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Definition:
Let f(x) be a function defined on a closed interval [a,b]. We say that a number J is the definite integral of f

over [a,b] and that J is the limit of the Riemann sums z f(c,)Ax, if the following condition is satisfied:
k=1

Given any number ¢ >0 there is a corresponding number ¢ >0 such that for every partition
P ={X,,%,,..., X} of [a,b] with ||P| <& and any choice of ¢, in [x,_,, ], we have

> f(e)Ax% —
k=1

<¢&.

A Formula for the Riemann Sum with Equal-Width Subintervals

(Equation 1) '[ i (x)dx=1im>" f (a+kAx)Ax=lim >’ f (a+ kb__aj[b‘_aj
a n—>o0 4= n—w = n n

Theorem 1-Integrability of Continuous Functions
If a function f is continuous over the interval [a,b], or if f has at most finitely many jump discontinuities there,

then the definite integral I: f (x) dx exists and f is integrable over [a,b].

Theorem 2
When f and g are integrable over the interval [a,b], othe definite integral satisfies the rules listed in Table 5.6.

Table 5.6 Rules satisfied by definite integrals
1. Order of Integration: '[: f(x)dx= —I i (x)dx  {a definition}

2. Zero Width Interval: _[ Cf (x)dx=0 {a definition when f(a) exists}
3. Constant Multiple: _[: kf (x) dx = kJ.ab f(x)dx  {any constant k}

. b b b
4. Sum and Difference: j (f (x) £ g(x)) dx = j f(x) olxija g(x) dx

5. Additivity: | b f(x) dx+ b° F(x) dx = f (x) dx

6. Max-Min Inequality: If f has maximum value max f and minimum value min f on [a,b], then
(min f)(b—-a) < I: f(x) dx<(max f)(b—a).

7. Domination: If f(x)>g(x) on [a,b] then I: f(x) dsz:g(x) dx.

If f(x)>0 on [a,b] then '[b f(x)dx>0. {special case}
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Definition
If y=f(x) is nonnegative and integrable over a closed interval [a,b], then the area under the curve y = f (x)
over [a,b] is the integral of f from ato b,

A=[(x) dx.

) b b? a?

Equation 2 Xxdx=——-— ax<b

(Eq ) [ =5

(Equation 3) J' : cdx=c(b-a) C any constant
) b b® al

Equation 4 x*dx=——— a<b

(Eq ) [ 5

Definition
If f is integrable on [a,b], then its average value on [a,b], which is also called its mean, is

av(f):éj:f(x) dx

The textbook have exercises in this section where we need to evaluate the definite integral. So they list 3
formulas (Equation 2), (Equation 3), and (Equation 4) in order for us to be able to evaluate.

Instead, | believe that it is more efficient if we first cover the section 5.4 and use the Fundamental Theorem of
Calculus part 2 to solve the integration exercises given in this section.

Therefore, on my examples, the part of the exercises in this section using Equations 2-4 will be shown using the
Fundamental Theorem of Calculus part 2.




2) hin S 20t ny  [10] D Si22%

IPi=o =

45)%;;;: g(ﬁ)éﬁ [16] = S;#}L/‘E

/

6) L

WPlfo

gu'ﬁ"%ldxé (91 = g\;u‘?*-xff/z

57)‘&""' f(m&)éx_éJ (0 %] = Sf.ﬁ.,za T

WEl20 a1

— — —

o —— —

10) § ) Iu=l | S)HI s, § M6 It

2) §'2 Je) e = 2 i?/x)/b: -2(-1)=2

8) §'[P6) e d ()] d= S W)+ §, ) 2(5)4(#) =9

) § [24) =34 . = 25 ddhe3§ A= 2(5)-3( ) 101252
0) S Ple)ohe = - § "W)oo =C1) =1

f)ﬁfz’{»)o@ = §i?(x)/x- (o= C1)-(5) =<4

f} F:[JE(‘Z)' Pi/”)] J,:r:. = 55 S\:[j(") ; f{x)]/ﬁz- Zp E:j(")/m = S: f[x)ﬁ,{z}
sd (B)5 1] = ~ > ]



12)  $5 D/t =T

@) §ale)dt=-$Cpt) )t - - (7D) =7
) § )= ] 2te) Jt = (i7) =[5
) S [-40)] b= =S 8)de = pl) it =~ () =2

) S 2L gy L0 #0) oz (" ﬁ(.r)/x‘**—@r_)*}

— _p— — ——

14) S, 4)da=0, §]Al)In= ¢

—_—

a) 531(4)0}1.*,: (2 Lla)da-( Al)dn=(8)-(0)=¢
%) - MM@— {- Al - S Ao) s u(.,,)pz,. (6)= ¢

/5) 3| (Exﬁ‘)/x, M W

He)oderte a= )z 2(ses-3ske

&

| a A= (}-) (J-)-—Z f -E-:'/{I' "'-2{‘r)4'?5-"f+ﬁ-’=3
,»9:;‘1;;.) A*—{U(fsms)) '(rJ(gc) o A
/8) gmﬁ;t _g_“mg}m M f‘m*éy/m‘é

} n=¢ - Xat
I /4=Egji=‘?°?w'zl




20) | S D e gt o Zyampl
Zh =2 4= AzLag

ey A ()(a) 3] amide®

.2.2) g_:(fﬂpf!f?’)c/x M‘;MM%@%
(\ L=2 w=l 12| QW

ﬂg'sz'{’-”fj 52 £g=xd::_f“‘l~.ﬁ’—

L o

el —" A=l +A,, = (2)+(%): (zﬂjam.z;

2¢) ' ($oxde, gontrall a WJWM

b L8k =)t Aslle)¥ 4
! § e = -’gé’i = 38)(¥4) < 242 nil”

g 34 /4 0<acs W W

T

3

4
bt

'2&,) T aﬂﬂfw& X - aaxis
7 o B3 p=pr- 3. B=/(L):=34
B b 4= (8)-(a) = (£--2)
ats g —" L

S2 34044 h(n18)= L(8-0)((3a)+132) = £ (-0) (3(er )= £ (£-0)(4+2)
"5 (b1-a2) il ® e

a,) {“fjﬂ] M ; %

N
g: (3)6"‘.} J= )gj_ac." S\:gxa/_&--}- gﬂ‘/:?ajx
AL} {2+ T Lot il




i
QX)W
) [,1] Triage biomgle g,

Lelour xc-a00es drgve x-tais iadl
/ : : \a | \L &
oy Cut Vo) e = § 3wt § T = § 3w S 3§l e

;_{-;—(1){3)12+ {%(:)(a)}+{1’3{f}:§+.{-+g:%u@f

/@@Z}&ﬁggw‘% n;é:ﬁ;a y7s -
1) (ndes mdhe 2[5 ocTE [ L) [ 2]

& Z

[5]-[3)- 2+

2.5 i
§ 2= BF S (5) (L) s 4 s
0.5 v 3 > L';:X‘.f'?'#_?

——

2 2 T (e, 7 (war
) S g et ]

v BELRL Y T2 1 o o
[ a] [Zjh:zsr 2¢

_ JT)5 2sty) ;2
Sﬁ ndn : - . "% 24




S N R ST
F]-[o] =%

WE
o, 9*
S 3, w b 5)_}‘” = 0,0097-0 =0 0p

5 5

— — - =

3({) S’ ey [T*C] [ %)’ C] (o) +Cj
- [ -[o

B _g-’% o Jp - (1 {aJ . 0-—%
35) Sfx do =[5+ :" Bsc]-[SF ]
[2) g2 42
ez G- GR35




%’2) gg‘r”)»‘ﬂ?_ *"‘: *C] [—-(z)-hi] [——(a)% &

1] (o] 10

“) Jﬁﬁ(f*ﬁ)/z‘r[%l-ﬁﬁc] D _ic)-[Z imm]
-l (o] -
N OZR - gL )
=i -1 29=- o
%’)S (25-3) s [3 3}+c] [(a) -3(9+C |- [(s} s6)4c ]
<[0]-[7-9]= 0
S:(%}-B)og, == { (25-3)d) - A} 545351
- {2( L) s(en-cpfo-{ 79}l
Vé?)f 2642, [Xa3v‘f] [J’(:) o) [5tfac)-[2)-[1]= 7
gzzm/@ Mg it 2-;»*{"” _LJ? 2&%{5 .
2 {fo-pf s g =T

— S




q
Sv) Q”(;xz ve-S) [0+ 2 -5uel]” 2
= [0 )3+L"if5'{a)+¢j=[,{r)3+ (;"1-5’0%{7
[o]-[1+4-5] = 0-(2)- £
S”(ﬁux-s)d == 0 Gtons) e {38 e+ [ xde- ] Sk f
fi(m-“") (““ ¥ O 5((:)-&))}
== {3(%)+ ( )'F(IJfr-fH;}-s‘}
AUt 7 S
R Rl vt
o () L eahex = 0)eA(E) AL

—— - — T

fﬁ(?ﬁa o ?#{—i) :ml

R F I HE S
= ":_"Ei'-( n (n+r) (2:1.4--!"]) & _?’_'-ﬁ';(h (net) (anf)):ﬂ'{u (3-.‘+3n+£2)

"

zﬁ’f; 2n? +§n +‘h) __-4';,(2“3 3“ ) ?r“;’(zﬁc )

S rrde = o R i 5 Ms)an iz (54 (2)
-"a‘”’“(”’ (.h 4-"—)) ?r‘g*;(2+0+a) ?T“g'g

T adeo



SHy=2¢) [06]  Ylu)oz.,

Ax= M % o G ca+hox = (ﬂ)-ﬁ-i{a’g')

Ii{“i{,) ___)1,.( "&L“{-.t-/

. A A
B —-;*{f*ﬂ)-_f_ff“—“f;;-,@-
S6) #lx)-22 [03]  arll)=—(Mc)de

o ll): s (2 e 5[5 0)) 3 {20 [
-1 {E2)- ()} 3 ()2




53) f(x;)_- 2.3.3 (0] u

wr (7) ;,,—;j f?zx‘ -3 = ’[x‘ 3;+c)'
-—{[(1) 3(;)4{] [{a) 3{“)*{7} {[f -3])- [cJJ? {2} 2
60) Wf)rxf*—f [z /]
w{r’):{.’)r_{) g (£ f)dz",—;;[‘f} fl.tC]

14068 g 2 gl NS
%“%*-‘?*ifﬁ 442 {3 3428+ 1fs~3 f

62) Lle)=-/x/

a) [+ o]

ar ) oo 1l o= i [ e = (s Lz ]
=44 [192, ] [ﬂ-;'—u:]f L{lo)-(+]f -4 {%}-1

#) 191]

wfﬁ)-mﬁ “(x/ghe * m,}ﬂ J/fr_";-*j.,j-w’fﬂffﬂ*clf

HEE ] [#-9f- {419+
c) [+, 1] m,?w(,a’é,/wd%/ﬁ
- (4] Ef}ff}g (2l - u-{}(j f//x«rf f"fo/r) (f 19:%(7):'-;



iz

5‘;‘) g:(,’zxu’) P =5 /l)z2.s) [o2]

()=o),
-———;""':—,L— x‘&fa-ﬁ,édz:(p).;.i(_?z:):z_;‘f_

fy(ﬁ.¢)=2(-{,'f'")*f=%£+f
box Ztw)an=Z (£40)(3) £ (54 2)- y PE
=L ﬁ_@ﬂ)+_a_[ﬁ) L (nld), 5 gfaien

ADx

L

(T2 ¥ L) sz 4Lz e g1 L

| (1) e Lo, 2, Lo S Ves)ae - b 3 (£40) (2)
: ﬁi(ﬁ"‘—g}:éw:(

06) § ) = Morrnt [40]
ox= Ll s b ardon = (4)s 4(L) 1 ¢ F b Ly

/( ’“&)-(ﬂlﬂf)# (fdet) = (B dt)- (5424 0)) L gt 34

g ﬁ[x_,e_) ox =32 %,gug.;-z)(%) (L atrEs-2)

™ L3y

Z ll,!..._. Zdé s 4 & 12 ‘___(n{’hi-.'&zn-bd) ( (‘ml!))‘_ _“[h)

a2 -‘*3:14'.’) (hz‘al-h __2_:;-"+3n ‘R 4_'_3_(“*4'&. -2
.?1.5 2 i

5
?(ﬁﬁi‘f‘“) T CE )2 FHar k)b (104)



6 8) cononaes 3
g_j (x x)a}z "é”"’ ‘&”"’ f(x&)éx- . (—ﬂé 4--,{, z) )
) #*w(?—(“f*‘?)*‘?(““‘)'z)

'%[1+ﬂ+ﬂ)+i(f+a)~2'-—-§—¢i#z -?—-#-j?--%—:_%
(3) (| 2dw = lle)=2> [0
{ 4= ("f) _é_ “dJ—.éoa: :[—j};j(-:l‘- :%- i

AxrE

L=

lxe)= (2a-) = (34-) (54 £44)
:;Ij “’.T L’Li‘-‘{’%JL*%Aff:-;‘-;éi- 245y
R 22 A lss)e EE (B a7 g2e b 4og)(2) (5454 2t E)

16 & o *
=_ﬂzf-f_¢£zvgu%§1-£g;
T r =

A

:%((ﬂr_gﬂ)a)'ia ( n(nl) fZ»fI}) 12 ( in.ugp
:_{i-( "*"‘)) ( (Znuhﬁ)) ,-'z_( nlin
n¥

y 18, (n“*ln"‘%*“)ﬂg_f_ Zhi-rf'nz-kh) L1 [ n) -

n¥ - ni Ve at Z
:ﬁ(ﬂq*zn;*ll) 2¢(2n3 +3h“4-'4) 1L (htﬁ*""} -3
¢ n%
- E Lo TR > 32t =n nt x ) _
¢ (25 +n{f +:7;) @ _-+-——-; J+£ n*"ﬂt.. 2



EB itoillsned ¢

(= ,é,:.,f e & lrn)ox B (00 B0k 1-1)(2)
o (€19 20 L)-¢(aed 0 1) s t(194)-2)
= §(1+040)-¥(2+050)+4(1+0)-2= #-§+§-2=0

—_r ; - x;:g.x:"*"‘: p}
10) e -x)de = A=) [o,1]

—

—_————

Axe f—‘—"—;ﬂ:-}—{f xé:d%jéx:(a_}ﬁ;l{%):{_‘é
Jlra) 23(+9)- (14 < 24 -5 0

o A= ” TS

B X = 3( n (2+1) n (ne1)
DA FEat L) (( ))
.._E_( iy ) = 4 Fabfxt 1»2.114-;) ;( "‘42,._3“;
e T -l

a3

S: (32 ) = Lo K. Lo ~ S flaor” L (Z4-54) (4
,._‘-!aa( (“") f+-ﬂ4—-))

=‘i‘(!+ﬂ)- 7 (r+om)= -;';%: zi:‘*

E
¢ "y



X@) He x 3f+f; o (:'1{,'2{)
U
Mx-(f“”;;)-:iﬂ &“(%%)

v
0 st~ (1+2)] b 20 s 4,0 nllen 5%

U G2
S:,mcx Jx-Sg'(“fS)Jx?-ﬁ [z 2ag))
" [rs L2 1 0)- o s
Cpn de 2 (02 | DAL
s "y "%

U L

S:AE&J: o/x Z “g"

J&EM,ZW@%



