MAT1330 CALCULUS FOR THE LIFE SCIENCES ELIZABETH MALTAIS

2. Review of High School

COMPOSITION

Let f and g be functions. If all numbers in the range of g are in the domain of f, then the

composition f o g is a function defined by
Fog))= £ (g )

Example 2.1. Find the composition f o g, where f(x) = 2—7— 1 and g(z) = %
foq (x) = £ (q00) LR
- £ () =W X = (- gk
= T AW 14X (HX)B) %o
(&)-! "o = -
= _\W& | =X | 0%
L — X
¥ -
() | +X 5. Fog () = 53X
X
|-
th.l_ abOM'f %b{: ? Bonus? Rationalize Hha denom. l+\5< l+&)( —&) l

@eF)x) = 9(F(x))
g X‘l’l )

XT
KX+
. _ . L= [1][2]3]4]5]6]
Exercise 2.2. Use the table to evaluate each of the following expressions. [ f(z) [3[1[4]2[2[5
gy [6[3[2]1]2]3
a. flo) =f@)=5 b (goNE) =gMH)= ¢ (fo9)6) =§(3)=Y4
d (fonM) =FB)=4 e (1) =9(c)=3 £ (goN(1) =9(3)=2

* These notes are solely for the personal use of students registered in MAT1330.
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INVERSE

Horizontal Lety = f(z) be a function. If every horizontal line crosses the graph of f at most
Line Test:  once, then f(x) is a one-to-one (injective) function and f has an inverse.

—y&
Ex. Ex. =Xy X20
‘L
fails HLT. =net one-o-one passes HLT =>it’s ope-to-one !
Inverse: Let y = f(x) be a function. If f passes the Horizontal Line Test, then the map

/7! defined by the rule
fFlu=x & fx)=y

is a function called the inverse of f. IY\FD(TYMHY, '?-I undoes +

i FoFE) =X and (Fof)6) =

its inverse:

Example 2.3. Find the inverse of g(z) = ?j —_F ; and verify that (go g7!)(z) =2 = (¢! 0 g)(x).
- =2x%-\ "
1. Write y = g(x 'ﬁ 22 <%°3 )(x '%(%“(x))
2. Interchange X = 2u-1 - %( éij?)
2's and y's: - g‘gﬁ;ﬁ _ Q\Qé;__ 2) — l
3. Isolate ‘new’ y: X (3y+9) =(y-) 3 —g);(-)Z} +2
= 3xytax=2ay-I _ g2 _ (3x2)
=3y -y = -aX-| x-2 (Bx2)
=y (3X-2) = —x-I “eX—3 , 2Bx-2)
5 &ﬂ)\ X- ZL BN-2
= Y =—Ik= — =
e S
=7
o g ()= Bx=3
X =2 ==K similarly, we can
-7 also Verify hat
=y @09 )K) =X.
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CATALOGUE OF IMPORTANT FUNCTIONS: EXPONENTIAL & LOGARITHMIC

Exponential

Functions: 'F CX)

Il

a*  where a>0 is a posiﬁve constant, a#1
A is called the bhase

Natural Base: .F (X) — ex e~ a1d 28 ]...
N

%:ex domain (— c0, 00)
range (0,e0)
-

\ 4

Y

Laws of

X —
Exponents: (L a% - OLH%

Example 2.4. Solve for z in the equation 2713 = 16"~

L2 = 1>

= sz@)ax—' ls=q#3-lg  RS=[g*"'=le
_ Qx+3_ gx—Y

Che_CK:

oo LS=RS @
=> X+3 = Bx-4
= 7=/
= X=|



Logarithmic

Functions: ‘F(X) = 609@()() base Q>O y QF 1 , domain : (O,oo)

Iga®)=y &> at=x (x>0

Natural

Logarithm: 'F (X) = /@YL(X) < baSQ e 96“'5 its owh notation : -/[JD‘%QCXJ =InX

N
Y=Inx domain: §xeR - x>0t
faY\%e,: K
Laws of Logs:

An(xy) =In(x) + dnly) me)=1 Change of base:
In (x*) =pln(x) ) =0 | Logp()=Loga

I X
n(E) =mty-tniy) ¢ =X

Inverse Relationship

between «” and log, (z): '@080& (X) = %’ <> Q'd’ =X (X >O)

— %=lzo%q(><) is theinverse of Y =a* ond vice Versa

e
7 Y=4oga&)

7/
/s
7
Ve

46080‘ (a‘&) = %, ,@yL(e‘ﬂ') =y

compositidn
of inverses

aleg®) — y elnx =¥




Example 2.5. Solve for z in the equation log(z + 1) + log(z + 4) = 1.

Firsh, observe that x>-1 and x>-4 &X>-1)

FV\ order forthe equation o make Sense, we st |
Lffsped-l*hzdomains of koth ,0030& ) and %g(mm

Log (x+1) + Log (xt4) =1
—  dog ((xe)oertt)) = |
= fog(xM45x+4) =]

= ke = |0

=2 x%+5x +4 =10
= ¥Z46x —6 =0
=> (x+6)(x-I) =0

AR,
(?/ or@(‘g sothe ec(uaﬁd\ has one
reject because Solution: x= |
X hosto he >-|

Exercise 2.6. A bacterial population grows according to the model b(t) = 1.8', where ¢
represents time in hours, b(t) represents the number of bacteria in the population at time ¢, and
by represents the initial population at time ¢t = 0 (assume b, > 0).

How long will it take for the initial population to triple in size?

Atwhat +ime T is bt)=3b, T

3b, =1" b,
= 3=|gt (since b#0) & 1 will 4ake
t=4n3~)
= @) =In(18") AT 1869 hours
= In(®) =tIn(3) for the initial population

o +o triple.
= t=B) «~|
>t ) [369..




CATALOGUE OF IMPORTANT FUNCTIONS: TRIGONOMETRIC & INVERSE TRIG

Trigonometric sine = OPp. = =1 =X
Ratios: hyp- %F cscd S\Ne Y
(Xl‘j)
-1 =1r
00 =adi = X 5ec® = 0ss = X
Ai'ﬁ C W\/AP- r CcoS® X
) - coto=-L =2
tand = 0pp. = U tan® Y%
% ady- X
Basic Trigonometric Functions
sine: domaih : (""°)°°)
y=sinx range: E1,1
3 I S ot o period : 2rc
2
foofs: at X=RT , REZ
(Kis aninteger)
cosine: domaih : G‘0°,°°)

= caax range: [, 1]

: : . 5 period,: 2
A4 T T £l
Z 3 l > > > Yoots: af X=(2k+l)-£ skeZ
(odd multiples of '_E)
tangent: %,:’—'tahx domain: %' XE,K"- X-?é(ak-l'l)ﬂz ) kEZ-i

(Verfical asymptotesat all
0dd indeser multiples of X )

I
/ |
[
& | .
> | g _ 0 ' ) ! 7
% " I{ZKI/ nfz/ﬁ 3?/2' i ST/Z rqy\ﬂe,: (— 00,00) pen’ooL: T
| I ! I

roofs: ot X=&w ,ReZ




Useful Trig Identity

COEX + sintx =1 (other identities |ater)
Oscillating Functions — Transformations of Cosine
y = cost er'IOd QT[
T et
mean Q:-+=+ o Nk £ 2= ﬂ.\>
mln_i._.‘; 3—1_- > 2 >
hase.0
y=M+ Acos (Z(t— ¢
(7¢-9) A pernod P

max MdA — — = — = — — —=—
[\ f\ /’\ /’\}amplmde A
mean M —— |- - ——/—— _;r __/__

VAV EAVE A
min M\-A ="— - - —
|

ey
phase @
period b: %=m<2g-t) is a herizontul chliﬂj of y=cedt by a factor of %\:

=> period S scaled horizontally from 2r o (215)(3_) =P ponchs kg
phase ¢: | = m( 2 (¢ - ¢)) is a horizontal shift of Y=ot (2117.[:) by o units right

=> phase shifts horiszal\\/ fom O 1o Otp = .

amplitude A:
Y= Am@%({;-g&)} IS aVertical scq|ir!jo{' Y= 006(2’_;5 (-(;-55)) by a factor of A.
=> amplitude is scaled VCH'icaHy from 1 o @—)(A) =

mean M:

Y=M+ Am@g&-@) is averfical shift of Y= Am(’%(’c-gﬁ)) up M units
= mean ehiFts Verkically fom 0 to OtM=M, max = M+A ; and min = M-a
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Inverse Trig Functions

aresine:| qresinx =6 € sind=x and L

N
U]
/
N

N - . —_—c]
o Y=Qresinx %—sme
2
& _'1 11' S, D -T’C T 31“/1. 2‘1( ﬁ:%_ mn °
-+
2| y=sind is not one-to-one (fails HLT)
domain: =1 ] Yonge: [-%, 3“-/2_.1 To fixthis issue, We testrict 1o a

representative ohe-fo-ona chunk of y=sing

arccosine:

arccosXx=6 & o050 =X andd 0K O TT | <same idea

as With sing
and arcsinx
T
. y=arccosX
P 2 - domain: [:'l,ﬂ range: [O,Ttl
~ 1 I 7
-1 Vv 1
arctangent:

arctanx =6 <= tan® =x and —L; <O< IZE <same iden

as with sind
and aresinx

domain: oa,00) range: (-g,g)



BEWARE OF CONFUSING NOTATION FOR INVERSE TRIG FUNCTIONS VS.
RECIPROCAL TRIG FUNCTIONS !

®Forafunction ¥, we write £ for ¥he Inverse of £ whishis NOT +he same as +Hhe reciprcal %

EX. The interse of +he Sine function is denoted  sin"(x) OF arcsin(x).

® Reciprocal 4rigq fundions have Fheir own names and are NoT writlen using the power -1

Ex. The reciprocal of the Sine funcion is called the cosecant function and it's denoted csc(x)

Twefse Ll Recipr ocal
=arcsinx = Sin’ l_\‘l_ -,E- ycsex = o
) Shme!
o MY
a) — % /-

wi=
t

Z |
cot(x] = TG Rut %'TKJ/% tan '(x) < orctanx

a v
= = —
sec (x] & fout CO—SITXJ é Cos () = arccosx

< | oy
CSC(x) ST lout ﬁ'@ é sin” '(x) = arcsiny
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