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The curve C has equation

y=2x-3y

The point P lies on C and has coordinates (w, —32).

Find
(a) the value of w,
2)
(b) the equation of the tangent to C at the point P in the form y = mx + ¢ , where m and c are
constants.
)
January 2013
f(x) =4 cosec x —4x +1,  where x is in radians.
(a) Show that there is a root a of f(x) = 0 in the interval [1.2, 1.3].
2)
(b) Show that the equation f(x) = 0 can be written in the form
1 1
xX=— + —
sinx 4
2)
(¢) Use the iterative formula
Xpt+1= ,1 +l, xo=1.25,
sinx,
to calculate the values of x1, x> and x3, giving your answers to 4 decimal places.
3
(d) By considering the change of sign of f(x) in a suitable interval, verify that a = 1.291
correct to 3 decimal places.
2)
June 2010
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The functions f and g are defined by
f: x> 2x]+3, xe
g: x> 3-4x, X€

(a) State the range of f.

(2)
(b) Find fg(1).

(2)
(¢) Find g!, the inverse function of g.

(2)
(d) Solve the equation

geg(x) + [P =0
(3)

June 2013 (R)

(i) Differentiate with respect to x
(@) y=x>In2x,

(b) y = (x+sin 2x)*.

()
Given that x = cot y,
(ii) show that b -l ~.
dx 1+x
(©))
January 2013
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The functions f and g are defined by

(a)

(b)

(c)

(d)

fix e +2, x e R,
g:x —lInx, x>0.

State the range of f.
Find fg(x), giving your answer in its simplest form.
Find the exact value of x for which f(2x + 3) = 6.

Find f !, the inverse function of f, stating its domain.

0y

2

(C))

(&)

(e) On the same axes sketch the curves with equation y = f(x) and y = f!(x), giving the
coordinates of all the points where the curves cross the axes.
“)
June 2012
f(x) =3x* - 2x - 6.
(a) Show that f (x) = 0 has a root, a, between x = 1.4 and x = 1.45.
2)
(b) Show that the equation f (x) = 0 can be written as
2 2
x= (—Jr—j, x#0.
x 3
3
(c) Starting with x,= 1.43, use the iteration
2 2
Xn+1~= —+—
[xn 3 j
to calculate the values of x,, x, and x,, giving your answers to 4 decimal places.
3
(d) By choosing a suitable interval, show that « = 1.435 is correct to 3 decimal places.
3
June 2008
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(a) Express 2 cos 3x — 3 sin 3x in the form R cos (3x + &), where R and « are constants, R > 0

and 0 < ¢ < 3 Give your answers to 3 significant figures.

(C))
f(x) = €* cos 3x.
(b) Show that f'(x) can be written in the form
f'(x) = Re** cos 3x + a ),
where R and « are the constants found in part (a).
(6))

(c¢) Hence, or otherwise, find the smallest positive value of x for which the curve with
equation y = f(x) has a turning point.

3)

June 2011

TOTAL FOR PAPER: 75 MARKS
END
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Question

Number Scheme Marks
1. (a) -32=02w-3)’ :w:%oe MIA1
2)
dy _ _qvé a\é
(b) a—5x(2x 3)"x2 or 10(2x-3) M1Al
When x = % , Gradient = 160 M1
. e V—(=32)
Equation of tangent is '160'= 1 oe dM1
x—'—
2
y=160x-112 cso | Al
(5)
[7]
2.(a) | £(1.2)= 0.49166551..., f(1.3)=—0.048719817...
Sign change (and as f(x) is continuous) therefore a root « is such that
ae[1.2,13] MIA1
2)
(b) | 4cosecx —4x +1=0 = 4x =4cosecx + 1 M1
:>x=cosecx+l:>x= .1 +l Al =*
4 sinx 4
2)
X = ! + 1 M1
© | %= Sna2s) 3
x, =1.303757858..., x,=1.286745793... Al
x, =1.291744613... Al
A3)
(d) | £(1.2905) = 0.00044566695..., £(1.2915)= —0.00475017278... M1
Sign change (and as f(x)is continuous) therefore a root « is such that
a €(1.2905,1.2915) = a =1.291 (3 dp) Al
2)

9]
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Question

Number Scheme Marks
3.(a) f(x)O3 | M1A1
(2)
(b) An attempt to find 2|3 - 4x| +3 when x=1 M1
Correct answer fg(l) =5 Al
(2)
(c) y:3—4x:>4x:3—y:>x:3?Ty M1
-1 3—x
X)= Al
g (x)=—]
(2)
(d) [e0)] =(3-4x)’ BI
gg(x) =3-4(3-4x) M1
gg(x)+[g(0)] =0=-9+16x+9—24x+16x> =0
16x>—8x=0 Al
8x(2x-1)=0=x=0,0.5 oe MI1Al
(5)
[11]
4. | ()@ Y 3 xin 2+ x L x2 MIAIAL
dx 2x
=3x"In2x+x’
3)
(i)(b) % = 3(x +sin2x)? x (1+2 cos 2x) BIMIALI
3)
(ii) dr —cosec’y M1Al
dy
dy 1
dx cosec’y Ml
Uses cosec’y =1+cot” yand x =cot y in d—yor gto get an expression
de dy
inx
R S cso | M1, Al*
dr  cosec’y  l+cot’y  1+x° ’
(5)
[11]
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Question

Number Scheme Marks
5. (a) f(x)>2 B1
(1)
(b) fg(x)=e™ +2,=x+2 M1, Al
2)
(C) er+3 +2=6:> e2x+3 =4 Ml Al
=2x+3=1In4
_ y o473 1n2-% MI Al
4)
(d) Let y=e"+2=>y-2=e"=In(y-2)=x M1
f(x)=In(x-2), x>2. Al, Blft
A3)
(e)
Shape for f(x) | Bl
(0,3) | Bl
Shape for f1(x) | Bl
(3,0) | Bl
4)
[14]
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Question

Number Scheme Marks
6.(a) | £(1.4)=-0.568 ... <0
f(1.45)=0.245 ...>0 M1
Change of sign (and continuity) = «a €(1.4,1.45) Al (2
(b) | 3x’ =2x+6
¥ = 2x +2
3
w=2i2 M1 Al
3 x
Al cso
x= \/(g + zj %
x 3 (3)
(c) | x,=1.4371 B1
x, =1.4347 B1
x, =1.4355 Bl (3)
(d) | Choosing the interval (1.4345, 1.4355) or appropriate tighter interval. | M1
f(1.4345) =-0.01 ...
f(l.4355):0.003 M1
Change of sign (and continuity) = « € (1.4345, 1.4355)
= a =1.435, correct to 3 decimal places %k cso | Al (3)
[11]
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Question

Number Scheme Marks

7. (a) R>=22+32 M1
R=V130r3.61... Al
tan a = 3 M1

a=0.983... Al (4

(b) | £'(x)=2e* cos3x—3e* sin3x MI1AIAI
=e”*(2cos3x —3sin3x) M1

=e”*(Rcos(3x+a))

= Re** cos(3x +a) Al * cso

(5)
()| f'(x)=0=cos(3x+a)=0 M1
3x+a= % M1
x=0.196. awrt 0.20 Al

3)

[12]
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Examiner reports

Question 1
This was an accessible question for candidates with many gaining all 7 marks.

Ql(a) was very well done and usually correct. Occasionally +32 was used instead of —32
1

giving w = 3 . Some candidates reached w = 3 as a result of writing (~32)° =2.

For Q1(b) the correct expression for % was usually achieved with nearly all candidates

recognising the need to apply the chain rule. The substitution of w = 4 occasionally produced
dy 3

—160 instead of +160. Some candidates mistakenly set 3 = 0, leading to x = 5 and
proceeded to use this as their gradient. A few used the result m1m> = —1 and went on to find
the gradient of the normal. The method mark for finding the equation of a line was gained by
almost all candidates but a number of candidates lost the final accuracy mark as a result of
errors made in arranging the answer in the form y = mx + c. An example of this was

y+ 32 =160x — 80 followed by y = 160x — 48.

Question 2

All four parts of this question were well answered by the overwhelming majority of
candidates who demonstrated their confidence with the topic of iteration with around 65% of
candidates gaining at least 8 of the 9 marks available.

Some candidates in parts (a), (c) and (d) worked in degrees even though it was stated in the
question that x was measured in radians.

In part (a), the majority of candidates evaluated both f(1.2) and f(1.3), although a very small
number choose instead to evaluate both f(1.15)and f(1.35). A few candidates failed to
conclude “sign change, hence root” as minimal evidence for the accuracy mark.

Most candidates found the proof relatively straightforward in part (b). A small number of
candidates lost the accuracy mark by failing to explicitly write 4cosecx — 4x + 1 as equal to 0
as part of their proof.

Part (c) was almost universally answered correctly, although a few candidates incorrectly
gavex, as 1.3037 or x; as 1.2918.

The majority of candidates who attempted part (d) choose an appropriate interval for x and
evaluated f(x) at both ends of that interval. The majority of these candidates chose the

interval (1.2905,1.2915) although incorrect intervals, such as (1.290,1.292) were seen. There
were a few candidates who chose the interval(1.2905,1.2914). This probably reflects a

misunderstanding of the nature of rounding but a change of sign over this interval does
establish the correct result and this was accepted for full marks. To gain the final mark,
candidates are expected to give a reason that there is a sign change, and give a suitable
conclusion such as that the root is 1.291 to 3 decimal places or & =1.2910r even QED.

A minority of candidates who attempted part (d) by using a repeated iteration technique
received no credit because the question required the candidate to consider a change of sign of
f(x).
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Question 3
On the whole this question was well attempted.

In part (a) most candidates realised that the ‘3” was significant, although some stated f(x) > 3,
or occasionally f(x) < 3. Many successful candidates sketched a graph. Some candidates
stated f(x) > 0 or f(x) > 1.5. However the majority answered f(x) > 3 correctly. A range of
appropriate notation was seen. Only a few candidates gave the range in terms of x.

In part (b), most candidates processed the functions in the correct order and realised the
significance of the modulus. Occasionally the modulus was omitted, and some found values
using both x =—1 and 1 in f(x) =2(3 — 4x) + 3.

Candidates generally achieved the correct function in part (c), although a few left their answer

. . 1
in terms of y. A few mistakenly attempted ﬁ , —g(x) or g'(x).
g(x

Part (d) was also done well. A few candidates found only one solution as a result of cancelling
the x instead of factorising. There were not many numerical errors. Some candidates used as
an alternative method letting g(x) = ¢ and obtaining 3 — 4¢ + 2 = 0, which they solved for # and
hence found x.

Question 4

Q4(i)(a) was generally answered well, with the vast majority using the product rule. Many
candidates started the question by quoting the rule. There were some errors in differentiating
In 2x, obtaining either € or g
2x X

In Q4(i)(b) most candidates recognised the need for the chain rule. However a considerable
number obtained only 2 cos 2x when differentiating x + sin 2x. Of those who performed this
differentiation correctly, a significant number lost marks because of incorrect bracketing in
their answer. Another common error was to omit the factor 2 when differentiating sin 2x.
Common incorrect answers were 3(x + sin 2x)? x 2 cos 2x, 3(x + sin 2x)> x 1 + 2 cos 2x or
3(x + sin 2x)? x (1 + cos 2x) x 2.

Candidates’ responses in Q4(ii) showed many concise and clear solutions. A majority

expressed (;ﬂ in terms of y, although many did not know, or use the formula sheet, to state
3

that the differential of cot y is —cosec 2y. These candidates generally differentiated either

1 or cosy

——, often correctly. A number of able candidates proceeded more directly by
tan y sy

using implicit differentiation. Most candidates knew that they then had to invert their result to
d : : . : . :
ﬁnday, although there were many instances of negative signs appearing or disappearing

without any justification. Candidates who used the identity cosec 2y = 1 + cot 2y could
usually reach the correct result quite efficiently, although some failed to bracket the terms and
hence obtained —cosec 2y = — 1 + cot 2y. However some correct use of other trig identities
was also seen. At this stage some candidates confused the x and y so could not reach the stated
result.
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Question 5

Numerous candidates could score high marks on this question, and completely correct
solutions were frequently seen. The range and domain were the least well done parts of this
question.

In part (a) there was often poor use of notation, with many candidates still confusing the
appropriate use of y or f(x) with that of x for the range and domain of the functions (x > 2 was
unacceptable in part (a)). A surprising number of candidates gave the range of f(x) in part (a)
as f(x) > 3 rather than f(x) > 2.

In part (b) most candidates applied the functions in the correct order and were able to simplify
their expression correctly. Zero scoring attempts were very rare, but there was a small
proportion of candidates who only got as far as e"* + 2 and either did not simplify, or tried to
solve e"* + 2 = 0 instead.

Part (c) tested candidate’s use of In. It was answered extremely well, although with some very
poor In work was evident amongst weaker candidates. Errors in this question were essentially
of three types: incorrect expressions formed by not understanding composite functions, using
2(f) + 3 instead of f(2x + 3); missing “+2”, giving e * 3= 6; and incorrect In work in solving.

Many candidates appeared to forget to state the domain in part (d). Some of those who gave a
domain followed through their answer to part (a), but some gave a correct answer even if they
had part (a) incorrect. Missing brackets was extremely rare.

In part (e) some candidates produced very careful and accurate graphs, but a large variety of
shapes were produced by a minority, particularly for f!(x) Some candidates also failed to give
correct coordinates for the intersections with the axes; (0, 2) and (2, 0) were often seen, but
other values did occur, or else no coordinates were given at all. Generally there was less
success with the intercepts than the shapes. It was also not uncommon to find the two
sketches intersecting. There were a few cases only of sketches having a max or min. Some
candidates also illustrated the asymptotes, which were not required, but showed a full
understanding of the functions

Question 6

In parts (a) and (d), candidates need to be aware that showing that something is true requires
them to give reasons and conclusions. In this part (a), it is sufficient to say that a change of
sign in the interval (1.4, 1.45) implies that there is a root in the interval (1.4, 1.45). In part(c),
it would be sufficient to argue that a change of sign in the interval (1.4345, 1.4355) implies
that there is a root in the interval (1.4345, 1.4355) and, hence, that x = 1.435 is accurate to 3
decimal places. Part (b) was very well done but candidates must put all steps in a proof and
not leave it to the examiners to fill in important lines. Part (c) was very well done. Some
candidates attempted part (d) using repeated iteration but the wording of the question
precludes such a method and no marks could be gained this way.

Question 7

Part (a) seemed well understood and there was a lot of correct work here. R was almost
always found correctly, although there were some simple arithmetic errors where candidates
had not use a calculator, for example R2= 22 + 33 leading to R = V10 or V15. There were more

. . .. 2 3
errors in the tan alpha part; the most common mistake was giving tan € as 3 or 5 A

significant number used degrees here while others gave « in terms of 7. Several candidates
rounded their radian answer to 0.98, or 0.982.
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In part (b) the differentiation was well done and most candidates achieved the first three

marks. There were some sign mistakes and %(ez") = 2¢* also appeared. Only a few

candidates omitted the 2 and the 3, possibly because they could see where they were heading.
Most were then able to complete the proof, connecting their answer with part (a), although
there was some unnecessary repetition of the working from part (a). As so often happens, with
‘show that’ questions, many lost marks by failing to show or missing out the factorising stage,
candidates possibly unaware of the importance of it.

Quite surprisingly part (c) was found to be very demanding to all but the best of candidates.
Many wrote € cos (3x + o) = 0 but did not seem to realise that € = 0 had no solution and
hence went no further. Some confused “smallest x” with finding the minimum value so wrote
cos (3x + a) = £1 followed by 3x + @ = 7 or 2z. Some put 3x + a = 0.
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Statistics for C3 Practice Paper Bronze Level B3

Mean score for students achieving grade:

Qu Max Mean ALL A A B c D E U
score score
1 7 86 601 693 678 654 613 553 465 257
2 9 82 738 876 841 788 721 621 514 3.15
3 11 89 974 1084 1036 972 903 845 660 5.17
4 11 76 839 10.82 1014 940 857 683 536 3.08
5 14 79 1101 1362 1275 1172 1048 900 6.83 3.78
6 11 79 8.72 1026 936 841 723 604 3.90
7 12 73 877 1166 1081 967 7.99 604 405 192
75 80  60.02 69.51 6429 57.82 4929 38.67 23.57
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