Math 2413- Calculus I
C/o M Dr. Melahat Almus

Email: malmus@uh.edu

e Check CASA calendar for due dates.

e Bring “blank notes” to class. Completed notes will be posted after class.

e Do your best to attend every lecture and lab. This is a 4 credit course because of the lab
component.

e Study after every lecture; work on the quiz covering the topic we cover on the lecture
immediately afterwards. Retake your quizzes for more practice.

¢ Get help when you need help; bring your questions to the labs, or my office hours. We
also have tutoring options on campus.

e Respect your friends in class; stay away from distractive behavior. Do your best to
concentrate on the lecture.

e If you email me, mention the course code in the subject line. Email is the best way to
communicate with me outside of class. Teams chat messages are not monitored or replied
to.

Warm up questions covering last section. Answer them before class.

Question# If f (0) =2 and f '(0) =4, what is the equation of the tangent line

at x=0°?

Question# I f(x)=— differentiable at x=07
X
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Chapter 2
Section 2.2 — Derivatives of Polynomials and Trig Functions \

Finding derivatives using the limit definition can be quite tedious. In this section,
we cover some rules that we can use to compute derivatives.

X
Fact: If f(x)=4k, where k is a real number, then f’(x)=0. _e()(\"/

Reason: The graph of a constant function is a horizontal line with slope 0.

Reason: The rate of change of this function is equal to its slope (since the equation

is linear). b h
Or: hm[f(x +h)— f(x)j — hm(@j = %lmo{%j = ynol(l) =1

h—0 h h—0

)

In general, for any linear function with slope m, the derivative is m.

f)=mx+b—> f(x)=m LlX)= m X + b

P+ T fonger
= , o).
2lx)= 4 puncr

S2.2 2 — © Dr. Almus



Now, here’s the formula to find the derivatives of power functions:

RULE #1: Power Rule

If f(x)=x", where n is a real number, then: f'(x)=nx

Examples:

Z—
; f(x)= 2. X

’x)=
= £
-2-\
()= =2. %

n—1

v
2 2(x
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[Shx 27 5,20 = rex

Theorem: Let & be a real number. If f and g are differentiable at x, then so are
f+g, f—g and k- . Moreover,

Example:

f(x):x3+4;

g(ﬁ) €>< +x = 2= 6 Zx* + |
Ri(x) = \B¥>+ |

Let f(x)=a,x" + a, X"+ ...+ ayx? + a;x + ag be a polynomial function. The

Theorem: Derivatives of Polynomials

derivative is:

f(x)=a,-n-x"" 1+an 1 (n—l)-xn_1+...+a2-2x+a1.

-] = (— =1

That is, to describe this informally: we apply the power rule to each term, and
“keep” the coefficients.
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Example:

f(x)= X x+2; f(x 2)( "'2\( '\_ \‘\' O
= 3¢ 2xxl )

Example:
f-ssd e - 510 X — 6.3XY +0O
| =35
2
.@‘(ﬂ = Bo x7— & x
Example:

f(x)leo—%x6+5x; f'(1)=

. Ll

24 (x)- (O-éo’ -z
2 4

£'(\y= 10 -
-

)
£C 9

R K]
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K‘('L NN_? _LX"‘h' (x-')'= -t . x"*
? doVate_ oy £

What if the function is not a polynogmial? We can still use the same idea; work
with each term:

Example: £ ?‘ °& ®

oo
f(x)=4x3+2\/; 1 %; f’(x): 2, )(—L

<) \u/\i\x' WL\'

- ‘~Z)QX
‘() =4 324 2. L 4 —+ B¢

x5+10x3+4; f'(x)

Example: f(x)=

Exercise: Given [ '(X) =4x’ +3x’ +2x+5, what can be the rule for f(x)?
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Tangent and Normal lines: (\I\M

Slope of the tangent line at x=a = Derivative of the functionat x=a.

1
Mtangent =f'(a) and  myormg) = _mt t ) _f'(a) .
angen
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d-go=mn(r-xe) - Miogo- = £'(2)

Example: Find the equation of the line tangent to the curve
'_.;_ /

f(x):5x2+-2i atlﬁ;:—i — £(2\: zqf 2'\3»2 lL\'
C) -E‘(Y:) - \OX «x &
PV(H) = Rt 2s 22 = MW\'

(2, &)+ (3 24)
%___ Q_L\ = & (X- ﬂ—-)

e_c[dc‘\sd\ .

= AR - 20O

Exampl e uat1on of the line_normal to the curve \
o o e
34 x at x 1 W\ -
NOr l\/‘\\ A W*-

£ ()0: LX* + 1

P(4) = BUAL = Mignguenr =
(L 20) = C\,2) Ml T g
3= o= Moraal (X=x2)

\ 9 - %= '-—‘4 (\a—\l}
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Example: Find the slope of the lin the curve \
o— —
: —
S (x)=x

at x=4. ™ nofmmal ™

In some cases, you will be given a certain slope and be asked to find the points
where the tangent line has that slope. Find the derivative, set it equal to the given
value and solve.

Ex : ider the functionl f(x)= 3x% —6x? +§ind the points where the

tangent line is horizonta
Mg = C 7\
£'(x) = ux?-1ax = O

\ax (x*-1) =9
\2x (- (e =0

;—,? )(':O/ )(.':\/ Xo~=|
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Example: Consider the function f(x)= x% +x+2. Find the points where the

C/ normal line has slope 5
Ml = o T2 oger

N\ WOf mr\

-_y = i
S
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Derivatives of the Six Trig Functions:

" ( -t
(ese(x))'= (s

These formulas are derived using the definition of derivative and limit facts
involving trig functions (and in come cases sum and difference formulas are also
used). You can read your book to see how these formulas are derived.

Review unit circle; you will need this to answer derivative questions.

Example: For f(x)= \lgsiiié)’ﬁnd f (gj
Qﬁ (k) = 10. codlx)
(:u.) = \0. C0 (13
= \qﬁ .

. N
SO Lnde S
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_g_(\a = Con(x)

N/
h~>0 h

i
S

‘\

cox+ W) — conlx) :Q'&)

=7




Example: For f(x) =2cos(x)+4sin(x), find f'(Ej.
[ £ L J 4

?‘(&): -2, sM(x) + 4&- c,og(;c)
¥
! - T& V Lk- r ;“VZ* -
£ (‘BL\'X = "2 A& 4 Yo 2

T
=\ iz
\

_@()()-:_ b-%ecr(x) — cor(x) + A

Example: For f(x) = 6tan(x) — w -{Sﬁnd f'(x) :

4
<, ’g'(;(): 2conlx) T O/

Example: Consider the function f (x) = ZSin(x) +1 ovdr [0,275], nd the points

where the tangent line is horizontal. -

— Migs = O
W , /
0O

(x) = Acolx) —
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Exercise: Consider the function f'(x)=2cos(x) over [0,27T], find the points

where the tangent line has slope 1.

Leibniz’s d/dx Notation

The derivative of a function ) can be denoted as

dy ... N
d—y,lfylsafunctlon 1s in terms of x,

X

dy ... L
?y , if Y 1is a function is in terms of ¢,
t

dy

and so on. Here, o indicates the derivative of } with respect to x .
X
If y:xz,then Q:.
dx

Ify:tz,then d_y:‘
dt

o : dw
If w=5z> + z, then we may take the derivative of w with respect to z : a =
y4
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The double-d notation may also be used as a prefix to the function to be
differentiated:

expression ) k= the derivative of "expression" with respect to x.

J %("2*‘>:2’<

Example: i(Scos(t)):? — 5 -SM (-b’)

Q‘S cos (£) ) = -5 sl

3 dy
Example: If y=x" +x, find =

dx
R
99 - 2xE\ A_j_\ 23.2%1 =I5

x=2 '

dx dX 'X=2
dy
Exercise: If y = Jw— 2w, find ——
dw|w=1
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Higher Order Derivatives:

f(x):x4+x3+x2+2x+10 -{4‘
The first derivative of f : f ’(x) = l(/ ‘pb—"(/
The second derivative of f: f/( [ f(x ] l

The third derivative of f': f ’” [ f ”

4
The fourth derivative of f ‘ [ fw _ -E (K)
™
The fifth derivative of f: f ( )} = [ ‘Io
e x)]

In general, f () stands for the nth order derivative of /.

The functions f', ", f”',f(4),...,f(n) are called the derivatives of f of

orders 1,2,3,...,n, respectively.

Remark:
f (4) (x) stands for the fourth order derivative of f (x) , while f 4 (x) means
4
/()]
S5

To see a variant of this notation, let y=x";

!

y :5x4, y"=20x3, y"’=60x2, and so on.
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With the double-d notation, the second order derivative is:

Sy af) Rl

and the third order derivative is:

d_%;_i[d_zyJ or ﬁ[f(x)J:%{ﬁ[f(x)]:l’

dx3 dx dx2

and so on.

) £ doUle (ar‘“.MQ.
Example: f(x)=x*—x*+5x; f"(1)="
i((‘): L(‘le— LK + 9
£!' (x)= \24* -2 AN OE \Z°‘Z’Z’\E

5 &> f

Example: f(x)=x"+x; —% =7

“N tard duN % £
£' ()= 5x%
£ (x1= o
P (v 6o x*
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A QUICK REVISIT - S2.1: On differentiability: //
Ax+B,) [if x>1

Example: Given f (x) =373 find the values of A and B so that
x”+8 U x<1

this function is differentiable.

Hint: Check continuity first.

£ s ceabAoov? (ot #=))
H

20 = RRuL, = LH\T"’

%+ 8 = A-+ = 1*+8=1
9’ ) Wond AUV

® ek A = M
%71 ‘ ()(3-9‘6) )
(Axx®) ) "3_
A = 3\ 7=

> 5 +2=9

= Lf=-=‘=l
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