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Warmup
Recall:
Calculate...
1. Ll = 1717
2 %ezln(?;) _ 111(3)61*111(3)

3 iex/xQ-&-ac _ 2241 evm2+m
Coda 2Vxl+x

Notice, every time:
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—Y‘:—\% T dentities

Reso \+i ng identhtien :

Cos (-©)= cos®
Sn(-0) ="%inB
Cos¥(B) + &8in2 O = .

O¥vuc ‘
Lsefol  dantties:

Cf)s (or®D = Cos(oe) Cos(@) ~ sinletdsin(p)
St(ecx BY = Bn(acdcos () + 8 (R osler)




The derivative of sine
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dx
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The derivative of sine
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dx h—0
~ lim sin(z) cos(h) 4+ cos(x)sin(h) — sin(x)
h—0 h
— lim sin(z)(cos(h) — 1) 4+ cos(x) sin(h)
h—0 h
cos(h) —1 . sin(h)

= sin(x) }1113% — + cos(x) }1113%] 7



The derivative of sine

sin(z + h) — sin(z)

—sinz = lim

dx h—0
. sin(x) cos(h) + cos(z)sin(h) — sin(x)
= lim
h—0 h
— lim sin(z)(cos(h) — 1) + cos(x) sin(h)
© h—0 h
. . cos(h)—1 . sin(h)
= sin(x) }1113(1) — + cos(z) }1113% .

Recall: cos(0) =1 and sin(0) =0



Graph o

f sm( )

Near z = 0, sin(z) ~ z:
ooddy
003
-0.‘09 -0.‘06 -0.‘03 0.(‘)3 0.(‘)6 0(‘)9’
00g
-00g
. sin(z
lim (z)
z—0 X
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The derivative of sine

sin(z + h) — sin(z)

—sinx = lim
dx h—0
— lim sin(z) cos(h) 4 cos(z) sin(h) — sin(z)

h—0 h
~ i sin(x)(cos(h) — 1) + cos(x) sin(h)
h—0 h
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The derivative of sine

sin(z + h) — sin(z)

—sinx = lim
dx h—0
— lim sin(z) cos(h) 4 cos(z) sin(h) — sin(z)

h—0 h
~ i sin(x)(cos(h) — 1) + cos(x) sin(h)
h—0 h
= sin(z) lim cos(h) —1 cos(z) Tim sin(h)

h—0 h h—0 h
= sin(z) * 0 4 cos(z) * 1



The derivative of sine

sin(z + h) — sin(z)

— sinx = lim
dx h—0
— lim sin(z) cos(h) 4 cos(z) sin(h) — sin(z)

h—0 h
~ i sin(x)(cos(h) — 1) + cos(x) sin(h)
h—0 h
= sin(z) lim cos(h) —1 cos(x) lim sin(h)

h—0 h h—0 h
= sin(z) * 0 4 cos(z) * 1



The derivative of cosine
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The derivative of cosine
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The derivative of cosine

4 s — lim cos(x + h) — cos(z)
dx h—0 h
. cos(z)cos(h) — sin(z)sin(h) — cos(z)
= lim
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The derivative of cosine

—cosz = lim cos(x + h) — cos(x)

dx h—0 h
~ lim cos(x) cos(h) — sin(z) sin(h) — cos(z)
h—0 h
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The derivative of cosine

cos(z + h) — cos(x)

—cosx = lim

dx h—0 h
~ lim cos(x) cos(h) — sin(z) sin(h) — cos(z)
h—0 h
— i S25@)(cos(h) — 1) — sin(z) sin(h)
h—0 h
= cos(x) lim cos(h) =1 _ sin(z) lim sin(h)
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The derivative of cosine

cos(x + h) — cos(z)

—cosx = lim

dx h—0 h
. cos(z)cos(h) — sin(z)sin(h) — cos(x)
= lim
h—0 h
~ lim cos(z)(cos(h) — 1) — sin(x) sin(h)
h—0 h
B . cos(h)—1 ) . sin(h)
= cos(x) ]lllir(l) . — sin(x) }lgr%] 7

= cos(z) x 0 — sin(z) * 1



The derivative of cosine

4 cosz = lim cos(x + ) — cos()
dx h—0 h
. cos(z)cos(h) — sin(z)sin(h) — cos(x)
= lim
h—0 h
~ lim cos(z)(cos(h) — 1) — sin(x) sin(h)
h—0 h
B . cos(h)—1 ) . sin(h)
= cos(x) }lllg(lj . — sin(x) }lgr(l) A

= cos(x) *x 0 — sin(z) * 1

= | —sin(x)



Does it make sense?

y = sin(x) :

y = cos(z) :

y = —sin(z) :




Examples
Calculate...

1. 4 sin(2z)

2. Lcos(3x + )

3. % sin(x) cos(x)

Notice: sin(x) cos(z) = % sin(2z), and Cosz(x) — sinz(x) = cos(2x).

Does your answer still make sense from this perspective?

4. % sin(cos(z? + 2))



Examples

Calculate...
1. 4 sin(2z) =| 2+ cos(2x)

2. 4L cos(3z + /)

= % cos(3z + /%) =| (3 + %:L’*%)( — sin(3z + 21/2))

3. % sin(x) cos(x) = sin(z)(—sin(x)) + cos(z )cos(x)

’ (z) — sin?(z) ‘

Notice: sin(z) cos(z) = 5 L sin(2z), and cos?(z) — sin?(z) = cos(2z).

Does your answer still make sense from this perspective?

4. % sin(cos(z? + 2)) = cos(cos(x? + 2)) * % (cos(z? +2))

= cos(cos(z? + 2)) * (—sin(z? + 2)) * % (2* +2)

= | cos(cos(x? + 2)) * (—sin(z? + 2)) * (27)




On your own, fill in the rest of the trig functions:

1. % tan(z)

2. % cot(z)

3. % sec(x)

4. % csc(x)



On your own, fill in the rest of the trig functions:
1. %tan(a:) = 4 sin(z)(cos(z))~!
2. %cot(az) = ddr cos(z)(sin(z)) ™!

3. Lsec(z) = L(cos(z))!

4. dci cse(z) = %(sin(m))*1



On your own, fill in the rest of the trig functions:

1. L tan(z) = L sin(z)(cos(z)) ! = | sec?(x)
2. & cot(x) = L cos(z)(sin(x)) L = | — csc?(x)
3. L sec(x) = L (cos(x)) ! =|sec(z) tan(z)
4. 4k eso(x) = 4 (sin(w)) ™ = | - csc(x) cot(x) |




Derivative so far

Definition: /" (z) lim w

Combining functions:

el =ex @) (@) +g) = £1@)+g @)

L (@) g@) = @) @ +o@)f (@) = (7le(a)) = [ (g())=d'(2)
Basic functions:

f@) | =* |sin(z) | cos(z) |e”

f'(@) | ax® 1 | cos(x) | —sin(z) | e”

Other functions:

flx ‘tan ) | cot( ) | Sec(x) | csc(x) | a”
f(x) | sec?(z) | —esc?(z) | sec(w) tan(z) | — csc(z) cot(x) | In(a)a

x



Example
Compute the derivatives of
(1) 617$2+ﬁ

(2) tan <617z2+\/5)

(3) csc(w) * {3”” + tan® (617902-5-\/5)}4
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Example
Compute the derivatives of

(1) el HVE = 1T+ (17 ot ﬁ)
(2) tan <e17$2+\/5)
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Example
Compute the derivatives of

(1) el HVE = 1T+ (17 ot ﬁ)
(2) tan <e17$2+\/5)

(3) csc(w) * {3w + tan® (617902-5-\/5)}4

(2) tan (61712+\/5)
d_
dx

chain: f'(g) - ¢’

e 1722 + Nz



Example
Compute the derivatives of

(1) 617:02—{-\/5 _ 61712+\/§ « <17* 2 +
2) tan (c1+7)

= sec* ( 1727 +\f> (617$2+\/§ % <17 * 21 + Q\f))
(3) csc(x) * [3“” + tan® <€17w2+\/5)}

w)

(2) tan (6171%”/5)

e 172% + /x



(3) csc(x) [3’0 + tan® (el7x2+\/5)}4

d

dx

prod: f'g+g'f
@ @

4
CSC(J:) |:3z +tan3 (61712+ﬁ)]



(3) csc(x) [3’0 + tan® (el7w2+\/5)}4




(3) csc(x) [3’0 + tan® (el7w2+\/5)}4




(3) csc(x) [3’0 + tan® (el7w2+\/5)}4

d_
dax

prod: f'g+g'f
@ @

4
CSC(w) |:3z +tan3 (61712+ﬁ)]
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tan® (e”zerﬁ)

. 12 . 12 _
— goc? (172 +ﬁ)) L elT? V3

(172w + 57 )







