Lesson 7: Derivatives of Cotangent, Secant,
Cosecant, and Their Inverses

ApexMath
Notes
e Derivative of cot(u):
d d
. cot(u) = — csc?(u) - d—z
e Derivative of sec(u):
d d
. sec(u) = sec(u) tan(u) - ﬁ
e Derivative of csc(u):
d d
e csc(u) = — esc(u) cot(u) - i
e Derivative of arccot(u):
1 du
—xarccot(u) =152 4o
e Derivative of arcsec(u):
() 1 du
—arcsec(u) = ——F——e= —
dx ‘u|\/u2—1 dx
e Derivative of arccsc(u):
() 1 du
—arcesc(u) = ————F——e= - —
dx |u’\/m dx
e Pro Tip: Always identify the inner function v and apply Z—Z when using the chain

rule.

e Pro Tip: You can derive these using the definition of the derivative:
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but it takes a lot of time for trig and inverse trig functions, so it’s best to memorize
them.



Pro Tips

e Watch signs: cot, csc, arccot, arccsc have negatives.
e Remember absolute value in arcsec(u) and arcesc(u).

e Simplify radicals carefully in inverse trig derivatives.

Examples

Example 1: Differentiate f(z) = cot(4x)

Step 1 — General Formula:

du
_— — — 2 Py—
o cot(u) csc”(u) o
Step 2 — Plug in Function:
du
=4 — =4
uv=dz, —

d
. cot(4x) = — csc®(4x) - 4

Step 3 — Simplify:
—4 csc?(4r)

d
o cot(4x) = —4csc?(4x)

Example 2: Differentiate f(z) = arcsec(2x)

Step 1 — General Formula:

_ L du
B ‘u|\/u2 —1 dz

%arcsec(u)

Step 2 — Plug in Function:

du
u = 2x, pr 2
1
%arcsec@x) = NS -2
2
T 2z|vazE —1
1

T elVAz2 -1

2



Step 3 — Simplify:

1
|z[v4x? — 1

Bl 2r) =
d$arcsec( x)

Example 3: Differentiate f(r) = csc(x?)

Step 1 — General Formula:

d du
. csc(u) = — esce(u) cot(u) - .

Step 2 — Plug in Function:

du
2

29
dx o

% csc(2?) = — csc(x?) cot(2?) - 22

= —2z csc(x?) cot(x?)

Step 3 — Simplify:

. csc(x?) = —2x cse(a?) cot(2?)

Common Mistakes

Forgetting chain rule for inner function.
Missing negative signs in cot, csc, arccot, arccsc.
Forgetting absolute value for arcsec(u) and arccsc(u).

Incorrect simplification of radicals in inverse trig derivatives.

Worksheet

Differentiate the following:

1.

N

(@) = cot(5z)
(@) = sec(322)

(@) = csc(2x)

f(z) = arccot(z/3)
f(x) = arcsec(1 — 2z)
f(@) = arcesc(4z)



Answer Key

1. Step 1 — General Formula:

d d
o cot(u) = — csc?(u) - d_z
Step 2 — Plug in Function:
s, W_j
u = X _— =
T dx

d
. cot(5x) = —csc?(5x) - 5

= —5csc?(5)

Step 3 — Simplify:

% cot(5x) = —5csc?(5r)

2. Step 1 — General Formula:

d d
e sec(u) = sec(u) tan(u) - ﬁ
Step 2 — Plug in Function:
du
=322 — =6
u=327, - =6z

di sec(3z?) = sec(32?) tan(3z?) - 62
T

= 62 sec(32?) tan(32?)

Step 3 — Simplify:

d
e sec(3z?) = 6w sec(3z?) tan(3z?)

3. Step 1 — General Formula:

. cse(u) = — esce(u) cot(u) - .



Step 2 — Plug in Function:
du

— =2
dx

u =2z,

d
. cse(2x) = — ese(2z) cot(2x) - 2

= —2csc(2x) cot(2x)

Step 3 — Simplify:

d
. csc(2x) = —2cse(2x) cot(2x)

4. Step 1 — General Formula:

b(u) 1 du
—arccot(u) = ——— « —
dx 14+u?2 dx

Step 2 — Plug in Function:

T du 1
T3 a3
d T 1 1
4z et (5) T 14 (2/32 3
B 1
T 3(1422/9)
B 1
T 3+a?

Step 3 — Simplify:

5. Step 1 — General Formula:

d () 1 du
—arcsec(u) = ———— - —
dx ‘u|\/u2—1 dx
Step 2 — Plug in Function:
du
=1-2 —_— =2
U x, o

— 1—-22) =
dxarcsec( )

—2
|1 —2z|\/(1-22)2 -1



2
11— 2|1 — 4o+ 42? — 1
2

T - 2e[VA — e

Step 3 — Simplify:

d 2
—arcsec(l — 2x) = —
dx |1 —2z|/(1—22)2 -1

6. Step 1 — General Formula:
1 du

d
—aIrcCsCclu) = ——F—F——-—= " —
dx ( ) |u’\/u2—1 dx

Step 2 — Plug in Function:
du
u = 4:[/‘7 _— = 4

dx

d 4

—arcesc(4x) = —

dx (4z) |4x|+/(42)? — 1
4

T 4fzV162? — 1
|

o |z[v/162% — 1

Step 3 — Simplify:
1

d
—arcese(4r) = ———————
dz (42) |z[v/162% — 1

Thank you for learning with ApexMath!

If you found this lesson helpful, we’'d love for you to share your feedback or leave a review.
End of Lesson e ApexMath




