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1. Given that
222 - 522+ 72— 6=2z-3)(z> + az + b)
where a and b are real constants,
(a) find the value of a and the value of b.
(2)
(b) Given that z is a complex number, find the three exact roots of the equation
223 -522+7z-6=0
3)
_ J
2
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Question
Number Scheme Marks
1.(a) 27° -57°+77-6=(22-3)(z* +az +b)
Landb =2 Bl:Oneofa=-1lorb=2
a=-landb=
Bl:Botha= -landb=2 B1Bl
Values may be implied by a correct quadratic e.g. sight of z° —z + 2
(2)
(b) z=12 z = 1.5 or equivalent B1
M1: Solves their 3 term quadratic
(usual rules) as faras z = ...
_ 1+i7 .
Z:%J_r@ﬁ)i Al: Allow z = 5 or equivalent M1A1
e.g. z=1+ \/z i
27\ V4
Answers must be exact and accept correct answers only for both marks.
Answers that are not exact with no working score MOAQ
(©)

[5 marks]
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2. Use the standard results for Z r and for z r* to show that
r=1 r=1
. n
2(3r - 2)2 = —(cm2 + bn + c)
r=1 2
where a, b and c are integers to be found.
(5)
\_ J

— AR O R A A
P 4 4 9 71 R A 0 4 2 8



Summer 2015

www.mystudybro.com

Mathematics F1

Past Paper (Mark Scheme) This resource was created and owned by Pearson Edexcel WFMO01
Question
Number Scheme Marks
2. (Br-2)>=9r*-12r+4 Correct expansion Bl
n n n n B1ft: “4” =“4”n
D @r-22=>09r*->12r+> 4
=t = = = M1: Uses valid formulae for sum of B1ft M1
= 9ﬂ(n +1)(2n+1) _1gﬂ(n +1)+4n squares and sum of integers (their 9 or
6 2 12 may be followed through from their
coefficients)
:2(3(n +1)(2n+1)—12(n+1) +8)
n n
or Takes out factor 7 or 5 Dependent dM1
on the B1ft having been scored.
%(9(n +1)(2n+1)—36(n +1) + 24) g
Correct result or statesa=6, b= -3,
Al

=g(6n2 -3n-1)

c=-1

Q)

You should always award marks as in the scheme but generally there are no
marks for proof by induction

[5 marks]
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3. [Itis given that o and S are roots of the equation
2> —Tx+4=0
(a) Find the exact value of &> + 2
3
(b) Find a quadratic equation which has roots “ and ﬁ, giving your answer in the form
a
ax? + bx + ¢ = 0, where a, b and c are integers.
3)
|\ J

— AR RN R
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3.(a 7 4
@ a+,8:§ and af=2 Allow EforZ Bl
a’ + p7 =(a+p) 2o M1: Uses a? + 2 =(a+ B)’ —2ap
7Y 33 33 1 M1 Al
= =] -2(2)== - 2% rg=
(2) ( ) 4 Al: 2 or84or8.25
(©)
b Sum of roots is
(b) . ! 33 M1: Attempts sum or product of new
a. B _ a’+p "4 383 roots correctly (may be implied)
f « of 2 8 M1 Al
33
and product of roots is < L =1 Al: Sum = n and product = 1
o
> ~ - -
" 33 X412 0. 8x° —33 X +8=0 _8x —3_3 X +8 = 00r any integer multiple Al
8 including the “= 0"
3)
[6 marks]
Alternative — finds roots explicitly:
a 1
@) a,ﬂ=z(7i\/ﬁ) Correct exact roots including /17 B1
. 49 +2£_2X§_§ M1. Squzr;s antiadds their roots 1AL
~l16) "16 TT16 4 AL: cao == or 8- or 825
(©)
b
(®) Uses [x—gj(x—ﬁ) with numerical <
B a B
X_7+Jﬁ X_7—Jﬁ ~ 5 M1
7-J17 7417 ) and ;and attempts to expand. There are
no marks until numerical values are
used.
=X —%xﬂ Al
8x2 —33x+ 8=0 Thls_ansv_ver WIFh no er‘r‘c_)rs ’(,)r any integer ALcSO
multiple including the “=0
(©)

Note:

Roots of the form %(7i\/ﬁ), k = 4 will give a correct answer — in this case lose

the final mark as not cso.
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Figure 1

>
X

Figure 1 shows a sketch of the parabola C with equation y? = 4ax, where a is a positive
constant. The point S is the focus of C and the point Q lies on the directrix of C.
The point P lies on C where y > 0 and the line segment QP is parallel to the x-axis.

Given that the length of PSis 13

(a) write down the length of PQ.

(1)
Given that the point P has x coordinate 9
find
(b) the value of a,

2
(c) the area of triangle PSQ.

(&)

Leave )
blank
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4.(a) (PQ=) 13 Sight of 13 (Must be seen in (a)) B1
1)
(b) 9+a=13=a=.. M1: Uses 9+a=130r (9+a)? +36a =169
or to obtain a value for a M1 Al
(9ia)2 +36a=169=a=... Al: a:40n|y
(2)
© y=12 Correct y coordinate of P. M1
Uses Area of triangle = $x13x"y" or
1y -4 9 4 —4‘ A correct triangle area method M1
*ly y oy
=78 cao Al
3)

Alternative method for area of triangle using midpoint of QS (M)
Area = $xQS xMP =1x+/208 x/117
The method for QS and MP must be correct for their values

There are other methods for the area and the method should be correct for their

values to score the M1 e.g. Box — Triangles = 156 - 48 - 30 =78

[6 marks]
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5. In the interval 2 <x < 3, the equation
X . ) )
6 —x?% cos (—) = (0, where x is measured in radians

has exactly one root a.

(a) Starting with the interval [2, 3], use interval bisection twice to find an interval of
width 0.25 which contains a.
“4)

(b) Use linear interpolation once on the interval [2, 3] to find an approximation to a. Give
your answer to 2 decimal places.
3

10
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5.(a) Attempts to evaluate both f(2) and f(3)
£ = and f(3) = (ignore use of degrees for this mark)
2) an @) NB degrees usually scores M1AOMOAO M1
NB f(2) ~ 2 and f (3) ~ —3for degrees
f(2)=23.. , f(3)=-14.. Needs accuracy to 1 figure truncated or Al
rounded
f(2.5) = 0.5....and f(2.75)= -0.4.... Evaluates both f(2.5) and f(2.75) (and not M1
f(2.25))
25<x<2750r25<x<2750r 25<a<2.750r
2.5<a <2.750r[25,2.75] or (2.5, 2.75) or equivalent in
(2.5, 2.75) words. Allow a mixture of ‘ends’ but not incorrect statements | Al
such as 2.75 < x < 2.5. Needs accuracy to 1 figure truncated
or rounded for f(2.5) and f(2.75) and conclusion
| (4)
Note that some candidates only indicate the sign of f not its value. In this case the
M’s can still score as defined but not the A’s. However if f(2) and f(3) are
correctly evaluated in (b) then the first Al can be given retrospectively.
Common Approach in the form of a table:
a f(a) b f(b) i f(5)
2 2.31576... 3 -1.428... 2.5 0.5151...
2.5 0.5151... 3 -1.428... 2.75 -0.4472...
25<a<2.75
Would score full marks in (a)
(b) -2 3_g -2 3_2 (i]orrect fquation invcc)jlving o or X a?d 1
= or = their values even in degrees. Use 0
2.3158 1.4280  2.3158 3.7438 negative lengths scores MO
(14280 +2.3158) = 3x 23158+ 2x1.4280 | Makes a or x the subject. Dependent
0 o = on the previous M but condone poor dM1
&= algebra.
(a=)2.62 cao and cso (Allow x =) Al
A correct statement followed by 2.62 scores 3/3
| (3)
Usingy =mx + C:
m=F(2)-f(3)=-3.74.... Correct method to find equation of M1
c=71(2)-2m=9.80... straight line
Substitutes y = 0 and makes x or o the
=0=>x=.. . .
y=u= subject. Dependent on the previous M M1
(a=)2.62 cao and cso (Allow x =) Al

Also allow candidates to find the value of e.g 3—a ora —2and then add to 2 or
subtract from 3: M1 for a correct method for 3—a ora —2, dM1 for adding to 2
or subtracting from 3 and Al for 2.62 cao and cso.

[7 marks]
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6.

The rectangular hyperbola, H, has cartesian equation

xy =36

6
The three points P (6 D, E], 0 (6q, —) and R (6r, 9) , where p, g and r are distinct,
P q r

non-zero values, lie on the hyperbola H.

(a) Show that an equation of the line PQ is

pqy +x=6(p+q)
4)

Given that PR is perpendicular to OR,

(b) show that the normal to the curve H at the point R is parallel to the line PQ.
(6)

Leave )
blank
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°@ Gradient of PQ is %_% (— —ij iant i
p—6q nq Correct gradient in any form Bl
M1: Uses straight line equation in any
) _ 68 form correctly for their gradient or
Equation of PQis y ——= 6p—60 (x—60) | uses y=mx+ cand attempts to find ¢ | M1 Al
interms of pand q
Al: Correct line in any form
8Ly eq)
q P9
Cso. Reaches the given answer with at
—-8=_(x-6 =6 * *
PACy =) =~(x~60) = pay+x=6(p~+0) least one intermediate step. Al
(4)
Alternative simultaneous equations
6 6
' m(6p)+c, i m(6q) +c Correct equations B1
M1: Solves simultaneously to obtain
q-p 6 either “m” or “c” in terms of p and q
m= ,C=—+— M1Al
pa(p-a) P ALm=—9"P angc-8.8
pa(p-a) P q
Cso. Reaches the given answer with
=6 * g ) *
Pay+x=6(p+0) at least one intermediate step. Al
b
(b) % d g—y =kx* and uses x = 6r
X
y:—:>d—y:—36x‘2 and uses x = 6r d
q X dX d—y:kl and uses x = 6r, y = 6/r
x—y+y:0:>—y:—1 and use x = 6r, y = 6/r X X M1
ox dx X d—X—k:ﬂ—Land uses
%:do—y:—%and uses ﬂ:d_y+% dr dr r?
dr dr r dx dr dr dy dy dx
dx dr dr
Allow any un-simplified correct form
So at R gradient of curve = _1 2 & 6 Al
r2 e.g. —36(6r) ’_é’_r_2+6
i Correct use of perpendicular
So gradient of normal = r? gradient rule perp M1
1 1 . - - -
L S M1: Uses gradient PR perpendicular to gradient QR M1 A1
prar Al: Correct equation connecting p, qand r
So 12 :_—1WhiCh is the gradient of PQ so the Conclusion with all previous marks
pq scored. Must see the word Alcso
normal at R is parallel to PQ ‘parallel” used.
(6)

[10 marks]
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7.
z=—3k— 2ki, where k is a real, positive constant.
(a) Find the modulus and the argument of z, giving the argument in radians to 2 decimal
places and giving the modulus as an exact answer in terms of &.
(©))
(b) Express in the form a + 1b, where a and b are real and are given in terms of £ where
necessary,
. 4
(1)
z + 3k
(ii) 22
)
(c) Given that k£ = 1, plot the points 4, B, C and D representing z, z*, T and z?
zZ+
respectively on a single Argand diagram.
3
g J
16

P 4 4 9 71 R A 01 6 2 8
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7.(a)

|z|:k«/ﬁ

Accept v/13k? but not
ok’ +4k?

Bl

M1: Uses

argz = r+arctan [%) =7 +0.588
=3.730r —2.55

arctan (i 3) (10.588°.../J_r 33.60...)
3

or arctan (ig)(io.%?../i 56.3"...)

Al: 3.73 or —2.55 only

M1 Al

(©)

(b)(i)

equivalent

M1: Substitutes z and multiplies numerator and
denominator by conjugate of denominator or

O+gi
k

Al: Ei oe (Allow un-simplified e.g. f—ii(zi). Allow

M1 Al

(i)

2% = (=3k — 2Ki)(~3K — 2ki) = 9k +12ik? + 4i’%k>

Multiplies out obtaining 3 term
quadratic in i

M1

=5k* +12K’i

M1: Uses i®=—1 (may be implied)

Al: cao

M1A1

()

(©

D or 22

v

Aorz

Plots z in 3" quadrant and z* as
mirror image in 2" quadrant and both
correctly labelled

Bl

Plots a complex number on positive
imaginary axis and correctly labelled

Bl

Plots and labels D in the first
quadrant, positioned correctly
relative to the other points and
further from the origin than all the
other points.

Bl

Notes:
1. Penalise the omission of labels once
and penalise it the first time it occurs.

2. For labels allow letters, in terms of z,
coordinates or labels on axes.

3. If there are separate Argand Diagrams,
imagine them superimposed.

4. Accept points, lines or arrows.

©)

(©)

[11 marks]
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8. 3a —4a )
P = , where a is a constant and a > 0
4a  3a
(a) Find the matrix P~'in terms of a.
3
The matrix P represents the transformation U which transforms a triangle 7, onto the
triangle 7,.
The triangle 7, has vertices at the points (—3a, —4a), (6a, 8a), and (-20a, 15a).
(b) Find the coordinates of the vertices of T
3)
(c) Hence, or otherwise, find the area of triangle 7, in terms of a.
3)
The transformation V, represented by the 2 x 2 matrix Q, is a rotation through an
. . 4
angle o clockwise about the origin, where tan a = 3 and 0 < a < %
(d) Write down the matrix Q, giving each element as an exact value.
2
The transformation U followed by the transformation V' is the transformation W.
The matrix R represents the transformation W.
(e) Find the matrix R.
2
g J
20

P 4 4 9 71 R A0 2 0 2 8
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8.(a) M1: Switches signs on minor diagonal
1 3a 4a B1: Correct determinant. Allow
"~ 9532l —4a  3a or simplified or un-simplified
L 3 4 e.g. 3a(3a)-(-4a)(4a), score when first | M1B1 Al
_( j seen.
25a\—4 3 Al: Completely correct inverse with
determinant simplified.
(©)
(b) 1 3 4\/-3a 6a —20a Sets up correct multiplication
— : . 1 :
253 (_4 3}(_43 8a 15aj including Eor equivalent M1
a
120 Correct matri Al
= orrect matrix
0 05
Follow through their matrix but must
(-1,0), (2.0)and (0.5) be written as coordinates Allt
(©)
(© : . 15 :
Area of triangle T, = 5x3x5 o.e. > Correct area for triangle T, . M1
Area scale factor is 25a° M1: Multiplies their area of T, by their
so Area of triangle T, = E>< 25a° =187.5a% oe detP to find required area MIAL
2 Al: cao
(©)
Alternative 1: Shoelace method
area T, =1 ~3a ba -20a -3 C t stat t M1
= =X
2= 2% 40 82 15a —4a orrect statement.
—3ax8a+(6ax15a)+( —20ax—4a) _
X Correct calculation M1
—{(-4ax6a)+(-8ax20a)+(15ax-3a)}
=187.5a° oe cao Al
Alternative 2: Encloses T, by a rectangle and subtracts triangles:
Rectangle area = 494a? and one triangle area of Correct values M1
161.5a° 91a? or 54a°
494a® —161.5a* —91a* —54a’ Complete method for area M1
=187.5a° oe cao Al
(d) : e . . .
3 4 M1: , | $in both entries of main diagonal and
Q= ( : 2) /s M1A1
"5 3 a+0and S #0
Al: Correct matrix
)
(e 3 4N7 33 _4a 5a 0 M1: Sets up correct multiplication in
R =( j ( j = ( joe correct order. “Their Q” x P M1 Al
4 3
-+ 3 4a 3a 0 b5a AL cao
)

[13 marks]
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9. (i) Prove by induction that, for n € Z*,

ir2(2r— 1) = %n(n + D@2 +n-1)

r=1

(i) Prove by induction that, for n € Z",

7 —12"_ 6n+1 —12n
3 5) | 3n 1-6n

(6)

(6)

Leave )
blank

— R D R TR AR T 0
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9.(i)

Ifn=1, > r?(2r-1)=1and

r=1

%n(n +1)(3n° +n—1) =1, LHS=RHS so true forn = 1.

Bl

kf r2(2r —1) =%k(k +1)(3k? +k —1) + (k +1)%(2(k +1) - 1)

(Adds the (k + 1) term to the sum of the first k terms)

M1

dM1: Attempt factor of ¢ (k +1)

:%(k +1)(3k® +13k* +17k +6)

Al: L (k+1)(3k®+13k* +17k +6)

dM1Al

=2 (k+1)(k +2)(3k + 7k +3) =2 (k +1)(k + 2)(3(k +1) + (k +1) 1)

Al

Achieves this result with no errors and 3k? + 7k + 3 seen
Allow work that shows equivalence between

e.0. 2 (k+1)(3k*+13k2 +17k +6) and & (k +1)(k + 2)(3(k +1)° + (k +1) —1)

True for n =k + 1 if true for n = k, and as true for n = 1 true by induction for all n.

Alcso

Full conclusion and all previous marks scored

(6)

(i)

7
n=1:
[

Jso trueforn=1

Bl

~12) (6+1 12
-5) | 3 1-6
12k

Shows true forn=1
7 -12 or 7 -12\( 6k+1
1-6k )3 -5 3 -5

3k

6k +1
3k

SR

M1

—-12k
1-6k
Either statement scores M1

|

12k —12] M1: Correct attempt at

—6k—5 multiplication (if unclear, at

6k + 7
3k+3

oreg least 2 terms must be correct)
—12(6k +1)+(—12k)(-5)
~12(3k)+(1-6k)(-5)

7(6k +1)+3(-12k)
3k (7) +3(1-6k)

Al: Correct matrix possibly
un-simplified

M1Al

If

|
|

-12k —12
-6k -5

6k + 7

then allow the next A
3k+3

the previous Al was awarded for (

mark for the matrix as shown. If the previous Al was awarded for e.g.

7(6k +1)+3(-12k)
3k (7)+3(1-6k)
6k + 7 -12k -12
3k +3 -6k -5

—12(6k +1)+(—12k)(-5)

then this must be simplified to
~12(3K) + (16K )(~5) } P

j before the next A mark can be awarded.

~12(k +1)

States or shows by
1-6(k +1)J

equivalence that the result is

trueforn=k+1

6(k+1)+1
[ 3(k+1)

Al

True for n =k + 1 if true for n =k, and as true for n = 1 true by induction for all n.

Al

Full conclusion and all previous marks scored

(6)

[12 marks]




