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Differential Calculus
Average Rate of Change (AROC)
e The average rate of change of y over an interval is equal to —
changeiny _y,—-y;, _ f(x)—-f(x)_f(b)-f(a) ' -
changeinx X, —X X, =% b-a .

/

Example: Find the average rate of change of the function with rule
y = x> —2x+5 as x changes from 1 to 5.

Instantaneous Rate of Change & 1% Principles
e If we look at the graph on the right, y = x* and wanted to : ¥
calculate the rate of change at Point P, we then calculate the ‘ '

gradient between P and Q. SFLEN
e If we bring the point Q closer and closer to P then the gradient J
will be approaching the value of the tangent at P. :
. mPQ)- (a+h)’-a’ _a’+2ah+h’-a’ _2ah+h® _ paih A
a+h-a h h
e If Q approaches P then h—0, the gradient approaches 2a. Mk

e The instantaneous rate of change of a function f at point P on a graph of y = f (x) is equal

to the gradient of the tangent to the graph at P. So, to find the instantaneous rate of change at
point P, we evaluate the derivative of the function at P.

o The instantaneous rate of change of fat x=a is f'(a).

lim  f(x+h)—f(x) for

Example: Find
h—0 h

(i) f(x)=3x*+2x+2 (i) f(x)=2-x°

e EX9A1, 2, 3,4LHS,8LHS




The derivative of x"

e If f(x)=x" then f'(x)=nx"" andif f(x)=ax" then f'(x)=nax"".
The derivative of a constant

e If f(X)=c then f'(x)=0.
Examples: Find the derivative of the following:

1. y=3x"-4x®
. F(X)=3x(2x* =7)
3. f=29°-5
_6a’+7a’
=

4. h

S. y:x+1+£3
X

e Remember to always to subtract 1 from the power.
e Be careful with + and - signs.

Solutions

e EX9B1,24,5,6



e The Gradient of a Curve

e The gradient of a curve is not constant.

e The gradient of a curve at a certain point is equal to the gradient of the tangent to the
curve at that point.

e Atangentis a line that touches another curve at one point only (i.e.it does not cross it).

e The line Ty is a tangent to the curve at point a.
e The line T2 is a tangent to the curve at point b.

e Consider y =4x?®—8x? and its derivative % =12x* —16x

X

e \What does all this mean?

e y=4x®-8x?isaformula that gives the y-value of the curve at any point x .

o dy =12x* —16x is a formula that gives the gradient of the curve at any point x .

dx

Example 1: What is the gradient of the curve y = 4x® —8x”at x =27
Solution:



Example 2: What are the co-ordinates of the point(s) of the curve y = 4x® —8x?, where the
gradientis —47?
Solution:

e Ex9B7,11,12,13,14,16,17 Ex9CA4,5,6, 8, 10

Notes: {x: 4 “(x) >0}

Means: {x } Find the where
h < (x) The function,
>0 that is

m=tane tan@:ﬂ:g

adj A

10 rtn b 10

104



Strictly increasing and strictly decreasing functions

A function f is said to be strictly increasing when a < b implies f(a)<f(b) for all a and b in its

domain.

The definition does not require f to be differentiable, or to have a non-zero derivative, for all

elements of the domain.

If a function is strictly increasing, then it is a one-to-one function and has an inverse that is also

strictly increasing.

e If f'(x)>0 for all x in the interval then the function is strictly increasing.
e If f'(x) <0 for all x in the interval then the function is strictly decreasing.

Example 1: The function f :R — R, f(x) = x%is strictly
increasing with zero gradient at the origin.

1
The inverse function f™:R— R, f *(x) = x3, is also strictly
increasing, with a vertical tangent of undefined gradient at the
origin.

Example 2: The hybrid function g with domain [0, ) and rule:

2X X>2
differentiable at x = 2.

x> 0<x<2 o : :
g(x)= is strictly increasing, and is not

Example 3: Consider
h:R—R,h(x) =|x|-x*

H is not strictly increasing,
But is strictly increasing over the

interval {0, 1

i)




Strictly Decreasing
A function f is said to be strictly decreasing when a < b implies f (a) > f (b) for all a and b in its

domain.
A function is said to be strictly decreasing over an interval when a < b implies f (a) > f (b) for all a

and b in its interval.

1

Example 4: The function f:R—>R, f(x)=— 1
e’ +

The function is strictly decreasing over R.

Example 5: The function g: R — R, g(x) = cos(x)

g is not strictly decreasing.

But g is strictly decreasing over the interval [0, z].

Also[ 1.I . ], etc

e EX9B 18, 19, 20, 21,



Sketching the Gradient Function

GRAPH OF THE ORIGINAL GRAPH OF THE GRADIENT
FUNCTION FUNCTION
Where the gradient is flat (i.e at all Will cross the x — axis

stationary points)

Where there is a positive gradient (i.e. Will be above the x — axis

slopes )/

Where there is a negative gradient (i.e. Will be below the x — axis

slopes )
Where the gradient gets flatter Gets closer to x — axis
Where the gradient gets steeper Gets further away from x — axis

At the steepest part of each ‘section’ of Will have a ‘peak’
the graph

Example 1: Sketching the Gradient Function y=4x2—x*




Example 2:

Sketch the gradient graph of:

y

4

10

4L
Solution:
dy/dx
10 % 10



Example 3: Sketch the gradient function of:

y
4L
2L

B/
24
41
Solution:
dy/dx
4 2

e EX9D 1 acdefhi, 2 acdegi, 3,5, 6, 7



Chain Rule — The derivative of (function)"

(The function in a function rule or Composite Function rule).

Example 1: Find the derivative of y = —-3(14x* —x)".

Solution:

In words: find the derivative of “the thing” as a whole, then multiply it by the derivative of the

“inside”.

In symbols: If y = (u)"where u = f(x), then ﬂ=ﬂx%
dx du dx

Let u=14x*-x, y=-3u*

du_ 28x -1, dy ~12u® = -12(14x* — x)°

dx du

% =-12(14x* — x)*(28x —1) etc...
X

Example 2: Find f'(x) if f(x)=(2x*-3)*.

Example 3: If y =+/x* -3 then find %
X

e EX9E1,2 3,5

d f(9(x)

vl AR CIQ)
X

Example4

d (¢,
&)

Example5
2 (rar)




Differentiating Rational Powers

Examples: Find the derivative of each of the following with respect to x.
2

(a) y=%+3x7 (b) f(x)=3x*+2x

e EX9F2,34,6,7



Derivatives of Transcendental functions

The derivative of e
e Ingeneral: If y=e" then % = ke*".
X

Example 1: Find the derivatives of:
(i) y=e*

(i) y=e>

(i) y = e®*29

Solutions:
. dy

1) — =
0 dx

Lody
(ii) A
_dy
(iii) -

Example 2: Find f'(x) given f(x)=x%".

Solution:

Ex9G 1, 2,3,4,5,6

If y=ae'™ then dy =af'(x)e'™
dx



Derivative of log, x

e Ingeneral, if y=Ilog, x then Q:E
dx X
dy 1 , h'(x)
If y=1Ilog,(h(x)) then ——=——xh'(X)=—-=>
s ITy=lg. (0 then =160 ¥ =
y =log,|X
| log. %, x>0
= log, (-x),x <0
l,x>0 1
dy=1 X 1 ==, for x e R\{0}
— x-1==,x<0 *
—X X
Examples: Find the derivatives of:
(i) y=log, 3x

(i) y=log,(x*+X)
(i) y=log, x* +Xx

Solution:
. dy
) —=— =
0 dx

_ody
0 o=

dy _
(i) gy —

Ex9H 1, 2,3,4,5,6,7,8



Derivative of the Trigonometric Functions

e If y=sin(kx) then %:kcos(kx)
X
dy i
e |If y=cos(kx) then d—z—ksm(kx)
X

e y=tan(kx) then %:ksecz(kx) or o5 (k)

Examples: Find the derivative of the following:

. X 1
M y= co{g) = co{g xj

(i) y =sin(x®) =

(iii) y=sin®x = (sinx)*
(iv) y=3tan(2x)

(v) y=cos@x’ +2)

Solution:
. dy
1) — =
0 dx

_dy
(i) ax
_ody
(iii) a
o dy
(iv) ax

dy _
V) ax

e EX911,23,456

NOTE: Angle MUST be in RADIANS

¢ =" «p°
180

eg.

sin(x°):sin(%j
%(sin(x")): %(sin(lzé D = 1:3[0 co{fggJ or &cos(x")




The Product Rule — The derivative of the product of two functions
Example 1: Find % (using the product rule) if y =3x*(x* —2x).
X

Solution:
In words: The derivative of the first term multiplied by the second term, ADD the derivative of the
second term multiplied by the first term.

dy du dv

In symbols: If y=u.v then —==v.— +u.—
dx dx dx

Example 2: Find f'(x) if f(x)=+/x(4x®-12).

Solution:

Example 3: Find f'(x) if f(x)=e*sin(2x+1).

Solution:

e EXx9J1,2,3,456,7,8



Quotient Rule — The derivative of the quotient of two functions
e Used when you have a problem in fraction form.

2X+4 4 on find Y

Example 1: If y =
P y 3x-7 dx

Solution:
In words: The derivative of the top term, multiplied by the bottom term, subtract the derivative of the
bottom term, multiplied by the top term, all over the bottom term squared.

du dv
U dy v.d——u.d—
In symbols: If y=— then —> = 8% 8X
v dx Y
2 J—
Example 2: If y = X2 1then find ﬂ
X +1 dx
Solution:

. dy. e
Example 3: Find L if y=——.
P dx Y e +1

Solution:

Ex9K 1 aceg, 2 de, 4, 5a, 6a, 7



Continuous functions and Differentiable Functions
e The graph of a continuous function is one without breaks.
e Itis usually a smooth unbroken curve, however it may have sharp corners.
e If the derivative of a function exists at a point on a curve this function is said to be
differentiable at this point.
e The derivative exists at a point if it is possible to draw a tangent at that point. i.e. the
curve must be smooth and continuous.

I y

10 5

.

‘ ‘
10 5

e EX9L2,3,4 ExX9M1,2,3,5

Note: No derivative exists at:
e “CUSP” point
e “END-POINT” (open or closed)
e “HOLE” point

‘
10

At x=1, the At x=1, the
graph is graph is
continuous and continuous
differentiable. BUT NOT
differentiable.

At x =1, the
graph is neither
continuous or
differentiable.




Finding the Equation of a Tangent and a Normal

y=f(x)

P(xy)

Normal at P

Tangent at P

-1
Y=Y ZE(X_Xl)'

P (x,y) isapoint on the curve y= f(x).

The Normal and Tangent are at right
angles to each other.

If m = gradient of the curve at P, then the
gradient of the tangent at Point P = m
The gradient of the normal at point P is
-1

m
The equation of the Tangent is:
Y=Y, =m(x—x).

The equation of the Normal is:

e How would you find m if you knew the equation of the curve?

e Find % and substitute the x - coordinate of P into it.

X

Example 1: Find the equation of the tangent and of the normal to the curve y = (2x+1)° at the

point (0,2) .

e EXx10A1, 2, 3, 6, 8ac, 9abc, 14, 16

¥« 1: Actions

x=3 Algebr_a

(@ Calcuius |3 Integral

2: Derivative at a Point..

dx) -iw»

28] 7: Matrix & 6! Product o)

dfo)
nngenﬂ_ine(](\’),\‘, 0)

¥x 1: Actions
$:52: Number
x= 3: Algebra

$¢ 8: Finance

fe i Caleulis’ | 3: Integral
@ 5: Probability{4: Limit
Y 6: Statistics |5 Sum
[52] 7. Matrix & \{6: Product

[l 9: Functions

1: Derivative
2: Derivative at a Point.,

Ao)
dro)
nngtleno()(x).x.O)

7: Function Minimum
nomalLine(Ax).x,0)




Rates of Change
e What is arate?

e If you work and earn $12 an hour your rate of pay = $12 per hour = $12/hr.
e This is linked with calculus by ...
If P =total Pay ($)

& t=time worked (hr)

The P =12t

& ap =12
dt

dP

T rate of change of P with respectto t.

e For the unit of d—P $ per hour, i
dt hr

If you have to Choose The rate you | So youw’ll Unit of rate
find... letters for the | need is... need an is ...
2 variables equation
relating...

The rate of change
of volume with
respect to the
radius

The rate of
increase of cost of
production of dolls
w.r.t the number of
dolls

The rate of change
of circumference
w.r.t height

The rate of
decrease of amount
of water in a
draining tank

e In the last case, what’s missing? w.r.t

2nd 13

variable” assumes it is time.
e Solving a rate problem is very, very similar to solving max/min prob.

1. need what rate? (no second variable — assume time)

2.
3.

find a formula.
formula must be in terms of one variable only, if not a relationship between the
variables by other info. From question.

4. find the rate.
5.
6. answer all questions. If rate is positive, it is increasing, if the rate is negative, it is

substitute given value of second variable, include units

decreasing.



Example 1: A spherical balloon is being inflated. Find the rate of increase of volume with respect to
the radius when the radius is 10cm.

Solution:
1.

2.

3.

Example 2: The amount of water in a tank (A litres) at any time (Sseconds) is given by A:% . Find

the rate of change of Awhen t=5s.

Solution:



Example 3: A balloon develops a microscopic leak. It’s volume V (cm?) at time, t(s) is:
2
\Y =600—10t—t—, t>0
100

Q) At what rate is the volume changing when t= 10 seconds ?

(i)  What is the average rate of change of volume in the first 10 seconds?

(iii)  What is the average rate of change of volume in the time interval from t=10to t =20

seconds?

Solution:

e Part (i) above is an INSTANTANEOUS rate of change,
e Part (i) & (iii) is an AVERAGE rate of change, i.e. and average of a number of instantaneous
rates.



Particular Case

Displacement — Velocity — Acceleration

Symbol Units Definition
Displacement | x, x(t), s(t), d m, km, ... The distance
from a fixed
point O
Velocity dx ds m/s, ms, The rate of
Voar at km/h, ... change of
displacement
Acceleration dv  d?x m/s?, ms?, The rate of
& 3 km/h? change of
velocity

e Original displacement/velocity/acceleration occurs at t =0

NOTE: If you were asked to find the average rate of velocity, it would be done as an average rate of

X, —X : : : :
change (i.e. ﬁ) using the displacement values not the velocity values. (If the velocity values
21
were used then you get the average acceleration!)
e EX10B1, 2, 4,8, 10, 12,13



Finding the Stationary Points of a Curve

Example 1: Sketch the graph of f(x)=(x+1)(x—2)(x—3) and determine the coordinates of all
turning points (2 d.p.).

Solution:
1.Find xand y intercepts:

X-Int(y =0) Y-Int (x =0)

2. Stationary Points (ﬂ =0): 10+
dx ,

< - 2
5
e 3 Type of Stationary Points:
o Local Minimum
o Local Maximum; 10;

o Point of Inflection.
Example 2: Using the above example, determine the nature of the Turning Points.

Solution:

0 ~0.13 1 ~2.54 3

X
(x)

Slope

Nature of T.P

e Considerthe 3graphs: y=x> y=x*-x  y=x*+x
o Graphs similar but different number of stationary points.

e EXI0C1LHS, 2,3,5,7,10;
e EX10D 1 cef, 2 adf, 4, 10, 12, 13, 17, 18, 22, 24, 25, 26




Maxima/Minima Problems
Solving a maximum/minimum problem

SETP 1: Need to Maximise/minimise what? Call it “A”

STEP 2: Write the formulafor A=......... , making up variables where necessary, maybe a diagram
could help.

STEP 3: Can you write another equation?
A = must be written as A = ...(with only 1 variable on the Right Hand Side).

STEP 4: Differentiate A= (i.e. (;—A) and equate to zero, (;—A =0 and solve for x.
X X

STEP 5: Test for the type of stationary point obtained.

X
dA

dx

Are any answers impossible (i.e. a negative length)

STEP 6: Answer the question in words.

Example 1: Four square corners are removed from a sheet of card of dimensions 21cm by 30 cm.
The sheet is folded to form an open rectangular container. Find the dimensions (to 1 d.p.), such that
the total volume of the container is a maximum.

Solution: (using the 6 steps from the photocopy sheet).

1. Need to maximise the of the container, .
2.
g >
T 30 ﬁ t !
V=_Xx__ x__

3. Right Hand side has 3 variables ( must be in terms of only 1 variable)

L=

W=

V=



4.

5.

(b)

Maximise =» let the derivative =0 i.e. % =0.
X

Expand V =

(a)

dv
dH

Therefore a local

The maximum/minimum value of a function DOES NOT NECESSARILY OCCUR AT A
TURNING POINT. It depends on the feasible Domain caused by the Physical constraints.

Ex10F 1, 2, 3,4, 6, 7, 12, 14, 16, 17 Worksheet



Maximum-Minimum Problems

|. The equation of the parabola
drawn in the diagram is
y=12-x2 0=yp=12
(a) Find the coordinates of the
points B, Cand D.  (exmet values)
(b) State the domain of the
function.

(c) If PQORS is a rectangle with D
side RS on the x-axis and the
vertices of the side PQ on
the parabola (as illustrated),

find the arca of the
rectangle, A, in terms of x,

., dA
(d) Find i
(e¢) Find the value of x for which
the area, A, is a maximum.
Hence find the maximum
area of the rectangle PORS.

2. The equation of the circle drawn in the
diagram is
X2+ y2 = 40,
(a) (i) Express y in terms of x.
(ii) Show that the equation of the

upper semicircle is
y= |40 — x?
(iii) For the function defined in
part (ii), find the domain. (exoct values)
(b) (i) If P(x, y) is any point on the
semicircle and rectangle
PQRS is inscribed in the
semicircle, show that the
area, A, of the rectangle is
modelled by the function
A= 2x /40 — x2
-

5]

(ii) Find d4 ,and find :.noﬁ.co of x for which area (4) is a maximum.
)

Justify your answer by giving reasons.

Hence calculate the arca of the largest rectangle that can be

ingerithed in the caminirels

Y

3. A right circular cylinder has to be
designed to fit inside a sphere of radius
2 <m cm so that the bottom and top touch
the sphere completely on the circular
rim, as shown.
(a) If the radius and height of the

cylinder are r cm and & cm respec-
tively, find on equation for

i r?* intomsof h
(i) V interms oF b where ¥

denotes the <o_=..=o of the
cylinder,
P TRe L | : N :
(b) (i) Find e and find the valuc of /& for which ¥ is a maximum.

Justify your answer by giving reasons.
(ii) Find the radius (r) of the cylinder of maximum volume, and hence
determine this volume. [ exact values)

4. - Acuboid shaped tank is open at the top and the internal .&anaumo:m of
its base arc x metres and 2x metres. (See diagram.)

(a) If the volume ¥ cubic metres
of the tank is fixed, show that B

v |

-, PR - e -

h 7 P ”

(b) Show that the internal surface

(1x-on)

f 2x
area, 4 m?, of the tank is 'jll.
madelled by the function AX-T)n ()
A=2a2+3Y [ere sz (un
k -
(¢) Find: . ax-anpgeh g
dA x..(i.r %
A; M_H Syen T ﬁtw
x9-he (P
(i1) the value of x for which mm =0 Aa.“:u_v Sy M;
¢
LTEPT-] (q)
e A3 ™ ﬁl& L) .u 9
M_ w2z () J -Us WOE (o'gr-)a
Al W Vah 9 i i oty A?igo .
X v W@z o'gr)a Wi
xh ¢ N..» WG mm..lr —yqaz Sy SpZ ol il



Absolute Maximum/Minimum Problems

Example: Let A be the function that models the total enclosed area when a 100 cm piece of wire is
cut into two pieces, where one piece is used to form the perimeter of a square, and the other piece is
used to form the circumference of a circle.
_ x> (100 —x)*
(a) Show that A can be modelled by, A:[0,100]— R, A(x) = T Rr—
cm is the length of the piece of wire used to form the perimeter of the square.
(b) For what values of x, is A is a maximum and a minimum?

(c) What is the minimum area?

, Where x

Solution:

800 4
600 -
400 -
200 -

e EX10E 1,3,5,7,9, 10,11, 13, 14,16



Families of functions
Example 1: Consider the family of functions of the form f (x) = (x—a)*(x—b), where a and b are
positive constants with b > a.

a Find the derivative of f (x) with respect to x.

b Find the coordinates of the stationary points of the graph of y = f(x).

c Show that the stationary point at (a, 0) is always a local minimum.

d Find the values of a and b if the stationary points occur where x = 3 and x = 4.

Example 2: The graph of y = x®—3x?, is translated by a units in the positive direction of the x-axis
and b units in the positive direction of the y-axis (where a and b are positive constants).

a Find the coordinates of the turning points of the graph y = x* —3x?.

b Find the coordinates of the stationary points of its image.

e EXx10G1,23,57,9



Ax} =lc-2)? (x-5)
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drlx) -d\_b{\”
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solvelddx)=0x) _at2b
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a+2 b
1 3

AN
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X

1
H

Aa) 0

2 S
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Past Exam Questions
2008 Exam 1

Questian |
n Lety= (i - 50 Find %

b. Lt fixh = xe®". Evaluaie f1(5)

I § = ks

Question 9
Aplashic brck 4s made m S shape of 2 ngld tangular proun. The trowsgular end 18 am eqadstera] tramgle wels
wde Jength x cm and the Jength of e brack » y cm.

The volue of the beck w 1000 e’
A Fiod m expeeson fory o feram of

Question &
2 The graph of the function /s dowe. Wi

e -tael e[~ 1

=
e fr-2+3 i ve |t =)

=14

The statooary powuts of the fusction [ are labedled with thew condinates
Write down the dosssmn of fhe anvative fueton

. Show tee the total ssfice srea, 4 cxt’, of Gae binck 16 geven by
w0003 i
3 2

A=

©  Fmd the valie of x for which the bock has mummnm total surface sren. (Yoo do not bave to find this
e )

2008 Exam 2

L. By sefemog to e praph in part &, Xetch the gragh of e Sanction witl rube v = |57+ 57— 4o+ ||
for ¥ < 1, on the set of wxes below
Labed stabooary points with thesr cocodmates (Do not attewpt to find s-axs mierzepts )

."
>

14 2= 3 macks

Question 32
The graph of the function / wath dossun [0, 6] 15 shown below.

i)

Which one of the followsg 15 ot tue?

A, The function iy oot comtmuous at ¥ = 2 aad 3 = 4

B.  The function exists for all vadees of 1 betwesn O and 6
C fi)=0forx=2mdx=$

D, The frnetion s poutste for x & [0, 5)

E. The gradient of he function 1s noe defined at v < 4

Quertion 3

Taunsnia Jooes 15 i the uegle dipgung for 20ld. He fiads S 20bd o U'wleck 12 3 kan fom a pose 4
Pount 4 is oa 2 wrmgls beach.

Toanuuacia s camp = wt ¥ whach is 3 lam from » posse & Pount 5 i1 alwo on the straght beach.

A2 = 18 lom and AM = N2 * x ko amd AX' = Y= 3 ke

o Tsmssous '« canp
X 1
.0 l’
.’ /N "l
M| uegle A |
..‘. .‘Y.
- > ‘l
4 NG
A stm M beach N sxkm B8
183w

Whiile be 5 dizggng vp the pold, Taumana 1 botes by 2 soake whach sopacts 1000 1m0 bus blood After be =

bitten, the concentiation of the toxm = tu blood aver e hing o Se g
y=S0logf1+ 2
wheee 1 1y G concemtration. aod ¢ i the o m bours afer the stalke biter bz

Thw s wall all b of s concmiration reaches 100
8, Fd e tstwe, 1 e pesswst mrscante, Sont Tasstams kas © find s satidote (Gof s » coue S e Soxin)




Tactruaena hus me antidone 10 the tomin o lus casop. He can i Srongh the jungle a3 kuvh aad he ¢us 1o aloag
the beach o 13 b

b, Show that he will not get G antidote = tune i e rs dirsctly 10 bis cuup thuongh the fusgle.

1 sk

L order 10 et the aatidote. Thomua runs drough the pagle to Af on the beach, russ alosg the Sench to N asd
then runs trcogh the ungle to the camp 3 T AL i v kan from 4 and N is » lom from 5 (See dagram )
¢ Show that fhe tioe taken (0 reach e canp. T hours, s gives by

N ‘b,,} 8-
i

Quertion 4 .
The paph of £, f-x. D (= S0 — R m)-u[:]-mm

b4

2 mardks
A Fad e valee of x whsch allows Tasuanis 1o pet 1 his canp i the st luse

2 mades
e Show that be gets 60 his camp w time 10 gef the satidote

1 mack
Aths camp, Ta Jowes takes » capzule ng 16 vty of asndote After talong e capsule

the qramary of antidote n tas body decyrases over nme.

Al exacrly the wsse tune o0 siccestove doyy, be takes asother capoule coutauny 16 wnin of aandoce and sgan
the quaznry of antidote decreases in bus body.

The praph of the quasnry of sntidote - uees = b body at nume 4 days after talong the first capuule looks like
thus Each vection of Se corve ban exactly the sume shape as curve A5

N

\\

o 1

(53
-
-

The aquanion of e curve 28 :-%

L Wise down the coordinsates of the pousts 4 and C

g Fmnd Se equation of the curse (D

2 mads
Taunastis will 0o losger be aSected by S stiake Soxcin when S Srat kas 50 wuts of the antidote i bis body

b Assumang he takoes 2 capsude ot the smne time each day. o0 bow many davs does be peed o take 3 caprile
50 Gt e wntll 1o Iower be afected by Se snake fosn?

Lk
Total 13 mads

z 2= 3x
*
L Fﬂ[’[:)
" Mhme‘h-——lnhﬁdy-ﬂn-upn-m:-i‘
ili. Sketch the paph of tus nonual cu the axes above Give the exact aus mbercepts
1+2+5=6muks
b qummdul-c,.)ua,k)muf"-)-_rfi‘l
2 marks
Let plx) = fix —a)
¢ Tnd Se exact value of @ o (=1, 1) wwch that (i) = |
T marks
uk:l-r.x)u(t.lv)_.gn(.)-“.{;).-{é)¢2
4 i Fod M0 - ‘
i Scive B aquation k'{x) =0 fix gu (-a, 7)U{r, 3x) (Give exact values )
¢ Bekch the praph of ¥ = My} ou fhe aoes below
» Cave the seest coceduadios of sny sistionsy peasty.
* Labed each asympooee wth i spsanoo
*  Give the 230 valve of the -astestepn
¥
'
D >
2 emnks
Teotal 15 mmarks




2009 Exam 1

Question |
2. Differemterie vlog () with respect tox.

T marks

b Forji)= ::'i’; find fiz1

3 marks

2009 Exam 2

Question 7
For y = o™ cos (31) the nte of chasge of y wath respect to ¥ when x = U ts
A O

>

\alley

A trieas 4s mavelleg uf 8 soustent speed of w bk aling @ soeight level mack Som Af sowaeds O
The teain will tved alony & sectice of mack ANFQ

Sectssn AN passes lloog 3 besdge over a valley
Section NP passes Sarough 2 Socmed in 4 msommtan
Secticn PO 1 6.2 ke loug.

Frows M v P the curve of e talley and the movaran, &encily below and shore the tran tack, 15 modeled
by the graph of
¥ —%(ﬂ’ « & +-€) whewe . b and © o0 real mEmben

All esusenenty pe s blogeties.
2 The curve defined from Mt 7 passes through N{Z. ) The gradient of the cunce at N i -0 05 and the

corve Sae & Mg post at x = 4.
i From this information write dowa Geee sissultamous squstions 2 baad ¢

For the functioa £ 7 — & f{x) ={x + 35 0~ 1), the yobset of & for which the gradeest of f 1 negative i
(==, 1}

(=3, 1)

-3.-1)

(0, ~5)

(-3,0)

MEnEs

Question 9

Thee Rasgpenst 41 fhw peresd (1, 55 ent (hae gragls of the cxevw v = S0 has scpestann = | = 2
The tangrut at the pont (3, §) o0 the coeve y = fix = 1) + § bas equation

y=ied

y=y=3

y=-lrs 4

y=Ix+4

yu2sed

mEAmy

Question 14
Fory= JI-fi0), % nogul o

- .‘L:(vl
Jixy

. Hesee shew that = 1 == Gamde= L6

3+ 2w 5 gl

b Find pring exact valnes
L e coordennies of M md P

i, the length of the hsel

il the maviman depth of the valley below the rmin mack.

*ATw
c 7G
> wrw
. :Jt—‘;:ﬂ
Quesnon 21

A ctiboe Nenctios lus e rule ¥ = 110, The geaph of S desvative fusehion £ crovws e s-x0s o (2, 0) ssd
(=3, 0) The muoamman value of the dernvative fuscton o 50

The value of 5 for whach the graph of 5 = /(x) has 2 Jocal muxmmm

A =2
B 2
¢ =3
D 3

ralem

The dnws sews 3 Lege 1ock on e track of 3 powe O, 6.7 lan Som P The &ver prts o e brakes af the
mstaat that the frous of the e comes out of the mosed e P
Froan o initial spead of w beah, e trais dows down Soes pout P 30 that s speed v kan'k i given by

v 42

uhere o ko e G distance 0F e Soof of the tun Sem Pand ks 8 seal comtat.

¢ Findthe value of k isoenn of w.

Lo -—%Qma-u,uu_uu

2marky
¢ Find the cxact dstance froms (e oot of the e 1 the large rock whes the wain fmally sope




2010 Exam 1

2010 Exam 2

Quetien |
4. Duffeentute e with pespest 1o ¢

Question 6
A function g with domam R has the followmy properties.
L3 O R e
*  the graph of g(x) pavses through the powt (1, 0)
200 15 aqual 10
A 2%-2

1

B

M| 4

£

C

o w
| ]
1]
-
4
w o+
wil

%

E.

Question 16

Tbepudunofﬁefmeﬁufl-k.ﬂxh?sj—’umh
A —vr!<x<ﬁ

B. x>3

C. XYXER

D. 1<-43mdrsy3

E. ¥<0

Question 17
The function f 1 differentinlils for all x& R and satrsBes the following conditiom.

o fi)<Owherex<2
s (D =0wherex =2
¢ fi)=0wherex=4
o i) 0whee2<x<4
s fix)>0wherexr>4

Which one of the followmy s trus?

A.  The gmaph of f bas alocal maxzmsun powst where x =4

B, The graph of / ks & staticaary pomt of mdlecton whese 1 =4
€. The smaph of f bas a local maxsmum powt where =2

D, The graph of f bas a local manmuem poust where x = 4

E. The graph of f las a staticesary pomt of mflection whese s = 2

2 manks
b For fixb=log (s + 03 find ()

3 gueks
Question 9
Part of the graph of & — &, f{x) = log, (1) s shows below

y
¥
1 3

& Fmd the depnmaive of x* log (x)

1 maok
b Use your amvwer 1o part 8, o find the seen of the shaded region 1 the form @ log, (¥) + ¢ whese o, & and

£ 1% pou-Yero el ot

Quwstien 11

A cylinder Sty exactly u o nght curcalar cone wo tht the base of it cone and one end of G cylinder are in the
s phane a3 shown i e diagram bedow. The hesght of the comr tv § cm and the radis of the cone v 2 em.
The radion of the cytmder is » an md the besaht of the cylmder n f cm

N7t

For the cylinder maeribed in the cone s shown above
s Bad Ao beero of ¢

Question 4
Consider the function n-—unns:l;cx-n‘(s-mol

4 Fiod the rcoonfuate of each of the ststiouary pouwits of [ aad stute the asturs of each of S stutvesry
ot

£ ks
In e followesg, / w the functioo f ll~l./lr)=:‘;(ax—l)'(b—lr)-l‘iaecdbmmlmmm
W Wrnte down. m berum of 2 aod b, (he possabie valoes of x for whach (c Ty 1) o a sshouary pownt of f°

2 maks
The sotal vimtace area, 5 cto’, of a cxlinder of besghn & cm o radios 1+ cm 13 grven by the formuls
F=2mh s 1mt
b Gnd §an termm of »
1 mark

©  find the vakee of r for wineh § & 8 maxosum

v

1 g

O g e GL T e A 10 it hosn,
3 =y




d.  Fuda in terms of B o [ has ome statoesery poin.

e What is the memmum mumber of stationary pomts that §° can have?

07 [ Aepe op b
U yremms g geas = o zeposm bomy w () 1) e soupet ampoesd boan (& h) apach s g

Question 10
The Sgpare showss represents & wire Sncw where LTCT 15 8 comvex guadinisteral The point D is oo Bow vt
EC with 48 = ED = 2 con and 80 = @ cn, whese o 1 3 poutive comtaet

SME - =L

Let 2080 « 8 wheee 0 <0 <2

c
“
gl
lam 2em
A £

o FudBDanS(Dumwrsmofsanid

¥ marks
Total 14 marks
2011 Exam 1
Quessiom 1
. mﬂmmm
1 mark

b. lfg[:].-xlum.mu;'[ﬂ.

2 marks

2 marks
b, Fmd the lengh L cm, of the ware i the frame, scioching leegth 5D, n 2o of @ and 6
e Fid T ot e v that 25 - 0 whies BD = 30D,
a5 i
2wy

4 Find the maximams value of L if 4=345

2011 Exam 2

Question 4

The derrvative of log, (2/(x)) with respect to x 1s
1x)

fix)

L4x)

"

fin

0

D. log (21

A

B

C.

E 2log2'(0)

Question 17
The surial 95 e curve with sqanton v =+ " + & ot the ot (4, 12) s peralled 35 the stratalit lae with squation
A Army

Hexm?

pazel
4

t-qy=-5

R L

me nm




The graph of the fmcton ¥ = #{x) is shoom below:

L

Wiich of & following conld be ts graph of the drivadve fmetcn y = /(47
A B. c
¥y y

N A
_7'_0\ -s/-o

y ¥y

/-ao "/s-‘a o[\‘

& The cubne fusemon g is defined by g K- R, g(z) = 3 -2
L Wate down an expressios for g '(x)

B Defersune the coordimtes of the poust(s) of urenecten of the prapls of ) = ¢ (1) aud y = g~ ()

2+ 3 =3 madky
The cubic function g is defmed by 5 & —+ B gy} =1’ = 2" = or = & where © and & are cesl numbers
L 102 duw exactly cor staticasey posat, fisd the valoe of ¢

Question 18

The equation +' - 5% 4 155 + w = 0 has ouly ome solmmon for ¥ whes
Tewals

w5-T

w225

we-Torw>25

w>l

meEnNEy

Question )
a,  Consder the fimctrn S B+ & (v 4! 4 S5-0
L Fmd )

W Explin why £(0) 2 5 for il x

I+ =L marks
B The cubue fusctson p s defind by p R0 R pl)m’+ b < ov 4 b where o b ¢ wnd & are read crmubers.
L 1€ p by m stionary pomts. what possible valoes can m baee

W 1f p Yors am nverss fmcoon, whsst posable valoes o w have

I+1 =2 maks

il Ef fas statiosary point occwrs af 4 pomt of mtersection of y = g(x) mnd y = g7Nx), find the
value of &
3+3=6mmk
Tonal 14 maeks
Quertion 4

Deep = B0 Sculh Amencan yraple, Taoman Tones has beesy working 10 lelp the Quetsacat] wibe 15 gt
waler Boes e very sairy water of e Parabolic Rever The siver foliows the curve with equaticn

3o =1 e 2 0w houn beiow, All bugte are meacaed in kiloowees

Torsmania has tus connp sse 2¢ (0, 0) and @ Quetzacott tube's willage » ot (0. 1). Tasooness tealds a desalmanon

plant, whaeh 15 cosnected 1o the velage by a stragdt pipele

¥y
4
Parabotc Rever
Qniiage (0.1)
desalisation plass O, ¥)
q »
9.0 1
“
1.0)

a  [f the desalmation plant 5 at the poust (w, n) chooy thar the beagt L knlometres, of the stought pipelne
aat cxvies e water froun e desslition pla 1o G village is goves by

La Va3




b o deabasbion pliel 5 balb o e potol on e sives Sar s cosest b e vl

il
i hﬂ;-dhunehlh ! of e e

i e e dengih i ledometres, of the papelae from e desabaanoa plt 1o the wllaps

bod= 5 marks

B Beoce flead he cocedaates of fhe poett wlese Tossnsrus dioald seach S tiver e o 0 get 10 Q=
deal plet in the sns

mmp.mm-‘g. %]
Nhhhhpm-*mm-‘up-hpuuhmy

'y
'ﬁ-—--lmbﬁuhwntwu”wbmuuﬁn;—% He thes swun
g2 the siver 10 G desaissanon plaat -

Taseruaees suss Goes bus o (0 e rroer of 2l per how The tne St e sl 10 wiss 0 e deakestion
plast &5 proporticast 10 e difference & ey ! of e desal plact and the powt where
e wwmwers e vives

€ Show that the sotal e takoen 10 get to e desalination plaat & groes by

I‘:.;.qn‘ -~ 4l -%A(!—Cn"huﬁ!iuzmwdm.

3 maks

The valve of & vaes Srom day to day depending co B weather comditions

n m-‘—:r’

L nat 4T
T

14 2=3 marks
¢.  Oncor paticnder day, G vake of & = mach thet Temsus donld ron dovetly Som ko cang © G poas
(1. 0) on 1o pettothe plant i the Find the valve of k oo St parnostar
2 marks
{ Fiod the valnes of kfor wioch Tosmamn shoald s dawctly flom b cung sowseds e desalination plaoe
10 conch if (e cursin T
2012 Exam 1
Qurstion 1
a Ir_r-{e—iar.ﬁd%.
1 mark:
- (=)
el !I'liﬂ'”r‘.hl
1 marks
Question 19

Lot £ R—R fix)= ™ = 3x. where m » 2 posttive raticoal ssupber
a & Fod m e of m, e xcoondmate of the statiomary pomt of the gaph of v = f{x).

I Seste dhe vadees of m such st G scocningte of s datioesry pout 34 & postive s

2+ 1w3mards

b, Foru pamouler valne of m, the tangess 1o S gagh of ) = /Tx) at x = 0 passes duough the oegna.
Trad thus valne of m




2012 Exam 2

Question 2
For the fimction with mile f{x) = v’ — dx, the average mte of change of /1x) with respect to © om the interval
[L3¥m

A
B
[ A
o
E

L B

Question &

Graves that 7 15 a dfferentiable function and k 15 3 real smumber the of the comp fuam
£

A i

B kr(e™)

C. g™

D, b g

3 %r‘i(ﬂ

Quesisen |
A sold bilock 1o the shage of & recraagalas poruss has a base of width x o The length of Sie bese 1s
two-and a-lalf tmes the wadz of e hase.

b on
/v em
Sx
?(m
The block hus 3 fotal surface asen of 6430 sq em.
6480 - 517

& Shew G of the hepde of the Mock s dem A = =

Question §
The fiichion /8 — & fx) = ar’ + br' + cx, where 0 m 2 negative peel mumber snd b md ¢ o peal mimben,
For O real muembers p < m < 0 < 0 < g owe ave f{p) = flg) = 0 and ) = ) =0

The geackeet of the graph of y = 1) 1 segative Sor

= W)y (r, =}

(CA)]

P 0uig =)

pwuoq

w»e

=FnRE»

Questing ¥
The noamal 3 the pragh of v = v -+ ln o gradiess of 3 whes v < 1
The vubse of b in
11
Y
W

"
- &

0w

L ou L

-8
W T volume Fem?, of e hlock v given by ¥4 = 5”6‘: )

Girves thst JTx) > O sad x > 0, S the possbie valoss of ©

Question 16

The graph of & cubie f Tl 0 boosl (o, —3) mod o Joesl s w1 (b, —8)
The wadues of ¢ voeh that the equation f(x) = ¢ = 0 has exactly one solahon, are

A dcc<l

B c>-3occ<-8

C. Hees-D

D. c<3wc>b

E r<¥

Question 18

The tanpest to fhe graph of y = log (3) a1 the pomt (7. Jog,(2}) crovses the 3 axss ot the pomt (b, ), wheee <0
Wioch of the followng s talue?

A l<zce

B The pradient of the tangent 1 postive

C a>e

. mmdhmn%

E a>0

Quuestinn 22

The graph of a dffe le B S 2 loced ot (o, ), where & < 0 and b ©_xnd n Socal

e ot (¢, ), where ¢ > 0 and o < 0

The gragsh of y = fx — 1) han

2 local mummmanm at (o — 2. ) md a docal meocssm o (- 2 d)
local tmma ot (2= 2, ~Siond (c= 2, o)

focal macesa ot (0 + 2. b) and (¢ + 2, ~d)

@ Jocal mugssn ot (- 2 <07 tnd & Jocal sucssom ot (o - 2 <)
Jocal tmsmes ot (e + 2 ~d)and (s« 2, -8)

menepy

2 marks
« M%‘uw!—'mmvn&ﬁm%tm"hmudhmm-m

1 markes
A Find the exact valoss of v and & if the bock 5 10 have moonmms volum:

2 marks
Question 2
Lﬂ/k-(Z}-OLRt'H,‘_“J

& Sketch @e graph of ) « /() ca e set of wuss below Label S aues mtercepts with e cootduntes
and lobed snch of the asypotes with 1t squaton

A)

b4 Fmd 0

I State the range of f*

e Uey S recult of part i explass why f hus s datonary poaity

T =0 marks




. 1itp, q) o my ot on the agh of y = /151, s thal the equstion of the tapent %o y = /(1) o s . wrrancls
pufl:-bm::n(};-c-’)ga-n--zny-l ¥ For the finction f{x) = am 2oy + 2, the sverage rate of change for /Uv) with respact to x over the interval
l! !]n
4
A0
@ Fuod the coonduates of the pounts oo fe pragh of § « f{v} such that the tangpeats to e graph of these B :—:
{ 7
p@wnl‘-l.il, . ’
2= 410
D. ry
n
e Amnsformation T 2% —+ & that mags the groghs of f to the praph of the fmrton E
£ RI0] -+ R go= L hsnkr{l" ]--r" “]' . ;].Ma.rudmn-mnum Question 11
. )} foady)l (@) 1f the tangent 1o the graph of 5 = #* 22 0. #t 5 = ¢ passes through the angsn. then ¢ 1 equal
Famal the valves of o, « sd & A0
‘ -
Y
(o |
D o«
=
2013 Exam 1 :
Question 105 marks] Question 12 o7 3
. H}'=IMLTJ.H%- P— Lt v =4 conl) anud & b o flnctaom of £ wsch hat 7+ = 3¢¥ sod v = 5 wheen 1= 0
T yuliss of 2 whiom 32 6
- 2
A0
{%)
B hl“‘\\:f
¢ —x
D &
E -1
[ S
Find (3], 3 marks Question 19 )
Paﬂoftheglaphofaﬁmcﬁouf:[o,w)—)&f(x)=e“f3sin(x)isshmmbelow.
The first three tuming points are labelled T, T and T}
¥y
. 1
Quection 10 (7 marks)
Let £ 10.0) > R, f1) = 26
Anght-asgled sungle OGP hus vertex O ot $he ongin, vertex (0 os the c.oos and vertex 7 os the T
geapl of £ as bown The coardizenes of £ ame (+ f1x)) L St
o
3 \/ \
» 1.2
The x-coordinate of T} is
8r
% “m
16z
i 5
137
¢ %
— Eix;
D. 3
29x%
e Faod the seen . of (e tuangle OO w tenms of x 1 nok E. 5
Question 21
b Find e maxams s of manghe OOF sod the value of » for whoch e maummm ocoss 5 marks The cubiic function f R"R-ﬂ‘)=m“'bf}‘n-wma.b“fmmmt
potats when
P
L 4a
e
B. ¢<—
4a
C. c<4ba
2013 Exam 2 (5
D. ¢>—
3o
h!
E.: ¢<—
3o




Question 1 (12 marks)

T the godeawr 14 wodking in 4 Senp Ted grevel: kb-q-,.. dar 74-Bors
e ervad e eersire (7 ) i grvem by T0) = 25 * 2| 7| 051524, where e
tume s hovrs froem the begmneng of the 24-howr tune trserval

n—uwnmu.a‘o. %] 5 e Rugihest pount 0 the ssountan asd St €12, 0) 2nd B4, 0) are

e postts 3t B odio of the Sike, sitsated in e valley All Gtaes dce 2 ik
® Fomld the coordirates of &t deepes] ponst in the Labe ¥ tarky

. Sutethe wp m the greesh and the wafnes of #when thes coome 2 marks
b Sevie the perind of the fumeson 1 mowrk
< ¥od te umallest value of ¢ for whoch 7= 26 2 marks

N Foc how many hose durmg the 26 bowr mue siverval o T2 267 2 marks

Traag s dongaeang 2 gardes Siat 10 00 be bkt om fal geousd In his mitual plarm, he drows e gropk of
¥ smir) for 05 £ < 1 and decades Sat S grrden bds will have the dape of the dindnd pegioas
shiotn 10 the dsgran bedow He wchedes s pardes il whech o diown s bae sepmient 7C

mummd% -”zl]-aa.-.mu.up-»umm-unnmr

o T
-5
:..

Tassunrma's tram 08 s sade by COIUCtSg o strasphe medwiry lies A8 Somn G dop of the
tbtaitaen, A %o O edee of 80 Liko, & The vertfion of the seiluny e fross 4 10 D poises tirosed &
Tnoed 1 the seoumas

b Weite dowe fhe epsmon uf S live ot passes tesug o md 5 2 meks
2

[ Mmrh:munhmwdum&u"' ! mark

il Find ihe langih of ihe el 40 2 marks

Tosimemia's wain travels down the rdway line Sonn £ o 7 The speed, m kmh, of the s as ¢
e dowu Be relwwy Lise is desenbod by e fascton

P10, 4] - R = 05 - e,

where 3 18 the x-cooedimate of & ponk 0 e Soat of the mam a5 # moves down he Tabwey lae,
04 & 208 w are positne read coustans
mmm-muq\ %l 1 mcreases thy speed my #t trrvels dowm the pulbway e

The traest Guen slows Lo 8 dlop ul 804 0], that = T4~ 0
e Food & du fermis of o 1 smack

oy Iy
e L HIIMAOT 1y
ii. muumum\ﬁf%. 1 mark

Lo flarthier plassessiy D e din. Treay toes & traendonunation of (he plese defated o 4 dalstices of
factoe b from S voxiy and 3 dlstiom of factor v fom e y-230 where § snd o are postore sl

. Fusd the valus of & foe Witih e spenil ¥, o 2 sussosan 2 ks

Tasrsaenn s oble 30 Chanipe the vadoe of w 00 mry pancalar dey As 1 chagges. Qe relaticastep
Detwers B atd e resnsies the saune

8 I on ome parscular &y, o= 10, fird fae ssasctmmaen spewd of fhe tratn coeveet 4o coe dectrmal
place

i

K I on snofer day, he maxsman valos of #ix 120, Snd the valer of m 2 marke

snbers
L L\ 2 amd C e O imge, undes thes of The pounts X, P and C respy L
L Fusd G valees of # ad m ol TP = 10 annd T = 30, 2 marks
B Fusd the coonbumates. of die pomt P 1 ek
Quentian A (19 marks)

Tawsesnis Joves 1 o Switzerland He 15 workiog o 8 cosstiuction enpueees sl be s developieg a
Heilling fevin rade in e mectrsams. He choown n oo of 3 suesntes litdbeape, the crom-wchios
of whach w shoun in the dagram delow

The crows secmon of the moustam aad the valley showa in the diagram (mchading 2 lake bed)
modelied by the function with e
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& n'2

Question 4 (14 meks)
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A Bomts ¥ and C or he positive r-impercept and ) axtercept of S graph of g respectively, as
dorun i S duapram shove. The taagent 1o e geapd of @ of e posst 4 15 paralle] to (e bus
segmen 8C
& Faul the spestion: of (e Bapesd (o e peapd of 2 of (e pesit 4 2 vk

il, The shaded region shown m the diagram shove 15 bounded by the graph of g, the
tangent at the poant 4. and the x-axts and v-axis.
Evalizate the srea of thas shaded regson.
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b Let Q%o point ou the grapbi of ¥ = g0
Find the positeve value of the v-cocedimare of (2, for whack the distance (0 v a mumummen sad

find the rmumsssum destaoce. 3 marks
The tangest to the groph of 0 ot @ pous P hos & segative gradieat sod mbersects the y-aus of
poun IN0, k) where S<k<¥
€. Fusal the gradient of the tapend = tevas of § 2 mads
i & Fud the eude 408) Tur (e fesesson of & that grves e arva of the dsadod repos. 2 nzmkn
U Find the smaxtionm ares of the shaded segoon and the vitloe of £ for whaell tes necus. 2 ks
W Food the mamtmmmn aee of the shaded segion and the valoe of & for which s oocun 2 ks
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a. Il_r::’linﬂx].ﬁnd% 2 marks
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Question 10 (7 marks)
A bee sterects the coondinate aues at the powss L7 and 1" with coordustes (4, 9) 40d (0, 1)

lnwdlwly,uﬁnw-drmxwwwmlmmd% sNs6
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1V X
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Question 5 (7 marks)
Consder the fimction /<[~ 1.3]» &, f{x)= 3¢ < 4",

L Fusd e expresison for v e teesms of 4

1 mark

a.  Fmd the coordinates of the stationary pomts of the fumction T W Frad the sl iotl aded ares st e valie of v Ou whech e ates b 4
et 2 marky

M Pt S maxtavem v Ahaded ares and e vadue of o Sor wluck e som 0 8
TaaniumEn 1k

b, On the axes below, sketch the graph of f
Label any end poants with thesr coordumtes
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Questivn 4

Let f be a function with doaum R sach fhat 1 |5) =0 and /()< 0 when 1 « &
Al x =3, @ gaph of f hass
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Queiiun 6
The fimcton /0 — & withrude f{ v} 2’ 95" ~ 1680 will have an urverse fmctoo tor
A DsR
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D=4 m
Dwi-w, 0)

N

meAE
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edcine m Taan s blood At reachedd © 3 mniligraas per it

H. Fxad e length of tae et e cooommration of coedie e 21 Jean |\ Wood was sbove
05 suligronn pes lire. Exguess (e seswes 1s hoves, cooeses 16 tan Secoul places.

Quertian 14
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Jezni's Whood oroes the isberal [%.!]“mﬁ-—w--ﬂwm-ph-
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The valoe of x for wisch Se voluume of the box s & s & clonedt %
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B 11
C. s
[N}
E 58

Alrcis 00k part 21 & wtnaler controlled expertsient. Howeve wie (ned o Gerot oodeite. Tle
otroeniaon of thes el trerhtee was musdeldad by the Neeseon 7)< 4w ¥ 120
otere dad b e

i 1 e mastimeum coccwrdration of medicise m Akes s Shaod was 0 14 mulbgrasn per bire 2
1o 05 Dainars. Sad e vudue o 4, coorect b e temeest cbepry
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Questine 11
The trapesant ABCD s dwrwns bebisd The sales 08 00 aenl 224 wre oF ogoul eegths & The sie of the wime
e SCD o 1 pdia
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4 r 3
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b Onthe @ heborn. drted the graph af £ choarty mdecating 0o (imrmeg sl remong posoes
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Questhon 10 07 marks)
The digras: bebow sheren a posat. 1 e a curche The curcle han rades 2 and contre o $ae pomt €

Wil cvcndinaies (2, 0) The s ECT 6 6 whese 0 <t 65,
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DA
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o <o Fi4m x

Question 4

Conseder the Sasgeat 10 the prapl of ¥ = 1* ot the gount (2. 4)
Winch of the followssg pounts lies 0o thus tangest”

A (L4
B (W
C. 26
D. (1.9
E (4
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The st of all pevsalide vadam of ¢ 10

®

X

(o, 4)

0.4

-, )

mEfmp
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Lot 1 Kok, /m--:-p- Wis-4) n..—dL,!i.-u"mu-a—un
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Thow rsle for 2 Gzactans Wil e praghs sbove coubd be
A ymedes b -cris-d)

B oyeXs vl
C yw=de- =P -
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L oy=de-Bprr iz

B b Vind e e of o s 0t g oo e st P 1 3|
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Anity m locaind on & rrver et runs gk 3 goos
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AL 3035 % e seaseil depren
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x 3
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Eo b Fund e st oo poviiile sabas of & sk i the mmmaneens Selee of B Rantam (eoe
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