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Section A: Compulsory Questions

Sub-Section [2.1.1]: Find Instantaneous Rate of Change and @
Average Rate of Change

Question 1 )

Consider the function f(x) = x3 — x2.

a. Find the average rate of change of f over the interval x € [-2, 2].

f@-f(=2) _

4
4

b. Find f'(x).

f'(x) =3x%—2x

c. Find the gradient of f when x = 2.

fl(2)=12-4=8
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Question 2

a. Let f(x) = x%sin(3x) + cos(x?). Find f'(x).

f'(x) = 2xsin(3x) + 3x2 cos(3x) — 2x sin(x?)

b. Let f(x) = log,(x) e*". Find f'(1).

et

+ 2re® log.(x)

fl(z) =

F I!-
fl(1) = e

c. Letf(x)=

Find the values of x for which the gradient is —5.

23

2
£
2

r* —3 1

We find f'(z) = ———

We solve — = -5 =% r= :I:_.-'E

J£= W
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d. Letf(x) = "8 Fing f'(x),

— r@ S5 — log, (% 4 3) 2 log, (22 +3) 222 — (22 + 3)log. (22 + 3)
€Ir) = = f—

2 243 x2 z2(z? + 3)

e. Let f(x) = x%e*. Find the values of x for which the gradient is 3e.

We find f'(x) = z%e* + 2re® = e*(2” + 2)
We solve e*(x? + 2) = 3e to get x = 1 by recognition.
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V) )

Question 3

a Letf(x)= % Find £ (x).

i) VZ(2e2* sin(3x) + 3¢2 cos(3x)) — L2~/ sin(3x)e?*
xr) = =

-
¢ 3"{-11 sin(dx) — sin(3x) + 6x cos(3x))
e

b. Let f(x) =+/e?* — cos(x). Find f'(n).

f(x) =+e? — cos(x)

,oo 2e**+ sin(x)
A 2/(e2% — cos(x))

eZn’

ve?T +1

fH(m) =
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x2%eX
x24+1°

c. Letf(x)=

Find all x values where f has a stationary point.

reX(z3 + 1+ 2)
(14 x2)2
To find stationary points we solve f'(x) = (. Clearly one stationary point occurs when

| We find that fflx) =

x = (). The other stationary point may be found by solving

. P4 r+2=1

= r=-1

so stationary points when © = —1 and x =0

. 3 . 2
d. Let f(x) = S @i o5 @ gpoy that £/ (x) = —

cos(x) cos?(x)’

3 cos?(z) sin®(x) + cos?(x) — 2cos?(z) sin?(x) + sin?(x) + sin?(x) cos?(x)
cos?(r)

2sin?(x) cos®(x) + cosl(x) + sin'(x)

f'(x) =

— cost(x) —

(1 — cos?(x))?

— = 2sin®(x) + cos®(x) + —

cos(x)

=1+ sin®(x) +

cosZ(x)
— . . 1
=14 ﬁln"[.r] + l..'u.Ls.':[.r} — 2 cos2(z)
] 1
] - cos2(x)

cosl(z) — 2cos?(x) + 1 E—
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e. Let f(x) = (x3 +3)(x% + 2)°. Find f'(~1).

f'(z) = 322(25 4+ 2)° 4+ 2524 (23 + 3)(25 + 2)4.
f(—1) = 3(1) + 25(2)(—1 4 2)4 = 53

Question 4 Tech-Active.

Let f(x) = §x3 + x2 — x + 3. Find when f has a gradient of 3.

We define f(x) on our cas and solve f'(x) =3 = x = —1 + /5.
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Sub-Section [2.1.2]: Identify the Nature of Stationary Points and
Trend (Strictly Increasing and Decreasing)

Question 5

Consider the graph of f shown below.

(-1, 5)

N

4 -3 12 40

a. State the nature of the stationary point when x = 1.

Local minimum

)

b. State the values of x for which f(x) is strictly increasing.

X € (—o,—1] U [1,0)
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Question 6
Let f(x) = x3 —4x? — 3x + 19.

a. Find the stationary points of f.

| f'(z) = 322 — 8x — 3. Use the quadratic formula to solve f'(x) =0 I

8+ ,6I136 8+10 .
o 6 -7 6 (1)
]

4‘1___

-

— _,I"H]—? —36—-94+19=1 —
1 527

Stationary points are (__! .:,_»—) and (3.1)
|

] ( ) —i——+l+l‘}—;—4+1ﬂ -

b. State the nature of the stationary points of f'(x).

Since f(x) is a positive cubic the first stationary point is a local max and the second|
a local min.

1 527 B
Therefore | —=

327

) is a local maximim

and (3.1) is a local minimum.

c. Hence, state the values of x for which f(x) is decreasing.

1< <3
3 <X
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Question 7
Let f(x) = xe ™ +x+2,

a. Find the stationary points of f.

V) )

flz) = e = +2+2 4 p(—2r + 1)e

T

= r=—-=,1
TS

1 = . Wl =
Stationary points when —2r° + x4+ 1 = 0 since e

. . 1 1. .
Stationary points are (_E —Ei."""J) and (1,e?)

o s ‘_.—J"""-*""E[ —22% +x + 1)

—r4p4? =
—14+£414+8 =143
—4 -4

b. State the nature of the stationary points of f'(x).

From this we conclude that

We have f'(—1) = -2, f'(0) = &* and f'(2) = —5.

et ) is a local minimuam

(1,¢?) is a local maximum

c. Hence, state the values of x for which f(x) is strictl

y increasing.

N =
IN

IA
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Question 8 Tech-Active.
5 3
Let f(x) = x?—x“ —%+ 17x? — 24x.

Find the all values of x for which f is strictly increasing.

We use CAS to solve f'(x) =0 == x = —3,1,2.4. Then checking a graph we find
Local max when @ = —3, local min when ¢ = 1. local max when ¢ = 2 and loeal min when
r =4,

We conclude that f is strictly increasing for

xr € (—oo,—3|U[1,2]U[4,0e)
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o>

Q
Sub-Section [2.1.3]: Graph Derivative Functions [

Question 9 )

The graph of f(x) is drawn below.

Sketch the graph of f'(x) on the same axes.

N
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Question 10
The graph of f(x) is drawn below.

Sketch the graph of f'(x) on the same axes.
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Question 11
The graph of f(x) is drawn below.

Sketch the graph of f'(x) on the same axes.

V) )

N
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8’ >
Sub-Section: The ‘Final Boss' [

Question 12

Let f(x) = xlog,(x?). The graph of f is shown on the axes below.

N

a. Find f'(x).

L
fi(z) = log, (x2) + r— = log,(2?) + 2
=
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b. Find all stationary points of f and state their nature.

Stationary points occur when f'(x) = 0. Solve

2

log (22) +2=10
:|_

— log, (x -2
: . 1
o2 2 L
= r- =g "= =
1
[E—— r=4=-
o

2

. 2
— Now fle ) =e tlog.(e?) = —= and f(—e ') = —e7}{-2) ==
£

e
Further note (if we were not given a graph) f(—1) = f{0) = f(1) = 0} s0 we conclude

that

P
|
f‘!l'_n

L [ ]

\ ) is a local maximum

= L=

— 1 2y .
—, —— | is a local minimiim

c. State the values of x for which f(x) is strictly decreasing.

IA
=
IA

Q| =
Q| =

d. Sketch the graph of f'(x) alongside the graph of f at the start of the question. Label any axes intercepts.

e. Letg(x) = cos(x). Find f'(g(x)).

[lalx)) = g'(x) [ (a(x))

= —sin(x) I{lugr.[{'ns"!(.rj} +2)

= —2sin(x) — sin(x) ltlgr,{lrtlﬁz[.:'j]
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Section B: Supplementary Questions
8’ ~
®

Sub-Section [2.1.1]: Find Instantaneous Rate of Change and
Average Rate of Change

Question 13 )

a. Find the average rate of change of f(x) = x3 + 3x — 2 over the interval [0, 2].

f(2)—fl0) B+6-242
2—10 - 9

=T.

Averapge rate of change =

b. Letf(x) =+x —e*. Find f'(x).

¢. Find the gradient of the graph of y = sin(x) + 3 cos(x) at the point (%%g)

] 7 7y 1-3v3
Gradient = % = cos(xr) — 3sin(x) = (08 (—{) — Jsin (—{) - 5 ALY I

T="= =

T
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Question 14

a. Lety = tan(x), use the quotient rule to show that Z—i’ = Cosi o
— . sin(x) —
As tan(r) = —  we see that,
cos| T
dy  cos(z)cos(z) — (—sin(z))sin(z) cos?(z) + sin®(x) 1
— dr cos?(x) - cos(x) Ccos?(x)——

b. Find the gradient of y = V4 — x2 at the point (—1,/3).

el —x

dr 41— 22

) 1 1
Thus when @ = —1, & - —
idx 4-—1 NE]

c. Letf(x) =—xlog.(x). At what point is the gradient of f equal to 2?

1
fl(z)= —x— —log.(z) = —1 — log.(x).
"
We solve f/(x) =2 = log,(z) = -3 = z = 3.
Hence the gradient of f is equal to 2 at the point (e, 3e—%).

d. Let f(x) =e***2, find f'(x).

+32

f'(z) = 2xe”
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e. Let f(x) = cos?(x). Find f’ (g)

f'(x) = —2sin(x) cos(x).
Hence f {E:I = —?hm(EJ COS (E) =5

Question 15 )})

a. Lety = ;oo Find and simplify 2.
dy —e T Hi.l!ll:gljj — 4xe™™® L:U:-il:ﬂijj —p T 4 [
— Jdr Hi!ij[g-fj:' ~ sin(2z2) M tan(222) |

b. Let f(x) = (x —3)*(x3 — 5x2 + 1). Find f'(2).

N (x) =4z — 3P (2P — 52 4+ 1) + (32 — 10x)(x — )L
_|[Hence f'(2) = 4(—1)*(8 — 204+ 1) + (12 — 20)(-1)' = —4(—-11) + (—8) = 36
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c. Letf(x)=/sin(4x) + 2. Find all values of x € [0, ] such that f'(x) = 0.

_ 2 ecos(dx)
—— IF{J'] - —l:—
v 2 + sin(4x)
I , T 37 dw Tw
Observe that f(x) =0 < cosidr)=0 = 1= =, —, — —
' N T . S

d. Evaluate % (log.(x) loge(x? + 3x + 4)).

| d . (22 4+ 3)log (x) log (2 4+ 3x +4)
— (log,(x) log (2 + 3z + 4)) = — + — .
—Jdxr (loge () loge (2~ + 3z + 4)) 4+ 3r+4 x —
e. Letf(x) = %2 4 2x Solve f'(x) = 2 for x.

x—1

1= f[x_] t=2x+1/(x-1)* (x*E*x)*2

frix]
2% x @**x* 28*"x*
Outf2= 2+ - +
-1+x (-1+x)? -1+x
2e**x  e**x* 2**x?
Solve[2+ - + -2, x]
-1+x (-1+x)%? -1+x

{{x»0}, {x—)%(l-m)}, {x—)-j;(l+m)}}
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Question 16

Letf(x) _ cos(e ¥ loge(x))

sin(e~*log,(x))"

Show that f'(a) = 0 implies that% = log.(a).

y)))

) ) cos(a)
Observe that f(x) = go h{x) where h(x) = ¢*log,_(x) and g(x) = '

By the chain rule, f'(x) = i'(x)g'(h{x)).

sin(x)

1 1
As W(x)=e" (— — lng_.,l_{J']). we observe that if h(a) = 0, then — = log,_{a).
T a

It is sufficient to show that g'(h(x)) s 0 for all .
0 r
Since g'(z) = — sin®(x) — cos?(x)

sin?(x) - _55113[.1'_
all .

. 1
Henee if f'(a) = 0, then A'(a) = 0 hence — = log,(a).
a

< 0 for all x, we see that g'(h(x)) # 0 for
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Sub-Section [2.1.2]: Identify the Nature of Stationary Points and [
Trend

Question 17 )

The graph of f(x) is drawn below.

=

N
4

19

N
A4
x

a. State the nature of the stationary point when x = 1.

Local maximum

b. State the values of x for which f(x) is strictly increasing.

Space for Personal Notes

MM34 [2.1] - Differentiation | - Homework Solutions ‘22




(S4ONTOUREDUCATION

VCE Methods % Questions? Message +61 440 138 726

Question 18
Let f(x) = 2x3 + 3x%2 — 12x + 5.

a. Find the stationary points of f.

Thus if f'(z) = 0 then x = -2, 1.

1f(x) = 62" + 6z — 12 = 6(x — 1)(x + 2).

1Hence the stationary points of f(x) are (-2, f(—2)) = (—2,25) and (1, f(1)) = (1, -2).

b. State the nature of the stationary points.

As f(x) is a positive cubic, it's leftmost stationary point (—2,25) is a local maximum,
Jwhilst it’s rightmost stationary point (1, —2) is a local minimum.

c. Hence, state the values of x for which f(x) is strictly decreasing.

—-2<x<1
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Question 19 )})

Let f(x) = pltax—3x%

a. Find the stationary points of f'(x).

f'(2) = (4 — Gz)el H1r=37" = g(). |
| .Ef':-f:' — _Ei!._l—h-—:u-‘! + {_1 _ ﬂ.j'}jr.l_'h'_:uz. |

. 446
_ |1 g'(x) =0, then (4 — 6r)l=6 = = e ,_ B
j

4 — -""ET 4 — /6 4 — -""ET 2
—|Thus the stationary points of f'(x) are ( v }._J"’ ( "ﬂ)) = ( ‘1* }_ '3{.'T:)_

f

— 1+ 6 41+ +6 1+6 x _
amnd ( l‘\r 1.f’( +F\‘ﬂ)) = ( i‘\f 1.— ﬂ:%)
i j i

b. State the nature of the stationary points of f'(x).

We apply a sign test using 3 observations.

4—+/6 4+x.=”i_ila

b 0

{gf 1’31 0
3 < nn:_j"[:.i—.

3 3
o  When r < 5 that f'(x) > 0 and when = > 2 that f'(x) < 0.

¢  When x — 400, f'(z) = 0.

From these observations we see that the graph of f'(x) graph initially goes up to
- | 4 — E - i 2 4+ -"'E —_— —
( r\f \ v"ﬂf.—f) then comes down through (E.[]) to ( F‘ \ —\.-"Ei:.'i_:)_ lastly

i : j
going back up approaching (.

1=V6 g2

— Hence - is a local maximum of the graph of f'(x), and}——
i
— - a3 | . . I
= —+/Be¥ | is a local minimum.
i

c. Hence, state the values of x for which f'(x) is strictly increasing.

4—/6 446
x<T\/—0rx> il
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Question 20

Let f(x) = x%.

State the values for which g(x) = f'(x) — f(x) is strictly increasing.

y)))

1z ("
Observe that g(x) = T:? —z7.

. . , . 10
For stationary points we require g'(xr) = —

u,

;-L_l =]

Hence & =0 or & =

=l |

—13
Since g(—1) = KR and g(l) =

Since g(3) = 3% < g (

maximum. _

. . . . I
Hence g is strictly increasing for » < =
1

. we see that (0,0) is a stationary point of inflection.

%) _ (&) 3 and g[[]:l < f (I—;) we see that (é._{; (%)) is a local
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8’ >
Sub-Section [2.1.3]: Graph Derivative Functions [

Question 21 )

The graph of f(x) is drawn below.

Draw the graph of f'(x) on the same axes.
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Question 22
The graph of f(x) is drawn below.

Draw the graph of f'(x) on the same axes.
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Question 23 ))}

The graph of f(x) is drawn below.

Draw the graph of f'(x) on the same axes.

5
> (=
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Question 24 ))) )

The graph of f(x) is drawn below.

Draw the graph of f'(x) on the same axes.

AN\

Space for Personal Notes

MM34 [2.1] - Differentiation | - Homework Solutions ‘29




(S4ONTOUREDUCATION

Website: contoureducation.com.au | Phone: 1800 888 300 | Email: hello@contoureducation.com.au

VCE Mathematical Methods 34

Free 1-on-1 Support

Be Sure to Make The Most of These (Free) Services! 'L}‘

» Experienced Contour tutors (45+ raw scores, 99+ ATARs).
» For fully enrolled Contour students with up-to-date fees.
» After school weekdays and all-day weekends.

1-on-1 Video Consults Text-Based Support

» Book via bit.ly/contour-methods-consult-2025
(or QR code below). » Message +61 440 138 726 with questions.

» One active booking at a time (must attend » Save the contact as “Contour Methods".
before booking the next).

Booking Link for Consults
bit.ly/contour-methods-consult-2025

Number for Text-Based Support
+61 440 138 726



https://www.contoureducation.com.au/
mailto:hello@contoureducation.com.au
https://bit.ly/contour-methods-consult-2025
tel:+61440138726
https://bit.ly/contour-methods-consult-2025
https://bit.ly/contour-biology-consult-2025
https://bit.ly/contour-biology-consult-2025
tel:+61440138726
tel:+61440138726

