Today

@ Rhythmic processes
@ Derivatives of trig functions

@ Derivatives of inverse trig functions



Which is the graph of
v = 2 + 1.5 sin(3x-1/2)?

RN

()ﬂﬂ ()""‘"




Which is the graph of
= 2 + 1.5 sin(3x-1/2)?

I

y=2+1.5 sin(3(x-m/6))
so this is like sin(3x) shifted
right by m/6.
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Annual variation in daylight per
day in Vancouver (Jan 1 --> t=0)

o (A)

@ (B)

a (C)

o (D)

B - 19 e <%(t — 172))

Ei 12 i, (%(t ks 172))
L (1) 000 4 (%(t + 80)>
LEF= 1 A, (3267;(75 ¥ 80)>



Annual variation in daylight per
day in Vancouver (Jan 1 --> t=0)

27
o L(t) = 12 + 4 cos <%(t — 172)>
@ (B) L(t) =12+ 4sin (32—7T(t — 172)>
o (C) L(t) =12+ 4sin (

, 2T
(D) L(t) =12 —4sin %(t — 80)>

Note: t=172 is June 21; t=80 is March 21.






Pulsatile release of GnRH

(al)

Which is NOT a ‘iﬁ';[ L]

reasonable model? 100 150 200 250

Time (min)

: 2T &
(A) G(t) = 1400 sin (1—10(75 — 25))

; 2T 5
(B) G(t) = 1400 sin (1—10(15 — 25)>

|

: Vg e
(C) G(t) = 1400 (5 Sin (%(t + 14)) s 5)

1 2T 15
(D) G(t) = 1400 (2 COS <55t> i 2)



Length of flagpole shadow
as a function of time

(A) sqrt(cos(2*pi/24%*(+-13)))

| Which one is
(B) sqrt(sec(2*pi/24*(t-13))) e
(C) sqrt(cos(2*pi/12*(+-13))) model?

(D) sqrt(sec(2*pi/12*(t-13)))




Derivative of f(x)=sin(x)
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Derivative of f(x)=sin(x)

@ f'(x) = lim h0 ( f(x+h) - f(x) )/ h
= lim h-so ( sin(x+h) - sin(x) ) /h

= lim hoso ( sin(x)cos(h)+cos(x)sin(h) -sin(x) ) /h



Derivative of f(x)=sin(x)

@ f'(x) = lim o ( f(x+h) - f(x) )/ h
= lim nhoso ( sin(x+h) - sin(x) ) /h
= lim hoso ( sin(x)cos(h)+cos(x)sin(h) -sin(x) ) /h

= lim nhos0 ( sin(x) (cos(h)-1)/h + cos(x)sin(h) /h)



Derivative of f(x)=sin(x)

@ f'(x) = lim hs0 ( f(x+h) - f(x) )/ h
= lim h-0 ( sin(x+h) - sin(x) ) /h
= lim h-s0 ( sin(x)cos(h)+cos(x)sin(h) -sin(x) ) /h
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Derivative of f(x)=sin(x)

@ f'(x) = lim hs0 ( f(x+h) - f(x) )/ h
= lim h-0 ( sin(x+h) - sin(x) ) /h
= lim h-s0 ( sin(x)cos(h)+cos(x)sin(h) -sin(x) ) /h
= lim nhos0 ( sin(x) (cos(h)-1)/h + cos(x)sin(h) /h)
= sin(x) lim o (cos(h)-1)/h S avhat

h=0.0001 gives...
+ cos(X) lim nh-so sin(h) /h



Derivative of f(x)=sin(x)

@ f'(x) = lim hs0 ( f(x+h) - f(x) )/ h
= lim h-0 ( sin(x+h) - sin(x) ) /h
= lim h-s0 ( sin(x)cos(h)+cos(x)sin(h) -sin(x) ) /h
= lim nhos0 ( sin(x) (cos(h)-1)/h + cos(x)sin(h) /h)
= sin(x) lim w0 (cos(h)-1)/h
+ cos(x) lim h-so sin(h) /h

= sin(x) + cos(x) X 1 = cos(x).



Derivative of f(x)=sin(x)

@ f'(x) = lim hs0 ( f(x+h) - f(x) )/ h
= lim h-0 ( sin(x+h) - sin(x) ) /h
= lim h-s0 ( sin(x)cos(h)+cos(x)sin(h) -sin(x) ) /h
= lim nhos0 ( sin(x) (cos(h)-1)/h + cos(x)sin(h) /h)
= sin(x) lim n.0 (cos(h)-1)/h
+ cos(x) lim h-so sin(h) /h

= sin(x) + cos(x) X 1 = cos(x).

Note: this last step requires a bunch of work fo show.
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More details on that last step

(not shown in class)
8 f'(x) = sin(x) lim no (cos(h)-1)/h

+ cos(x) lim n-so sin(h) /h



More details on that last step

(not shown in class)
@ f'(x) = sin(x) lim -0 (cos(h)-1)/h
+ cos(x) lim n-so sin(h) /h

First, we simplify lim n_0 (cos(h)-1)/h



More details on that last step

(not shown in class)
@ f'(x) = sin(x) lim h-s0 (cos(h)-1)/h

+ cos(x) lim n-so sin(h) /h
First, we simplify lim n_,0 (cos(h)-1)/h
= lim h-s0 (cos?(h)-1)/(cos(h)+1)h)



More details on that last step
(not shown in class)

@ f'(x) = sin(x) lim h-s0 (cos(h)-1)/h
+ cos(x) lim n-so sin(h) /h

First, we simplify lim n_,0 (cos(h)-1)/h

= lim h-s0 (cos?(h)-1)/(cos(h)+1)h)

= lim n-s0 (-sin?(h))/(cos(h)+1)h)



More details on that last step
(not shown in class)

@ f'(x) = sin(x) lim h-s0 (cos(h)-1)/h
+ cos(x) lim n-so sin(h) /h

First, we simplify lim n_,0 (cos(h)-1)/h

= lim h-s0 (cos?(h)-1)/(cos(h)+1)h)

= lim n-s0 (-sin?(h))/(cos(h)+1)h)

= lim h-s0 -sin(h)/(cos(h)+1) x sin(h)/h



More details on that last step
(not shown in class)

@ f'(x) = sin(x) lim h-s0 (cos(h)-1)/h
+ cos(x) lim n-so sin(h) /h

First, we simplify lim n_,0 (cos(h)-1)/h

= lim h-s0 (cos?(h)-1)/(cos(h)+1)h)

= lim n-s0 (-sin?(h))/(cos(h)+1)h)

= lim h-s0 -sin(h)/(cos(h)+1) x sin(h)/h

= lim n-s0 =Sin(h)/(cos(h)+1) x lim h-so Sin(h)/h



More details on that last step

(not shown in class)
@ f'(x) = sin(x) lim h-s0 (cos(h)-1)/h
+ cos(x) lim n-so sin(h) /h
First, we simplify lim n_,0 (cos(h)-1)/h
= lim h-s0 (cos?(h)-1)/(cos(h)+1)h)
= lim n-s0 (-sin?(h))/(cos(h)+1)h)
= lim h-s0 -sin(h)/(cos(h)+1) x sin(h)/h
= lim n-s0 =Sin(h)/(cos(h)+1) x lim h-so Sin(h)/h

= 0 X 1



Why is lim n_so sin(h)/h = 12

unit circle

(cos(h),sin(h))

(not shown in class)
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Why is lim n_so sin(h)/h = 12

unit circle

Area=sin(h)/2

e
£ 9N
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Why is lim n_so sin(h)/h = 12

unit circle

Area=sin(h)/2

e

Area=h/2

o\

(not shown in class)



Why is lim nso sin(h)/h = 1?

unit circle

Area=sin(h)/2

e

Area=h/2

o\

Area=tan(h)/2

(not shown in class)



Why is lim nso sin(h)/h = 1?

sin(h)/2 < h/2 < tan(h)/2

(not shown in class)
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Why is lim nso sin(h)/h = 1?

sin(h)/2 < h/2 < tan(h)/2
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sin(h)/sin(h) < h/sin(h) < tan(h)/sin(h)
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Why is lim nso sin(h)/h = 1?

sin(h)/2 < h/2 < tan(h)/2
sin(h) < h < tan(h)
sin(h)/sin(h) < h/sin(h) < tan(h)/sin(h)
1 < h/sin(h) < 1/cos(h)
cos(h) < sin(h)/h < 1

TClke limh->0:



Why is lim nso sin(h)/h = 1?

sin(h)/2 < h/2 < tan(h)/2
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Why is lim nso sin(h)/h = 1?

sin(h)/2 < h/2 < tan(h)/2
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Why is lim nso sin(h)/h = 1?

sin(h)/2 < h/2 < tan(h)/2
sin(h) < h < tan(h)
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Why is lim nso sin(h)/h = 1?

sin(h)/2 < h/2 < tan(h)/2
sin(h) < h < tan(h)
sin(h)/sin(h) < h/sin(h) < tan(h)/sin(h)
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Derivative of g(x)=cos(x).
Rewrite cos(x) as...

(A) g(x) = cos(x) = sin(x-1/2)
(B) g(x) = cos(x) = sin(x+1/2)
(C) g(x) = cos(x) = sin(x+1)
(D) g(x) = cos(x) = sin(x-1r)

(E) g(x) = cos(x) = sin(x+3m/2)



Derivative of g(x)=cos(x).
Rewrite cos(x) as...

(A) g(x) = cos(x) = sin(x-1/2)

(C) g(x) = cos(x) = sin(x+)
(D) g(x) = cos(x) = sin(x-1r)

(E) g(x) = cos(x) = sin(x+3m/2)



Derivative of g(x)=sin(x+m/2)

(A) g'(x) = cos(x+1/2) = sin(x)

(B) g'(x) = cos(x+m/2) = -sin(x)

(C) g'(x) = cos(x+m/2) = sin(x-11/2)
(D) g'(x) = cos(x+m/2) = sin(x+m/2)

(E) g'(x) = cos(x+m/2) = sin(x-31/2)



Derivative of g(x)=sin(x+m/2)

(A) g'(x) = cos(x+1/2) = sin(x)

(C) g'(x) = cos(x+m/2) = sin(x-11/2)
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(E) g'(x) = cos(x+m/2) = sin(x-31/2)



Other trig functions

The derivative of cot(x) is
(A) csc(x)cot(x)

(B) -csc(x)cot(x)

(C) csc¥(x)

(D) -csc(x)

(E) sec?(x)



Other trig functions

The derivative of cot(x) is
(A) csc(x)cot(x)

(B) -csc(x)cot(x) Rewrite

cot(x) = cos(x)/sin(x)
and use quotient
rule.

(C) csci(x)

(E) sec?(x)



