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Calculus
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 In physics, we often come across things that are changing and
evolving over time.

» eg. the location of a baseball thrown in the air
» The temperature of a pie in an oven

« position of a car over time

i
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Position of a car over time
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position (s)

Waterloo

Toronto —  time
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» Let us keep making At smaller and smaller
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Position of a car over time
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» Let us keep making At smaller and smaller

r * i
-
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What happens when At is ‘really
small’?

- 0/0

« What is the value of this?
« Answer: It could be anything, indeterminate.

* lim, JAs/At = ds/dt.

« ds/dt is called the denvative of s with respect to t

* In gener al, the derivative of f with respect to x is
df(x)/dx = lim,, Af(x)/AX
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Consider the function f(x) = x2
What is df/dx?
A (x+Ax)’—x’

Ax Ax
x* 4+ 2xAx+(Ax)* —x

g,

Ax
2xAx +(Ax)’

Ax
=2x+ Ax

dffdx = lim,_ Af(X)/Ax = 2x







» Consider the function f(x) = x3

« What is df/dx?

A (x+Ax)y —x°

Ax Ax
—7,
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« Consider the function f(x) = x3

« What is df/dx?

A,f > (x‘l— Ax):*—f
Ax Ax
_ 437w +3x(A0) + () -’

_ 3x’Ax+3x(Ax)” +(Ax)’
B Ax
=3x" +3xAx + (Ax)’

- |dffdx = lim,,_ Af(x)/Ax = 3x2
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» Consider the function f(x) = x*

« What is df/dx?

- dffdx = lim,,_ Af(x)/Ax = 4x3 \
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In general,

i
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— - —2x
dx
d(xi) e
dx ;
(=) —
dx :

In general,

i
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(x)—A4-x"

d(A4-x")
dx

—A-m"

d(f(x)+g() _df(x) _dg(x)
dx dx dx —
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Consider the function f(x) = x2

What is df/dx?
A (x+Ax)’—x’
Ax Ax
X + 2xAx+{Ax)" —x°
32 Ax
2xAx +(Ax)’
. Ax
=2x+ Ax

dffdx = lim,_ Af(X)/Ax = 2x




In general,

| il
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iftn)—4-x"

d(A4-x")
dx

— -

d(f(x)+g(®) _df(x) _dg(x)
dx dx dx —
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The binomial theorem

« very useful for calculus and many
other things in physics.

« Whatis (a+b)"?

- n=1234...

(a+b)"
=a"+Ca" " 'b+C,a’b* +C,a"b’ +...b"

« Whatis Cj‘?
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The binomial theorem

» very useful for calculus and many
other things in physics.

« Whatis (a+b)"?

- n=1234...

(a+b)"
e iCa i Ca ' :Ca" b+ b

« Whatis Cj‘?
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Pascal’s triangle

What are the next 4 rows?

C.is given by the (j+1)™ element in the n™ row

eg. (a+b)’
won: =g +4a’b+6a’b” +4ab’ +b*
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C =

J

where n!

n!

jion= !

= n(n-1)(n-2)(n-3)...1

What are

3!
41
51
and

6!
?2?7?
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» Let us check this.

- forn=3.
(a+b)’

—a’ +3a’b+3a'b” +b

e
3
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» Let us check this.

« forn=3.
(a+b)’

—a’ +3a’b+3a'b” +b

=
3

Il(::

3!
G-
=
T 1x2
C:

3
2G-2)
6
Pirsa: 05080002 =
Z2xl

i

Page }69 I

PERISEETER INSTITLTE
PR THEGRETIC L FETSICS



for n=4.

¢

L .
C1a-1)
.
1x6
=4

c,

E 4!

24
2

=6
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» Consider the function f(x) = x"

« What is df/dx?

N rix)-—x
Ax Ax

o +Cx A+ Cx (Ax) +Cx™ (Ax) . (Ax)" —x"

Ax
= Cl:c”_l + sz’g_z (Ax)+ !C'Sx’"'_3 (Ax)”_.(Ax)™"
=mx™ +C,x"(Ax) + Cx™ (Ax)* .. (Ax)™

* | dffdx = lim_ Af(X)/Ax = nx**
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» Consider the function f(x) = x"

« What is df/dx?

N GrAx)-—x
Ax Ax

3 +Cx T A+ Cx (Ax) +Cx™ (Ax) _(Ax)" —x”

Ax
= Clx”_l +CEIH_2 (Ax) + tC'Ex’"'_3 (Ax)"__(Ax)™"
=mx™ +Cx" (Ax)+ Cx™ (Ax)" . (Ax)™

 |dffdx = lim, ,Af(X)/Ax = nx™
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The binomial theorem

» very useful for calculus and many
other things in physics.
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» Consider the function f(x) = x"

« What is df/dx?

& Grix)—x
Ax Ax

. +Cx A+ Cx (Ax) +Cx™ (Ax) _(Ax)" —x"

Ax
= Clx”_l + szn_z (Ax)+ C'Sx’"'_3 (Ax)”_.(Ax)™"
=mx™ +Cx" (Ax)+ Cx™ (Ax)" . (Ax)™

df/fdx = lim, Af(X)/Ax = nx"™
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» Consider the function f(x) = x"

« What is df/dx?

A GriAx)—=x
Ax Ax

i +Cx T A+ Cx (Ax)” +Cx™ (Ax) _(Ax)" —x”

Ax
= Clx”_l + sz""_z (Ax)+ !C'Sx"“'_3 (Ax)”_.(Ax)""
=mx™ +Cx" (Ax)+ Cx™ (Ax)" . (Ax)™

dffdx = lim, ,Af(X)/Ax = nx"™
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Product Rule

d(f(x)-g(x)) _ dg(x) df (x)
= = f(x) = + g(x) -

d(x* -x*) L d(x*) 2 4 d(x")

dx dx dx

= x* -4x°+x* - 2x

eg.

=4 +2x°
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Product Rule

d(f(x)-g(x)) _ dg(x) df (x)
= = f(x) = + g(x) =

d(x” -x") - d(x") 2 d(x)

dx dx dx

= x* -4x°+x* - 2x

eg.

=A4x° +2x°



Chain Rule

f(g) and g(x)

d(flg®)) _df dg
dx de dx

d(flg®)D _d(g’) dr
dx de dx

=2g-3x°

—Ts -5

— 6x°
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» Consider the function f(x) = x"

« What is df/dx?

N Giix)
Ax Ax
= +Cx A+ Cx 7 (Ax)” +Cx™ (Ax) . (Ax)" —x”

Ax
=Cx" +Cx" (Ax)+ C,x" > (Ax)" .. (Ax)™"
=nx™ +C,x"(Ax)+ Cx™ (Ax)* .. (Ax)™

* | dffdx = lim_, Af(X)/Ax = nx*

Pirsa: 05080002




