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1. (1 point) If f(z) = e® arctan(x) then f'(-1) =

A1 C. 0 E. e!
T 1 . 1 =
e o} _
e D < (5-) @ < (5-7)
Your answer: F-
%

e
Clxy = Eardan(x)+ Tix®

-\
En= (&) + %—‘

2. (1 point) Which of the following is equal to the derivative of f (z) = 2eos(=)?

A =205 gin(ir) @ —2005(2) sin () In(2) E. 2csle)
B. In(2)250(=) cos(z) 2c0s(z) F. —cos(z)2¢(=)~1sin(x)
In(2)

Your answer: |

C
o AWK AWKy (-swlv)
g8 3

3. (1 point) Which of the following is equal to the derivative of g(z) = In(e*z~3)?
z? C. ef(x™%-3z"1) E. € ln(z™3 - 3¢%/x)

A

]‘.Ex—3/:1: D. (z7 -3z %) In(e*s%) F. -3/z

Your answer: E
gfxuﬁ/m "xj) Imie”) + ) = K -3

3(,(), l—-

]



Université d’Ottawa = University of Ottawa

4. (1 point) Suppose [ is a function and we know that

sec(f(x)) + f(z) =
for all z in the domain of f. Then
2x
A J=)= sec(x) tan(z) + 1 . fiz) = sec( f{z}) tan(f('r:)) +1
B. f'(z) = 2r — sec{f(z)) tan(f(z)) E. [f'(z) = 2z - sec®(x)
, 2z T 2z
C fla)= sec?(z) + 1 F. ‘f(m)_secz(f(a:))+l

Your answer: :D

cec (G an (f00) §1x) + £ = X

Q%

C'oo = -
sec(Fox) fon(Foy +1

5. (1 point) Which of the following is the equation of the tangent line to the curve

at the point (8,0)7

2 16 E. y=z-8
3 2 45, 32 20

% 3
. yzém_@ F. _j—-?:.’E +;"?
A‘.a 6 3
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6. (1 point) If A(z) = Ve?= + 21 then
2e°* + 43 C. WMa)=e"+2z , 1
4 _— E. NMz)= ———
"= e D, H(x) 1 ) = e
. h(z) =
3

2 |y

2 3z 4 2z 3
B. (x) = oo WERE R @)=
2(e2= + ) 2Vz

Your answer: A
(X)) = a(e # X'

NG {a@w;f 5%

7. (1 point) Suppose we are given

f(m)'_'?#a f’($)=m-$-2-3: f”( )I%

Which one of the following statements is true of the value

r=—/37

A. It is not a critical point of f, but it is an inflection point.

B. [ has a local minimum there, but it is not a global extremum.
C_C J has a local maximum there, but it is not a global extremum.

D. f has a local minimum and a global maximum there.

E. f has a local and global maximum there.

F. It is neither a critical point nor an inflection point of f.
. St iak
Your answer: C -?l(‘ \f—-’) = O UUJ\(M' FD
| u( F a6 ﬁo C&Q, ANARLY'S

Don o= . of gobad 00X

)(-300
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8. (14+3+1=5 points) In this question, you will use the definition of the derivative to find
the derivative of a function, and then you will check your answer using the quotient rule.

(a) Give the definition of the derivative of a differentiable function f(z) at a point @ in its

domain.
lm [ frxrh) - o
Answer: f'(z) = h-=0 h

(b) Using the definition of the derivative, find the derivative of f(x) =

x . .
at a point z In
- T

its domain.
L[ Hixh) _iX_)
fin) - M 3-(0h)  3-x

i L (A - XX
B = O h (3- x-h (3%

D L A (BX-X*3h- hﬁtﬁﬁi’i‘iﬁ’? o ©F
o h ( T (B-x-hX3-X

D L (180
- m " (CS-X—h)(S—x))
1d

:V\
h=0 (3x-h(3 -X)

-

(c) Compute the derivative of f(z) = 341:

(o= G- A CO_13-diadx - 1d

using the quotient rule.
I

-

(3-x)* (3-0* (3x)"




Université d’Ottawa | University of Ottawa 6

9. (2 + 2 4+ 1 = 5 points) A population of snails for a nice restaurant grows at a logistic
rate, and is harvested regularly. Denoting the fraction of snails harvested each month by the
parameter /i, the DTDS governing the growth of this population is given by

Ny = N(24 - Nt) = hiNy,

where ¢ is in months, N, is the population (in thousands of snails) at time ¢, and 0 < h < 1.

(a) Find the equilibria N* of this system, showing your work below. Your answers may be

formulas using the parameter h. ) h N
(N)= N[&H-N)-
N* = O and N* = /-4’h ’F

2'._
we socie  §(N)= N N = @4N - N*hN
= N2 (I-24+hN =0

N;O or Nsi.q’h

If you were unable to answer (a), use the (incorrect) formula f'g-:‘l ~ 3h) for N* in parts (b} and (c).

(b) The positive equilibrium N* is stable, and the equilibrium harvest S is S = hN*. Using
your formula in (a), find the value of h that maximizes S, justifying your answer with Calculus.

Optimal rate of harvest h: O :}

| o 97=-3 S
S=h(14-h) S '

o - mwf cawmﬂto(md/.al
L - ool poovde
-0 whan ah=14 A Lol i Aow
S7 h-07 Smg § © @VIGIK G

| | an [0 1] e oK o
50 =03 © fa owly caduod comd qj,(asaﬂ YVax

(c) Find the maximum value of the equilibrium harvest S that the restaurant can expect.

S5=h N"= h(l4-h)
=03 0%

Maximum value of S: O L‘q
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10. (8 points) We would like to sketch the graph of y = f(z). We have computed for you:

=223 41

62> (x3 - 2)
@+ 1)

S5 @+ 17

f{z) = —— and ["(z)=

3-+-1

Fill in the answers below and complete the following tables and then sketch the graph of the
function using this information. Round your values to three decimal places.

im  f(z) = —) and lim _f(z) = o0

T=(=1)t ==
_l_i’rP f(z) = O and le f(z) = O

—ax%\ -f-O
=) &x

e ~0.J4
Critical points of f: ‘1 3\[’\ 04 L| (ver l'\LO-{

@W‘*‘

Intervals of z

2<-1  —jex< 3y X>3%

Sign of f'(x)

+ + -
Behaviour of y = f(z : ; ,
v NNy iAoV Aoy

(ox3(x*-3)=0
& X=Q of XS':Q

& =3J'§1

z-values where concavity of f could change: | — \ / @ / 3\/5 i \ . 2(.00

Intervals of =

Az 4 ~| ~1 < X<0 049(«“1@ ’)(7'3.f§'

Sign of /() + . . +
Behaviour of y = f(z) | CONYONL aMUWE oM ON@NR
s __oowh Ao U!O

On the following page, sketch a graph of the function y = f(x). Mark all critical points
and inflection points; indicate all asymptotes with a dashed line.
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On this page, sketch a graph of the function ¥ = f(z) from Question 10.
Mark all critical points and inflection points; indicate all asymp-
totes with a dashed line.

e I A 2o, B N TS B
50 +4-0.25
4-0.5
] 1.-0.75
4.1
\ +4-1.25

50)=0
£(0H~ OB

£(}.960) ~ONR0

ez
(RiLfMp
H =D
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1. {1 point) If f(z) = €* arcsin(z) then f'(3) =
e'2(n/6 + 2/v/3) C. 0 E. 1
B. 61/271.'/6 D 2\/561/2 F. 61/2
' 3
Your answer: A l
- arcsin{2)= © ]
Lixy: e*arcsm (0 + € —=5, = $N8=3
=X ¢ Ty
i /1 e l Elb a (.]nd -Tj ¢ 9 - /l
ey & —= - ( -—')
§6) - i ™G e o,
2. (1 point) Which of the following is equal to the derivative of f(z) = Finl=)?
A, 3@ cos(x) C. 3% sin(z) In(2) E. 3sin()
B. sin(z)cos(z)3ein{=)~1 3sin(z) @ In(3)35") cos(z)
In(3)
Your answer: F

£x0= 3" (3) wolx)

3. (1 point) Which of the following is equal to the derivative of g(z) = In(e*x
. 1+4/z
B.

)?

C. dz3e® + xle®
D.

el‘
e* In(z') — 4e% /x

Your answer: A

g0 INEx)= Inle)+ n(x?) = X+ 4 )

) = Loy

frre

F. 4/z

(42 + z%)e In(e®z?)




Université d’Ottawa = University of Ottawa

4. (1 point) Suppose f is a function and we know that
tan(f(z)) + 2* = f(x)

for all x in the domain of f. Then

A, f'(z) = sec(z) tan(z) — 2z D. fi(z)= 2z
f( ) _ 2z 1- SGC(f(.’L‘)) tan(f(x))
Siw) = 1 — sec?(f(x)) E. f'(z) =sec®(f(z)) — 2z
2z 2z
C. fiz)= F. fl(z)=

1 — sec(z) tan(zx) © 1~ sec¥(x)

Your answer: 6
5€CQ(§tX)) Hxy+ Ax- 00
£ () - sedy) = X

oy X
| - secf(x)

5. (1 point) Which of the following is the equation of the tangent line to the curve

y=z%416/z
at the point (8,4)?
_ 1 16 _5 8 E. y=-z+12
®y——am+? C y—ga: 3 F -—-]: .8
B. y=z-4 D. y—igs_16 4 CYTETTS
y T 3
Your answer: A
N L
/ - —
y= X “,Dxla b . L J———'é‘z’,‘
o) %=8 W'ﬁﬁﬂ g 2 ﬂ
| _L = —-’—-‘._3-)—: s
a4 13 13 b

Gl
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6. (1 point) If k(z) = Ve + 3 then

' _ oz e ! _ 1 . 4 Az -+ 3.’1?2
A h (:L‘) =&+ 2\/E C. h (IL‘) = m @ h (:[;) W
oy A 4 327 1 4 4 3¢
B. A (:12) = w D. h.’(:t:) = m F. h’( ) NG
Your answer: E
% Y
| , X
W= L) ™ (He*s 8x)
a
7. (1 point) Suppose we are given
_ =3+ 6z — =° y _—.’1:2+3 we N3
f(f!?)——zx—-, fl(z) = 5 f(ﬂf)——:ﬁ

Which one of the following statements is true of the value

T =—-v37?

It is not a critical point of f, but it is an inflection point.

It is neither a critical point nor an inflection point of f.

OCawp»

J has a local and global minimuimn there,
E. f has a local maximum and a global minimum there.
@ f has a local minimum there, but it is not a global minimum.

Your answer: F

[ has a local maximum there, but it is not a global extremum.

;’(—@3:03 .
(-3 =g 7

. Docod w0

_3Hpr-X
Jomn i = 0*“2 2 “Z2x
X 00

N “H o =X . o0
_.QXJ-,Q n—-—-z"'—-
' ﬂo\' C\S\Oban Mln
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8. (14-3+1=5 points) In this question, you will use the definition of the derivative to find
the derivative of a function, and then you will check your answer using the quotient rule.

(a) Give the definition of the derivative of a differentiable function f(z) at a point z in its
domain.

lim 5
Answer: ['(z) = [ |50 C(X*\'n\ -?X)

(b) Using the definition of the derivative, find the derivative of f(z) = 43mm at a point z in

its domain. ' S(XH’I) B Q)
P()K):JUW] (4,(%) 4x
n
_I_( A(AHAXH-X) - DX (H —x—h))
n (H-h-x)(H-x) |
| (awxﬁqh-x&xh)-—scq x—x’ixh))
h (4 -h-x)(4-x)
1 1an
"m0 A EhxX-x)

18
- %lfg (-}-h-x)["*—)()

13
A4-)"

-

h-0
L
h-0
Lo
h-0

{

3
(c) Compute the derivative of f(z) = 1 Gl using the quotient rule.

T

Plo= (03- BXED _ [3-5X:3X 13
(-7 CESH

-
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9. (2 4+ 2 + 1 = 5 points) A population of snails for a nice restaurant grows at a logistic
rate, and is harvested regularly. Denoting the fraction of snails harvested each month by the
parameter i, the DTDS governing the growth of this population is given by

Nt.|.,] = Nt(22 - Ng) - h-Nt-.

where ¢ is in months, N, is the population (in thousands of snails) at time ¢, and 0 < h < 1.

(a) Find the equilibria N* of this system, showing your work below. Your answers may be
formulas using the parameter /.

N* = O and N*=| | &-h

Ny = N (2a-N) -hN
L E) =N e gaN-N-hNEN
& gaN-N-hN=N°
= N:=0 or &9”"’1:'\]
& N Lad-h

If you ware unsble to answor (a), use the (incorroct) formula 1"7:4 = 3h) for N* In parts {b) and (c).

(b) The positive equilibrium N* is stable, and the equilibrium harvest S is S = hN*. Using
your formula in (a), find the value of h that maximizes S, justifying your answer with Calculus.

Optimal rate of harvest h: O (D

5=h{1.8-h) = 1.oh-h?
s'= ,.3-3h -
- 8l-0 when .2=h &? h-0.b

L, Aoy
Sl/: _,aa(o : -5 Cb W('a'ue' CWA - iwmym #(S
‘0.l gwcoaﬂ"(aﬁ amdy(almi P

(c) Find the maximum value of the equilibrium harvest S that the restaurant can expect.

-0Q30b
Maximum value of S: O'&D 6 = h“,a ‘ln): O(D(O(O) O,
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10. (8 points) We would like to sketch the graph of y = f(x). We have computed for you:

- 03 — 6z
f(;{:) = p j:l’ f’(g;) = (;.B—jl}f and f’f(g;) = _(2,33(f 1‘;‘32)

Fill in the answers below and complete the following tables and then sketch the graph of the
function using this information. Round your answers to three decimal places.

— 0 and lim f(z)= (XD

:r]-l-irP f(l‘) N =1
dm f@= O and Jim /(z) =| QO

axi 1= 0

& X z -\/
P & 3\I%/.? ) mhmhwwlok
Critical points of f: ) f? ~N - O. :‘q"l ) j_

Intervals of = /X, . 2 -é 3\]‘%? AXA | X7 '
Sign of f'
ign of f'(z) | . 4+ 4
Behaviour of y = f(x) . - . .
I dﬂm.wow} i MOL? M U\_g_a/,;q./gf

X (X*+N=0
o)
= X=0 or X=-3 },960
(:J x:sﬁ "

7
z-values where concavity of f could change: | % ‘,.al O , _'_L
/

Is of
Intervals of z < 5’,3' 3\[:5‘{)(40 0()((" X”
Sign of ["(x) —_— 4 o ity —
copurt N one (e iz e
Adown v vp o

Behaviour of y = f(z)

On the following page, sketch a graph of the function y = f(z). Mark all critical points
and inflection points; indicate all asymptotes with a dashed line.
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On this page, sketch a graph of the function y = f(z) from Question 10.
Mark all critical points and inflection points; indicate all asymp-

totes with a dashed line.

_ene

£0)=0
£-0)~-C.5M
£(-1260)~ -0430
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1. (1 point) If f(x) = e* arctan(z) then f'(1) =

A0 @eﬂ'/4+e/2 E 1

B. erm/4 D. e/2-enm F. e
|
Your answer: C adan( |) :6
| * 1 o qon0 =1 A "Te& AT

fi5)= andon) + € s ,+x

- Q=Wy
Q'(\) e Qrdﬂn(n“' e '”‘l—

W

-e(lL, ——)

(b3

2. (1 point) Which of the following is equal to the derivative of f(z) = 2n(=)?

A, 2n(@) cog(x) C. 2@ sin(z)In(2) E. 2sin(3)
In(2)25) cos(x) gsin{r) F. sin(z) cos(z)2sm=)-1

D.
In(2)
Your answer: B

3. (1 point) Which of the following is equal to the derivative of g(z) = In(e*z3)?

e C. 3z%e" + 2" @1 +3/z

a? 2, .3 z,.3
D. (3z°+ z%)eIn(e"x F. 3/z
B. €*In(z*) - 3¢%/z ( Je* Infe"z")

Your answer: E q()L) ,QM(G 9( )

- () + 0ml®)
X + 3y

ity = 1+ 2
8(x) v
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4. (1 point) Suppose [ is a function and we know that

tan(f(x)} + f(z) =

for all  in the domain of f. Then

2x

A fie) =

C. fl=)=

sec(x) tan(z) + 1
B. f(z)=2r- sec(:c) tan(z)

sec? (:c) +1

Your answer:

-

2eC3(SOM § () + F() = ax
Flon ((Sec o0+ 1) = aX

f= X%

2z

D. fiz)=

SeHHx)+ A

sec(f(z)) tan(f(x)) + 1
E. ['(z) =2z - sec® (f(l’)

@ I'e )_sec- (:r))

5. (1 point) Which of the following is the equation of the tangent line to the curve

y=zx'% - 16/x
at the point (8,0)7
16 128 2 16
A y= 3% "3 C y=§$—?
Drebey o b
Your answer: 17)
bX
9 6)( T _\__(\)_"\[D; 4
a%x-.?s- ys @)W a

4=

.1
Tyt
(5)- %
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6. (1 point) If h(z) = vVe?* + 23 then
3 962% | 342 1
A R(z)=e+ VR @h'(;g) - ;“’;3“’ E. W)= ——e———

2ve%E 1 13 2v/2e%* + 3z
2e2e + 3.’132 1 2e2F + 32
B. h’ )= 75— ' — ¥ — =
(z) 2(e2 + 19) D. h(x) W F. W{(x) NG
Your answer: C

Y, 2
o= S(evo®) (8731

7. (1 point) Suppose we are given

o —z? —z? 6
@ ==EEE ) ey =23 =S

Which one of the following statements is true of the value

T=—V3 ? gf(-\B');O(a
M-J3)= 2% 70
CB:} [ has a local minimum there, but it is not a global minimum.

C. [ has a local maximum there, but it is not a global extremum. _* _Q@(ﬂﬁ UM

D. f has a local and global minimum there.

E. [ has a local maximum and a global minimum there. ) - q Ui
F. It is neither a critical point nor an inflection point of f. £C'JE ‘

‘ p=acs §(-§3)
Nl o\kcj\okl@- AL}

A. It is not a critical point of f, but it is an inflection point.

Your answer: 6
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8. (1+43-1=5 points) In this question, you will use the definition of the derivative to find
the derivative of a function, and then you will check your answer using the quotient rule.

(a) Give the definition of the derivative of a differentiable function f(z) at a point z in its
domain.

tim [ Tx4h) - Tix
Answer: f'(z) = h'%() #ﬁ_%_——{-——)

(b) Using the definition of the derivative, find the derivative of f(z) = 3"3: at a point z in
- T

Alxth) _@_‘J}_)
0= Jmm 3-(xth)  3-X

its domain.

h
= b (Gmah)ca ) - ax(a-x- m>
h=o h (3-X )3 % -h)
Vo L [ 0% axteh-ahx —0x+ 3X *axh)
" =0 ‘”( (3-x X 3-X-N)

(t

1 (bh __.')
m }7( (®~Q(3-x-h)
b
n—0 (3-XX3-X-h)
b

(3X)

(i

i\

2
(c) Compute the derivative of f(z) = Ir using the quotient rule.

‘p()()_ (3 X) Q- (aX)(—U = (DH&X“QX = __92___.1
(5-X)" (%) (3%
Q0L aNSWEX v
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9. (2 + 2 + 1 = 5 points) A population of snails for a nice restaurant grows at a logistic
rate, and is harvested regularly. Denoting the fraction of snails harvested each month by the
parameter &, the DTDS governing the growth of this population is given by

N£+l = Nt(42 - Nt) - h.Nt,

where £ is in months, N, is the population (in thousands of snails) at time ¢, and 0 < h < 2.

(a) Find the equilibria N* of this system, showing your work below. Your answers may be
formulas using the parameter h.

N* = O and N* = 86)—'1/]

N By = 42N -N-hN

& N= 3anN-hN
o) N:O o N‘;é&)‘l/’

CeN)= Nit2-N)-hN

If you were unable to answer (a), uso the (Incorract) formula -ﬂ,M — 34) for N* In patrts (b) and (c).

(b) The positive equilibrium N* is stable, and the equilibrium harvest § is § = hN*. Using
your formula in (a), find the value of & that maximizes S, justifying your answer with Calculus.

Optimal rate of harvest h: / (.0

5= N h(3.2-h)= 3.3h- h?
- 3d.a-ah

SS'__O e Gh=3.d = h=1b

= -3 - Sw aluuapp covicone dour.,

(0,21 % h=16wa lal W%aéaﬁmax

M

(c) Find the maximum value of the equilibrium harvest S that the restaurant can expect.

S= hN*= h(3.2-h)=16(6)

Maximum value of 5: Qﬁ 6' (0
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10. (8 points) We would like to sketch the graph of ¥ = f(x). We have computed for you:

-2 -1 622(2 + 2)

f(a) = fO=t@oy = IO="moy

-1

Fill in the answers below and complete the following tables and then sketch the graph of the
function using this information. Round your answers to three decimal places.

, "1
im f{z) = (ﬁ and lim fz)=s — &8 (e 6: E

-1+ r—1-

O sinu &L

dm @)= O Jend Jim f(e) = Ko 1%
~3x>-1=0

= &X; -“I 7 a,oﬁm!:)lok _

[ = -"3-!:2: i

Critical points of f: '—" ~ =(. :‘ q"l I

@

Intervals of =

x<-%fz Yz X<l > |

Sign of f'(z) + .

Behaviour of y = f(x)

N LN ot (e aivy decsaning

_" [ LT 8 L

OF(x) =0

3,9- .
=C +a=0 iole
& x=00r X VLt

o) X:‘aﬁ,\‘ ¥

z-values where concavity of f could change: | — a A - l,’l&{) , D 5 l
Intervals of z ’X‘/\-ﬂ _3ﬁ.l<x<o O‘(XL‘ _,X> l
Sign of f*(z) + - +
“Behaviour of y = f(z) ot _u(gn-' 1 d COVONE AR (13N
LP iﬂ‘tw_’.‘l__ %\Jﬂ qi‘ 0

On the following page, sketch a graph of the function y = f(z}. Mark all critical points
and inflection points; indicate all asymptotes with a dashed line.
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On this page, sketch a graph of the function ¥ = f(x) from Question 10.
Mark all critical points and inflection points; indicate all asymp-
totes with a dashed line.

f(zs) = 0.5
P (-43) = 0430
Lom=0



