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Consolidation: Partial Fractions

Knowledge Check

1. | By substituting appropriate values of x, work out
the values of the constants in these identities.

a Tx—15=A(x-1)+B(x-3)
b 4r+24x+15=C(x+2)+D{x+2)*

+E(x+1)
¢ 24x—-24=Fx(x+4)+G{x+4)(x-2)
+Hxlx—2)
2. Express each of these using partial fractions.
x—=17 b 10x—-2
(x+3)(x-2) (x—1)(x+1)*
146 -38x

(2x—-5)x+6)(2x+1)

3. | Express these improper fractions as partial fractions

a 3x° —10x + 11 b 5x°4+27x + 26
(x=1){x-3) (x+1)[x+5)
Reasoning
14

A student tries to decompose ———
(x=5)(x+1)°

into partial fractions. Explain and correct
her mistakes.

14 __A B
(x=5)(x T (x=5) (x+1)°
14 =Alx+T)" +B(x—=5)
. . 7
Let x=—1= 4EDA—«E}1350§=—;
w
- o . 7
Let k=20 ="14=30A+0B s0 A=—
18

14 7 7

(x=5) x4+ 18(x=5) B(x+1)°

Challenge

Given that a, b, ¢, P and ) are constants,

write expressions for Pand Q in terms of @, b
ax+h P " )

(x+¢)* x+¢ (x+c)

and cif




Consolidation: Differentiation

Knowledge Check

1. | Differentiate each of these functions.
a (3x+4)° b (2x-1)° m cos X n +/cosx
¢ (x*+1)° d (1-2x-3x%) 0 sin(3x+2) p tan(5x-1)
e 2x+1 f J3-5x q cosyx+l r sin{cosx)
g xl'r3,'!.'3 4 h ﬁ;"l—zx 5 e.-alnx t E,,;J_.L' 1
- (&%) :
i Jxi+3x+4 i 1 ' u e v In(sinx)
. [2“_211 w In{m-'fz.r+:{»\] x In(lnx)
k | e———= " ' 1
J1-3x (x*—2x+5) Y sin(lnx) z
2. | Differentiate each of the following functions with respect to x
o FInx
a e'sinx b
2x
3 -
+hx+11
¢ +Jxtanx g XX
COs X
3. | Giventhat x=e'+ 2y
d
a Find an expression for i in terms of y
b Calculate the gradient at the point (1, 0)
Reasoning
The curve y = 3x" —5x" has three stationary
points. Identify the roots, the stationary
points and the points of inflection, showing
yvour working. Hence sketch the curve.
Challenge
Use the reverse chain to integrate the following:
a (3x+2)" b (5x-1)" | sin(3-5x) j 2cos(4x-1)
¢ (7x-3)" d (3x-8)" k cos(2x) I sec’(4x+3)
e (1-3x) f (6-x) m 3sec’(2x+1) n "
3 h 1 7 4

. T 0
(2x-1)° (10—x) 3x+9 81




Consolidation: Forces at Angles

Knowledge Check

Calculate

i  The horizontal component, X, and the
vertical component, Y, (to 3sf) of the
resultant force,

ii  The magnitude of the resultant force
(to 2sf) and the angle it makes with the
upward vertical (to the nearest degree).

2. | 5 particle of mass 5kg is pushed up

a smooth slope inclined at 30° to the
horizontal by a horizontal force of 40 N.
Taking g=9.81 ms?, work out

a The reaction between the particle and
the plane,

b The acceleration of the particle.

3. | Acrate of weight 800N lies on a rough
horizontal surface. A string is attached to

the crate and is pulled at 30° above the
horizontal until the crate is just about to slip.
At this point the tension in the string is 350 N.
Resolve to find the normal reaction of the
surface on the crate, R, and the coefficient of
friction, u

Reasoning

A block of mass 7kg lies on a rough slope
inclined at 35° to the horizontal. A string is
attached to the block and is pulled with a force
of 50N up the slope. The coefficient of friction
between the mass and the slope is 0.1. Find
the acceleration of the block (to 2 sf).

Challenge

Two particles of weights 15N and 10N are
connected by a light inextensible string which
passes over a smooth pulley fixed at the end
of a rough horizontal table. The 15N weight
rests on the table and the 10N weight hangs
freely below the pulley. Find the coefficient of
friction between the 15N weight and the table
if the system is in limiting equilibrium.




Consolidation: Modulus Function

Knowledge Check

1. | Given that |t| = 5 work out all possible
values of |3t + 2|.

2.| a Skerchrhegraphot’y=|2x—15|
b SnlvetheEquarinn:Zx—15|=H

¢ Solve the inequality |2x—15| <3

3 i y=1) iy =)
In each case, the graph of y=f{x) is a i il —2)| v [flx)] -2
straight line passing through the points a (-3,0)and (0, 6)
given. Sketch the graph b (-3,-2)and(2,-7)

Reasoning

Calliste attempts to answer the following
question. Explain and correct her mistakes.

f(x) = 4—x, x e K. Sketch the graph of y =|f{x

and find the values of x for which |f(x)| = %x

*, |2-ﬂ
b [fix)|=4+x
\\. T 1
P d45=—¥
N i “
K /,/’ 1
g - X =—
2 \_\ >
\ L
86 3 -2 1 6 x=-8
Challenge

The function fis givenby f:x — |3—-2x|

a Sketch the graph of y=1f(x).

¢ Solve the inequality |3—2x| = x, showing your working.

b How many solutions will there be to the equation |3 —2x | = x? Explain how you know.




Consolidation: Trapezium Rule

Knowledge Check

1. 1 Use the trapezium rule with the stated number of intervals to find an estimate for these
integrals. Give each estimate to two decimal places.
5 ) 3 1 6
a Jev'x dx, 4 intervals b ng dx, 4 intervals c jln(1+\/27x]dx, 5 intervals
1 1 3
2. 2 i Use the trapezium rule with five intervals to find an estimate for the area of the region R
shown in each diagram. Work in radians where appropriate and give your answer to 3dp.
i Isyour answer to part i an underestimate or an overestimate for the area of R? Why?
a y b y
y = Vsin () /
//l\\\
/" R \\ »y=tan? (\‘T)
ol ] T T
4 > X
0 1.5
3. 3 The table shows some values for x and y, where y = 3v !
The values of y have been rounded to 2 dp where appropriate.
X, 1 11 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
¥ 1 1.26 1.62 2.87 5.55 7.98 17.59 27
a Copyand complete the table.
b Use the trapezium rule with all of the y-values in the completed table to find an estimate for
2
IS'“"I dx. Give your answer to 1 dp.
1
Reasoning
1 a Use the trapezium rule with five

intervals to estimate the value of

2

Jl— cos(0.257x) dx, where x is in
0

radians. Give your answer to 2 sf.

'The shaded region in the diagram shows
the plan of a large field OAB where O is the
origin. Point A has coordinates (0, 3) and
point B has coordinates (2, 3). The curve OB

has equation y =3-3,/cos(0.257x) and all

distances are measured in kilometres.
y b i Useyour answer to part a to find an

k estimarte for the area of this field.

A(0, 3) B(2,3) -
Give your answer to 3 sf.

ii State, with a reason, whether this
answer is an underestimate or an
overestimate for the exact area of

© this field.




4 a i Usethe trapezium rule with five
intervals to estimate the value of

8
szsx dx to 1dp.
0

ii State, with a reason, whether your
answer is an underestimate or an
overestimate for this integral.

At the start of a race, runner B has a

10 metre head start on runner A. The
equations v, = k+2"*" and vy =0.25¢+1
model the speeds (in ms ) of A and B,
respectively, t seconds from the start,
where kis a constant. After four seconds,
Ais running 1 ms ™ faster than B,

b Find the value of k

The diagram shows the speed—time graphs
for runners A and B.

It takes B exactly eight seconds to complete

the race.
v(im s7h
VA
e VB
//
|
0 “s)
¢ Determine who wins the race, justifying

your answer.

Challenge

5 a Write down the formula for the sum of
the first n terms of a geometric series
with first term @ and common ratio r

b Show that by using the trapezium rule
with » intervals to estimate the value of
1

IZ”" dx the answer given is i(2” —1)
. 2n
For a particular value of n, the estimate for

1
IZ"X dx found using the trapezium rule with

0
n intervals is 6144 to the nearest integer.

[H

Use a suitable numerical method to
find the value of n, justifying your
answer.

ii For this n, find an estimate for the
1

value of -[4"” dx, giving your answer

to 1 dp. 0




REVIEW: PURE PRACTICE EXAM PAPER

1. Prove, from first principles, that the derivative of 5x3 is 15x2.
(Total 4 marks)

2. (a) Sketch the graph of y = 8% stating the coordinates of any points where the graph
crosses the coordinate axes.

(2)

(b) (i) Describe  fully  the  transformation  which  transforms the graph
y = 8to the graph y = 81,
(1)

(ii) Describe the transformation which transforms the graph y=8*"1to the graph
y=8"1+5,
(1)

(Total 4 marks)

3. Solve algebraically, showing each step of your working, the equation

(8*-1)2—18(8*~1) + 32 =0.
(Total 5 marks)

4, g(x) = 4 +5 xe R
X—6

Sketch the graph y = g(x).

Label any asymptotes and any points of intersection with the coordinate axes.
(Total 5 marks)

5. f(x)=x>—(k+8)x+ (8k+1).

(a) Find the discriminant of f(x) in terms of k giving your answer as a simplified quadratic.

(3)
(b) If the equation f(x) = 0 has two equal roots, find the possible values of k.

(2)
(c) Show that when k =8, f(x) > 0 for all values of x.

(3)

(Total 8 marks)



6. The equations of two circles are x*>+ 10x+ y>—12y =3 and x>2—6x+y?>—2qy = 9.

(a) Find the centre and radius of each circle, giving your answers in terms of g where
necessary.

(6)

(b) Given that the distance between the centres of the circles is V80, find the two possible
values of g.

3)

(Total 9 marks)

7. In AABC, AB=-3i+6j and AC =10i-2j.

B

(a) Find the size of £ BAC, in degrees, to 1 decimal place.
(5)

(b) Find the exact value of the area of A ABC.
(3)

(Total 8 marks)




8. The points A and B have coordinates (3k — 4, -2) and (1, k + 1) respectively, where k is a
constant.

Given that the gradient of ABis - 2,
2

(a) show that k=3,

(2)
(b) find an equation of the line through A and B,

(3)
(c) find an equation of the perpendicular bisector of A and B. Leave your answer in the
form ax + by + c =0 where a, b and c are integers.

(4)

(Total 9 marks)

9. Astoneis thrown from the top of a cliff.
The height h, in metres, of the stone above the ground level after t seconds is modelled by
the function

h(t) = 115 + 12.25t — 4.9¢2,

(a) Give a physical interpretation of the meaning of the constant term 115 in the model.

(1)
(b) Write h(t) in the form A — B(t — C)?, where A, B and C are constants to be found.

(3)
(c) Using your answer to part (b), or otherwise, find, with justification
the time taken after the stone is thrown for it to reach ground level,

®)

(if) the maximum height of the stone above the ground and the time after which this
maximum height is reached.

)

(Total 9 marks)




10. f(x) = x3 + x> + px + g, where p and g are constants.
Given that f(5) =0 and f(-3) = 8,

(a) find the values of p and g,
(7)

(b) factorise f(x) completely.

(5)

(Total 12 marks)

11. (a)Given that ra (10-6x)dx =1, find the two possible values of a.
(6)

(b) Labelling all axes intercepts, sketch the graph of y=10—-6x for 0< x < 2.
(2)

(c) With reference to the integral in part a and the sketch in part (b), explain why the larger
value of a found in part (a) produces a solution for which the actual area under the graph
between a and 2a is not equal to 1. State whether the area is greater than 1 or smaller than
1.

(2)

(Total 10 marks)

12. The diagram shows the plan of a school running track. It consists of two straight sections,
which are the opposite sides of a rectangle, and two semicircular sections, each of radius r m.
The length of the track is 300 m and it can be assumed to be very narrow.

(a) Show that the internal area, A m?, is given by the formula A = 300r — 7r2.

(5)

(b) Hence find in terms of m the maximum value of the internal area.
You do not have to justify that the value is a maximum.

(6)

(Total 11 marks)




13. A teacher asks one of her students to solve the equation 2 cos 2x + \3 =0 for
0 < x<180°.

The attempt is shown below.

2cos2x =—3
3

82X =——
cos2x ===
2x =cos™ {—\/EJ

2x =150°
x =75°
w or x =360° -75°=295° soreject as out of range.

(a) Identify the mistake made by the student.

(1)

(b) Write down the correct solutions to the equation.

(2)
(Total 3 marks)

14. Find in exact form the unit vector in the same direction as a = 4i - 7j.
(Total 3 marks)

15. The curve with equation y = h(x) passes through the point (4, 19).

Given that h'(x) = 15xVx — ﬂ, find h(x).

Jx

(Total 6 marks)

16. Find all the solutions, in the interval 0 < x < 360°, to the equation 8 — 7 cos x = 6 sin?x,
giving solutions to 1 decimal place where appropriate.
(Total 6 marks)




17. (a)Find the first four terms, in ascending powers of x, of the binomial expansion of (2

+ px)°.
(4)
Given that the coefficient of the x3 term in the expansion is -84.
(b) (i) Find the value of p.
(2)
(ii) Find the numerical values for the coefficients of the x and x? terms.
(2)

(Total 8 marks)

18. logi1 (2x—1) =1 —logai(x + 4).

Find the value of x showing detailed reasoning.
(Total 6 marks)




REVIEW: MECHANICS PRACTICE EXAM PAPER

1. A boat travels from A to B and then from B to C. The displacement from A to B
is (—28i + 80j) m. The displacement from B to C is (130i + 15j) m.

(a) Find the total distance the boat travelled in moving from A to C.

(4)

(b) Find the angle the vector AC makes with the unit vector i.
(4)
(Total 8 marks)

2. Arracing car starts from rest at the point A and moves with constant acceleration.of 11 m s
for 8 s. The velocity it has reached after 8 s is then maintained for 7's. The racing car then
decelerates from this velocity to 40 ms™! in a further 2 s, reaching point B.

(a) Sketch a velocity-time graph to illustrate the motion of the racing car. Include the top
speed of the racing car in your sketch.

()

(b) Given that the distance between A and B is 1404 m, find the value of T.
®)
(Total 8 marks)

3. A particle of mass 6 kg is initially at rest and is then acted upon by a force R= (ai + 10j) N on a
bearing of 300°.

(a) Find the exact value of a.

(3)

(b) Calculate the magnitude of R.
(2)

(c) Work out the magnitude of the acceleration of the particle.

(2)

(d) Find the time it takes for the particle to travel a distance of 640 m.

(2)
(Total 9 marks)




4. A particle P moves along a straight line. Initially, P is at rest at a point O on the line.
2

1
At time t s, the velocity of Pis vm s, where v = Et(S—t) 0<t<8.

Find the values of t and the corresponding values of v when the acceleration of P is instantaneously
zero.
(Total 5 marks)

5. A person runs across a field from point A to point B with a speed of 5.3 m s™! and then runs
back from point B to point A with a speed of 4.8 ms™".

positive direction

A 30m B
Figure 1
Taking the positive direction as shown in the diagram, state the person’s

(@) velocity when travelling from A to B,

1)
(b) velocity when travelling from B to A.

1)
Another person runs 30 m from A in the exact opposite direction of B to a point C.
(c) State this person’s displacement from A at the point C. "

1

(Total 3 marks)




6.

A car is initially travelling with a constant velocity of 15 ms™' for T's. It then decelerates at a

T . . _ . .
constant rate forE s, reaching a velocity of 10ms™'. It then immediately accelerates at a

3T . . _
constant rate for? s reaching a velocity of 20 ms ™.

(a) Sketch a velocity-time graph to illustrate the motion.

@)

(b)  Given that the car travels a total distance of 1312.5 m over the journey described, find
the value of T.
(4)

(Total 7 marks)

7.A car of mass 1200 kg pulls a trailer of mass 400 kg along a straight horizontal road. The car and
trailer are connected by a tow-rope modelled as a light inextensible rod. The engine of the car
provides a constant driving force of 3200 N. The horizontal resistances of the car and the trailer are
proportional to their respective masses. Given that the acceleration of the car and the trailer is
0.4ms>2,

(a) find the resistance to motion on the trailer,

(4)

(b) find the tension in the tow-rope.

(3)

When the car and trailer are travelling at 25 m s™* the tow-rope breaks. Assuming that the resistances
to motion remain unchanged,

(c) find the distance the trailer travels before coming to a stop.

(4)

(d) State how vyou have used the modelling assumption that the tow-rope s
inextensible.

(1)
(Total 12 marks)




8. A particle P travels in a straight line.

At time t s, the displacement of P from a point O on the line is s m. At time t s, the acceleration
of Pis (12t—4)ms 2 Whent=1,s=2and whent =3, s = 30.

Find the displacement when t = 2.
(Total 8 marks)

9. The height of a pole vaulter above the ground can be modelled using the equation
1
h= &<125x —12% ), where h metres is the vertical height of the pole vaulter and X metres is

the horizontal distance travelled after his feet leave the ground.

(a) Find the horizontal distance travelled when the pole vaulter lands.

©)
(b) Given that the pole vaulter is at his greatest height halfway between leaving the ground
and landing, find the greatest height of the pole vaulter.

®3)
For a jump to be successful, the pole vaulter must clear a bar of height 4.9 m.

(c) Calculate the range of horizontal distances from the bar that the pole vaulter can leave the
ground and have a successful jump.

()
(d) State the effect in this model of
(i) modelling the pole vaulter as a particle,
1)
(if) making air ressistance negligible. "
1

(Total 15 marks)




10. A box A of mass 0.8 kg rests on a rough horizontal table and is attached to one end of a light
inextensible string. The string passes over a smooth pulley fixed at the edge of the table. The other
end of the string is attached to a sphere B of mass 1.2 kg, which hangs freely below the pulley. The
magnitude of the frictional force between A and the table is F N. The system is released from rest
with the string taut. After release, B descends a distance of 0.9 m in 0.8 s.

Modelling A and B as particles, calculate

(a) the acceleration of B,

(2)
(b) the tension in the string,

(3)
(c) thevalue of F.

3)

Sphere B is 0.9 m above the ground when the system is released. Given that it does not reach the
pulley and the frictional force remains constant throughout,

(d) find the total distance travelled by A.
(7)

(Total 15 marks)




CONSOLIDATION ANSWERS

Partial Fractions Differentiation
1| a B=4,A=3 15(3x+4)" b 14(2x-1)°
b E=17,C=—%and D=4 o ]zx[x'_,_]‘:,"' d _Gl:]_zx_g_-f-'-]-'“,_:ix}
¢ G=3,F=2H=-5 1 5
e = f ————
Jir+1 2\.5--51’
dx 2
E T h -——
Jaxt +4 3{;1| 2x)
i x+3 j 4
et e3xed {2x+3)
3. 3 51—
k =(1-3z)7 P Sl=x
2 (2" —2x+5)
m —loosxsiny n - ﬁ:rl.‘f
2joosx
o Jeoos(3x+2) P ﬁaec':l:ﬁx—l]
sin -.-".k +1 .
q ——— I —cooslcosx)sing
EIJ.:I.' +1 \'EJ. 1
) e
5 " oosx t ——
: J2zx=1
el e ¥ cotx
1 1
W X
2x+3 xlnx
v cos(lnx) — 1 2
x a(lnx)

2 4 3
a

a e sinx(sinx+2cosx)

{x+1) =45

x+3 x-2 b 31 —-In)
y 2 2,6 2z’
x=1 xtl (x+1) ¢ Jrsectx+ Larur
1 2 5 2x
£ Ix-5 x+6 (Zz—-1) d [3.‘f'l+!':l_:ll_'4.l'5.‘f"[.’|.'lj+5J.'+1]]51n.‘f
OO~ X
3 2 4 1
a 3- - a
x=1 x-3 el +2
_ 1 4
5+ -




Meed three partial fractions in order to cope with the
repeated x + 1 term in the denominator

14 A B C
—= + + _
fe—=31x+1)"  (x=5) (x+1) (x+1)°

14 = A{x+1)% + Blx = 5)(x+ 1)+ C(x—5)

5
Roots: x =0 or i\g

Stationary points:

Horizontal point of inflection at (0, 0)

Maximum turning point at (-1, 2)

Minimum turning point at (1, <2)

Mon-horizontal points of inflection, both on decreasing

7
== A=— 7.2 1 7
18 sections of curve at —L,—hﬁ +and l.fﬁ
7 J2© 8 £ 8
x=—1=C=—=
3 L
. 7 | N2
2 0=t B Bz ( 1 ke T ] 5
1 1 gt M /
4 7 7 7 7 /
(x=50x+1)* 18x=5) 18x+1)} 3IHx+1)° f
- (0,0 /~\
/ 1 [
/
|
N2 s (1,-2)
N R 1 1
Q=b-ac;P=a a —{3x+2M+e b —{5x—1)"+¢
33 45
1 1 -
c —{7x—3)"" +¢ d —— (3-8 +¢
07 21
e —%il—'}x:lm+c f ;—[ﬁ e
g 3(2 nt+ h —{10-2)"+
-=(2x - ‘ —(10—x ¢
5 !
1 1
i —cos(3—5x)+¢ i —sin(dx—1)+¢
5 ! 2
k lﬁlnt')_r:lir | lI:;lrll:ll.'cl."ijl-i:
2 4
3 1 gre2
m —tan{2x+1)+c¢ n - +e
2 5

o %]n|3x+9|+r P —4]n|3—x|+c




CONSOLIDATION ANSWERS

Forces Modulus

1| i X=428N(to3sf) 13 or 17
Y =—1.67N (to 3 sf)
ii R=43N (to2sf)
=927 to the nearest degree
2| a 625N a "
b 202ms? A ,,
: /
2
X
\ /
10 4 \\ /
\/
T T - T > X
20 -10 9 10 20
=10 4

b x=9o0r x=6
¢ 65x<9

3| R=625N ) a y=2x+6
t=0.485(to 3 sf) y = |f(x)|




0.72ms™ (to 2 sf) Her mistake is Lhal|4—:'|:|+—t4+x

) 1
flx)|==2=
{0 =5 =
fl-—:r—l.x or -'l-—.x=—l.x
2 2
3 1
4=—x or 4=—x
2 2
x=E or x=8§
3
2 a y
'u_3 A

b 2 as they will intersect twice — either sketch to
demonstrate or explain that gradient of y = x is less than
gradient of y =—(3 - 2x).

C-. 251 x23




CONSOLIDATION ANSWERS

Trapezium Rule
1 1 a 2319(2dp) b 7.06(2dp) ¢ 4.14(2dp)
2 a i 0697 (3dp) ii underestimate
b i 3.268 (3dp) ii overestimate
3 3 a 1111112113114 )15]16 1.7 1.8 1.9 2
y,|1]1.26]1.62|2.13 |2.87 | 3.95|5.55 |7.98 | 11.72 | 17.59 | 27
b 69 (1dp)
R 4 a i 174(1dp)
iy
) — 20.25x
//
.
O pe
Due to the shape of the curve (convex), the answer
found is an overestimate for the integral.
b k=1 g
¢ Al distance from start after 8 seconds = ."1+ 290 g
0
=[t]) +174
=254m (an
1 0.52 (2 sf) overestimate)
B’s distance from start after

a
b i 4.44km?(3sf)
ii Underestimate for the actual area of the field
because 0.52110420 is an overestimate for

8
8 seconds =10m + JOESI, +1di

1]
=10m +[0.125¢% +¢]

L
Jz"‘ dx= l( -1-)[1 +20 5 0(242% 4 2]
J n
2+2%+..+2" " is the sum of the first (n —1) terms of a
geometric series, first term and common ratio 2
a1 _ 22" -1)
2-1
=2"-2

Hence 2+ 2% +..+2

1
% J"Z"" dx:l[i)[l+2"+2(2"—2)]
2\n

1 .
=—[1+2"+2"1 _4]
2n

1
=—[2"(1+2)-3
2”( ( ]
3 on :
=—(2"-1), as required
2n

2
jl— Jcos(0.25mx) dx (due to convex curve). —96m
0 Hence B wins the race
C . a(r" -1)
2 a n =
r—1
1-0 1
b h= =—
non
X 0 1 2 n-1 1
n n n
y, 1 2 2 201 o




REVIEW ANSWERS: PURE EXAM PAPER

tates or implies the formula for differentiation from first principles.

f(x) =5%°

f/(x) = lim

h—0

f(x+h)—f(x)
h

Bl

Correctly applies the formula to the specific formula and expands and simplifies the formula.

5(x+h)’ —5x3

() = lim 20N =5

h—0

5(x3+3x2h+3xh2+h3)—5x3
h

15x%h +15xh? +5h®
h

0=ty

£/(x) = lim

M1

Factorises the ‘h’ out of the numerator and then divides
by h to simplify.
h(15x2 +15x%h + 5h2)
h
' N H 2 2
f'(x) _m(mx +15xh +5h° )

£/(x) = lim

Al

States that as h — 0, 15x% + 15xh + 5h? — 15x° o.e.
so derivative = 15x? *

Al*

(4 marks)

NOTES: Use of 6x also acceptable.
Students must show a complete proof (without wrong working) to achieve all 4 marks.

Not all steps need to be present, and additional steps are also acceptable.




2 ‘ Graph has correct shape and does not touch M1
X-axis.
The point (0, 1) is given or labelled. Al
(2 marks)
1 Bl
Translation 1 unit right (or positive x direction) or by 0
0 Bl
Translation 5 units up (or positive y direction) or by .
(2 marks)
Total

4 marks




correctly factorises. (8*’l - 2)(8*’1 —16) =0

(or for example, (y—2)(y—-16)=0)

M1

States that 8 =2, 8“1 =16 (ory=2,y= 16). Al
1 M1
Makes an attempt to solve either equation (e.g. uses laws of indices. For example, ¥/8 =2 or 83 =2
s 4 _
or (§/§) =16 or 83 =16 (or correctly takes logs of both sides).
Solves to find x =g o0.e. or awrt 1.33 Al
Solves to find x =% 0.e. or awrt 2.33 Al
. N . 1 4 Total
NOTE: 2nd M mark can be implied by either x—1:§ or x—1:§ 5 marks
4 Asymptote drawn at x = 6 Bl
ALy i
10 !
: Asymptote drawn aty =5 Bl
"—':.“_"_‘T_ﬁ;"'""":' """""""
13)— ! _ 13 B1
(O,g} ‘\\ : Pomt[O,%) labelled. Condone 3 clearlyony
\ 1
1 x .
jS . 1=0 > axis.
| Bl
- [%0 point| 22,0 | labelled.
! LS 5
26 .
Condone? clearly on x axis.
Correctly shaped graph drawn in the correct Bl

quadrants formed by the asymptotes.

(5 marks)




5a

5b

5¢

Statement that discriminant is b? — 4ac, and/or implied by writing (k + 8)2 —4x1x (8k +1) M1
Attempt to simplify the expression by multiplying out the brackets. M1
Condone sign errors and one algebraic error (but not missing k term from squaring brackets and
must have k2, k and constant terms).
k®+8k +8k +64—-32k —4 o.e.
k? —16k + 60 Al
(3 marks)
Knowledge that two equal roots occur when the discriminant is zero. M1
his can be shown by writing b? — 4ac = 0, or by writing k* =16k +60 =0
k=10,k =6 Al
(2 marks)
Correct substitution for k = 8: f(X) = x> —16X+ 65 B1
Attempt to complete the square for their expression of f(x). M1
f(x) = (x—8)" +1
Statement (which can be purely algebraic) that f(x) > 0, because, for example, a squared term is Al
always greater than or equal to zero, so one more than a square term must be greater than zero or
an appeal to a reasonable sketch of y = f(x).
(3 marks)
Total
8 marks

NOTE:

5a: Not all steps have to be present to award full marks. For example, the second method mark can

still be awarded if the answer does not include that step.

5b: Award full marks for k = 6, k = 10 seen. Award full marks for valid and complete alternative

method (e.g. expanding (x — a)? comparing coefficients and solving for k).

5c: An alternative method is acceptable. For example, students could differentiate to find that the
turning point of the graph of y = f(x) is at (8, 1), and then show that it is a minimum. The minimum
can be shown by using properties of quadratic curves or by finding the second differential. Students
must explain (a sketch will suffice) that this means that the graph lies above the x-axis and reach the

appropriate conclusion.




6a

ludent attempts to complete the square twice for the first equation (condone sign errors).

(x+5)" ~25+(y—-6)"-36=3
(x+5)° +(y—6)2 =64

M1

6b

Centre (-5, 6) Al
Radius = 8 Al
Student attempts to complete the square twice for the second equation (condone sign errors). M1
2 2
(x=3)"-9+(y-q) -9°=9
(x—3)2 +(y—q)2 =18+¢q?
Centre (3, Q) Al
Al
Radius = /18 + g?
(6 marks)
. . M1
Uses distance formula for their centres and \/% . For example,
2
(-5-3)° +(6-q)’ :(J%)
e . ) M1
Student simplifies to 3 term quadratic. For example, q° —12q+20=0
Concludes that the possible values of g are 2 and 10 Al
(3 marks)
Total

9 marks




7a

7b

tates or implies that BC =13i —8j o.e. M1
Recognises that the cosine rule is needed to solve for ZBAC by stating M1
a? =b® +¢? —2bcxcos A
Makes correct substitutions into the cosine rule. M1
2 2 2
(v233)" =(v/45) +(104) —2(+/45)(1/104 ) xcos Aoee.
7 . M1
COSA=- \/ﬁ or awrt —0.614 (seen or implied by correct answer).
A =127.9° cao Al
(5 marks)
tates formula for the area of a triangle. M1
1 .
Area =EabsmC
Makes correct substitutions using their values from above. M1ft
Area = %(\/E )(«/104)sin127.9...°
Area = 27 (units?) Alft
(3 marks)
Total

8 marks




8a

se of the gradient formula to begin attempt to find k. M1
9a [+1-(-2) _ 3 or —2-(k+) 3
—J-@k-4) 2 3k-4-1 2
(i.e. correct substitution into gradient formula and equating to —%).
2k +6=—15+9k Al*
21 =7k
k=3* (must show sufficient, convincing and correct working).
(2 marks)
8b |tudent identifies the coordinates of either A or B. Can be seen or implied, for example, in the B1
bsequent step when student attempts to find the equation of the line.
A(5, —2) or B(1, 4).
Correct substitution of their coordinates into y = mx + b or M1
y —y1 =m(x — x1) 0.e. to find the equation of the line.
For example,
2=[-25)+b or y+2=[ -2 |(x=5) or a=[ -2 |@)+b or y-a=[-2]|(x-1)
2 2 2 2
y=—§x+1—1 or 3x+2y-11=0 Al
2 2
(3 marks)
8c [lidpoint of AB is (3, 1) seen or implied. B1
Slope of line perpendicular to AB is% , seen or implied. Bl
Attempt to find the equation of the line (i.e. substituting their midpoint and gradient into a correct M1
equation). For example,
2 2
1=| = |(3)+bor y—1=—(x-3
2Jerebory-1-20x-9)
2x—3y—-3=0 or 3y—-2x+3=0. Al
Also accept any multiple of 2x—3y—3=0providing a, b and c are still integers.
(4 marks)
Total

9 marks




115 (m) is the height of the cliff (as this is the height of the ball when t = 0). Accept answer that Bl
states 115 (m) is the height of the cliff plus the height of the person who is ready to throw the
stone or similar sensible comment.
(1 mark)
9b |ttempt to factorise the — 4.9 out of the first two (or all) terms. M1
h(t) =—4.9(t* - 2.5t) +115 or h(t)= —4.9(t2 —2t)+115
h(t) =—4.9(t -1.25)° - (-4.9)(1.25)° +115 M1
5)? 5)?
or h(t)=-49|t—=| —-(-4.9)| — | +115
4 4
h(t) =122.65625—4.9(t —1.25)2 o.e. (N.B. 122.65625 =%) Al
Accept the first term written to 1, 2, 3 or 4 d.p. or the full answer as shown.
(3 marks)
9ci ftatement that the stone will reach ground level when M1
n(t) = 0, or —4.9t° +12.25t +115=0s seen.
Valid attempt to solve quadratic equation (could be using completed square form from part b, M1
calculator or formula).
Clearly states that t = 6.25 s (accept t = 6.3 s) is the answer, or circles that answer and crosses out Al
the other answer, or explains that t must be positive as you cannot have a negative value for time.
(3 marks)
9¢ii | hmax = awrt 123 ft A from part b. B1ft
t= % or t=125 ft C from part b. BIft
(2 marks)
Total
9 marks

NOTES: c: Award 4 marks for correct final answer, with some working missing. If not correct B1
for each of A, B and C correct.

If the student answered part b by completing the square, award full marks for part c, providing their
answer to their part b was fully correct.



10a {lakes an attempt to interpret the meaning of f(5) = 0. M1

For example, writing 125 +25+5p +q=0

5p+qg=-150 Al

Makes an attempt to interpret the meaning of f(—3) = 8. M1
For example writing —27+9-3p+q=8

—-3p+0g=26 Al
Makes an attempt to solve the simultaneous equations. M1ft
Solves the simultaneous equations to find that p = —22 Alft
Substitutes their value for p to find that q = —40 Alft
(7 marks)
10b Hraws the conclusion that (x — 5) must be a factor. M1
Either makes an attempt at long division by setting up the long division, or makes an attempt to M1ft

find the remaining factors by matching coefficients. For example, stating:
(x—5)(ax2 +bx+c)= X3+ x% —22x - 40

(ft their —22 or —40)

For the long division, correctly finds the the first two coefficients. Al

For the matching coefficients method, correctly deduces that
a=landc=38

For the long division, correctly completes all steps in the division. Al
For the matching coefficients method, correctly deduces that

b=6

States a fully correct, fully factorised final answer: Al

X=5Xx+H(x+2)

(5 marks)

Total
12 marks

NOTES: 10a: Award ft through marks for correct attempt/answers to solving their simultaneous equations.

10b: Other algebraic methods can be used to factorise: x—5 is a factor (M1)

X3 —x? —22x — 40 = x*(x—5) + 6x(x —5) +8(x —5) by balancing (M1)

= (x* +6x+8)(x—5) by factorising (M1)

=(x+4)(x+2)(x-5) by factorising (A1 A1) (i.e. Al for each factor other than (x — 5))



11aa fakes an attempt to find I (10-6x)dx

M1
Raising x powers by 1 would constitute an attempt.
2
Shows a fully correct integral with limits. [10x -3x? La =1 Al
Makes an attempt to substitute the limits into their expression. For example, M1ft
(10(2a)—3(2a)2)—(10(a)—3(a)2) or (20a—12a2)—(10a —3a2) is seen.
Rearranges to a 3-term quadratic equation (with = 0). 9a* —10a+1=0 Mift
Correctly factorises the LHS: (9a — 1)(a — 1) = 0 or uses a valid method for solving a quadratic M1ft
equation (can be implied by correct answers).
1 Al
States the two fully correct answers a = 5 ora=1
For the first solution accept awrt 0.111
(6 marks)
11ba |11 Straight line sloping downwards with positive x M1
) and y intercepts. Ignore portions of graph outside
12 0<xg2
p
Fully correct sketch with points (0, 10), and (g : Al
0) labelled. Ignore portions of graph outside
0L<xK2
(2 marks)
11ca Statements to the effect that the (definite) B1
integral will only equal the area (1) if the
function is above the x-axis (between the limits)
AND
when a =1, 2a = 2, so part of the area will be
above the x-axis and part will be below the x-
axis.
Greater than 1. B1
(2 marks)
Total

10 marks




12aa 1ates that the perimeter of the track is 2ar +2x =300 M1

he choice of the variable x is not important, but there should be a variable other than r.
Correctly solves for x. Award method mark if this is seen in a subsequent step. Al
x=300=2m 150y
States that the area of the shape is A=nr? +2rx Bl
Attempts to simplify this by substituting their expression for x. M1

A=nr?+2r (150 —mr)
A=nr? +300r —2nr?

States that the area is A=300r —zr®* Al*
(5 marks)

ttempts to differentiate A with respect to r M1

12ba {46 g—A =300 2ar Al

r
Shows or implies that a maximum value will occur when 300 —2ar =0 M1
Solves the equation for r, stating r _10 Al
T
Attempts to substitute for r in A=300r —zr?, for example writing M1
2
EINE
T T
Solves for A, stating A= 223500 Al
T
(6 marks)
Total

11 marks

NOTES: 12b: Ignore any attempts at deriving second derivative and related calculations.



13 |ny reasonable explanation.

Student should have subtracted 150° from 360° first, and then divided by 2.

working in part (b).

For example, the student did not correctly find all values of 2x which satisfy cos2x =— >

N.B. If insufficient detail is given but location of error is correct then mark can be awarded from

Bl

s

(1 mark)
X =75° Bl
x =105° Bl
(2 marks)
Total
3 marks
NOTE: 13a: Award the mark for a different explanation that is mathematically correct,
provided that the explanation is clear and not ambiguous.
| M1

14 akes an attempt to use Pythagoras’ theorem to ﬁnd|a| .

For example, /(4)° +(~7)° seen.

65

Al

) ) 1 . .
Displays the correct final answer. ——(4i-7
play @( )

Al

(3 marks)




15

Uses laws of indices correcty at least once anywhere in solution Bl
1 1 3
(e.g.iz X 2or X =x2 or xs/x =x2 seen or implied).
Jx
3 1 M1
Makes an attempt at integrating h'(x) =15x2 —40x 2
Raising at least one x power by 1 would constitute an attempt.
5 1 Al
Fully correct integration. 6x2 —80x2 (no need for +C here).
Makes an attenpt to substitute (4, 19) into the integrated expression. For example, M1
5 1
19=6x42 -80x42 +C is seen.
Finds the correct value of C. C=-13 Al
) 5 ) Al
States fully correct final answer h(x) =6x2 —80+/x —13 or any equivalent form.
(6 marks)

NOTES: Award all 6 marks for a fully correct final answer, even if some working is missing.




16 fates sin® x+cos’ x =1 or implies this by making a substitution.

8—7cosX = 6(1—cos2 x)

M1

Simplifies the equation to form a quadratic in cos X. M1

6c0s? X—7c0sX+2=0

Correctly factorises this equation. M1

(3cosx—2)(2cosx—1)=0 or uses equivalent method for solving quadratic (can be implied by

correct solutions).

Correct solution. cos X = E or 1 Al
3 2

Finds one correct solution for x. (48.2°,60°, 311.8° or 300°). Al

Finds all other solutions to the equation. Al

(6 marks)




17 | States or implies the expansion of a binomial expression to the 9th power, up to and including M1
e X3 term.
(a+b)? =°Ca’ + °Cia’h + °C,a’b® + °Cja%’ +... ;, (a+b)’ =a’ +9a’h+36a’b* +84a°b° +...
Correctly substitutes 2 and px into the formula. M1
2+ px)° =2° +9% 2% x px+36x 27 x( px)” +84x 2° x(px)’ +...
Makes an attempt to simplify the expression (at least one power of 2 calculated and one bracket M1ldep
expanded correctly).
(2+ px)® =512+ 9x 256 x px +36x128x p*x* +84x64x p>x° +...
States a fully correct answer: (2+ px)? =512+ 2304 px + 4608 p>x* + 5376 p°x° +... Al
(4 marks)
bi |States that 5376p® = — 84 M1ft
Correctly solves forp: pP=— 1 so p=-1 Alft
64 4
bii | Correctly find the coefficient of the x term: 2304 (—E) =-576 B1ft
4
Correctly find the coefficient of the x2 term: 4608 (—1)? = 288 B1ft
4
(4 marks)
Total:
8 marks

NOTES: ft marks — pursues a correct method and obtains a correct answer or answers from their

5376 from part a.




18 ses appropriate law of logarithms to write log,, (2x —1)(x+4)=1 M1
Inverse logu: (or 11 to the) both sides.  (2x—1)(x+4)=11 M1
Derives a 3 term quadratic equation. ~ 2x? +7x-15=0 M1
Correctly factorises (2x —3)(x +5) =0 or uses appropriate technique to solve their M1
guadratic.

Solves to find x :2 Al
Understands that x # —5 stating that this solution would require taking the log of a Bl
negative number, which is not possible.
Total:
6 marks
Total:

6 marks




REVIEW ANSWERS: MECHANICS PRACTICE EXAM PAPER

Pearson
Progression Step
Q Scheme Marks | AOs
and Progress
descriptor
la Makes an attempt to find the distance from A to B. For example, M1 3.1b 4th
(—28)° +(80)” is seen. Find the
magnitude and
Makes an attempt to find the distance from B to C. For example, M1 3.1b direction of a
5 5 vector quantity.
(130)" +(15)" is seen.
Demonstrates an understanding that these two values need to be M1 1.1b
added. For example, 84.75... + 130.86... is seen.
215.62... (m) Al 1.1b
Accept anything which rounds to 216 (m)
(4)
1b | states that AC =102i +95j (m) B2 3.1b 4th
Award one point for each value. Find the
magnitude and
95 M1 1.1b direction of a
States or implies that tan 9 = 100 vector quantity.
Finds 6 =42.96...° Al 1.1b
Accept awrt 43.0°
(4)

(8 marks)

Notes




Pearson
Progression Step

Sch Mark AO
Q cheme arks > and Progress
descriptor
2a | Velocity = acceleration x time seen or implied. M1 3.1b 4th
Velocity =11 x 8 =88 ms™! Al 1.1b Use and mterpr_et
graphs of velocity
Figure 2 General shape of the M1 3.3 against time.
graph is correct. i.e.
b : positive gradient,
- i followed by horizontal
£ i line, followed by
~ A I negative gradient not
| returning to zero.
' P e E Y Vertical axis labelled Al 1.1b
correctly.
Horizontal axis labelled Al 1.1b
correctly.
(5)
2b Makes an attempt to find the area of the trapezoidal section. For M1 1.1b 4th
example, 2x1(88+40) is seen. Calculate and
2 interpret areas
. under velocity—
Demonstrates an understanding that the three areas must total M1 2.1 time graphs
1404. For example, %(8 x88)+88T +2 x%(88 +40)=1404 or
352 +88T +128 =1404 is seen.
Correctly solves to find T = 10.5 (s). Al 1.1b
@)
(8 marks)
Notes
2a

Accept the horizontal axis labelled with the correct intervals.

2b

Award full marks for correct final answer, even if some work is missing.




Pearson
Progression Step

Q Scheme Marks |  AOs and Progress
descriptor
3a | Either states that tan30 = 2 ortan 60 = % M1 1.1b S5th
a
N find 7 Use Newton’s
Correctly finda=10+/3 M1 1.1b second law to
: ) ; model motion in
Interprets a in the context of the question, stating a =-1 .
P d ga O\E Al 3.2 two directions.
3)
1.1b 5th
3b | States that the magnitude of Rz\/ ~1043)’ +(10)° M1
g ( 0\/5) +( O) Use Newton’s
States R =20 (N). 1.1b second law to
) Alft model motion in
two directions.
(2)
3c States F =ma or implies use of F = ma. For example 20 =6 x a M1 33 5th
IS seen. Use Newton’s
. 10 1.1b second law to
Correctly findsa = ?m s e ALT model motion in
two directions.
2
3d | States thats =ut + %at2 or implies it use by writing M1 3.1b 5th
1 10 Use Newton’s
640 = (O)t +§X§Xt second law to
Solves to find —8\/5 A 9.6 model motion in
olves to findt = (s). Accept awrt 19.6 (s). Al ft 1.1b two directions.
2
(9 marks)
Notes
3b

Award ft marks for a correct answer using their value from part a for the i component of the force.

3c

Award ft marks for a correct answer using their value from part b for the resultant force.

3d

Award ft marks for a correct answer using their value from part c for the acceleration.




Pearson
Progression Step

Scheme Marks | AOs
and Progress
descriptor
t=5v=0 Bl 1.1b 6th
. . . Uses
Expands brackets and attempts differentiation. Reducing any M1 3.1b . -
ower by one is sufficient evidence of differentiation differentiation to
P y ' solve problems in
kinematics.
Solves 25— 20t +3t* =0 to find t =§. The expression can be Al 11b
factorised, or the quadratic formula can be used. t = 5 does not
have to be seen to award the mark.
. . 2.2
Makes an attempt to substitute t =§ into v= %t(S—t)2 . M1 a
2
1Y) 5)10).
For example, v=| — || = || — | is seen.
20 \3)\ 3
. 1.1
Correctly finds v= ; or 0.92... (ms™). Accept awrt 0.9 (ms™). ALt b
(5)
(7 marks)

4

Notes

Award the final method mark and the final accuracy mark for a correct substitution using their value for t.




Scheme

Marks

AOs

Pearson
Progression Step
and Progress
descriptor

5a

States correct answer: 5.3 (ms 1)

Bl

2.2a

4th

Understand the
difference
between a scalar
and a vector.

1)

5b

States correct answer: —4.8 (ms™?)

Bl

2.2a

4th

Understand the
difference
between a scalar
and a vector.

1)

5¢c

States correct answer: —30 (m)

Bl

2.2a

4th

Understand the
difference
between a scalar
and a vector.

M)

(3 marks)

Notes




Pearson
Progression Step

Sch Mark AO
Q cheme arks > and Progress
descriptor
6a Figure 1 General shape of the M1 3.3 4th
ﬁraph is clolr_rect. ie. Use and interpret
* ! fOﬁIZOﬂ;[j&b Ine, . graphs of velocity
=15 ‘ | Tollowed by negative against time.
£ ! ! gradient, followed by
gv S | apositive gradient.
7 | | Vertical axis labelled | Al 1.1b
0 T T st | correctly.
time (s)
Horizontal axis Al 1.1b
labelled correctly.
®)
6b Makes an attempt to find the area of trapezoidal section where M1 1.1b 4th
the car is decelerating. For example, I(15+10) is seen. Calculate and
4 interpret areas
. . . under velocity—
Makes an attempt to find the area of the trapezoidal section M1 1.1b time graphsy
where the car is accelerating. For example, %(10 + 20) IS seen.
M1 1.1b
States that 15T + Zﬂ + ﬂ =1312.5
4 4
Solves to find the value of T: T =30 (s). Al 1.1b
(4)
(7 marks)

6a

Notes

Accept the horizontal axis labelled with the correct intervals.

6b

Award full marks for correct final answer, even if some work is missing.




Pearson
Progression Step
Q Scheme Marks | AOs
and Progress
descriptor
7a States, or implies in a subsequent step, that the resistances to M1 3.1b 4th
motion will total 1600k (N). (Any variable is acceptable.)
Uses F = ma to write 3200 —1600k —1600(0.4) M1 3.3 | Solve problems of
Sol h i findk=1.6 1.1b connected
olves the equation to find k = 1. Al : particles in one
Finds the resistance forces acting on the trailer: Al 1.1b dimension.
Riailer =400x1.6 =640 (N).
(4)
7b Demonstrates an understanding that the resultant force for the M1 3.1b 4th
trailer is T — 640, or for the car is 3200 - 1920 - T
Either states T —640 = 400(0.4) using the trailer or states M1 3.3 | Solve problems of
32001920 — T =1200(0.4) using the car. connected
i — particles in one
Correctly finds T = 800 (N). Al ft 1.1b dimension.
@)
7c Uses F = ma to write —640 = 400a M1 3.3 4th
Correctly solves to find a=—1.6 ms2 Al ft 1.1b
Solve problems of
Uses v2 =u? +2as to write 0= 252 +2(—1.6)s M1 3.1b connected
Correctly solves to find s =195.31... (m). Accept awrt 195 (m). | Alft | 1.1b particles in one
dimension.
(4)
States ‘the acceleration of the car will be equal to the Bl 3.5 4th
7d leration of the trailer’ ‘th d the trailer will
acce eratlon’o the trailer’ or states "the car and the trailer wi Solve problems of
particles in one
dimension.
1)
(12 marks)
Notes
7b

Award ft marks for a correct answer using their value from part a for the resistance acting on the trailer.
7c

Award ft marks for a correct answer using their value from part a for the resistance acting on the trailer and from
part b for tension.




Pearson
Progression Step

Scheme Marks | AOs
and Progress
descriptor
Integrates a =12t —4 to obtain v =6t —4t+ A Any constant is M1 3.1b 6th
acceptable. Uses integration
to solve problems
Integratesv = 6t> — 4t + A to obtains = 2t* —2t* + At + B . Any M1 3.1b in kinematics.
constant are acceptable.
Makes an attempt to form a pair of simultaneous equations by M1 3.1b
separately substituting (1, 2) and (3, 30) into the equation. For
example: 2=2-2+ A+B and 30=54-18+3A+ B are seen.
Simplifies to obtain a correctly pair of simultaneous equations: M1 1.1b
A+B=2 and 3A+ B =-6 are seen.
Solvesto find A=—4 Al 1.1b
Solves to find B=6 Al 1.1b
Attempts to make a substitution of t = 2 into M1 1.1b
s=2t>-2t* —4t+6
For example, s= 2(2)3 —2(2)2 —4(2)+6 is seen.
Correctly finds s = 6 (m). Al ft 1.1b
(8)
(8 marks)

8

Notes

Award the final method mark and the final accuracy mark for a correct substitution using their values for A and B.




Pearson
Progression Step

Sch Mark AO
Q cheme arks > and Progress
descriptor
9a | Understands that the pole vaulter will land when h = 0 or writes | M1 3.1b 3rd
1
%(125X —12X2) =0 Understand how
mechanics
. M1 1.1b problems can be
Correctly factorises to get x(125-12x)=0o0.e. rodelled
thematically.
e AL 1 mathematically
Solves to get x=——=10.41...(m)
12
Accept awrt 10.4 (m)
3
op | States that the greatest height will occur when x = 5.20...(m) M1 3.1b 3rd
Makes an attempt to substitute x = 5.20...into the equation for h. | M1 11b | Understand how
1 5 mechanics
For example, h = %(125(5.20...) ~12(5.20...) )seen. problems can be
modelled
h=5.42...(m) Al ft 1.1b mathematically.
Accept awrt 5.4 (m)
3
M1 3.1b
1
% States h = 4.9 or states that —(125x —12x2) =49 3rd
60 Understand how
mechanics
Simplifies this to reach 12x* —125x +294 =0 o.e. M1 1.1b problems can be
- . - modelled
Realises that the quadratic formula is needed to solve the M1 1.1b tho t_e ’
quadratic. For example a =12, b =-125, ¢ = 294 seen, or makes mathematically.
125+ ,/(—125)° — 4(12)(294
attempt to use the formula: x = \/( ) ( )( )
2(12)
Simplifies the b> —4ac part to get 1513 or shows M1 1.1b
1251513
24
X =6.82...(m) Al 1.1b

Accept awrt 6.8 (m)




X =3.58... (m) Al 1.1b
Accept awrt 3.6 (m)
The pole vaulter can leave the ground between 3.6 m and 6.8 m B1 3.2a
from the bar.
()
9di | Allows the person to be treated as a single mass and allows the Bl 3.4 3rd
effects of rotational forces to be ignored. Understand
assumptions
common in
mathematical
modelling.
1)
9dii | The effects of air resistance can be ignored. Bl 3.4 3rd
Understand
assumptions
common in
mathematical
modelling.
1)
(15 marks)
Notes
9b

For the first method mark, accept their answer to part a divided by 2. Continue to award marks for a correct answer
using their initial incorrect value.

9c

Accept 3.9 <x<9.8




Pearson
Progression Step

Scheme Mark AO
Q arks > and Progress
descriptor
10a | Correctly uses s =ut +%at2 to write M1 3.1b 5th
1 Solve problems of
0.9=(0)t + S xax (0.8)? connected
particles using
Correctly finds a = % (ms2) or 2.8125 (ms2). Accept awrt Al 1.1b pulleys.
2.8 (ms™?).
)
10b Demonstr_ates an understanding that the resultant force acting on M1 31b 5th
sphere Bis 1.2g—T.
45 Solve problems of
Uses F = ma to write 129 -T 212(5) M1 3.3 connected
particles using
Correctly solves to find T = % (N) or 8.385 (N). Accept Alft | 11b pulleys.
8.4 (N).
®3)
10c | Demonstrates an understanding that the resultant force acting on M1 3.1b 5th
box Ais T —F. Solve problems of
connected
M1 3.3 i .
Uses F = ma to write 1677 _ F= O.8(£j particles using
200 16 pulleys.
Correctly solves to find F = % (N) or 6.135 (N). Accept Alft 11b
6.1 (N).
®3)
10d . M1 3.1b 5th
Uses v = u + at to write V=O+£x0.8
16 Solve problems of
9 AL ft 11b connected
Solves to findv== or2.25ms™™. ' particles using
4 pulleys.
Uses F = ma to write —F =0.8a or —122£ =0.8a M1 3.1b
1227 Al ft 1.1b

Solves to find a =—=——ms2 or 7.66...(ms?).
160




2 M1 2.2a

Uses v2 =u® + 2as to write 0= 9 +2 _Lezr s
4 160
. 1.1
Solves to find s = % (m) or 0.33... (m). Accept awrt 0.33 (m). ALt b
States that the total distance travelled will be 1.23 m B1 ft 3.2
(0.9 +0.33).
(7

(15 marks)

Notes

10b

Award ft marks for a correct answer using their value from part a for acceleration.

10c

Award ft marks for a correct answer using their values from part a for acceleration and part b for tension.

10d
Award ft marks for a correct answer using their values from parts a, b and c.




Optional Extension

Have a look at the “Risps” using:

http://www.s253053503.websitehome.co.uk/risps/risplist.html

Try to expand your mathematical knowledge by trying at least 5 of them.
Here are some recommended ones that you might find interesting:

Risp 5: Tangent through the Origin

Risp 8: Arithmetic Simultaneous Equations

Risp 9: A Circle Property

Risp 16: Never Positive

Risp 19: When does f g equal gf?

Risp 19: Extending the Binomial Theorem

Risp 24: The 3-Fact Triangles

Risp 37: Parabolic Clues


http://www.s253053503.websitehome.co.uk/risps/risplist.html

