MAT A29: Week 2 Winter 2025
1. me=¢
T—ra

2. If n is a non-negative integer, then %1_13(11 D= :

3. lim (2) +9(@) = lim /(@) + lim g()

4. lim f(z) ~ g(z) = lim f(2) — lim g(a)

5. lim £(@) x g(z) = lim £(2) x Jim g(@)

6. It lim g(z) # 0, then lim £(z)/g(x) = lim (z)/ lim g().

7. If f(z) = g(z) for z # a, then zhg}l o= ili',% g(z) provided both limits exist.
Note: You will be provided these laws on the term tes}/ q’\/\\')&\:(«S'
| Example: Using the limitlaws =~ ]

Calculate and justify the following limit using the limit laws.

a
N e "Z'\+q - 2
lim — =7

z—1 z+1 =7 \.),.\ 2/

Note: This is long and boring, but we need to do it.
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MAT A29: Week 2 Winter 2025

If f(z) does not get close to any number L as = approaches a then the limit lim f(z) does not exist (DNE).
r—a

Alternatively, the limit is not well defined.

e Why do we say “does not exist”?
We say this because there is no value L that the function gets close to.

The value L is the thing which does not exist.

e Why do we say “the limit is not well-defined”?
We say this because the notation ]i_I)Il f(z) is ambiguous if:
Tr—a

lim+ f(z) # lim f(z)

e These two terms are equivalent.
You probable heard “DNE” in highschool

Parker might say “is not well-defined”.
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| Analyze the following graph using the notion of limits. |
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MAT A29: Week 3 Winter 2025

Week 3: Limits and Derivatives

L.

If f(z) gets closer to L as x gets closer to a then };lﬂ% Fz)=
We say that “the limit of f(z) as = approaches a is L”.

# Activity: A Limit Numerically ('5 min

Set your calculator to radian mode.

Complete the following table of values of f(z) =

w for = = 0.1,0.01, 0.001.

z | 0.1 | , 0.01 |
|

O QS 099945 |

9. 9 —— 0,197 @
Lﬁ/% \w W L/’\/“@ s
0 V\\ML) ﬁ v
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MAT A29: Week 3 Winter 2025

Graph y = sin(z) and y = z on the same pair of axes and zoom in on the point (0,0).

Write a paragraph describing what happens and how it related to f(z) = Smmﬂ
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MAT A29: Week 3 Winter 2025

R
T

https://www.desmos.com/calculator/dfbwtcocof
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MAT A29: Week 3 | Winter 2025

Suppose that L is a real number.

alslil)zf(.’v) =0 e (mli)lrlll_ f(z)=Land lim f(z)= L>

z—at

Comments: _
o " o -~ 5%5 ‘
e If both limits “go to the same number” then the limit is well-defined/ © -\

e Both sides of the limit need to match.
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MAT A29: Week 3 Winter 2025

Hemoglobin (Hb) is the iron-rich protein in blood cells that binds with oxygen (O2) in the lungs and
exchanges it for carbon dioxide (CO2) in the tissues. In 1910, British physiologist Archibald Hill developed
an empirical model to describe the binding of Os to Hb as®:

k 7k N

MP) = 5o (2 )

where h is the proportion of hemoglobin molecules that are bound to Oy, P is the concentrations of Oy
measured as the partial pressure (0 < Pp, < 00), and k is the Hill coefficient.

1. Determine hm h(P) and interpret your results. \n|o (6\}'0’%8 Q/V VV\ \/\(P) O

2. Does the limit in part (1) change for different values of k7 Explain. f\7\ 3\00\\0 J V\,@'\'

3. The half-saturation value Pyo is the concentration of oxygen at which the proportion of bound
hemoglobin molecules reaches half its saturation value. Determine Psqg;.

%Hill AV. The possible effects of the aggregation of the molecules of haemoglobin on its dissociation curves. J
Physiol. 1910; 40: iv—vii.
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MAT A29: Week 3 - Winter 2025 = l

Use a table of values to support the following statement:

1
“lim — does not exist.”
z—0 T

% Activity: Solo Wi

Use a table of values to support the following statement:

N
“lim — is infinite.”
z—0 I
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MAT A29: Week 3 Winter 2025

Remark: Existence and Infinity: A Quote from Our Book

It is important to understand that when we write statements such as lim f(z) = 400 or
T—a

lgn f(z) = —oco we are describing the behavior of the function, as we have just defined it. We
r—ra

are not asserting that a limit exists. For the limit of a function f(z) to exist at a, it must
approach a real number L as z approaches a. That said, if, for example, lim f(z) = 400, we
r—a

always write ]iin f(z) = +oo rather than 1i_r>n f(z) DNE. [OpenStax §2.2 p.146]
r—ra r—a

% Activity: Discuss with Your Neighbour
(3 min)

» What do you make of this quote?

® Do infinite limits exist? Why or why not?
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MAT A29: Week 3 Winter 2025

Db
Evaluate the limit lim £ o 2.
z—1 x—1
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MAT A29: Week 3 Winter 2025

For ease of reference, here are the limit laws.

L limfe=1c
T—a o
2. If n is a non-negative integer, then 21}1_151 Bl —ral
a
3. lim f(z) + g(z) = lim f(2) + lim g()

4. lim f(z) — g(z) = lim f(z) — lim g(z)

T—a r—ra
5. lim f(z) x g(z) = lim f(2) x lim g()

6. If zllgag(a:) # 0, then il_rgf(:c)/g(x) = ilgtlzf(x)/%lg}lg("’)

7. If f(z) = g(z) for = # a, then m1:13%L flz) = 91:1_1& g(z) provided both limits exist.

Note: You will be provided these laws on the term test.

Use the limit laws to evaluate

alcigll(xz —z+1)f(z)

if you know lim f(z) = 3.
z—1
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MAT A29: Week 3 Winter 2025

The slope of a line L through points (zg,yo) and (z1,y1) is:

Ay _m—to _
Az 1 — 29

The secant line between two points (a, f(a)) and (z, f(z)) is a line segment joining those points. The

secant slope is:
: Ay _ f(z) - §(a)
Az T—a

(@ + h, f@@ + h))

(a, f(a))

A by %Y
_ fx) - f(a) _ fla+h) - Ka)

Mgee = 8 Msec h

OpenStax §3.1 Fig 3.3 .
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MAT A29: Week 3 Winter 2025

We define the derivative of f(z) at z = a to be:
/ e f(x)_f(a‘)__u : »
f(a)—%l—xfclz—x—a = “ f prime at a \O(}L 0‘(
We will also use the following Leibniz notation: 1 2(‘(:) OVK
dy|  _ Y _« »
T dee y dee z

yi

f(a) + Ay 1

N
o
m =
)

+ 1
4

x¥

dy Ay

= l1im
z—a Az—0 Az

OpenStax Pg. 234

Remark: Do we have to learn both notations?

Yes, absolutely and without a doubt. You need to be comfortable writing and interpreting both notations.

“T will learn Leibniz notation.”
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MAT A29: Week 3 Winter 2025 _

Find the slope of f(z) = 2%+ at a = 1Qsing the definition of the deriva,tive)
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e DO () [kt )

Remark: Frequently Asked Questions

Do we always have to do it this way?
No — We’re doing things this way for now, so that I can teach you what a derivative really means.
This is a really awkward way to compute a derivative.

\\

Must we always show this much work? j(k*\ * X X k!

Sort of — You should always show your work, and explain each step.
,\r
=i

Can we use derivative rules?
Yes — Once we learn them.
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MAT A29: Week 3 Winter 2025

Consider the following limit:

h

e —1
lim

h—0 h

Which function f(z) is this the derivative of? At what point a? What is the value of f’(a)?
Silly Joke: This limit is really Canadian, e*?
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MAT A29: Week 3 - Winter 2025

% Act1v1ty Mlcro—A881gnment (5 min) ]

Find the slope of @:) 1 }mmg the definition of the derivative Where( ;é/ J
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MAT A29: Week 3

Winter 2025 ‘

The derivative of f(z) is the function f’(z). It measures the slope of y = f(z) at each point (z, f(z)).

Use the following graph of y = f(z) to sketch the derivative function y = f/(z).
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