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Math 102: Announcements

I Instructor: Krishanu Sankar

I Email: ksankar@math.ubc.ca

I Course website: https://wiki.math.ubc.ca
I Today:

I Course information
I Cell size and power functions

ksankar@math.ubc.ca
https://wiki.math.ubc.ca


Assignments and Grading

I Homework
I WeBWorK (online, 3x/week) - 10% (5% points

dropped)
I Old-School Homework (written, 6 total) - 10%

I Quizzes (3 total) - 15%

I Midterm (October 26) - 15%

I Final exam (Date TBD) - 50% (44% rule)
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Typical Math 102 Week

I Monday:
I 7 am: Pre-lecture WeBWorK due
I 8-8:50 am: Lecture

I Wednesday:
I 7 am: Pre-lecture WeBWorK due
I 8-8:50 am: Lecture

I Thursday:
I 7 am: WeBWorK due

I Friday:
I 8-8:50 am: Lecture & OSH or Quiz
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What resources are available?

I Fellow students - study groups

I Me - questions after class

I My office hours: Fill Doodle Poll on section
website! (Provisionally MF9-10 and Th1-2, in
LSK300B, starting this Friday)

I Math Learning Centre (LSK 301 & 302)

I Piazza

I Free course notes (pdf) and supplemental
videos

I Lecture slides/scans posted after class
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Other Admin

I All questions regarding registration or
sectioning should be directed to Mark MacLean
or Margaret Ness.

I Lectures will be interactive with prompts and
clicker questions. (register your iClicker on
Connect)

I I’d like to thank Eric Cytrynbaum, Leah
Edelstein-Keshet, and Cole Zmurchok, whose
slides were the basis for these lectures.
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Why are cells so small?

https://en.wikipedia.org/wiki/White_blood_cell/media/File:SEM_blood_cells.jpg

I WBCs are 12-15 microns in diameter.

https://en.wikipedia.org/wiki/White_blood_cell/media/File:SEM_blood_cells.jpg


I Cells absorb nutrients through their surface,
and use the nutrients in their interior. Must
have nutrient absorption rate ≥ consumption
rate, or the cell dies!

I Mathematical model: assume the cell is
spherical, and

1. Absorption rate is proportional to surface area.
2. Consumption rate is proportional to volume.
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A mathematical model

4 Chapter 1. Power functions as building blocks

But here, we will neglect all these beautiful complexities and look at a simple spherical
cell. The question we want to explore is what physical or biological constraints determine
the size of a cell and why some size limitations exist. Why should animals be made of
millions of tiny cells, instead of just a few hundred large ones?

Learning goals

1. Follow and understand the derivation of a mathematical model for cell nutrient ab-
sorption and consumption (Section 1.2.1).

2. Develop the skill of using parameters (k1, k2) rather than specific numbers in math-
ematical expressions.

3. Understand the link between power functions in Section 1.1 and cell nutrient balance
in the model (Eqs. 1.3).

4. Be able to verbally interpret the results of the model (Section 1.2.2).

r

Figure 1.2. A cell (assumed spherical) absorbs nutrients at a rate proportional to
its surface area S, but consumes nutrients at a rate proportional to its volume V. k1, k2 are
proportionality constants. The surface area and volume of a sphere of radius r are given
by S = 4πr2, V = 4

3πr3. These facts are used to assemble a simple model for nutrient
balance in a spherical cell.

Here we use a relatively simple mathematical argument to get some insight.To do so,
we will formulate a mathematical model, a simplified representation of a real situation.
The simplification aims to represent the important aspects of the process, while neglecting
or idealizing complicating details. Below we follow a reasonable set of assumptions and
mathematical facts to explore how nutrient balance can affect and limit cell size.

1.2.1 Building the model
In order to build the model we make some simplifying assumptions and then restate them
mathematically. We base the model on the following assumptions:

1. Nutrient absorption
rate is proportional
to surface area

A = k1S = k14πr
2

2. Consumption rate is
proportional to
volume

C = k2V = k2
4

3
πr3

where k1 and k2 are positive constants.
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Cell shape

A(r) = 4πk1r
2 C(r) =

4

3
πk2r

3

Q1. Which of the following is true?

A. Absorption is greater than consumption for
sufficiently large cells and vice versa for small
cells.

B. Consumption is greater than absorption for
sufficiently large cells and vice versa for small
cells.

C. Both A and B are possible, depending on k1
and k2.
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Power functions

I A function of the form f(x) = axn (where a is
a constant and n is an integer) is called a
power function.

I The integer n is called the degree, and a is
called the coefficient.

Example

A(r) = (4πk1)r
2 and C(r) =

(
4

3
πk2

)
r3

are power functions with independent variable r.
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Power functions

Q2. Match!

A. Red: x3, blue: x2,
purple: x5, yellow:
x4.

B. Red: x5, blue: x4,
purple: x3, yellow:
x2.

C. Red: x3, blue: x4,
purple: x5, yellow:
x2.

D. Don’t know, please
explain.

-0.5 0 0.5 1 1.5

x

0

0.5

1

1.5

2
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Cell size

A(r) = 4πk1r
2

C(r) =
4

3
πk2r

3

Consumption is greater
than absorption for
sufficiently large cells and
vice versa for small cells. 0 0.5 1
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Limit on cell size

I When is the absorption rate greater the
consumption rate?

I i.e., for which values of r is the absorption
rate A(r) bigger than the C(r)?

A(r) = 4πk1r
2 >

4

3
k2πr

3 = C(r)

r < 3
k1
k2

Does this make sense with the plot above?
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Limit on cell size

Q3. Which of the following cells can survive?

A. r < 3k1
k2

B. r = 3k1
k2

C. r > 3k1
k2

What about bigger cells, such as neurons, Caulerpa
prolifera, or eggs?

http://fractalfoundation.org/OFCA/neuron1.jpg
https://en.wikipedia.org/wiki/Caulerpa_prolifera
https://en.wikipedia.org/wiki/Caulerpa_prolifera
https://cdn-image.realsimple.com/sites/default/files/styles/rs_horizontal_image_4/public/silo-brown-egg.jpg?itok=jtqm4Sas
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Today...

I Course info

I Cell size and mathematical models

I Power functions: f(x) = ax2 versus
g(x) = bx3. Which is bigger? For which x?
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