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SG8 Half-Yearly 2015 ................. Form IV Ma
QUESTION ONE (12 marks) Start a new page.
(2) Write 345-6 in scientific notation.

(b) Write 4-893 correct to two significant figures.

(c} Write 772 as a fraction in simplest form.

(d) Simplify 2z — 4y + 6y — 5.

(2) Simplify 43 + 6v/3:

(f) Expand —3(2z — 4).

(g) Solve 2y +3 = —T.

(h} What is the y-intercept of the parabola with equation y = z? — 3z + 47

(i) Selve (x —3)(z +1) =0.
{i) What is the gradient of the line y = 3z + 2.

(k) Simplify v/20.

(1) A parabola is concave up and its vertex is at (2,0).

How many z-intercepts does the parabola have?

Exam continues next page ...
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QUESTION TWO (12 marks) Start 2 new page.

(a) Fact(;rise 22 — 6z +9.

(b} Simplify (40.3)2.

(c) Write log, 32 - 5 in index form.

(d) Make z the subject of the formula A = Jxy.

() Find the mid-point of the interval joining P(—1,2) and Q(3, —1).

(f) Expand and simplify (2z + 1){(z — 3).

{g) Simplify:

() V7 xV3
N
Ve

(h) Solve z? — 7z + 12 =10.

(i)

QUESTION THREE (12 marks) Start a new page.

1

.

x_ —

2 =z
2

{a) Solve

{b) Simplify 50 — V18.

(c) Express 3v/5 as the square root of a whole number.

1
(2) Express —= as a fraction with rational denominator.

2v3

(e} A parabola has intercepts at x = —1 and z = 9.
What is the aquation of its axis of symmetry?

(f) Solve the quadratic equation 22% — 3z — 5 = 0.

(g) (i) Find the point where the line 2z — 3y = 1 intersects the vertical line = = 5.

(ii) The horizontal line £ is concurrent with the twao lines in part (i).
FFind the equation of £.

Exam confinues overleaf ...
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QUESTION FOUR (12 marks) .Start a new page. ‘

(a) (i} Find the gradient of the line through P(1,2) and @(-3, —1).
(ii) What is the gradient of a line perpendicular to PQ?
(iii) Find the equation of the line perpendicular to P& which passes through R(3,-2).
Give your answer in the form y = mz + b.
(b) Solve each quadratic equation using the method specified:
(i) ©° + 3z 4 1 =0 by the quadratic formule,
{ii) z® — 2z — 1 = 0 by completing the square.
(c) A parabola has its vertex at (1,4) and y-intercept at (0,3). It has two z-intercepts,
one of which is at (3,0).
{i) Is the parabola concave up or concave down? Give a reason for your answer.

(ii) The parabola has a second z-intercept. What is it?
{d) The value of = to two significant figures is 520.

Qiven that 2 is a whole number, what are the highest and lowest possible values of 27
QUESTION FIVE (12 marks) Start a new page.
() Expand and simplify (2v/3 -+ 1)(v/3 — 2).

2v/5
VE—-1

(¢} Solve simultaneously:

(b) Write the fraction with a rational denominator.

24-2y=2
3z+5y=3
(d) Consider the parabola with equation y = z* — 4o — 6.
(i) State the concavity.
(il) Write down the y-intercept. .
(3iii) Find the two z-intercepts.
{(iv) Find the coordinates of the vertex.

(v} Sketch the parabola, showing all this information.

Exam continues next page ...
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QUESTION SIX (12 marks) Start a new page.

{a) Solve:
R |
@) 7 =15
(i) 27% =81

(b) Evaluate log; 125.

2>—z—2

{C) S].Hlp]lfy m .

(d)

2x+5

The right-angled triangle in the diagram above has base (22 + 5), altitude 5 and
hypotenuse 3x. Determine the exact value of z.

Fxam continues overleaf ...
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QUESTION SEVEN (12 marks) Start a new page.

(a) Solvelog, 36 =2.

1
(b) Express .—— —

! as a single fraction
n actl .
3r—2 3zx4+2 & )

22% — 3z — 2 x
impli .
(e} Simplify ~ a6 ¥ 2z +1

(d) Aoy p
3
2 s X

The graph above shows a parabola with z-intercepts at {2,0) and (6,0). Its y-intercept
is at (0,3).

Determine the eqnation of the paraboela. You may leave your answer in factored form.

() . »
c2, 3)] B
2 2 4 6 x

)
. A(5, —3)

The number plane above shows the points A(5,—3), B(7,1) and C(-2,3).
(i) Find the distance CA.

(ii) A circle is drawn with centre C and radius CA. Show that this circle passes
through B.

(iti) Using your answers to parts (i) and (i), or atherwise, write 85 as the sum of two
squares in two different ways.

Exam continues next page ...
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QUESTION EBIGHT {12 marks) Start a new page.

(a} Solve the equation 471 =81

(b) Consider the equation (z* — 22)% ~ 7(z* — 2z) — 8 = 0.

c)

(i) Put u = 2% — 27 and solve the resulting guadratic equation for u.

(i) Hence solve the original equation for =.

D C

A T 2 B

The diagram above shows a square ABCD with side length 2cm. The point E ison
side AD with AE = z. The point F is on side BC with CF = 222,

Leb y be the area of the the shaded region ABFE.
{i) What range of values can = take?

(i) Show that y =2 4« — 2z°.

(iii) Find the maximum area of ABFE.

(v} Find the minimum area of ABFE.

RKxam continues overleaf ...
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QUESTION NINE (12 marks) Start a new page.
() () Bepand (V& ~ /i)

(ii) Using part (i), or otherwise, simplify \/8 — 4v/3.

(b) ‘ ¥
AP )

o7 x
Q . R

av+by+e=0
£

kY

The diagram above shows the line £ with equation ez +by--¢ = 0 and a point P{z1,11).
The point @ is on £ and PQ is perpendicular to £ The horizontal line through @ and
the vertical line through P meet at K.

In the following, you may assume that the numbers a, b, ¢, z; and y; are all positive,

(i) (o) What is the gradient of £7

(8) Show that g% =0
T o A
(it) Since 0E " a’ let QR = e and PR = Ab for some positive number A,

{or) What are the coordinates of Q7
{#) Use the fact that @ lies on £ to help show that

a1 + by e

(iii) (e) The derivation of the formula for P@Q in parts (i) and {ii} is not valid when
a = 0. Why not?

PO =

{#) Prove that the above formula for PQ is correct even when o = 0,

END OF EXAMINATION
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Solutions

QUESTION ONE (12 marks)
(a) 3456 = 3-456 x 10°
)] 4-893 = 4.9 {to two significant figures.)

@ =

(d) 2z—dy+6y—Br=2y 3=
(e) 43 +6v3 = 10v3

()  —3(2r—4) =126z

&) w+3=-7
Ay =10
y=-—5

{(h) The y-intercept of y = 3? - 3z - 4 is (0, 4).
[Accept ¥ = 4 or just 4]

(i} {z-3)(z+1)=0
50 z=~1or 3

(1) The gradient of y = 3z 4 2 is 3.
(k) Va2t =2v5

(1) The parabola has one w-intercept. {which is the vertex.)

2

Total for Question 1: 12 Marks

QUESTION TWO (12 marks)
{a) ' — 6z 4 9= (z-3)°

M  (46%)® = 164

B[l K R & B E

= &

B B & =

& K
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(c) log; 32 = 5 is equivalent to 2° = 32,

(d) A:%wysow=%

~1+3 241
(e) JM—-( 2 :T)

= {1, EIJ‘)
[An answer with no working gets all or nothing.]

6] (r+1(z—3) =2 -6z 423
=222 -5z -3

[An answer with no working gets all or nothing.]

® 0 VTxv3=v2l
. V30
(if) WZ\@
(k) P —Tox+12=0
(x—4)(z=—-3)=0
80 =3 or 4

QUESTION THREE (12 marks)
z—2 z 1
(a) 377276
thus 2(z —2) -3z =1
50 —r—4=1
hence T=-5

(b) V50— V18 =5v7 —3v2

=22
(¢) 3VE =45
1 1 /3
W ETaa
V3

6

Total for Question 2: 12 Marks

N E R BEr B OE

RIE]

Bl & R R R &
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-1+9

(e) The axis is ¢ =

50, the line x = 4

(f) 27" — 3z —5=0
2z—8)z+1)=0
thus z=-1 or%
(g) (1) Atz=5 10-3y=1
50 =23

That is, the point of intersection is (5,3).

(it} The horizontal line throngh (5,3) is y = 3

QUESTION FOUR (12 marks)
. . 241
(a) (i) Gradient of P} = 73
-3
4
(if) Perpendicular gradient = — %

(iii) Hence the equation of the line is
y+2=—-3z-3)

thug y=—§m+2
(b) () ?+3z+1=0
50 b —~dac=5
3-v6  —3+V6
thus &= ) ar 3

(i) 2 -2x—-1=0
s0 z°—32o41=2
or (x-12=2
thus z=1-v2o0r 1 +v2

{c) (i) The parabola is concave down
since the vertex js above the z-intercept
[or any other valid argument..]
(ii) The ather a-intercept is (—1,0) by symmetry.

[accept £ = ~1 or just —1.]

(the average of the z-intercepts)

Total for Question 3: 12 Marks

B BHRE B & ®HE = E
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{d) Lowest x = 515 and highest z = 524. IZI QUESTION 8IX {12 marks)

Total for Question 4: 12 Marks @) oz 1_16

QUESTION FIVE (12 marks) ) =271
so w=-—4
(a) (2V3+1)(V3-2)=2x3-4V3+v3-2
—4-3V3 V) (i) 27 =81
[An answer with no working gets all or nothing.) ) thus 3% =34
95 /B /5 s0 3z=4
. & 2v0 o-4+1 4
b) (i = X hence =3
R S5E Tl S v, S @ ¥
104+ 2V5
T B (b)  logs125 = logs (5°)
5+ 5 =3
=— N
© %~z -2 -2+
{c) s+2y=2 (1) : 222 —x—6 (224 3)(z-2)
Sz+by=3 (2) _ e+l
Multiply (1) by three to get s
3z +6y=6 (3) : V] (d) (3z)* = (25 +5)* +5>  (by Pythagoras)
Now subtract (2) from (3) - Re-arrange this to get
y=3 v 5¢° — 20z — 50 =0
and from (1) the value of = is : . so 2?4z —10=0
T=—4 IZI for which b? — dac = 56
(d)' y=gz'—dz—5 o $:4;|:21ff£.
=(z~ 5}z +1) Now simplify and use the fact that z must be positive to get
(i} The parabola is concave up {a = 1) !z] z=24 1
(i} (0,—8) or y = —5 or just 5. @ Total for Question 6: 12 Marks
(i) &« =~1 or 5 ¥
(iv) (2,-9) yro M. QUESTION SEVEN (12 marks)
{v) All or nothing. \ / L\__fl ) (a) log, 36 =2
1 X \} 80 7° =36
. ) thus ~ =86 {z >0)
[Penalise the answer z = —6.]
(2) -_.9)

Total for Question 5: 12 Marks

@@EE@@E@

= B
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(b) 312_3 12:(35*2)_(3“"3“2) @ (i) When u=—1: 2~ 241=0
T Gz-2Bs+2) v 50 z=1
- When v = 8: - —8=0
272 3z -2 T (22 4 1)(z — 2) z =
(c) ” — % or (z—4){z+2)=0
72 —-824+6 " 2+l {x—-3)z-2) 2Zx+1l 50 z=-2 or 4
x
T z-3 Mo (¢) (i) From side BC and length FC,
d) Using the z-i 02752
(d) Using the g-intercepts, for some number a, so 0<z<1 (x>0}
v=a(z -2){-6) Ql
Ate =0, 3—=12 (i) The formula for the ares of & trapezium is A = J{a +b)h. Thus:
so a=1 ¥ y=%(:c+(2—2x2))x2
thus y= %(;,; ~2)(z - 6) =24z~ 22
(iii} ‘This is & concave down parabola, hence the maximum will oceur at the vertex,
{e) () A% = (54+2)*+ (—3-3)? where T = % (by the formula & = ——%
so CA=+vE5 @ ! and Umex =24+ L —2x L
. =2+ o 4,
i) OB =(7+2%+(1-3) : - i ® 4
-85 (iv) The minimum may occur at the extreme values of . Checking: 2
_oa? ‘ at =0, y=2 ‘,"r\
= _ V] at p=1, y=2+1-2=1 JRI
Hence both A and B are on the circle with centre € and radius V&5, hence Ymin = 1 :“. . \,‘ |
(i) 85="7+6>=9"+2° N [Note that ABFE is in fact a triangle when z =0 or 1] "' e
Total for Question 7: 12 Marks Total for Question 8: 12 Marks
: QUESTION NINE (12 marks)
QUESTION EIGHT (12 matks)
(@ @ (Ve - VB)? =a+y — 2/E7
(a) 4271 o gl .
potE _ s (ii) Let 4y —2/57 =8—2V12
or ) =2 [v} then z4+y=8 (1)
sz r+2=3zx—3 E/, Ty =12 (2)
s z=-5 V] From (1), y = 8 — = 50 in (2)
#(8 —x) =12
(b) 7% —22)* — 7(z® — 2z) ~ 8 =10
( ) =7 ) or z? — 8z +12=0.
(1) Put uw =122 — % to get Now ([z—6}{z—-2)=0
u? ~Tu—8=0 @ : thus =106 or 2
(u—8)(u+1)=0 for which y=2or 8.
thus u=—1or 8 @ [Award the mark for a guess.]

=]
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So 8—4v3 = (V6 ~ v2)?

hence /8 —4v3 =6 -2

(b) (i) (@) The line az + by + ¢ = 0 has gradient —%.

PR :
(5)] O = gradient of PQ
= —1+ gradient of £

(i) (@) Q= (21 — Aa,yz — Ab)

{#) Since Q is on £, substitute the coordinates of Q to get:
a{z; —Aa) + by — Ab) +c= 0.
Rearranging this:

azmy + by + o= Ale® 6%
_am b tc
Y
Next PQ® =QR? -+ RP?
— l\?(aE +bQ)
80 . PQ=X2/a?+b?
by +
_any b+
VAT T
) P
(iii) () When a =0, the value of a—g = g is undefined.

(There are other possible explanations.}

thus

{) When a = 0 the line £ is horizontal with equation y = —
Hence P(Q is just the difference in the y-coordinates.
That is PQ =y + .

The formula for PQ) gives:
G+by +c¢
P = ——
< VO + b2
_bte
b

=y +§  (exactly as it should!)

&
B

Total for Question 9: 12 Marks

DNW
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= &
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