5)
Alft  Correct numbers in the equation, ft their extension
Al 24 or 24.0 only. (No negatives allowed.)




Question

Number Scheme Marks
2 1
Mass ratio Zxr’h —zr’kh g7rr2h +17zr2kh
4 (a) 3 3 3 3 B1
(or2:k:(2+k))
1 1
——h —kh X B1
Dist from O 2 4
1 k —
2|~ +kxzh=(2+k)x MIALft
K =4)h h(k-2)(k+2
)?z( ) = ( )( )=ﬁ(k—2) * Alcso 5)
4(2+k) 4(2+k) 4
X
(b) tan @ = — M1
r
tan @ = _ 32 Al
4x8x3h
0=18.43..  or0.321..rad Accept 18° or 0.32 rad or better Al (3)
[8]
(a)B1  Correct ratio of volumes or masses - any form
B1 Correct distances from O or a vertex. One distance may be negative or all may be positive.
M1 Forming a moments equation. May be about O or either vertex.
Alft Correct equation. All signs must be correct for their choice of point. Follow through the B
marks.
Alcso  Correct completion to the distance from O. (Factorisation must be shown.)
. . 1 k —
NB: First four marks available for 2 Eh —kx Zh = (2 + k)x but &k >2 must be stated as a
. h .
reason for changing Z(2 —k) to the given answer.
(b)M1  Form an expression for tané using the given X No need to substitute for » or & but
X =h = correct x used. May be either way up
Al Substitute for » and £ to obtain a correct numerical (or equivalent to numerical) value for
tan @
Al Correct angle, may be degrees or radians.




Question
Number Scheme Marks
5(a) T, cos30°=mg+T, cos30° MI1Al
T -1, =2"8
NG}
Radius :lltan 30° | = ﬁl oe B1
2 6
T, cos 60° + T, cos 60° = mra)’ = 171(%1‘(&11130")0)2 MIA1Alft
2
T +1, =M
NG
1(2mg milw’ m\3 2k
i =— + = 2g+lw DM1Alcso
o | ey e )
(i) 1( mlo® 2mg oc Al ©)
ii ==|—F—""—F SO
AR RN )
(b) 7,>0 2mg < mlw’ M1
2
o > Tg Al
T:2_7T T <2 L:ﬂ_ 20 % DMI1Alcso
0] 2g g (4) [13]
(a)M1  Attempt a vertical equation, can have € for the angle
Al Completely correct equation, must have numerical angle now
B1 Correct radius seen anywhere
M1 NL2 along the radius. Acceleration in either form and can have r for the radius
Al Correct sum of tensions (may have a tension on each side)
Alft Correct mass x acceleration, follow through their radius
(i) DM1 Solve the equations to either 74 =... or 7 = ... Dependent on both previous M marks. Can be
awarded for finding 74 or T
Alcso  Correct expression for 74 Given answer so no equivalents allowed.
(l;)s‘:l Correct expression for 7. Any equivalent 2 term expression allowed.
Special If only one of vertical and radial equations found and the given 74 used to find 73, award the
Ic) ase marks earned for the equation and radius, if used, and B1 for 7 (last Al in (a) on e-PEN)
Max score 5/9
(b)M1 Deducing an inequality from the expression for 73 Can have
2(m)g<(m)le’ or 2(m)g <(m)lw’ or 2(m)g=(m)le’
2 2 . . .
Al @ > Tg or @ >%8 oe inc equivalent in words.
2 . . . .
DM1 UseT =% With their @ to form an inequality for 7, can have 7 <... or T <...
@
Dependent on the first M mark of (b)
Alcso  For a correct final statement from a correct solution. Must be 7 <... or equivalent in words




Question Scheme Marks
Number
) 1 gl 1 2
6 Energy to horizontal: 5 X 2m % - 73 x2mv” =2mgl MIA1A1
V=, /3_gl Al 4)
2
. 1 3gl 1 )
(b) Energy from horizontal to top: 5 X 2mx 5 3 x2mV* =2mgr MIA1
3gl
V:="2"_2gr
5 g
2
NL2 attop: 277" —omg+T MIAIAI
2
r>0= 2" 5 omg Ml
r
3o —
del—dgr ., DMI
2r
38l _ 2gr > gr
2
r< ll Al
)
1
AB> 1 g Aleso (9) [13]
Attempting an energy equation to the horizontal. Must be clear energy is being used and not
(a)M1 2 2 .
v- =u” +2as. Mass can be m or 2m. Mixed masses are accuracy errors.
Al Correct difference of KE terms Mass can be m or 2m
Al Correct PE and all signs correct in equation. Mass can be m or 2m but mixed masses score
AO0.
Al Correct speed at the horizontal (regardless of mass used).

()M Attempt energy equation from the horizontal to the top of the new (smaller) circle with
unknown radius OR from lowest point of original circle to top of the new circle. Mass can
be m or 2m or mixed.

Al Correct equation. Mass can be m or 2m (but same in all terms).

M1 NL2 at top of the small circle. Mass can be m or 2m or mixed. Allow with 7=0

Al Correct mass x acceleration. Mass can be m or 2m

Al Both force terms correct. Mass can be m or 2m but must be the same as used in the
acceleration term.

M1 Use 7>0 to obtain an inequality for V2. Allow if T assumed to be zero in NL2.

DM Use the energy equation to eliminate /> Dependent on first and second M marks.
These two method steps may occur in the reverse of the order shown here.

Al Correct maximum value for
Correct inequality for AB. This is cso. Candidates who have used m in NL2 or assumed
Alcso _ .
T =0 cannot be awarded this mark.
ALT:  Combining lines 3 and 4 of (b):
2my?
e > 2mg scores MIA1AIM1 (All other marks as above.)
r
NB Equations to/at general positions do not gain marks until correct size of angle used.




Question

Number Scheme Marks

7(a) T =—mx M1

1

Bx_ —-0.5% MI1Al

1.2
(i) X =-25x .. SHM Alcso

) 2

Gi) | Period = ?” (=1.256 Accept 1.3 or better) B1ft (5)
(b) szwz(az_xz)

x=0 v=5x0.8 v=4ms’ MIAL (2)
(¢) X =acos ot

x=—-0.6 —0.6=0.8cos5¢ MIATIft

1 (6

t= gcos 3" 0.4837...s  accept 0.48 or better Alcso (3)
(d) T =—-my

By _ —-0.8y MI1Al

1.2

.. . 125

y=-15.625y or y=—?y .. SHM Al 3)
(€) Con of mom: 0.5x4=(0.5+0.3)V Ml

V:i:2.5 m s’ Al

0.8
(2.5)" =15.6254° DM1
S 2.5%
15.625
Jio
a=0.6324...m accept 0.63 or better or a= = oe Al cso “4)

[17]




Question

Number Scheme Marks
(a)M1  Using NL2 with T for tension, acceleration a or X
M1 Using HL to obtain an equation connecting X or a and x
Al A correct equation - any equivalent to that shown - must have X now.
(A1 X=-25x and stating SHM
These 4 marks are available without substituting for any or all of m, A or/
(iB1ft Period = - 27 - or decimal equivalent
their numerical @
(b)M1 Using v* =’ (a2 —xz) with x=0 (or justv=aw) and a =0.8, their o
OR: using v=—awsinwt with ¢ = i x their period, a =0.8, their @
Al Correct value for v
. 1 1 .8’
ALT:  Using energy: —x0.5/° =—5XO 8 Ml v=4 Al
2 2x1.2
(c)M1  Using x =acosat with their @ and ¢ =0.8, x=10.6 ( or any other complete method)
Use of x =asinat requires further work to complete the method.
Alft Correct equation follow through their @
Alcso  t=0.48 or better.
(M1  Using NL2 with tension at the new extension and increased mass (any variable inc x for
extension), acceleration in differential form or just a
Al Correct equation, any equivalent form, acceleration in differential form or a
Al y=-15.625y and stating SHM (unless already penalised in (a)) must have differential
form for acceleration
(e)M1  Using the conservation of momentum equation with their speed of P at B (see ans to (b)
Al Correct speed for R at B (no ft)
Momentum equation often seen in (d). Marks can be awarded if the result is seen in (e)
DM1 Using v’ =&’ (a2 — yz) with y =0 (or just v=aw) with their speed for R and their ®
Dependent on the first M mark of ()
Alcso  a=0.63 or better or exact answer




