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CALCULATOR-FREE
Section One: Calculator-free

SPECIALIST UNITS 3 AND 4
35% (52 Marks)

This section has eight (8) questions. Answer all questions. Write your answers in the spaces

provided.

Working time for this section is 50 minutes.

Question 1 (14 marks)
(a) Evaluate j :/4(2+2fan2(x)) dx. (3)
(a) j.:/42+2tan2(x) dx 1+zan2(x)=secz(x)
= 1]?3602 (x) dx \/\
= Q[tan(x)];%
2f1-02 \
(b) Evaluate
J;ez"\fl+e2"' dx put u=1+¢>
@z,’Zez'r
dx
d—uzehdx
If x=lLu=1+¢
If x=0m=2
1+¢* - du
[
:J‘zlJr62 u%) dx
zu% 1+¢
2
i 2y
=3 (1+e?) - 7
5 -
:3[ (1+e2)3—2\/5) _ (H-rf:“ 7 : o . g
3 = : &VQ
= —_ T
[} o
(%)

See next page



SPECIALIST UNITS 3 AND 4 4 CALCULATOR-FREE

2

(c) Determine_[ () using the substitution u =/n(x) (3)
e xln(x
¢ dx

tuw=I1

L xin(x) put u =n(x)
du_1 v
dx x
du:@

X
If x =e?, u:ln(ez).;:Z 'Igﬂ.i = __.?._
d fx=e, u=ln(e):1
= zla’u
L7}
2

=[m@)],

=ln(2)—ln(1)

=In(2)

Wi

. —3dx
(d) Determine Im
HINT: Use partial fractions. (4)

SBdx d
j(x—2)(x+1)_ 3I(x—2)(x+1)

1 __a . b
(x=2)(x+1) (x-2) (x+1)
Ox+1  a(x+1)+b(x-2) .
(x—-2)(x+1) (x—2)(x+1)
_ x(a+b)+(a—2b) iy
(x—2)(x+1)
Equating coefficients
a+b=0 a-2b=% -3
a=-b -3b=31-3
a

=Z?_-I b:% [
I
(x—2)(x+1) (x—2) (x+1)

-l [(xil)_(jé_@b

i:ln(x+l)—fn(x—2)+c!\ v

_[( —3dx _ (x+1.) -

) MmO

See next page



CALCULATOR-FREE

Question 2
4

Solve the complex equation z* =-16.

See next page
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SPECIALIST UNITS 3 AND 4 6 CALCULATOR-FREE
Question 3 (5 marks)

(a) Sketch {z:|x—l+iy|=2}x+i(y—l)‘} on the set of axes below. (3)

|x—1+iy|:2|x+i(y—l)‘
JE=1) 497 =2/x +(y-1)
(x—l)2 +3° :4(x2 +(y—1)2)

¥ =2x+1+y* =4(x2 +y° —2y+l)

3x* +3y* +2x—-8y+3=0 v

3[}5 +y° +2—x—8—y+1] 0

(-33) r=y5* ?‘“\f SO

(48]

N2

=

1)
|/

[

2
-7

i —

1+z

See next page
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CALCULATOR-FREE Cﬂt‘m ) ~z|  SPECIALIST UNITS 3 AND 4
7 O
Question 4 e @ L& (7 marks)
(a) Solve the equation |x|-1=1-2|x~1| (5)
b ng
I~
Wt
j = =X~ 4
: 3 ‘j-_;)(:,-l !1[4-1{1»;’-_.2
o) R AR 5
\ ~ \ ‘xz‘[" 'L(.X“') z L.
AN 1. 8
1
i B
p X I:L"_ 4('1‘ ’ZJ('H) =4
S5-4-3-D 14 » 34 5
=k
3oy +f B
¢ 2(x~1)1) /3 Bx(3x-4) = .
x-22] X/ T X6 o X= T
Ls
Zx ) Not a good method to find fractions
_2!3""1"“ Jf- -2x+2 +)
= - 25¢+3
x-1 for x=20 &
1=
l-x for x<0
3-2 2 1
l—Z‘x—l‘z x for x 7 j
—-1+2x for x<1 -
i) 2C 2 0 ) 6Z£2X<«] 1 ) x>
l-x=-1+2x x—1=3-2x
x—1=-1+2x
Z=3x Ix=4
5 ¥ =1
= — v X==-

Not in given domain

x=0 OR x=§

See next page



SPECIALIST UNITS 3 AND 4 8 CALCULATOR-FREE
(b) The function g(x)=sin(x) is sketched on the set of axes below.

Sketch y=-2 g(|x|) on the set of axes below. (2)
y

s
Z

7
\V AV

(1) RC‘PI&J' ¥ 3~—cm15 1€ :j = g(l-’fj)
g Serk fade [/ y-ais x2 Y= zglkl)

Q,] &"ﬂ((f(' IP; o o —-aaELS ﬁ & == ZJ(!D(I)

See next page



CALCULATOR-FREE 9
Question 5

(3~2i)cis(—57n]

Determine Im >
(1+i)

Il Il

- P

3 3
S S

I

See next page
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SPECIALIST UNITS 3 AND 4 10 CALCULATOR-FREE
Question 6 (5 marks)

The production of a chemical in a laboratory can be modelled by the differential equation

‘fi—? =™ where m kg is the total mass of the chemical produced after ¢ hours.

Given that m(0) =0, determine an exact value for the total mass of substance produced after
three hours.

+
=
[
Q)
=4

_1[e+lJ//j uﬁ“ﬁ’j/ G2

4 =In(e® +1)—1In2 kg/

/ 238
m= gf" (é—{"/

See next page



CALCULATOR-FREE 11 SPECIALIST UNITS 3 AND 4

Question 7 (4 marks)

Given the vector equation of a plane is

| 0 -1
r=| 2 |+s|1|+¢ 1
-4 1 2

(a) Show that the point (—1,7,3) belongs to the plane. (2)

x=1-¢

y=2+8+t

z=—4+5+2t

If x=-1, -1=1-t={t=2
If y=7, 7=2+5+2 =
if t=2,s=3 z=—44+3+4=>z=3 v
= (-1,7.3) e plane

v

The Cartesian equation of the plane is x—y+z=-5.

(b) Find the equation of a line that is perpendicular to the plane and contains

the point (-1,7,3) . A2
v v
-1 1 1
(ii) r(t): 7 |+t| —1 | as the vector | —1 | is perpendicular to the plane.
3 1 1
ok f (_J,
¢ i
&) e

See next page
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Question 8 (8 marks)

A minor sector of angle 27 — @ is removed from a circular piece of paper of radius R . The two
straight edges of the remaining major sector are pulled together to form a right circular cone, with

a slant height of R. x
2 R9\*~

R30%\4n? — 92
2472 '

(a)  Show that the volume of the cone is given by V' =

Let radius and height of cone be » and ..
= Arc length of sector = 7cumference of cone base.

l__ 2 R9:27rr:>r=R—9 i 2
= 37X K 27
h=,|R? R9 L PR
27 2r
V:lyrx[ ) \/47&' 92/ = .
g [+ 7 B - (T2
v R°0°\A4n° -0 e e
247*
J[h= L ewro
(b)  Find the value of & which maximises the volume of cone. Y 2 (5)
e "‘V
= y 2
BE | e U g VTR
1277 o4z —g? il

-=0 when =0 (Vmin) or 2(4z - 6%) - 6% =0 v/*

= 872 =367
RN/

9=T:r (ignore -ve root as 0 <@ <27)

{5: - w Vg

End of Questions
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