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PART A (18 marks)

1. [1 mark ] Simplify
1

5

(

125 x9
)1/3

.

A: 25x3 B: 5x2 C:
1

5
x6 D: x3 E: 5x3

Solution:

1

5

(

125 x9
)1/3

=
1

5

[

(53)1/3(x9)1/3
]

=
1

5

[

53/3x9/3
]

=
5x3

5
= x3

2. [1 mark ] Express 272/3 = 9 in logarithmic form.

A: log9 27 =
2

3
B: log27 9 =

2

3
C: log27 9 =

3

2
D: log27

2

3
= 9 E: log 2

3

27 = 9

Solution: We know that y = bx says the same thing as x = logb y, so with b = 27, x =
2

3
and y = 9 we see

that 9 = 272/3 says
2

3
= log27 9.

3. [1 mark ] Solve for x if log2 x + log2(x − 2) = 3.

A: x = 4 B: x = 2 C: x = −2 D: x = 4 and x = −2 E: x = 4 and x = 2

Solution:

log2 x + log2(x − 2) = 3 ⇒ log2[x(x − 2)] = 3 ⇒ log2(x
2 − 2x) = 3

And of course, this says the same thing as x2 − 2x = 23 so we have x2 − 2x = 8. This is satisfied when
x2 −2x−8 = 0, i.e. when (x−4)(x+2) = 0. We see that x2 −2x = 8 both when x = 4 and when x = −2.
However, we know that log2 x is only defined when x > 0, so only x = 4 satisfies log2 x + log2(x − 2) = 3.

4. [1 mark ] If f(x) = xe(x2), find f ′(2).

A: 4e2 B: 5e4 C: 4e4 D: 8e2 E: 9e4

Solution: We need the product rule, with the chain rule.

f ′(x) = (1)e(x2) + x

[

e(x2)

(

d

dx
(x2)

)]

= e(x2) + xe(x2)(2x) = e(x2)(1 + 2x2)

Therefore we see that f ′(2) = e(22)[1 + 2(22)] = e4[1 + 2(4)] = 9e4.

5. [1 mark ] If f(x) = log5 x, find f ′(x).

A:
1

x ln 5
B:

x

ln 5
C:

1

5 lnx
D:

1

5x
E:

ln 5

x

Solution: We know that
d

dx
(logb x) =

1

x ln b
so for b = 5 we get f ′(x) =

d

dx
(log5 x) =

1

x ln 5
.
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6. [1 mark ] Find the slope of the tangent line to the graph of y = 3(x2) at the point (1, 3).

A: 3 ln 3 B: 6 C: 6 ln 3 D: 3 E: 3 ln 6

Solution: We have the graph of y = f(x) for f(x) = 3(x2). The slope of the tangent line is given by

f ′(x) =
d

dx

(

3(x2)
)

=
[

3(x2) ln 3
]

[

d

dx
(x2)

]

=
[

3(x2) ln 3
]

(2x)

When x = 1 we have f ′(1) =
[

3(12) ln 3
]

[2(1)] = 2(31 ln 3) = 6 ln 3 and so the slope of the tangent line at

the point (1, 3) is 6 ln 3.

7. [1 mark ] Evaluate cos

(

−4π

3

)

.

A:

√
3

2
B: −1

2
C: −

√
3

2
D:

√
3 E:

1

2

Solution: We know that cos(−x) = cosx, and the angle
4π

3
radians is in the third quadrant, in which the

value of cosine is negative. The reference angle is 4π
3 − π = π

3 . Therefore we get

cos

(

−4π

3

)

= cos
4π

3
= − cos

π

3
= −1

2

(Notice that we would come to the same conclusion using the fact that − 4π
3 is in the second quadrant,

where cosine is also negative, since the reference angle would still be π
3 .)

8. [1 mark ] If f(x) = e3x sin 2x, find f ′(x).

A: 6e3x sin 2x B: e3x(3 sin 2x + 2 cos 2x) C: 6ex sin x cosx

D: e3x(3 sin 2x − 2 cos 2x) E: 6ex(cos 2x + sin 2x)

Solution: We need the product rule, with the chain rule in both terms of the sum.

f ′(x) =

[

e3x

(

d

dx
(3x)

)]

(sin 2x)+e3x

[

(cos 2x)

(

d

dx
(2x)

)]

= 3e3x sin 2x+e3x(2 cos 2x) = e3x(3 sin 2x+2 cos 2x)

9. [1 mark ] If f(x) = cos3 x, find f ′
(π

6

)

.

A:
9

4
B: 1 C: −3

√
3

8
D: −3

√
3

4
E: −9

8

Solution:

f ′(x) =
d

dx
(cos3 x) =

d

dx
[(cosx)3] = 3(cosx)2

[

d

dx
(cosx)

]

= (3 cos2 x)(− sin x) = −3 sinx cos2 x

And we know that sin
π

6
=

1

2
, while cos

π

6
=

√
3

2
, so we get

f ′
(π

6

)

= −3
(

sin
π

6

)(

cos
π

6

)2

= −3

(

1

2

)

(√
3

2

)2

= −3

(

1

2

)(

3

4

)

= −9

8
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10. [1 mark ] Find

∫

(x2 − ex + sec2 x) dx.

A:
x3

3
− ex +

sec3 x

3
+ C B: 2x − ex + 2 sec2 x tan x + C

C:
x3

3
− ex + tanx + C D:

x3

3
− ln |x| + tanx + C

E:
x3

3
− ex +

sec3 x

3 secx tan x
+ C

Solution: We know that
x3

3
is an antiderivative of x2, and that tanx is an antiderivative of sec2 x, so we

get
∫

(x2 − ex + sec2 x) dx =

∫

x2 dx −
∫

ex dx +

∫

sec2 xdx =
x3

3
− ex + tanx + C

11. [1 mark ] Find

∫

x

(

x4 +
1

x2

)

dx.

A:
x6

6
+ ln |x| + C B: x5 +

1

x
+ C C: x6 + ex + C

D:

x7

7
+ x

x2

2

+ C E:
x2

2

(

x5

5
− 1

x

)

+ C

Solution:
∫

x

(

x4 +
1

x2

)

dx =

∫
(

x5 +
1

x

)

dx =
x6

6
+ ln |x| + C

12. [1 mark ] If f ′(x) = 5x4 − 12x5 and f(1) = 4, find f(−1).

A: 1 B: 2 C: 3 D: 4 E: 5

Solution:

f(x) =

∫

f ′(x) dx =

∫

(5x4 − 12x5) dx = x5 − 2x6 + C

This gives f(1) = 15 − 2(16) + C = 1− 2 + C = C − 1 and so we must have C − 1 = 4, which gives C = 5.
Thus f(x) = x5 − 2x6 + 5, so f(−1) = (−1)5 − 2(−1)6 + 5 = −1 − 2 + 5 = 2.

13. [1 mark ] Find

∫

ex cos (ex) dx.

A: ex sin (ex) + C B: cos (ex) + C C: sin (ex) cos (ex) + C

D: sin (ex) + C E: ex cos (ex) + C

Solution: Since the angle in the trig function is more complicated than just x, we need the substitution
rule. Letting u = ex (i.e. using “let u = the angle function”) we have du = ex dx, so we get

∫

ex cos (ex) dx =

∫

[cos (ex))] ex dx =

∫

cosu du = sin u + C = sin (ex) + C
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14. [1 mark ] Find

∫

1

x
√

lnx
dx.

A:
1√
lnx

+ C B: x
√

lnx + C C:

√
lnx

x
+ C D: 2

√
lnx + C E:

2

3
(lnx)

3/2
+ C

Solution: We have an integrand function which is not something we recognize as a derivative, so we suspect
that we will need the substitution rule. Since we see something being done to lnx, we try u = lnx. This
gives du =

(

1
x

)

dx, and we do see 1
x in the integrand function, so this looks promising. Replacing both

lnx and 1
x dx, we have

∫

1

x
√

lnx
dx =

∫

1√
lnx

(

1

x

)

dx =

∫

1√
u

du =

∫

u−1/2 du =
u1/2

1/2
+ C = 2

√
u + C = 2

√
lnx + C

15. [1 mark ] Evaluate

∫ 2

1

x + 1

x
dx.

A: 1 + ln 2 B: −1 C: ln 2 D: 1 E: 2

Solution:

∫ 2

1

x + 1

x
dx =

∫ 2

1

(

x

x
+

1

x

)

dx =

∫ 2

1

(

1 +
1

x

)

dx = [x + ln |x|]21 = (2+ln 2)−(1+ln 1) = (2−1)+ln 2−0 = 1+ln 2

16. [1 mark ] Evaluate

∫ 0

−2

f(x) dx if we are given that

∫ 3

0

f(x) dx = 3 and

∫ 3

−2

f(x) dx = 5.

A: −2 B: 8 C: −8 D: 4 E: 2

Solution: We know that

∫ b

a

f(x) dx +

∫ c

b

f(x) dx =

∫ c

a

f(x) dx, so we see that

∫ 3

−2

f(x) dx =

∫ 0

−2

f(x) dx +

∫ 3

0

f(x) dx ⇒ 5 =

∫ 0

−2

f(x) dx + 3 ⇒
∫ 0

−2

f(x) dx = 5 − 3 = 2

17. [1 mark ] Evaluate

∫ π

4

0

sin x cosx dx.

A:
1

2
B:

1

4
C:

1

8
D:

1

16
E: 1

Solution: If we let u = sin x then we get du = cosx dx and we have u = sin 0 = 0 when x = 0 whereas
u = sin π

4 = 1√
2

when x = π
4 . This gives

∫ π/4

0

sinx cos xdx =

∫ 1/
√

2

0

u du =

[

u2

2

]1/
√

2

0

=

(

1√
2

)2

2
− 02

2
=

1

2
× 1

2
=

1

4

(Notice: Using the substitution v = cosx instead works out to the same answer.)
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18. [1 mark ] Find the average value of f(x) = exe−1 +
1

e
over the interval 0 ≤ x ≤ e.

A: ee − e B:
ee−1 + 1

e
C:

ee + 1

e
D: ee E: ee + 1

Solution: We know that the average value of the function f(x) on the interval [a, b] is given by

fave =
1

b − a

∫ b

a

f(x) dx

In this case, we have f(x) = exe−1 +
1

e
and the interval [0, e]. Realizing that of course e is a constant, we

have

fave =
1

e − 0

∫ e

0

(

exe−1 +
1

e

)

dx =
1

e

[

(e)

(

x(e−1)+1

(e − 1) + 1

)

+

(

1

e

)

(x)

]e

0

=
1

e

[

exe

e
+

x

e

]e

0

=

[

xe

e
+

x

e2

]e

0

=

(

ee

e
+

e

e2

)

−
(

0e

e
+

0

e2

)

=
ee

e
+

1

e
− (0 + 0) =

ee + 1

e

PART B (7 marks)

19. [2 marks ] Find f ′(2) if f(x) = ln(x2 + 1).

Solution: We need the chain rule for f ′(x):

f ′(x) =
1

x2 + 1

[

d

dx
(x2 + 1)

]

=
d
dx(x2 + 1)

x2 + 1
=

2x

x2 + 1

Therefore we get f ′(2) =
2(2)

22 + 1
=

4

5
.

20. [2 marks ] If f(x) = xx+1, find f ′(1).

Solution: For f(x) = xx+1 we have the form (f(x))g(x) and so we must use logarithmic differentiation.
Letting y = f(x) we have

y = xx+1 ⇒ ln y = lnxx+1 = (x + 1)(lnx)

⇒ y′

y
= (1)(ln x) + (x + 1)

(

1

x

)

= lnx +
x + 1

x

⇒ f ′(x) = y′ =

(

lnx +
x + 1

x

)

y =

(

lnx +
x + 1

x

)

(xx+1)

⇒ f ′(1) =

(

ln 1 +
1 + 1

1

)

(11+1) = (0 + 2)(1) = 2

21. [3 marks ] Evaluate

∫ 2

0

x2

√
x3 + 1

dx.

Solution: We need the substitution rule. Letting u = x3 + 1 (i.e. using “let u equal the thing under the
square root”) we have du = 3x2 dx and so x2 dx =

(

1
3

)

du. When x = 0 we have u = 03 + 1 = 1 and when
x = 2 we get u = 23 + 1 = 9 and so we have

∫ 2

0

x2

√
x3 + 1

dx =

∫ 9

1

1√
u

(

1

3

)

du =
1

3

∫ 9

1

u−1/2 du =
1

3

[

u1/2

1/2

]9

1

=

[

1

3
× 2

√
u

]9

1

=
2
√

9 − 2
√

1

3
=

6 − 2

3
=

4

3


