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1. The curve C has equation

y=3x*-8x*-3
. . dy
(a) Find (1) =
dx
.. d’
) g
(b) Verify that C has a stationary point when x = 2

(c) Determine the nature of this stationary point, giving a reason for your answer.
a) . W _ 3 © 3 2
) 1=3x-8x-3 =0 M= Az -ake Q

i) dM = 3ex -h3x @
dx* =

l)) 5+aﬁonm’3 Potv\b when i‘é— =0

olx
di = 12— Bt = 12 (D)°- M@ = 18- 2uxk =0 @
dx
=) Ab X=2, % =0 =) X=% is o S‘l'w‘-fbnq,v\a Pg,’u,b. @

c) 0% ond Subskhb W X=Q& , d'M >0 =) Minimun
dut* dx*

d¥ <o =7 Moaximum

xt
ﬂ\ = 30 () -h5@ = pu-96 = 43 @
dx” e

=) k>0 =) 8{'0’4.0%0\!3 chwl: whch is a
Minimum . @

m—
e—
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Question 1 continued
(Total for Question 1 is 7 marks)
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12cm

Figure 1

The shape ABCDOA, as shown in Figure 1, consists of a sector COD of a circle centre O
joined to a sector AOB of a different circle, also centre O.

Given that arc length CD = 3 cm, ZCOD = 0.4 radians and AOD is a straight line of
length 12 cm,
(a) find the length of OD,

(b) find the area of the shaded sector AOB.

a)

CD = Todius
S=vQ Sz avc Jenghh = 3¢
gt = Sem 704
Y= Todius , ° A O & > D
O = 0.4 Yodjans «~ DRem—>
Figure 1

b) Areon uf Sictov 2 A= T1®

=)r=A0=)2-7.5= K. Sem

A€ > O0&—7-§ ?>D

M= 0+04 =2 0=T-0h ® «—12em
=) A= %(k.S) x('l'l~0.|-!) @ Figure 1

2 A= al.%m‘ ®

—

(Total for Question 2 is 5 marks)
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3. Accircle C has equation

X*+y —4x+10y=k

where £ is a constant.

(a) Find the coordinates of the centre of C.

(b) State the range of possible values for £.
a) X+ :;'- hx-»lob = K
hn s g 10y = K
K-Hx+9Y + =
+ 2
(x-3) -k + (y+5)-a5=k O

X3 aond Y:-5 =) C‘Q"S) O,

e—

b) Whet do wa WUaow obouk Hr  fadius? T>o0

(c-2) + (3+5) - 24 = & ®=> K+29 >0

=) Ky -39

=> k>»-33 ©

(Total for Question 3 is 4 marks)
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4. Given that a is a positive constant and

2a
f t-;ldt=ln7

show that a = Ink, where £ is a constant to be found.
2a 1aq e @ ¢«
tel - t . 1 AN
j 3 d*’j -L-"'tdt"J:' |+ % dt*[l:*-ln(t)]“@
[

=> (20 +1n@)-(a+ @) =1n(7) O
=2 da+ In(@)+In(a) -a-In(o) = |n(7-)
> avmn(@):-h @

Log (ab) = Log (a) + (og (4) = o=In@-m@)=m&32)
l03 (o) = Lca(o.)-los(b)

(Total for Question 4 is 4 marks)
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5. A curve C has parametric equations

3
x=2t—1, y=4t—7+;, t#0

Show that the Cartesian equation of the curve C can be written in the form

2x2+ax+ b

y , x#-1
x+1
where a and b are integers to be found.
2
. O - 2oyvws (XY 3x
C;‘X' a’L'\ ) \d"l(t-?""g“):,“ L‘(a ?4- x <)
K+l = 3t
=) t= Xl =) 9= L»(IH! .7+ 6 @
2 a x4\
=) 9= Ax+d-T+ 6
X+
[
=2 9= (-8 oy
o~
=) Y= (-5)(x+1)+ 6 Aw-Sx = - 3x
X+l
2 ‘L
=) 9= Ax-3x-5+6 = A-3x+r)l O
T+t X
2
Y= ax-3x+! ,az=-3 ond b= ®
X+ | — —
(Total for Question 5 is 3 marks)
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6. A company plans to extract oil from an oil field.

The daily volume of oil ¥, measured in barrels that the company will extract from this
oil field depends upon the time, ¢ years, after the start of drilling.

The company decides to use a model to estimate the daily volume of oil that will be
extracted. The model includes the following assumptions:

* The initial daily volume of oil extracted from the oil field will be 16000 barrels.
» The daily volume of oil that will be extracted exactly 4 years after the start of drilling
will be 9000 barrels.

* The daily volume of oil extracted will decrease over time.

The diagram below shows the graphs of two possible models.

VA VA

(0, 16000) (0, 16000)

(4, 9000) (4, 9000)

Model 4 Model B

(a) (1) Use model A4 to estimate the daily volume of oil that will be extracted exactly
3 years after the start of drilling.

(i1)) Write down a limitation of using model 4.

(b) (i) Using an exponential model and the information given in the question, find a
possible equation for model B.

(i) Using your answer to (b)(i) estimate the daily volume of oil that will be extracted
exactly 3 years after the start of drilling.

o.‘.) m= Jooo- 6000 . -17S0 =2 Y= l|600c0o -1F50x
h-o V: 1600o - 17504
\ = leooo - [350 =3 = 10, 750 bavrels

O

0;:) * /= |6000 - 17Sot  \Wwhob h“?ﬂﬂ\s when ¢= lo ?
V= 1ooo - |#5o %10 = ~ I60s =) This 5 impossille as V>o.
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Question 6 continued

bi) V=R =2 V= At O

e°=)
KR RO
L= 0, V=16ooo <) [6o0o = Ae =7 Jlecoo = A
L=, V= 9000 =) 000 = l6oooe’” @ Roos - 3
™ q 16000 16
=) e = /e

2> hik= In(26)

= k= #nCne) ©

Juin@N6)E
=) V= |leooce bln ) @

T (0

bi) V= l6ocoe ™" Crie)»3
V= lo392...
V= 10,400 basrls ®

(Total for Question 6 is 7 marks)
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Figure 2

Figure 2 shows a sketch of a triangle ABC.
) — —>
Given 4B =2i+3j+kand BC =i-9j + 3Kk,

show that ZBAC = 105.9° to one decimal place.

- - _ -
Ag = A»E*' RC =<§) -\-(.lq) = _3(;) ® AB g
I 3 2

L ( BC
Cos@v:% let a:(a) 9_:(3 -9
’E_‘"L’.‘ - 3 -6 3

I L.) A

la) = A3t - 0y ,nh[=f3"+(-c}za- u"zm ©
AC
ab=(2x3) + (3x-6)+Hixk) = G-18+L=-9 © (‘

=) Cos®= - =) ©= Gs
_ﬁ;*k_l l—ml_

o c

Figure 2
=> C = 05.987...
VEN-A N O)
=) LBAC = 105.9° o5 required.
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Question 7 continued
(Total for Question 7 is 5 marks)
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8. f(x) =In2x — 5) +2x2—30, x> 2.5

(a) Show that f(x) = 0 has a root « in the interval [3.5, 4]

A student takes 4 as the first approximation to a.
Given f(4) = 3.099 and {'(4) = 16.67 to 4 significant figures,

(b) apply the Newton-Raphson procedure once to obtain a second approximation for o,
giving your answer to 3 significant figures.

(c) Show that a is the only root of f(x) = 0
a) ‘f(x) = |n (ax-s) + aé- 30

f(2.5)= In (3x35-5)+ 3(3-5)°-30 = -u.%l
(1) = 3.100=> I He inlewsl [3.5,4] WR See o chaye in
Sign =2 then 5 o Took, o, in this  inkrval.

b) Newion 'Rapl\ﬁo'\- * Xare = Xn -~ ‘g(va Xo L
g'(xn) 5(‘-!) 3.014
§7(u) - l6.c7

3.099
= 3.5)uoa... => I, =38 @

= X, = h- BETo = &

¢) f(I) =0 =) | (21-5)4-2:1- 3o o

> In(3x-5) = 20- s 30-dx" /1
Y
/_\ @(;ov SKdt\n)
\ N X

/ \ /
=? l Poty.f, o(»‘ h Jev secion
=) oL is the only Toot. 0)
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Question 8 continued
(Total for Question 8 is 6 marks)
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9. (a) Prove that

tanéd + cotd = 2cosec20,

(b) Hence explain why the equation

0#—,NeZ

tano + cotg =1

does not have any real solutions.

0-) t&n@ +Cot® = dCosec A®
2 Sin® , G0 = Sn'®+Cos'®
s simp (D TmOCs» (D

' . _a
$%n 20 S

: QCosec 20

¢ Sm0
(_‘a:@@i Co‘? ® _ Cos0
d I Y SO

Sn®+ 5@ = |
Sin(@0) = FswmecCose

)
Cosec 20 = Sn 26

=> {an®@ + Gt® = QCozec O 0S  requirek. @

—

(b) Hence explain why the equation

tand + cotd =1
does not have any real solutions.
fun®+ Cot @ = Cosec (10) = & =)
Sin20
)
=> dina® = & \T/\ A -1:+Sm20¢1

20 = S’ (3] A w ? 25|

-‘l ..... => No Oolwkion
RX/dt5.-
—_———

(Total for Question 9 is 5 marks)
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10. Given that 4 is measured in radians, prove, from first principles, that the derivative
of sinf is cos§

You may assume the formula for sin(4 + B) and that as # —0, sin / d cosh 1

—1 an -0

[krin:l-ion aj’ the derivebive °

5 lim ;(I-th) - 60 @

(x} = h9o "

= fO)=Sn0 , f(O+h) = Sin (8+h)

Compw.u)- Audle \denbity - S’m(@ﬂ!\)‘ Sind@s(h) + Sin(h) Cos© ®

p Sin@ Cos(h) + Sin(h)Cos0 - Sin®
=y }(0):, lim n (W) + Sin(h)Cos© - &tn 0

ho h
. {,(0)= ‘1‘;3.0 S‘m@(:\os(h)-') ,,Ssnvsh) . Cos o@ Cos(h)-1 50
" h

Sin(h) = |
=? f’(O) = 0n@ -0 + 1-(os0 = GosO® &

=) \Y,(G)-‘ Cos® os Tequinl» @

—

(Total for Question 10 is 5 marks)
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11. An archer shoots an arrow.
The height, H metres, of the arrow above the ground is modelled by the formula
H=1.8+0.4d - 0.0024?, d>0
where d is the horizontal distance of the arrow from the archer, measured in metres.

Given that the arrow travels in a vertical plane until it hits the ground,

(a) find the horizontal distance travelled by the arrow, as given by this model.
(b) With reference to the model, interpret the significance of the constant 1.8 in the formula.

(c) Write 1.8 + 0.4d — 0.002d? in the form
A—B(d-C)

where A, B and C are constants to be found.

It is decided that the model should be adapted for a different archer.
The adapted formula for this archer is

H=2.1+0.4d - 0.0024°, d>0
Hence or otherwise, find, for the adapted model
(d) (i) the maximum height of the arrow above the ground.

(i1) the horizontal distance, from the archer, of the arrow when it is at its maximum height.

0-) H = '-3"‘0-“4.-0.009.&1-

Hzo =) ‘0.0oadq:l-o.hd-(-l,? =0 @

Quedrabh  Formwa @ - b (b™ hnc
FR

=> -0.h ij‘(:‘"')%’l* ("0-0'04)()5) =) +ve -‘v

d=-L.Lhos d=w%.ho3
2(0.002) ®© 25 Not Yol => o = 204 m
Onee d<o. ®
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Question 11 continued
b)
Hz 1.8 + 0.ud - 0.002d”
d=0 =) H=)8 => 1% s th inkdd hu'alab oy He oo
obove +the 8nunJ». @
c) l.%+o.hJ,-o.ooaeL1'
"L%. z
=) -0. 003-( d - QOoel) w3 O * (d- lOo) - 10,000
2L
=) - O.ooa[(d.-loo)— |0,oooﬁ + 1.9 @
=) -0.00a(d- |oo) +30 + 1.8 => A=2%
=3 -0.00a(d-tos) + 218 @ B=0.00Q
C= loo
dy) H:=2l+oud- 0.002d previsusly H= 1% 2 0-ld -0002d”
S
=) Y-Goovdinak of fht Jwning = 21420 and Hz -0.002 (d-100) +213
=> Max Huatmt da. lm O) =? ’fmn;na Poiuts
(100, 21%)
di)) Al +0ud-0.002d" = 32l IR +20
=) -0.00ad +0.hd -20 =0
=) -0.4 £ (o.u)", W (-O.oo&)(—ao) =) ¥ve -R
a(-0-003) d = oo d= )00
=) d=loom ©
(Total for Question 11 is 9 marks)
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12. In a controlled experiment, the number of microbes, N, present in a culture 7" days after
the start of the experiment were counted.

N and T are expected to satisfy a relationship of the form
N=aT?, where a and b are constants
(a) Show that this relationship can be expressed in the form
log, ,N=mlog T+c

giving m and c in terms of the constants a and/or b.

log,,N
5.0 -

4.5 -
4.0 -
3.5 1
3.0 -
2.5
2.0 -
1.5 -
1.0 -

0.5

0 T T T T T T l‘l T
0 02 04 06 08 10 12 1.4 °8o

Figure 3
Figure 3 shows the line of best fit for values of log, N plotted against values of log T

(b) Use the information provided to estimate the number of microbes present in the
culture 3 days after the start of the experiment.

(c) Explain why the information provided could not reliably be used to estimate the day
when the number of microbes in the culture first exceeds 1000 000.

(d) With reference to the model, interpret the value of the constant a.
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a) N= aT’

logie(N)

(03 (oJo) = (.%(o.)-t-loa (b)
L°3 (@™) = mMmiog (@)
Lo @T®)

= l%ﬂ (0) 3 (03 (0(TB) @
z l°3’° (o) + bloa..,(’r)
=y |°5'°(N) = m'°ﬂ'°(T)+ c where m=b oand C-= loa‘o(a) ®

————— s

n

b) lOsmN = N|03‘. T+C
N = QT:_ T=3 C :9-inferept =2 C = 1.7
Celog.(0) =) a=10""= 5042 = a=5u12 ©

m:= BY = b.5-1.8 = aue @
AX 1.2 ~0.l

=) b = d.46
1.k6
=) N= So.l?..(}) = ThE 7.
= 150 Micrebed @

—

(',) N = ] 0oo 000 =) )Oalo(N) = loﬂlc (lOOOOoo) = ._g___ @

6250, wheth 5 owlwith e dado Shown on

YR graph, whith means that we ot exitapolale
the dako. /gragh , Meaning fhot wo out aBume
that e moddd Wl helds. ©

4) N:= a1®

b T=1 =7 N=al®
=) N=o

=) @ 5 He  number of microbts one day offy He Stk of e
Q,xper.mod;- @
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Question 12 continued
(Total for Question 12 is 9 marks)
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13. The curve C has parametric equations

x=2cost, y= \/gcos2t, 0t

(a) Find an expression for % in terms of 7.

2
The point P lies on C where ¢ = ?7[

The line / is the normal to C at P.
(b) Show that an equation for / is

2x—23y—-1=0

The line / intersects the curve C again at the point Q.
(c) Find the exact coordinates of Q.

You must show clearly how you obtained your answers.

b
0) X: dost and Y= (3cos(@t) %’f - %ﬁb‘*ﬁ 0
dx = -dSint = Axf3x - Sin()
e '3'%
%‘2— = - 3835 () Sin(at) = 26imt Cost

-al3sin(@k) = Ja3(AsimCost) = A3SintCost
-~ 25in(k) Sin (t) S’ ¥

"

- gy
da

"

=) % -?.ECOS (t) @

Pearson Edexcel Level 3 Advanced GCE in Mathematics - Sample Assessment Materials -
Issue 1 - April 2017 © Pearson Education Limited 2017



PhysicsAndMathsTutor.com PMT

Question 13 continued

v) %%z 203 Cos () = Q&Coa(%) =-3 O

Dnreed jennk op He nofMa.‘.:"—}é = le, =5 ?;‘-M ®

t= M ond x= 2AGst and Y= Jacoo(ae) 5
3 = x= :{Cos(%' Y= J3cos (ax ) = "-7_3-
DX =~ @
- - \ r
“‘(’%)=6(1-(-')) 23 Farwg-7 O

* B
=) :—!—- -
PR

=2 ‘135= Jt.-;z'
=5 a)‘35= ax - |
= Qx-aﬁb-l =0 O3 fequired. @
c) x = dCost vs {3Cos(2t)
Ey of Ime L: Qx-2aly-) =0
=) a(acot) - 2% (V3 coslag)) -1 =0 @ GCGos(ax) = 6(aws't-1)
s> WGst - Gcos@t) -1 = © = )est-6
> UCost -)dCos t +6-1 =0 @
=7 Res't -hest -S =0 @
Now, It @= (st

130> 40-5 =0 => 0= k[t u(2(-5)

AR ZH

we 72 0: 8 , e J i @: -3

Cos£=_§ Cost =-='i, =) = Cos‘(‘%») = N = Ignore Solndon, @

6 3

X = acCost ond y = 3 Cos (k) t = @y ' (5/6)
Xz x5 = § Y= Res(ws"'Ere)xa) = 7R

e o © s

Qz(i,_}_&.
S % ©)
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Question 13 continued
(Total for Question 13 is 13 marks)
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2 4

o 1 3
Figure 4

Figure 4 shows a sketch of part of the curve C with equation

x’In x

y= —-2x+5, x>0

The finite region S, shown shaded in Figure 4, is bounded by the curve C, the line with
equation x = 1, the x-axis and the line with equation x = 3

The table below shows corresponding values of x and y with the values of y

given to 4 decimal places as approprigtg. )2 v 2
— —
X 1 1.5 2 2.5 3
y 3 2.3041 | 1.9242 | 1.9089 | 2.2958
7. Y, 28 v 7

(a) Use the trapezium rule, with all the values of y in the table, to obtain an estimate for
the area of S, giving your answer to 3 decimal places.

(b) Explain how the trapezium rule could be used to obtain a more accurate estimate for
the area of S.

. . a
(c) Show that the exact area of S can be written in the form — + Inc, where a, b and ¢
are integers to be found. b

(In part c, solutions based entirely on graphical or numerical methods are not acceptable.)

o) A= -:').'Ah[(YO'I'Vn) | AT AP 7...,)] F/’rre.pez:um Rulp

h

:\,S-l: a-l.s: 0.5 =) h=0.5 @

A- %x'-':[ (3+a.995%)+ A(2.3cu1+ 1.9243 -vl.'ioss)] = h.392s85

O,
=Y Avea oy S is  h.393 (3 ol.p) O)

—
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Question 14 continued

g b) + h s e wdth of inkrvals
E =) Ophon 1 decrease W (widt o +he Ships) O)
E Opfion 8. increase the number of  Shigs
jjﬂg:‘ )
T
0| & 1
o x'""-aus "
B 3
s 3 *Inx ® y
A= | 22 .35 s dx Integndion :
J' 2 grdion By Pts
L Inx -
o 1 3 x
J_ dl 5 (1) 3(1) j 5(3) 5()() o\)ﬁ Figure 4
A TRTEF S (5 B S ELPLIN N P o
3 ] v =
9(x)=In(x) 8= E‘ = ]fln(.x)-q*J L dx
q
: Ihey-x +c @
9 27

_JA\J'-)'\I +S d

3
= A=Kl lnat.-_x_ -x."«-Sx] ={iln(3)-i~°f+15]-[7_3”'5(1)-_'_—1+s"
4 27 70 7 a? 27
=1-+15 n(1)) =0 %?
> A=(3In(3) +5) -( '°*/a3)
* alh@®) = n(b*)
A= 3n(3)+ 23

a7
S>A:- @)+ 38 © @28, b=27 ad c:27. O
27
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Question 14 continued
(Total for Question 14 is 10 marks)
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Figure 5

Figure 5 shows a sketch of the curve with equation y = f(x), where

f()= 5. 0<x<x
The curve has a maximum turning point at P and a minimum turning point at Q as shown
in Figure 5.
(a) Show that the x coordinates of point P and point Q are solutions of the equation

tan2x = \/5

(b) Using your answer to part (a), find the x-coordinate of the minimum turning point on
the curve with equation

(1) y=1(2x).
(i) y =3 - 2f(x).
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Question 15 continued

o) §(x)= L'Sr;"% Quotiest Rule © @O
S 5(1) = h'(l)'S(x) - h(x). 3(2)
(3cx*

. S'}odionaoJ Point  when 5 (x) =0

lt  h(x) = kSindx hix) = Bcos ax
3 ) = efix 3x) = fae®*"!

=) 5(17 < gCos?m,eﬁ"-"_ L‘S'u\aX'ﬁel:-' -0 @

(eﬁ:-l)‘L
=) %Casal-eﬁ", - bIaSin %\xeﬁ'"' =0
2) e""" (%Cos ax - kRaSindx) =0 O
>) Bos dx - Wi2Sindx =0 A fundg = Sndx
5> BCoshx = WASindx it
29 Q= kiaSinax ) Sindx = %_
Cosax T osar | uvz

2> tan(@x) = & os requind O

o —

b) i) =)

For 3’S(x) =) tandx= {2

Fov bvf(a;) = tamlz= {2
Xs= ‘tan"ﬁ.,. J‘H_ @

h

x= Loz @
‘13) Y= %-Q}(x) <> fanda= {2
x:t'(3) = ow3z @

2 O -
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Question 15 continued

(Total for Question 15 is 8 marks)
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