CALCULUS
Graphing problems




GRAPHING CHECKLIST precalculus

A. symmetrye——1aADOr saving device

(i) even function: f(—xz) = f(x)
(i) odd function: f(—z) = —(f(x))
(iii) periodic function: f(x 4+ p) = f(x)

B. Intervals of Positivity or Negativity, and
(i) domain f‘
ii -intercepts
1) vertical, horizontal asymptotes|imits

C. Intervals of Increase or Decrease f’

D. Concavity and Points of Inflection f”

calculus

Ch.5




EXAMPLE: Use ’(che CPoeCk)”SthotSlfﬁtCh the)curve y=—> 7
over , 00), retriec Fu y-axis r< —
A. SYMMEtry ¢ cn (- axis symmetry) /

(i) even function: f(—xz) = f(x)
(i) odd function: f(—z) = —(f(x))
(iii) periodic function: f(z 4+ p) = f(x)

Ch.5




EXAMPLE: Use the checklist to sketch the curve y =

over [0, c0); reflect thru y-axis x2 — 4
A. Symmetry gven (yE—a?i)S) symmetry) ! )
B. Intervals of Positivity or Negativity, and neg(0,2)

(i) domain 2 [0,00)\{2}
i) x,y-intercepts

vertical, horizo mptotes o(% —

Ch.5




EXAMPLE: Use the checklist to sketch the curve y =

over [0, 0); reflect thru y-axis x2 — 4
A. Symmetry éven (yE—a;z(i)S) symmetry) ! )
B. Intervals of Positivity or Negativity, neg(0,2)
(i) domain 2 [0,00)\{2} pos(2, o)

(80, 0)(ii) =,y-intercepts

24 x

\ X

(z 4 2)2
0 > \
dy/de 0  neg U2  neg

Ch.5




3 2
EXAMPLE: Use the checklist to sketch the curve y = -

(over [0, 0); reflect thru y-axis) 2 _ 4
A. Symmetry even (y-axis symmetry)

B. Intervals of Positivity or Negativity, and neg(0,2)
(i) domain 2 [0,00)\{2} pos(2, o)
¢(0,0)(ii) x,y-intercepts

(iii) vertical, horizontal asymptotes e(2, —cc|co) e(oo, 3)

C. Intervals of Increase or Decrease

+10,2), 1 (2,00)

D. Concavity and Points of Inflection

dy (22 — 4)(6x) — (322)(2z) - —24x
de (22 — 4)2 (2 —=2)2(z + 2)2

d?y _ (a2 — 4)3(—24) — (—242)(2F*—4) (22))
dz2 (22 — 4)%3

(2?2 = 4)(—24) + (24z)(2(2x))  24[3z2 + 4]
- (2 — 4)3 o (2 —4)3

Ch.5




EXAMPLE: Use ’(che CPOechlistf’lcoEIér]etch the)cu rvey = — 7
over , 00), retriec Fu y-axis r< —
A.Symmetry . ., (y-axis symmetry) !

B. Intervals of Positivity or Negativity, and neg(0,2)
— (i) domain 2 [0,00)\{2} pos(2,00)
¢(0,0)(ii) x,y-intercepts

(iii) vertical, horizontal asymptotes e(2, —cc|co) e(oo, 3)

C. Intervals of Increase or Decrease

110,2), 4 (2,00)
D. Concavity and Points of Inflection

d?y  24[322+4]  24[3z2 4 4]
dz2  (22-4)3 (2 —2)3(z+2)3
d?y
dx?
_ 24[3z? 4 4]

(z2 —4)3 7
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EXAMPLE: Use ’(che CPOechlistf’lcosléﬁtch the)curve y=—> 7
over , 00), retriec Fu y-axis r< —
A.Symmetry . ., (y-axis symmetry) !

B. Intervals of Positivity or Negativity, and neg(0,2)
— (i) domain 2 [0,00)\{2} pos(2,00)
¢(0,0)(ii) x,y-intercepts

(iii) vertical, horizontal asymptotes e(2, —cc|co) e(oo, 3)

C. Intervals of Increase or Decrease

110,2), 4 (2,00)
D. Concavity and Points of Inflection

d2y/da?2 0 \ 23 \

neg neg U POS

Ch.5




EXAMPLE: Use the checklist to sketch the curve y =

(over [0, 00); reflect (over [0,00); reflect thru y-axis) x2 —4
domain 2 [0, c0)\{2} neg(0,2)
— —___domain 2 [0,00)\{2} | [0,2), | (2,00) POS(2,00)
.(OJO)J O) ne (O 2)

0(2,-20[00)  poa(2. oo) *(2, —00|oo) e(c0,3)

*(c0,3) ’ N[0,2), U(2,00)

110,2), { (2,00)
N[0,2), (2, 00)
"
B 32
v 2 — 4 9




EXAMPLE? Use the checklist to sketch the curvey = — _
(over [0, 0); reflect thru y-axis) <t — 4

domain 2 [0,00)\{2}

$10,2), | (2,00)
*(OQ neg (8, 2)
*(2, —>qe0 Pos(2,%0)

(0, 3) N[0, 2)\U(2,.c3




EXAMPLE: Use the checklist to sketch the curve y = 5 _
(over [0, 00); reflect thru y-axis) < — 4

domain O [0/%)\{2}
— 110,2), 1 (2,00)
:Egjg)oo\oc) neg(0,2)
o(c0, 3) POS(2, 00) N[0.2), U(2, o)
__________ j E _______&_________EE__________
_____________________________ MO\ N
= = 2 @
3332 : :
o x2 — 4 11
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EXAMPLE: Sketch the graph of y = -

A.Symmetry no symm Ve +3
(i) even function: f(—xz) = f(x)
(i) odd function: f(—z) = —(f(x))
(iii) periodic function: f(z 4+ p) = f(x)

Ch.5
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D12 ¢(00,00)

EXAMPLE: Sketch the graph of y =

A. Symmetry no symm Vo + 3
B. Intervals of Positivity or Negativity, and
(i) domain(— ,OO) pos(_370)7 (0,00)

(i) x,y-intercgpts ¢(0,0)
(iii) vertical, hprizontal asymptotes (-3, U/x0)
C. Intervals of Increase or\Decrease

13
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D12 ¢(00,00)
EXAMPLE: Sketch the graph of y = .
A.Symmetry no symm VT + 3
B. Intervals of Positivity or Negativity, and

(i) domain(—3,c0) os(—3,0), (0
(i) x,y-intercepts (0,0 Pos(—3,0), (0, 00)
(iii) vertical, horizonta)/asymptotes e(—3,U|oc0)

C. Intervals of Increase/or Decrease

dy _ (z+ 3)F2(42) — (222)((HRAGEF3=2)

de ( + 3)(z + 3)1/
_ (z + 3)(4z) — (z2) _ 322 + 12z
(x4 3)3/2 (z 4 3)3/2

14
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D12 ¢(00,00)
EXAMPLE: Sketch the graph of y = .
A.Symmetry no symm VT + 3
B. Intervals of Positivity or Negativity, and

1) d in(—3, oo _ 60
((l:% :c(,)yr?i?llt%&cepts )o(0,0) pos(=3,0), (0, e0)

(iii) vertical, horizontal asymptotes e(—3,U|oc0)
C. Intervals of Increase or Decrease

dy 3x°+ 12z  3z(z+ 4)

der  (z+3)3/2 (x4 3)3/2

B 32 + 12z
 (z+3)3/2

15
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D2 ¢(00,00)
EXAMPLE: Sketch the graph of y = .
A.Symmetry no symm Ve + 3

B. Intervals of Positivity or Negativity, and

1) d in(—3, oo _ 60
((III% :c?yr?i?lltneg’cepts )0(0, Pos(=3,0), (0, 00)

(iii) vertical, horizontal asymptotes e(—3,U|oc0)
C. Intervals of Increase or Decrease | (—3,0], T [0,00)
D. Concavity and Points of Inflectio

dy 3x°+ 12z  3z(z+ 4)

der  (z+3)3/2 (x4 3)3/2

POS

16
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D2 ¢(00,00)

EXAMPLE: Sketch the graph of y =

A. Symmetry no symm VT + 3
B. Intervals of Positivity or Negativity, and
(i) domain(—3,00) — pos(—3,0), (0, co)

(ii) x,y-intercepts ¢(0,0)

(iii) vertical, horizontal asymptotes e(—3,U|oc0)
C. Intervals of Increase or Decrease | (—3,0], 10, 00)
D. Concavity and Points of Inflection

dy 322 4+ 12z ~ 3z(z+4)
dr | (x43)3/2 (24 3)3/2

@ 4 =+ 3)37Q] [6x + 12] — [3:1:'2 —+ 12;1:][(3/2)(33\4_\391@]
dz? (z + 3)BR5/2

_ (24 3)(2z+4)(3) — (322 + 122)(3/2)

B (x + 3)5/2

17
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D2 ¢(00,00)

EXAMPLE: Sketch the graph of y =

A. Symmetry no symm VT + 3
B. Intervals of Positivity or Negativity, and
(i) domain(—3,00) — pos(—3,0), (0, co)

(ii) x,y-intercepts ¢(0,0)

(iii) vertical, horizontal asymptotes e(—3,U|oc0)
C. Intervals of Increase or Decrease | (—3,0], 10, 00)
D. Concavity and Points of Inflection

d?y _ (z+3)(2z +4)(3) — (322 + 122)(3/2)

dx? (x + 3)5/2
d2y
3 _ (222 4+ 10z + 12)(2)(3/2) — (322 4 122)(3/2)
o (z + 3)5/2
_ (@+3)(2z+4)(3) — (3z° + 122)(3/2)
(z 4 3)5/2

_ (22 + 8x +24)(3/2) _ 3(x? + 8z + 24)

18

s (z + 3)5/2  2(x+3)5/2




D12 ¢(00,00)

EXAMPLE: Sketch the graph of y =

A. Symmetry no symm VT + 3
B. Intervals of Positivity or Negativity, and
(i) domain(—3,00) — pos(—3,0), (0, c0)

(ii) x,y-intercepts ¢(0,0)

(iii) vertical, horizontal asymptotes e(—3,U|oc0)
C. Intervals of Increase or Decrease | (—3,0], 10, 00)
D. Concavity and Points of Inflection

discriminant: 82 — 4(1)(24)
(b2 — 4ac)

_ 3(z? + 8z + 24)

19
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D12 ¢(00,00)

EXAMPLE: Sketch the graph of y =

A. Symmetry no symm VT + 3
B. Intervals of Positivity or Negativity, and
(i) domain(—3,00) — pos(—3,0), (0, co)

(ii) x,y-intercepts ¢(0,0)

(iii) vertical, horizontal asymptotes e(—3,U|oc0)
C. Intervals of Increase or Decrease | (—3,0], 10, 00)
D. Concavity and Points of Inflection U(—3,00)

5 always positive
d 3(x2 + 82 4 24
da 2(z + 3)°/2

<

N

discriminant: 82 —4(1)(24)< 0
(b2 — 4ac)

C Wt
©
@)
n

d2y /dx? U

20
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D2 ¢(00,00)
VeE:)
domain (-3, 0o) o(0.0) 1 (=3.0], 1 [0. 00)

0 M e L,
Us \lf (_370]1 T [0,00)
J(—3, c0)

EXAMPLE: Sketch the graph of y =

21
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D12

N vr+3
domain(—3, c0) (—3,0], 1 [0,00)

EXAMPLE: Sketch the graph of y =

22
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D2

. vr+3

domain(—3, c0) ¢(0,0) 1 (=3,0], 1[0, 0)
pos(—3,0), (0,0) o(—3,U|o0) J(—=3,00)

o(00,00)

EXAMPLE: Sketch the graph of y =

B 23

Ch.5




EXAMPLE: Sketch the graph of y = xze™".
A. Symmetry no symm
(i) even function: f(—xz) = f(x)
(i) odd function: f(—z) = —(f(x))
(iii) periodic function: f(z + p) = f(x)

Ch.5

24




EXAMPLE: Sketch the graph of y= xze™".
A. Symmetry no symm

(i) domainR
(il) x,y-intercep

7

(] —0O0<—NEJg O Ppos—0

25
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EXAMPLE: Sketch the graph of y = xze™".

A. Symmetry no symm o(—00, —00)
B. Intervals of Positivity or Negativity, and neg(—o0,0)
(i) domainR pos(0, co)

(ii) x,y-interceptse(0,0)
(iii) vertical, horizontal asymptotes e(c0,0)
C. Intervals of Increase or Decrease 7 (—oo,
D. Concavity and Points of Inflectio

%
o(l,1/e)
o)

dy always positive

dy/dx pOS 0 neg

26
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EXAMPLE: Sketch the graph of y = xze™".

A. Symmetry no symm o(—00, —00)
B. Intervals of Positivity or Negativity, and neg(—occ,0)
(i) domainR pos(0, co)

(i) x,y- mterceptso(o 0) _
(iii) vertical, horizontal asymptotes e(co,0) e(1,1/e)
C. Intervals of Increase or Decrease T (—oo,1], | [1,00)

D. Concavity and Points of Inflection N(—oco, 2], U[2,00)

Ch.5




EXAMPLE: Sketch the graph of y = xze™". ,(1j>/e)

no symm  «(0,0)ymm neg(—o00,0) 4 (—oo, (799, 70)
domainlR ¢(00,0) pos(0, co) N(—o00,1€9(-00,0)
domamR( N 'p0os(0, co),

Xe(G.0) innz, 4/6 )

o(c0,0) (1, 1/6)
T (=00, 1], | [1,00)

Yy N(—o0, 2], U[2, c0)
infl(2,2/e2)
1 2 x
y = xe "

28
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EXAMPLE: Sketch the graph of y = xze™".
no symm ¢(0,0) neg(—oo,0)
domainR 0(0#,0 50s(0, 00)

Ch.5




EXAMPLE: Sketch the graph of y = SINT :
4 4 Ccoscx
A.Symmetry o, periodic, odd (over [0, 7]; reflect thru origin, repeat)
(i) even function: f(—xz) = f(x)
(i) odd function: f(—z) = —(f(x))
(iii) periodic function: f(x 4+ p) = f(x)

30
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Sin x

4+ cosx
er [0, x]; reflect thru origin, repeat)

r Negativity, and

EXAMPLE: Sketch the graph of y,=

A.Symmetry o, periodic, odd
B. Intervals of Positivity
(i) domain 2 [0, 7]
(ii) x,y-intercepts #(0,0), o(m,0O
(iii) vertical, horizontal gsymptotes no asymptotes
C. Intervals of Ingrease or \Decreas

Pos(0, )

Y= e always positive

Sinx

Ch.5




Sin
EXAMPLE: Sketch the graph of y = * :
4 4 Ccoscx

A.Symmetry o, periodic, odd (over [0, #]; reflect thru origin, repeat)
B. Intervals of Positivity or Negativity, and

(i) domain 2 [0, 7] pos(0,m
(ii) x,y-intercepts (0,0), o(m,0) ( )
(iii) vertical, horizontal asymptotes no asymptotes

C. Intervals of Increase or Decrease

Sin x
4 4+ coszx

dy | [4 4 coszx][cosx] — [sinz][— sinx]
dx [4 4 cos z]?

__4cosx+cos?z+sin?z 1+ 4cosw
B [4 4 cos z]? ~ [4 4+ cosz]?

32
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Sin
EXAMPLE: Sketch the graph of y = * :
4 4 Ccoscx

A.Symmetry o, periodic, odd (over [0, #]; reflect thru origin, repeat)
B. Intervals of Positivity or Negativity, and

(i) domain 2 [0, 7] pos(0,m
(ii) x,y-intercepts (0,0), o(m,0) ( )
(iii) vertical, horizontal asymptotes no asymptotes

C. Intervals of Increase or Decrease

dy 14+ 4cosx

dx |[4 + Ccos x]ilalways positive

dy

dx

1+ 4cosx
[4 4 cos ]2

33

Ch.5




Sin x

4+ cosx
er [0, w]; reflect thru origin, repeat)

r Negativity, and

EXAMPLE: Sketch the graph of y =

A. Symmetry 5. periodic, odd
B. Intervals of Positivity
(i) domain 2 [0, 7]
(ii) x,y-intercepts 4(0,0), o(m,0)
(iii) vertical, horizontal asymptotes no asymptotes

pos(0, )

C. Intervals of In€rease or Decrease 1[0, Of] o, 7]
D. Concavity and Points of Inflection =1.82
—1, for x :(— 5_0258
%_14‘ vl,fora::—>0 ——
de ~ [[424 cos x]ilalways positive o(c,3)
sin o | 1+ 4cosx 0 e/g
b= = 0.258 :
4 4+ Ccos o O/ | 1
dy/dx OS O neg
9%
,\/%
l14+4cosz=0,z€(0,7r] < z=arccos(— )
iy
| 34
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Sin
EXAMPLE: Sketch the graph of y = * :
4 4 Ccoscx
A.Symmetry o, periodic, odd (over [0, #]; reflect thru origin, repeat)
B. Intervals of Positivity or Negativity, and
(i) domain 2 [0, 7] pos(0,m
(ii) x,y-intercepts (0,0), o(m,0) ( )
(iii) vertical, horizontal asymptotes no asymptotes

C. Intervals of Increase or Decrease 110, 0], | o, 7]
D. Concavity and Points of Inflection %2%8%8
dy 1+ 4cosz N
dr  [4 4 cosx]? o(a,3)

d2y
dx?

|
([4 + cosz]?)( — 4sinz) — (1 + 4 cosz) (2[4 + cosz][—sinz])

[4 4+ cosz]4
|

(44 cosz)(—4sinz) — (1 4+4cosz)( —2sinx)

35
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Sin
EXAMPLE: Sketch the graph of y = * :
4 4 Ccoscx
A.Symmetry o, periodic, odd (over [0, #]; reflect thru origin, repeat)
B. Intervals of Positivity or Negativity, and
(i) domain 2 [0, 7] pos(0,m
(ii) x,y-intercepts (0,0), o(m,0) ( )
(iii) vertical, horizontal asymptotes no asymptotes

C. Intervals of Increase or Decrease 110, 0], | o, 7]
D. Concavity and Points of Inflection %2(13%8
d?y (4 +cosx)(—4sinz) — (14 4cosz)(—2sinz) —
d.sz - [4 (‘ﬂQ(L’]3 .(Oé,B)
d-y
Aw2
__ (—=16sinz —4sinzcosx) — (—2sinx — 8sinx cosx)
o [4 4+ cosz]3

—14sinx + 4sinzcosx  (2sinz)(—7 + 2cosx)
[4 4 cosz]3 B [4 + cosz]3

\JVUW/\ IIIW/ \-l- ] IVVUW/\ Ty A

36
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Sin
EXAMPLE: Sketch the graph of y = * :
4 4+ cosx
A.Symmetry o, periodic, odd (over [0, #]; reflect thru origin, repeat)
B. Intervals of Positivity or Negativity, and
(i) domain 2 [0, 7] pos(0,
(ii) x,y-intercepts (0,0), o(m,0) ( )
(iii) vertical, horizontal asymptotes no asymptotes

C. Intervals of Increase or Decrease T10,al, | [a, 7]
D. Concavity and Points of Inflection %25%@8
d2y  (2sinz)(—7 + 2cosz) () B)
_ o(c,

dx? [4 + cos $]3a|ways positive

_ (2sinz)(—7 + 2cosx)
o [4 4 cos z]3

37
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Sin
EXAMPLE: Sketch the graph of y = * :
4 4 Ccoscx

A.Symmetry o, periodic, odd (over [0, #]; reflect thru origin, repeat)
B. Intervals of Positivity or Negativity, and

(i) domain 2 [0, 7] pos(0,
(ii) x,y-intercepts (0,0), o(m,0) ( )
(iii) vertical, horizontal asymptotes no asymptotes

C. Intervals of Increase or Decrease 110, al], | [a, 7]

D. Concavity and Points of Inflectionm[om] %25%@8

d2y  (2sinaz)(CTE2cosa)’ e eoAtve N
2 [ 3 (. B)
v [ COS x] always positive
2sinx 0 0S 0
0 !

Ch.5




Sin
EXAMPLE: Sketch the graph of y = * :
4 4 Ccoscx

2m-periodic, odd (o\2w-periodic, oddi(over [0, «]; reflect thru origin, repeat)

domain O [0 ] 1[0, ], | [a, 7]

—domain 2 [0, 7] 0 7yl
¢(0,0), o(m,0) e(0,0), .a_—_(Z:L)g%S pos(0, )
pos(0, ) o(a,B) 1 [0,a], { [o, 7]

a=—1.82
N0,7]  p=0.258
%
% T e(aB)
s

39
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Sin
EXAMPLE: Sketch the graph of y = * :
4 4 Ccoscx

2n-periodic, odd (over [0, w]; reflect thru origin, repeat)

domain 2 [0, 7] 110,a],  [a, 7]
O(0,0 : 0(71',0 %z 08%8
pos(0, 7

AN
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Sin
EXAMPLE: Sketch the graph of y = * :
4 4 Ccoscx

2m-periodic, odd (over [0, «w]; reflect thru origin, repeat)

domain 2 [Oaﬂ.] T [O,Qf],.\l, [avﬂ-] m[o 7.‘-]
«(0,0), o(m,0) 9= 5538 |
pos(0, ) .(05_>6)

41
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Sin
EXAMPLE: Sketch the graph of y = -

4 4+ cosz
2m-periodic, odd (over [0, xw]; reflect thru origin, repeat)
in O

domain 2 [0, 7] 1 [O,c;],iil[cég] [0, 7]

¢(0,0), o(m,0) B=0.258
_>
Pos(om) o(a )
—1T —Q Y Q 70

42

Ch.5




Sin
EXAMPLE: Sketch the graph of y = * :
4 4 Ccoscx

2m-periodic, odd (over [0, «w]; reflect thru origin, repgat)

domain 2O [0, 7]
¢(0,0), o(m,0)
pos(0, )

N[0, «]

43
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