CALCULUS
Miscellaneous precalculus




EXAMPLE: Find where the function
g(z) = 1223 + 1222 — 24«
IS positive and where it is negative.

g(w) = 1223 41222 — 2432 = (—2) x (+1)
factor]ng a — 1233(582 —I— LT — 2< (_2) '+' (+1) = -1
quadratic ... — 12 > — 1 —2=_H2) x (&1)
e —1) &2 + ETD =1
g neg Q POS P
_I2

g is negative on (—o0, —2),
positive on (—2,0),
negative on (0,1)

and positive on (1,00). B




ANOTHER EXAMPLE: Find where the function
g(z) = 60z% — 603 — 12022
IS positive and where it is negative.

g(z) = 60z* — 6023 — 12022
= 6022(z2 — 2 — 2)

= 602)@: + 1)
g POS 0 neg @ neg 0 pPOS

-1 O\ 2
this is a root of multiplicity [2

g is positive on (—o0,—1),
negative on (—1,0),
negative on (0,2)

and positive on (2,00).




ANOTHER EXAMPLE: Find where the function
g(z) = —20z% 4+ 6023 — 80«
IS positive and where it is negative.

g is negative on (—oo, —1),
positive on (—1,0),

negative on (0, 2)
and negative on (2,00). B




ANOTHER EXAMPLE: Find where the function

x(x — 2)/3(:1: + 1)
(z — 3)[x
IS positive and yt IS negative.

“Undefined”

g(x) =

g pos U pos O neg O POS (I)3nengJ POS

-3 —1 O 2 3

g is positive on (—o0, —3),
positive on (=3, —1),
negative on (—1,0),
positive on (0, 2),
negative on (2, 3)

and positive on (3,00). B

Spp Next: The binomial theorem . ..




The Binomial Theorem, or. ..
how to expand

(x+ )0 (z+ ) @+ )2 (@ +y)3,...




(3;_|_y)ogy#o 1 20 =1 terms
(33 1 y)]': T —|— Y 21 — 2 terms
(a: L y)2: 33(33 1 y) duplication . .
+ y(z +y) ST ATy
— zxr +xy + yxr 4+ yy 22 — 4 terms
(x+y)°= z (zz +zy +yz + yy)
+ y(zz +2y +yx 4+ yy)
. rxx+xrxy4+rxyr+xyy
uplications 23 — 8 terms
+ YT+ YTy +Yyyxr+yyy
(z 4 y)* = r( rrxrtrry+ryr+ryy
+ YT +YrY+yYyYTr+yYyy )  duplications
4 __
4 y( rrr4xry -+ ryr +ryy 2" = 16 terms
= + yrr4yry+yyr+yyy )=etc.| '




(z

Lots of duplications. . .e.q.

—+ y)5: TLLLL

+ yyxrxx -

T Yyyxrr -

TTY -

TLYTY
TYTLY
TYYyry
YLLLY
yryry
yyrry
yyyry

TITTYL
TILYYL
TYTYL
LYYYyx
YTLTYL
Yyryyx
yyryx
yyyyx

TTTYY

LTYYY
LYTYy
TYYYY
Yyrryy
Yyryyy
Yyyryy
YYyyy

Start over, avoiding duplications. ..

25 — 32 terms




(.GU L y)Oiﬂ#o 1 — 1

(x + y)l— r + Y = lr 4+ 1y

(z +y)°= 224 2zy+¢y2 = 12242zy + 142
(z + )3 123+ 322y + 3xy’+1y°
(z4+y)°=(@+y) (z+y)?

(z 4+ y)( 1z°42zy+1y?)
z (122 4+2zy+1y?)

+ v (1z?42zy+1y°)
123 4+ 222y +1xy?

+ 1$2y —|—23:y2 1y3

123 +32°%y + 3zy°+1y° °




(z+y)°="" 1 = 1
(x + y)l— r + Y = lx 4+ 1y
(z + y)z_ ;U2—|—2:L'y—|—y2 — 1332—|—2:L'y -+ 1y2
(z+y)3 123 4322y + 3zy°+1y°
(z + y)3 — 123 2:132y —|—1a’;y2
+ 1:132y —|—2:13y2 1y3
— 1,:133—|—3a:2y + 3:cy2——1y3
— 13 —|—%a:2y -|-1*.:r;y2
+1 3Ty T3TY 1Y
— 123 432%y + 3zy’+1y3 H




(z 4+ )O:c_ﬂ;éo 1 _ 1

(z + y)i= r + Y = lx + 1y

(2 +y)?= a°+2ay+y? = 1x2+2wy + 1y°
(z 4 y)°= v> 4322y + 3a?y2+1y
(z+ )* /]

AAA
- {3 //

3

Wi N
N
|_l

11




(z+ y)°= 1 — 1
(z+y= = +y = 1z + 1y
(x +y)%= 224 2zy+42 = 122427y + 142
(z + )3 123+ 322y + 3xy’+1y°
(z+y)*
1 2 1
1 2 1
1 3 3 1
1 3 3 1
1 3 3
1 4 6 4
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(CL' L y)O:r:w#o 1 1

(z +y)i= lz + 1y lz + 1y

(x + y)2: 122 4+ 2zyla? +Rxy + 1y2

(x + y)3: 1g3 —|—3:U23_;la—|——|3:r:y2y —+ Ely32—|—1y3

(z + y)*= lz* +4a3y +622y% + 4oy + %y4
1

Wl—= N
wiNn +—

\

1
\1
1

ME
T W
=

@)
»Los+—
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(z +y)P=""" 1

(z+y)'= lz + 1y

(z+ y)°= 122 4+ 22y +  1y°

(z+ y)°>= 1234322y + 3ay? + 14°

(z + = e +4e3y+ 62y + dryd + 1y?

Start with four xs.
Change an x to a y.

Continue. . .
until. ..
four ys.
1 3 3 1
1 3 3 1
1 4 6 4 1
Easier: 1. + 3. + 3. + 1
N N\ y
1 4 6 4 1




(.GC L y)0£-l-y#0 1

(z +y)1= lx + 1y

(z+ y)°= 122 4+ 22y +  1y°

(z+ y)°>= 1234322y + 3ay? + 14°
(x+y)t= 1zt 4423y +62%y° + 49> 4+ 19°

1
N
1 2 1
NY O/
1 3 3 1

. \41’ N3/ N3/ 1
NSNS N _
1 4 6 4 1
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B y)0£+y750 1

-y) = le + 1y

-y) 7= 122 + 2zy + 1y°
—y)3: 13:'3—|—3:132y + 3:13y2 + 1y3

- )= 1zt 4423y +62%y° + 4xyS + 1yt

- y)°=12"45z" y—|—105133y2—|—10332y3—|—533y +1y°




(33' L y)0£+y750 1

(z+y)'= tr——1y
(z + y)°= e =—2zy + 1y°
(z+ y) = tri+32°y + 3zy® + 1y°

(z + y)*= 1zt 4423y +62°y° + 4zy> + 1y?
(z + y) =Tz +52%y+1 O:C3y2—|—1 0223452y +1y°

Next: Rationalizing
numerators and

N%) /QD denominators . ..
Vo4 \

\@<®\/\/
E__;/ /\/\/118




Rationalize numerator and denominator

1
Problem: Rationalize the denominator in ——.
V2
irrational
irrational
1 1 2 2
Solution: —= |— £ :£ []
V2 V2! V2 2
rational
. . . .4
Problem: Rationalize the denominator in —.
V7
| 4 4 1 [V7]  4V7
Solution;: == |—4%=| |—=| =—— R
VT VT IVT 7
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Rationalize numerator and denominator

3
Problem: Rationalize the numerator In £

e

V7

75| =

Solution: — =

7=l A=

7-V3
5

¢ +8) =a® b

Problem: Rationalize the numerator in
fa—Db)(
7—v3 [T-V3
V5

Solution:

p— p— 20




Rationalize numerator and denominator

5
Problem: Rationalize the denomenator in —.

Nz

VT

> - [2] (-2

Solution: — =
X

Nz

7 —+\Vh
Problem: Rationalize the numerator in \/_.

Solution

7T—-vVh _ {7—\/5} [7—-\/5}
" h h 7+ Vh
49 — h

Spp B h(7 + Vh)




Rationalize numerator and denominator

v9+h -3
; .

Problem: Rationalize the numerator in

Solution:

VO9+h-3 {\/m—:s} [\/9T—-3}
h

h VOt h+3
1

(8 +h)—8

 E(WV9Fh+23)

h#0 1 .
vVI9+ h—+3
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