CALCULUS
The Fundamental Theorems of Calculus,
proofs




cf. §7.2, p. 146 THE FUNDAMENTAL THEOREM

IOU: Rigorous pf Olc:i CALCULUS, THEOREM 7.4
xZr
If f is contin. on [a,b], then —/ f@)dt =[] =z = f(2),
dx Ja for z € (a,b).
. 1 :
P E Lo = im e @)t
h—0 h
d 1 ( ) r.—r+h
— tdt:hm—[/ t)dt

/\




cf. §7.2, p. 146 THE FUNDAMENTAL THEOREM

IOU: Rigorous pf Olc:i CALCULUS, THEOREM 7.4
£r
If f is contin. on [a,b], then —/ f@)dt =[] =z = f(2),
dx Ja for x € (a,b).
pf want: tim £ (77"t d (x)
: ant: i —/ t)dt =
im | f(t) f(z
d rx 1 rz+h
@ Hdt = lim —/ £) dt
i), JOd = jimo [T
z+h
[ @
XT

§7.2




cf. §7.2, p. 146 THE FUNDAMENTAL THEOREM

IOU: Rigorous pf Olc:i CALCULUS, THEOREM 7.4
xZr
If f is contin. on [a,b], then —/ f@)dt =[] =z = f(2),
dx Ja for x € (a,b).
pf want: tim £ (77"t d (x)
: ant: lim —/ t)dt =
fim o) W = S
Y
||h >0
z+h
]l £(t) dt
ZT

§7.2




cf. §7.2, p. 146 THE FUNDAMENTAL THEOREM

IOU: Rigorous pf Olc:i CALCULUS, THEOREM 7.4
xZr
If f is contin. on [a,b], then —/ f@)dt =[] =z = f(2),
dx Ja for x € (a,b).
1 rxz+h
Pf: Want: lim —/ f)dt = f(x)
h—0 h Jx y
Y
||» >0
Choose z+h

con € (@ath) st fleap)=1F St

i

Iim c,.p, =
r<cpp<xTth hs Ot z,h =
h— 0T
A\
€

INTEGRAL MEAN VALUE THEOREM _
If fis continuous on [a,b], then there exists ¢ € (a,b) s.t.

b 1 b
§7_2 f(C) — ]ﬂ f(t) dt — E/a f(t) dt. 5




cf. §7.2, p. 146 THE FUNDAMENTAL THEOREM

IOU: Rigorous pf Olc:i CALCULUS, THEOREM 7.4
xZr
If f is contin. on [a,b], then —/ f@)dt =[] =z = f(2),
dx Ja for x € (a,b).
1 rxz+h
Pf: Want: lim —/ f)dt = f(x)
h—0 h Jx y
Y
||» >0
Choose z+h

con € (@ath) st fleap)=1F St

i

lim c h —
h—s0t

rz+h
im 5 [T f@wa = im, f(en) = (hlim cx,h) = /(z)

h—0 x —0t

INTEGRAL MEAN VALUE THEOREM _
If fis continuous on [a,b], then there exists ¢ € (a,b) s.t.

1

@ =f fwa="1 [ jwa.

§7.2




cf. §7.2, p. 146 THE FUNDAMENTAL THEOREM
IOU: Rigorous pf OF CALCULUS, THEOREM 7.4

If f is contin. on [a,b], then i/w f@)dt =[] =z = f(2),
dx Ja

for x € (a,b).
1 rxz+h
Pf: i — e
RS % ¥ S
byn € (x+ h,x)
1 h<0 B
— [ f@a = @ de = f(b)

.1 fzth ‘ B B
L @l @ = i ) = 1 (lim ba) = )

%/“+hf@)ﬁ=,£g;f@%ﬁ>=gf(nm %HJ-f@o

INTEGRAL MEAN VALUE THEOREM _
If fis continuous on [a,b], then there exists ¢ € (a,b) s.t.

3

@ =f fwa="1 [ jwa.

§7.2




cf. §7.2, p. 146 THE FUNDAMENTAL THEOREM
OF CALCULUS, THEOREM 7.4

If f is contin. on [a,b], then i/w f@)dt=[f®)] =z = f(2),
dx Ja € (a,b).

cf. 7.2, p. 145 THE FUNDAMENTAL THEORE
OF CALCULUS, THEOREM 7.3

Let f be any function, copfin. on [a,b]. IOU: Rigorous pf
Let ' be an antiderivajie of f on |[a,

T.30 = (F(b)) — (F(a)).

§7.2




cf. §7.2, p. 146 THE FUNDAMENTAL THEOREM
OF CALCULUS, THEOREM 7.4

If f is contin. on [a,b], then i/w f@)dt =[] =z = f(2),
dx Ja for x € (a,b).

cf. 7.2, p. 145 THE FUNDAMENTAL THEOREM
OF CALCULUS, THEOREM 7.3

Let f be any function, contin. on [a, b].
Let ' be an antiderivative of f on [a,b].

Then [ f@)de = [F@NEZE = (F1) — (F(a).

Pf: J

dt

MVT
corollary:

C @ e = = )

/a f(z)de = (F(t)) + C

§7.2




cf. §7.2, p. 146 THE FUNDAMENTAL THEOREM
OF CALCULUS, THEOREM 7.4

If f is contin. on [a,b], then i/w f@)dt =[] =z = f(2),
dx Ja for x € (a,b).

cf. 7.2, p. 145 THE FUNDAMENTAL THEOREM
OF CALCULUS, THEOREM 7.3

Let f be any function, contin. on [a, b].
Let ' be an antiderivative of f on [a,b].

Then [* f@)de = F@IEZL = (FG) ~ (F(a).

Pf: J

dt

tioa ijwm=@v»+c=@u»—ww»

° @ e = S Em)

0= [" J(@)do = (F(

10

57,0 —(F(a)) =C




cf. §7.2, p. 146 THE FUNDAMENTAL THEOREM
OF CALCULUS, THEOREM 7.4

If f is contin. on [a,b], then i/w f@)dt =[] =z = f(2),
dx Ja for x € (a,b).

cf. 7.2, p. 145 THE FUNDAMENTAL THEOREM
OF CALCULUS, THEOREM 7.3

Let f be any function, contin. on [a, b].
Let ' be an antiderivative of f on [a,b].

Then [* f@)de = F@IEZL = (FG) ~ (F(a).

Pf: J

dt

i b fa f(x)de = (F(t)) — (F= (F(t)) — (F(a))

° @ e = S Em)

[ 5@y de = () ~ (F ()

11

§7.2




cf. §7.2, p. 146 THE FUNDAMENTAL THEOREM
OF CALCULUS, THEOREM 7.4

If f is contin. on [a,b], then i/w f@)dt =[] =z = f(2),
dx Ja for x € (a,b).

cf. 7.2, p. 145 THE FUNDAMENTAL THEOREM
OF CALCULUS, THEOREM 7.3

Let f be any function, contin. on [a, b].
Let ' be an antiderivative of f on [a,b].

Then f(w) dz = [F(x)]%35 = (F(b)) — (F(a)).

Pf:
(x)d —[F(t)]

t:—b f(a? dz = (F(t)) — (F(

f(fﬂ) dz = (F'(b)) — (F(a))

12

QED

§7.2




