— —Comits—

Difference Law

Constant Multiple Law

I.iT ((:/'(.\') ) =c hml(\)

Quotient Law

=(f)- B

Ilin:(f(.\')) =(I‘i|1? j(\))

Power Law

Suppose that cis a constant and the limits lim f (x) and lim f(x)exist. Then
Sum Law Iim(f(x) + g (1)) = Iimf(.\') + lim g(x‘)

I‘illl ({(\) g (\)) = Ilil'wj_/'(.\‘) |)Il:l g (\)

[il:\(f(.\‘) .g (r) ): lin}/’(_r) . |m| g(.\-)

if Ilmq( )ae()

Calculating Tll_f)l}l f(il?)

— Ul ey

i , Derivative
—————i>~ A. Direct substitution
Try to evaluate the function directly.
d
—n=0
dx
{ 1 d
. a X=1
—b —
fla) =3 f(a) b f(a)
where b is not zero where b is a real number
C. Limit found D. Indeterminate form —x" = nx"
(probably) example
example example: : PR
<2 (a2 _ ¢ im - —e"' =g"
an:ls a (3) 9 r4-1732 -2 -3 dx

J—, d. 1
—Inx =—
dx X

Integral (Antiderivative)

Joa=C
I1dx:x+C
= dx:%m
Ie‘dx:e'+c

j%dx:lmuc

ROoELaw l"l‘ J -’.(“—) - \f l.i'ﬂv"('v) »where n is a positive integer Try rewriting the limit in an equivalent form. —n"=n"Inx In' dx = %7. +C
Constant Law  lime=¢ 17 J l d
E. Factoring F. Conjugates G. Trig identities asﬂnx =CosXx ICOSX dx =sinx+C
Direct Substitution Law  lim f(\) = [( ) example: example: example:
” - ) ) T -2 . sin(x)
L’Hospital’s Rule L I 2 Sn(2z) %005" =~-sinx [sinx dx=-cosx+C
If lim 2\22 f( ) (x) i lhcn, can be reduced to can be rewritten as can be rewritten as d
eg(x) ° gln) e oy = & iy —e) - 2 tanx = sec’ x [sec? x dx = tanx +C
f(x) Sf'(x) r==1T — x4 \[T +2 =0 2 cos(x) dx
lim = lim ' ais a number, % or by factoring using conjugates using a
e g(x) meg (X dn(;(..;m;: ~»’q and canc i trig identity. %wlx =-csc’x Icsc2 x dx=-cotx+C
x+2
ing [IM ———— ‘
Find (7075
-2 X" +3\+7 — . Try g the limit in its new form. isecx:secxtanx ItanXSeCX dx=secx+C
(step 1) | Plug in to eval the limit, if possibl dx
li x+2 (‘:)*‘ 2 _ 0 H. Approximation =] d
o 3x 12 (<2) +3(-2)+2 0 (indeterminate) When all else fais, graphs and tables 5 Sex= ~cscxcotx J'co(xcscx dx =-cscx +C
& +3(— can help approximate limits.
(step 2) | Apply L'Hospital's rule and reevaluate the limit Differentiation Rules iarcsmx = — ; I . dx = arcsinx +C
d dx Vi1-x? V1-x?
x+2 d
fim —<x ] = lim Constant Rule $[€]=0 d 1
w2 d x=22x +3 —ArCCOS X = — —me I— e (X = AICCOS X + C
.[\ +3.\‘+2] dx J1-x2 -2
“ Power Rul &
ower Rule —Xx"=m"
lim ! L=|£] * %amnx:1:x’ 1+ x2
~22x+3 2(-2)+3 -l F
— - carewpr| Product Rule | —o[/(x)g()]=/" g+ /()'®)| 9 yoopry -1 -
critical point: f(c)=0 or DNE 1+ X 1+ x
incridecr: Quotient Rule d f(.\’) g(\)f'(\) f()g'(x) d J_ 1 " &
1) find crit pts of f &| g(x) —arcsecx = =arcsecx +
2) make sign chart for f g [g(\)] = xx -1 xVx* -1
3) plug in values to determine if incr or decr ) d § §
Chain Rule — 7] = e 9 arcesex=-—mme  [-—me dk = arcoscx+C
find abs max/min of f on [a,b] * o xVx? -1 xVx? -1
1) evaluate f @ x = a,b (endpoints) . . Chain Rule Variants
2) find crit pts on [a,b] (set der=0) & evaluate f @ crit pts | NVON\N l NN The chain rule applied to some specific functi
3) compare values (largest=abs max; smallest=abs min \\\Q.O“'U;:‘O_(S\g i([f(X)T):n[f(X)]l f(x) 5. %(cos[f(f)]) =—f"(x)sin[ f (x)]
concavity: - 3 ; ()= (e 6. 4 (tan[ £ (x)])= 7' ()see’ [ £(3)]
1 1'00 2) QWG NoULE RO NG cexr rn
h - — 7. OO NOove
2) sign chart for ~ _;' O Noave %(ln[f(x ]) f((X)) 7. %(scc[[(x)])=['(x)scc[[(.r)]tan[/(x)]
i X
3) Fest fo'r concavity ] ] u) 9“’% um\)e ANORO  LOOSKCOUN d d : £'(x)
4) inflection pt = where concavity switches X0 &\nd dimensiong 4. I(sm [f(x)]) - f'(x)cos[f(x)] 8. Z(m [/(x)]) = m
[ 2T U- QLOSSY. WHR AT0) SNOTXCORS"
\ ‘-& L‘L‘\“ S o= \_.Q WSS“'“ xC Find the linearization of the function f(x) = ¥x at @ = — and use it to approximate the number
2 3 - Lot Al 1L P a = ~8 for x and a) =%
I x u dx Substitute u ™ e o fand f@)= Vx
Hi t*\ dx = un\& W)\~ e orderedpar ) :z‘/j) =2
2.3 1 ; - . N '
X U ——du Substitute du . 7 Take the derative 1o 3
3Ix° find the slope of the f(x =Vx=x"
\b =g tangent line :—‘y= l =23 = =37
1 3 . o -‘-l'*)d* - (b) F LQ) 3. Plug in the ordered pair dy 1
_f §u du Cancel the x* NTSYISERTS &:x:‘;:ep 1_ alnd solve for Ix  3(-0) )
£0: FIOY -7 \efx o "= 3CTE S5
1 , Y0 \ekx = o = oy
?J. ’du Factor out the 1/3 > - e v
4 Lineanzation 1$
o " b 2(b ) found by substituting the 1
u Substitution : The substitution u = g (x)will convert I i Sf(g(x)g'( J. u) du using ml:“;;ﬂ i y=(-2)= 7( -(-9)
du =g'(x)dx. For indefinite integrals drop the limits of integration yz= TZ(X +6)
2_, =t x—2
Ex. I 5x* cos(x*)dx I 5x* cos(x*)dx = I 3cos(u)du Ak
;I 2 2 y S. Find the Linear y 1 m %
=y — 2 2 =1 . . . Approximation of th = -3
HeX D MRIh S Fireid =%sm(u)|, = (sin(8)-sin(1) s [
x=1 > u=PF=1 2x=2=>u=2=8 the equation of the y=ﬁ( )—-=
tangent line 3
y =—2.008
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The Limit Equation for Riemann’s Sum

n—w k=1

Index — of

summation

tim Y (Ax)[ £ ()]
1 for right sums.
Tiess
T ('\QS(\*

T onid oot

R, = flxpax + f(xg)ax +---

M, = f(X1)ax + f(Xa)Ax + -

REVIEW

A‘_:b—a

n
xg =a+(Ax)k

Upper limit of summation:
It tells us to end with k= n.

i
lim Zul =ay+ay+az+---+ay

Lower limit of summation:
It tells us to start with k= 1.

It is more traditional to use k = 0 for left or midpoint sums, and k =

n-1

Ly= flxp)ax + flxp)ax+--+ f(xyq)ax = Zf(\.‘ JAX,
=0

n
+ flx,)ax = Z flx;)ax.
=1

n
+ f(Xu)ox = Z Fi)ax,
i=1

Ex. We’re enclosing a rectangular field with
500 ft of fence material and one side of the
field is a building. Determine dimensions that
will maximize the enclosed area.

Building

b 4

X

Maximize 4= xy subject to constraint of
x+2y=500. Solve constraint for x and plug
into area.

optimization

1) draw diagram & introduce variables
2) write down conditions on the
variables

3) determine the quantity
maximized/minimized

4) write down an equation for the
quantity to max/min & reduce # of
variables

5) use der to find max/min value

to be

A=y(500-2y)

=500y -2y*
Differentiate and find critical point(s).
A'=500-4y = y=125
By 2™ deriv. test this is a rel. max. and so is
the answer we’re after. Finally, find x.
x=500-2(125)=250
The dimensions are then 250 x 125.

x=500-2y =

a\0pe: (T ~g\=twm‘ =

- 5C}“= - - -
¢ ST (M y)

Ooo\n+t
\0Ce
eo\OYr-S\oQe

ks-\s\-'-ml\/\—)(\\
W= ER(R=TIW) =Y

W= = 2%+ T

RULES FOR TRANSFORMATIONS OF FUNCTIONS

If f(x) is the original function, @ >0 and ¢ > 0:

Applications of Integrals

ACEA:

Net Area: j f(x)dx represents the net area between f(x) and the 2

Area Between Curves : The general formulas for the two main cases for each are,
y=£(x) = A= liowe tmcion] ~(ower icion]le & 2= f(y) = A= (s ] (et imia]dy

x-axis with area above x-axis positive and area below x-axis negative.

If the curves intersect then the area of each portion must be found individually. Here are some
sketches of a couple possible situations and formulas for a couple of possible cases.

y  y=f(x) y y'<(X)

y=g(x)
f

|
¢ \/bx

A= [ f(x)-g(x)de+ [ g(x)- £ (x)dx

y
>

|

y=g(x) | 8

A=["(x)-g(x)dx

a=["f(y)-g(y)ay

Example: find the total area
between the curve y = x3  and
the x.axis between x=.2 and
x=2.

fo

If we simply integrated x3 hetween -2 and 2, we would get:

472
[ﬂ - 4.4-0
2

So instead, we have to split the graph up and do two separate integrals.
2 a2
J Sdx = [f} “16/4 -0 =4
0

0
470
3 %
X dx = I:—J =0-16/4=4 (soareaisd).
11,

2

We then add these two up to get: 8 units?

Function Transformation of the graph of f(x)
. — ; . = \ = L€ (B,
f (\) +c Shift f(x) upward c units /&)‘Wb O n. L &(?LQ:\:\X f -‘l:?l\ E i?z: ““ L 7‘3
f(x)=c Shift f(x) downward c units eSX\MNOXe VN YoV e Oo% fT £1>.2) £02) 1)
f(x+c) Shift () to the left  units <00 = %‘4_""1 n= 23.4-3= 0.2
2D = gLy LD LD+ (D) 0223
f(x=c) Shift f(x) to the right ¢ units ‘-(.*\= 4[0\ oA} lOk\ l\l-QB s 2.NN=2
-f(x) Reflect £ (x) in the x-axis £ * 2 (D) (-2 -2
£(0= M2 £M(N)= =X
f(-x) Reflect f(x) in the y-axis =[-X

a-f(x), a>1

Stretch f(x) vertically by a factor of a.

=]

a-f(x), 0<a<l

Shrink f(x) vertically by a factor of a.

f(ax), a>1

Shrink £ (x) horizontally by a factor of 1.

f(ax), 0<a<l

Stretch f(x) horizontally by a factor of {;




