CALCULUS
Even more graphing problems




EXAMPLE: Sketch the graph of y = In(9 — z2).

(over [0, c0); reflect thru y-axis)
A. Symmetry even (y-axis symmetry)

(i) even function: f(—z) = f(x)
(i) odd function: f(—xz) = —(f(x))
(iii) periodic function: f(x 4+ p) = f(x)
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EXAMPLE: Sketch the graph of .= In(9 —x?). [n9~2.197

(over [0,00); reflectthru y-axis) V8 ~ 2.828
A. Symmetry even (y-axis symmétry)

B. Intervals of Positivity’or Negativity, and pos[0, v/3)

1) domain D [0,3
((ii% :c,y-intercepo,ln9 ¢(1/8,0) neg(v8, 3]

(iii) vertical, horizantal asymptotes «(37. 3
C. Intervals of Increase or Decrease

y=1In( - %) IN(9 — z9). =\Q

day/ x
A\
9—= 0—
8=9—-1==x
0
Y Inl9 DO/S
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EXAMPLE: Sketch the graph of y =In(9 —x?). [n9~2197

(over [0, c0); reflect thru y-axis) V8 ~ 2.828
A. Symmetry even (y-axis symmetry)

B. In(tir:j/als of E%S;t)ivity or Negativity, and 00s[0, v/8)
1) domain
(ii) x,y-intercepts (0, In ) e(1/8,0) neg(vs, 3]
(iii) vertical, horizontal/asymptotes (37, —x)
C. Intervals of Increase /or Decrease ;} [0.3)
D. Concavity and Points of Inflecti

y=1In(9—2?)on 0</4 <3

dy = —2x < neg/on 0 < x, 0at =0
dr 9 — x2< T <3

0 3
dy/dx J nég u U




EXAMPLE: Sketch the graph of y =In(9 —x?). [n9~2197

(over [0,0); reflect thru y-axis) V8 ~ 2.828
A. Symmetry even (y-axis symmetry)

B. Intervals of Positivity or Negativity, and pos[0, v/3)

) domain D [0, 3)
((II% x,y-intercepts «(0,In 9) e(1/3,0) neg(v/8, 3]

(iii) vertical, horizontal asymptotes (3, —c0)

C. Intervals of Increase or Decrease | [0,3)
D. Concavity and Points of Inflection

y=In(9—2?)on0<z<3

dy  —2x

dr =~ 9 — x2
d?y (9 —22)(=2) — (—2z)(—22)  (—18+ 222) — 427
dz2 (9 — x2)2 B (9 — x2)2
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EXAMPLE: Sketch the graph of y =In(9 —x?). [n9~2197

(over [0,0); reflect thru y-axis) V8 ~ 2.828
A. Symmetry even (y-axis symmetry)

B. In(tir:j/als of E%S;t)ivity or Negativity, and 00s[0, v/8)
| omain
(ii) x,y-intercepts (0, In 9) e(1/8,0) neg(v8, 3]
(iii) vertical, horizontal asymptotes (37, —x)
C. Intervals of Increase or Decrease | [0,3)
D. Concavity and Points of Inflection

y=In(9—2?)on0<z<3

dy  —2x

de ~ 9 — g2
2y (184229427 -18C 22218 + 222) — 422
dr2 (9 — 22)2 T (9-22)2  (9-—22)2
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EXAMPLE: Sketch the graph of y =In(9 —x?). [n9~2197

(over [0,0); reflect thru y-axis) V8 ~ 2.828
A. Symmetry even (y-axis symmetry)

B. Intervals of Positivity or Negativity, and 00s[0, v/8)
(i) domain 2 [0, 3) ’
(ii) x,y-intercepts (0, In 9) e(1/8,0) neg(v8, 3]
(iii) vertical, horizontal asymptotes (37, —x)
C. Intervals of Increase or Decrease | [0,3)
D. Concavity and Points of Inflection N[0, 3)

y=In(9—2?)on0<z<3

dy  —2x

de 9 — 22

d?y (=18 +22°) — 4x? 18 — 292 +——J€g

de2 o oson 0<z <3

CTw
-




EXAMPLE: Sketch the graph of y =In(9 —x?). [n9~2.197
(over [0,0); refleci(over [0, ); reflect thrri [O:?J:)S) V8 ~ 2.828

domain 2 [0, 3) In9 N0,3) |} pos[o, V8)
! ’ - i
B 0(0,|r19)-)_> ¢(1/8,0) neg(v'8, 3]
0(3_,—c§og)
+10,3) i

O(O,|n9_)> e(1/8,0) m[0’3)

it

o(37,—00)
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EXAMPLE: Sketch the graph of y = In(9 —z?). [n9~2.197
(over [0,00); reflect thru y-axis) / [0, 3) V8 ~ 2.828

N[0, 3)

domain 2 [0,3) In9

¢(0,In9) o(/8, O)\

.(3_7 _OO)

Ch.5




EXAMPLE: Sketch the graph of y = In(9 — z2).

(over [0,00); reflect thru y-axis)

In 9

y=|n(9—a;'2)

Ch.5
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EXAMPLE: Sketch the graph of y = [sin(2nwz)] 4 [cos(nz)].
A. Symmetry 2-periodic (over [0,2]; then repeat)
(i) even function: f(—xz) = f(x)
(i) odd function: f(—z) = —(f(x))
(iii) periodic function: f(x + p) = f(z)

sin(x) is 2m-periodic in x.
sin(2wx) is 1-periodic in x.

cos(x)As 2m-periodic in x.
cos{mx) is 2-periodic in x.

sin(2wx) is 2-periodic in x.

[sin(27x)] + [cos(mx)] is 2-periodic in x.

11
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EXAMPLE: Sketch the graph of y = [sin(2nwz)] 4 [cos(nz)].
A. Symmetry 2-periodic (over [0,2); then repeat)

B. Intervals of Positivity egativity, and
(i) domain
(il) x,y-intercepts
(iii) vertical, hori

asymptotes

y = [sin(27x)] + [cos(mx)]

0<x<2] and [[sin(2rz)] + [cos(rz)] :10]

2[sin(zz)][cos(zz)] = sin(@zz) = — cos(wz)
DOUBLE ANGLE b — T

2[sin(®)][cos(d)] = sin(2¢)—DOUBLE ANGLE FORMULA

Y=
chs|  sin(é+ ) = [sin(#)][cos(¥)] + [sin(¢)][cos(¢)]

12




EXAMPLE: Sketch the graph of y = [sin(2nwz)] 4 [cos(nz)].
A. Symmetry 2-periodic (over [0,2]; then repeat)

B. Intervals of Positivity or Negativity, and
(i) domain
(il) x,y-intercepts
(iii) vertical, horizontal asymptotes

y = [sin(27x)] + [cos(7x)]

0<z<2] and [[sin(27mx)] 4+ [cos(mz)] = O]
2[sin(rz)][costre)]l'= sin(2nz) = |- cos(nz)
2[sin(mwz)][cos(mz)] +
2[sin(rz)] + Y|[lcos(rz)] = O
[(2[sin(mx)] + 1= 0) or (cos(wz) = 0)]
[(sin(mz) ="—1/2) or (cos(mx) =0)] and [0<x< 2]

Ch.5




y = cos(x) y = sin(x)

[(sin(rx) = —1/2) or (cos(mz) =0)] and [0<z<?2]

[((sin(mz) = —1/2) or (cos(mx) =0)] and [0<x< 2]

Ch.5




Ch.5

DIVIDE BY =«
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y = cos(mx) y = sin(mx)

Ch.5

[(sin(rx) = —1/2) or (cos(wx) = 0)]

16




y = cos(mx) y = sin(mx)

y = [sin(27z)] + [cos(mz)]

0 1
2-periodic 2
0

y 1

6
W
8 08 1 17
- @)

POS
neg
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EXAMPLE: Sketch the graph of y = [sin(2nwz)] 4 [cos(nz)].
A. Symmetry 2-periodic (over [0,2]; then repeat) pos[O ’2)
B. Intervals of POS|t|V|ty or Negatlwty, and “99(2»6)

(i) domainD[0, 2] *(5,0), ¢(§,0), (3,0), (5. 0)
e(0,1)(ii) x,y- intercepts no dsymptptes ¥

(iii) vertical, horizontal asymptotes

tervals of Increase or D

y =/[sin(27x

Ch.5




EXAMPLE: Sketch the graph of y = [sin(2nwz)] 4 [cos(nz)].

A. Symmetry 2-periodic (over [0,2]; then repeat) pos[0 ,2),
B. Intervals of POS|t|V|ty or/ Negativity, and neg(i, 1)
7 3 11 9 2’6 '

(|) domalnD[O 2] .(270) (630); .(jao)r .(?30)
«(0,1) (i) z,y-intercepts ng asymptotes pos(§,3),
(iii) vertical, horizontal asymptotes neg(3, 11),
C. Intervals of Increase oI Decrease pos(, 2]

y = [sin(27x)] + [cos(mx)]
W = 2r[cos(2mx)] — n[sin(mx)]

0 = 2x[cos(27x)] — x[sin(wx)]

Solve: 2[cos(27x)] =+ sin(mx)
(0<x<2)

19
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= 2[cos(27x)] NO CHANGE TO BLUE GRAPH
OUBLE Yy = cos(mc) y = sin(mx)
= y/

R TR R R LY

Solve: 2[cos(2nx)] = sin(mx)
(0<x<2)

20
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y = 2[cos(27mx)] y = sin(wx)
: y = Sln(’JTCB)

Sc;Ive 2[cos(271)] = sm(mc)
(0<z2<2)

21
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y = 2[cos(2nz)]

y = sin(rwx)

_2|

cos(2m0) = [cos2(70)] — [sin?(70)]=

/cos(Qwe)] = s:,i‘rw:,:az | |
2[1 — 202l = o
_ =1 — 202

cos?(nh) =1 — a2

Ch.5




y = 2[cos(2nx)] y = sin(wx)

2x

= .
2[cos(270)] = sin(nwd) =: « —-1+4+ /33

2[1 - 202] =« =
0=4024+a—2

23

e oa@ea| {—um}
= - 8

(2)(4)
Ch.5 \




y = 2[cos(2nx)] y = sin(wx)

2x

2[cos(270)] = sin(rd) =: a 1433

Sin(w0) = « o= 3
70 = Sin~ ()

. Sin~1(x)

O = 24

Ch.5 T




y = sin(rwx)

e

Ch.5

Sc;lve: 2[cos(2mx)] = S:in(Tr:E) | | 1 _|_.\/§
o =
_ 8
_ —14++33 Q_Sin_l(oz)
8 _— m
0 — SinT(«) -
7T




y = 2[cos(2nx)] y = sin(wx)

2u

: —2
Solve: 2[cos(27x)] = sin(7wx)

Sin—1(am)

=—1@\/§
8

D

CHANGE TO — 2

Ch.5




y = 2[cos(2nx)] y = sin(wx)

2u

: —2
Solve: 2[cos(27x)] = sin(7wx)

—1—+ in—1(a_
a- = 33« _0.843 o =N (e) 5319
T

Ch.5




y = 2[cos(27mx)]

y = sin(rwx)
ot .

---------------------------------------------------------------------------------------

.

: _2| :
Solve: 2[cos(27x)] = sin(7wx)
Solutions with 0 <x <2: 604,7,7,7
_ —1++/33 Sin~1(ay)
— 5 L= -

A

28
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y = 2[cos(2nx)] y = sin(wx)

_2|

: 51‘_9_'_

Solve: 2[cos(27x)] = sin(mx)
Solutions with 0 <x <2: 604,7,7,7
—1+4++/33 Sin~1(ay)
a4+ — 3 Qj: p— .

29
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y = 2[cos(2nx)] y = sin(wx)

T I

: _2| :
Solve: 2[cos(27x)] = sin(7x)
Solutions with 0 <z <2: 64,1-04,,1-0_,240_
—1+4++/33 Sin~1(ay)
— = Q:I: — -

A

30
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y = 2[cos(2nx)] y = sin(wx)

: _2| :
Solve: 2[cos(27x)] = sin(7wx)
Solutions with 0 <z <2: 0,,1—-60,4,1—-0_,2+40_

% — 2r[cos(2rx)] — w[sin ()]

JIA 1-6, 1-6_2+6_ 2

2 Ol 31
dy /dx 0 0 0O @ 0 o

sod

pbau
sod

Ch.5




EXAMPLE: Sketch the graph of y = [sin(2nwz)] 4 [cos(nz)].

A. Symmetry 2-periodic (over [0,2]; then repeat) pos[O,%),
B. Intervals of POS|t|V|ty or Negatlwty, and neg(%, 1)
2’6 '

(i) domain>|0, 2] ¢(5,0), o(£,0), o(3,0), o(1},0) E
«(0,1) (i) z,y-intercepts no asymptotes pos(&,3),

(iii) vertical, horizontal asymptotes, , , N neg(3, 11)

C. Intervals of Increase or Decrease, 04,1 — 6], pos(, 2]
qp= 2EVIS o, S ”1(0‘ﬂ§0+,19]
8 = T t1-6_,2+06_],112+0-,2]

D. Concavity and Points of Inflection

%W — 2r[cgs(2nma)] - wlsin(my)]

0/6, | 1-6, ) 1-6\24061 2
dy/d 80 @ 0 © 0 @ 0 98*®=
Ch.5 y/:c wn (@] wn (@] wn




EXAMPLE: Sketch the graph of y = [sin(2nwz)] 4 [cos(nz)].

A. Symmetry 2-periodic (over [0,2]; then repeat) pos[0 ,2)
B. Intervals of P05|t|V|ty or Negatlwty, and ”99(2’6)
(i) domain>|0, 2] ¢(5,0), o(£,0), o(3,0), o(1},0)

«(0,1) (i) z,y-intercepts no asymptotes pos(£,3),

(iii) vertical, horizontal asymptotes 110,64] neg(3, 11)

C. Intervals of Increase olr Decrease¢ 04,1 — 6,41, pos(L, 2]
e —1++v3 Qi:SIH (Oéj:) T[l—g_}-,l—@—];

8 T J[1—-0_,2406_1,1[24+060-,2]

D. Concavity and Points of Inflection
0 = 4[sin(2nx)] + [cos(mx)]
0 = —4rx2[sin(27x)] — 72[cos(mz)] DIVIDE BY —7~?
4 — _4x2[sin(2r2)] — w2[cos(n)]
%W = 2r[cos(2mz)] — x[sin(mz)]

9

33
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EXAMPLE: Sketch the graph of y = [sin(2nwz)] 4 [cos(nz)].
A. Symmetry 2-periodic (over [0,2]; then repeat) pos[O,%),
B. Intervals of POS|t|V|ty or Negativity, and neg(é,g),
(i) domainD[0, 2] *(5,0), ¢(§\0). (3,0), (5. 0)
«(0,1) (i) z,y-intercepts no asymptotes pos(&,3),
(iii) vertical, horizontal asym totes, g 4 ) neg(3, 11),

C. Intervals of Increase or Decrease, 04,1 — 6], pos(, 2]
—14++33 Sin~t(as) Np1-6,,1-06.],

a4 — Q:I::

8 T WN1-0_,2406_1,T[24+060-,2]
D. Concavity and Points of Inflection

0 = 4[sin(2nx)] + [cos(mx)]

0= 4/2(S|n(7rx))(cos(m:))] + [cos(mx)]
= 8[sin(wx)][cos(mx)] + |cos(mz)]
= [8(sin(7x)) + 1] [cos(mz)]

0 =[8(sin(wz)) + 1] or 0 = |cos(mz)

34

chs| [—g=sin(wz) or 0 =cos(wrz)| and [0 <z < 2]




y = sin(mwx)
2+o0

=~
Q
|
N
|
T
|
N

r=1—g Ol’a::2—|-aora::%ora;:%

1

35
Ch.5 [_g — Sin(’iT.fC) or 0= COS(’]T.GC)] and [O S T S 2]




y = cos(mx) y = sin(mx)

Chos [—% = sin(wx) or 0 =cos(wx)] and [0 <z < 2]




EXAMPLE: Sketch the graph of y = [sin(2nwz)] 4 [cos(nz)].

A. Symmetry 2-periodic (over [0,2]; then repeat) pos[O,%),
B. Intervals of POS|t|V|ty or Negatlwty, and neg(é,g),
(i) domainD[0, 2] *(5,0), ¢(§,0), ¢(3,0), (5 0) 7 3
«(0,1) (i) z,y-intercepts no asymptotes pos(g;5),
(iii) vertical, horizontal asymptotes £10,04] neg(3, 11)
C. Intervals of Increase or Decrease¢ 0,1 ’_9+ pos(i, 2]
o — —1:|Z‘\/ Qi_SH'] 1(04:]:) T[l_9+31_9_],
8 T J[1—-0_,2406_1,1[24+060-,2]
D. Concawty and Points of Inflection ﬂ[O,Q], Uk, 1
o =21[Sin"1(-})
e TR
gm—g — —4x2[sin(27z)] — 7w2[cos(rz
0
d?y /dz?

[—& =sin(rz) or 0= cos(nz)] and [0< < 2]

Ch.5




EXAMPLE: Sketch the graph of y = [sin(2nwz)] + [cos(7x)].

2-periodic (over [0, 2-periodicr(over domalnD[O 2]a+\ 17 1‘
«(0,1) o(3,0), o(Z,0), .(2,0) o(l ) [S'”w(m )]
pOS[O"Z) I’]E,Q,‘,Qmaln[D[O 2%’(2)0) .(630) .(270) .(] :|:= (Q{j:)
A0.3) Ub 1~ o], AL = 0.3, UG 240l MR4+0.2  negl -,

_ _ —0_ 2460_,2
T[039+]3\1'[9+71 9+]7T[1 9-|-3 —0_ ] *L[l 0 ’|.2_|—_|_79 ]H+[J —lIJ_Ub\’672]

in—1
9 _ SinT*(a4) t L= 64,1 6],

T J[1=-6_,24+06_],1T[24+0-,2]
| n[o, 3], U[3,1 —a],
o =21[sin"1(-d)] AL —o,3], UB,2+ 0], N2+ 0,2]

38
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EXAMPLE: Sketch the graph of y = [sin(2nwz)] + [cos(7x)].
2-periodic (over [0,2]; then repeat) domainDJ[0, 2] 1

¢(0,1) (3,0), o(£,0), o(3,0), o(1L,0) [
posl, ). nef(3: 5). PRe(Z N1eg GND) pos(i. 2], _ Sin~ ()

) O
1 1
rj[ A 771 U]: M 1 %]l §3 L O n
Q,V 6_,2]

]a +J _—|—]7

39
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EXAMPLE: Sketch the graph of y = [sin(2nwz)] 4 [cos(nz)].
2-periodic (over [0, 2]; then repeat)

74

40
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EXAMPLE: Sketch the graph of y = [sin(2nwz)] 4 [cos(nz)].
2-periodic (over [0,2]; then repgat)

.41
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3
EXAMPLE: Sketch the graph of y = —21

12 4 4x ——4'\
(x4 2)?
Suggestion: z :— x — 2 (translates graph 2 units to the right)
1 1
Graph y = zT 1, i.e., graph y = —+ —,
x2 T X

then translate graph back 2 units to the left.
Or translate vertical axis 2 units to the right.

Ch.5




3
EXAMPLE: Sketch the graph of y = T

12 4 4x ——4'\
(x4 2)?
Suggestion: z :— x — 2 (translates graph 2 units to the right)
1 1
Graph y = zT 1, i.e., graph y = —+ —,
x2 T X

then translate graph back 2 units to the left.
Or translate vertical axis 2 units to the right.

Ch.5 2




3
EXAMPLE: Sketch the graph of y = —21

12 + 4z ——4'\
~(z+42)2
Suggestion: z :— x — 2 (translates graph 2 units to the right)
1 1
Graph y = zT 1, i.e., graph y = —+ —,
x2 T X

then translate graph back 2 units to the left.
Or translate vertical axis 2 units to the right.

Ch.5 o




