Analysis 1, Summer 2023
List 8

Definite and indefinite integrals, substitution

An indefinite integral describes all the anti-derivatives of a function. We write

/f(x)dx—F(x)—l—C,

where F'(x) is any function for which F'(z) = f(z).

191. Find/(2x5 + 3z — 9)dz.

192. Find / (2u° + 3u — 9) du.

193. Give each of the following indefinite integrals using basic derivative knowledge:

(a) / 25725 Az (c) / e? do (e) / —sin(z)dr () / cos(z) dx

(b) / idx () / 07" da (f) / sin(z)dz  (h) / 519 dt

194. If u = 622 — 5, give a formula for du (this formula will have z and dz in it) and
a formula for dz (this formula will have x and du in it).

z=b b
The notation g(m)’ or g(:t)‘ means to do the subtraction g(b) — g(a).
r=a a

r=3
195. Calculate §x3

z=1

196. Calculate (2° + Lx)

1 . x=1
197. Calculate a:

eZE

=0

b
The definite integral/ f(z)dz, spoken as “the integral from a to b of f(x) with

respect to x”, is the (signed) area of the region with = a on the left, x = b on
the right, y = 0 at the bottom, and y = f(z) at the top (but if f(z) < 0 for some
x or if b < a then it’s possible for the area to be negative).

The Fundamental Theorem of Calculus says that

z=b

b
[ @ = F@)| = F) - Fla)

where F'(z) is any function for which F'(z) = f(z).

3
198. Calculate/ 22 dzx using the FTC.
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199.

200.

201.

202.

203.

204.

205.

Write, in symbols, the integral from zero to six of 2 with respect to x, then
find the value of that definite integral.

Evaluate (meaning find of the value of) the following definite integrals using
common area formulas.

(a)/:2dx (d)/: 2| da (g)/153xdx

(b)/:—Qdac (e)/_za:dx (h)/imolx
(c)/05xdx (f)/053xdx (i)/07molx

Match the shapes (a)-(d) with the integral (I)-(IV) that is most likely to calculate
its area.

(a) A (b) (©) A (@) ﬁ
(1

/Olﬁdx (II)/ledx (IH)/lede (IV)/Olldx

1
Find/ Vzrdz.
0

Evaluate the following definite integrals using the FTC. Your answer for each
should be a number.

w [ 20 @ [ st o [ra

(b) /15335da: () /283-\/ﬂdu (j)/:sin(xQ)dx

(c) /1 IQédx (8) /0 1(ex+x6)dw (k) /0 ’ cos(z) dz
(d) /0 " on)da (h) /_ P de

1

Evaluate the following definite integrals using the FTC. Your answers will be
formulas.

(a)/a92dx (b)/15kxdx

¢
1
(c)/ —dzr  assuming ¢t > 1
LT
9
(d)/ (2P — gqr)dz  assuming p > —1
0

4 6 6
If/ fz)dx =12 and/ f(z)dx = 15, what is the value of I :/ f(z)da?
1 1 4
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206. If | f(x)dx =7 and / g(x) dx = 3, calculate each of the following or say that
0

0
there is not enough information to possibly do the calculation.

(a) / (f@) +g@)dz (0 / (f@) g@)dz (o) / (f(2)?) de

(b) / (f(z) - g(2)) dz  (d) / (5f(x)) dz

0

d t1
207. Simplify A ( / - dx) to a formula that does not include x (assume ¢t > 1).
1

d
208. Simplify — ( / sin(@ d:x) to a formula that does not include x (assume t > 3).
3

d(r” d ("
209. Simplify T (/ sin(x) da:) and T (/ sin(z?) dx) to formulas that do not
0

include z.

5

210. Given that/ln(x) dz =zln(z) —z+ C, evaluate/ In(z)dz.
1

Substitution:/f(u(x)) ' (z) dz —/f(u) du

211. (a) Re—write/m dz as/... du using the substitution v = 6x? — 5.

(b) Find / ﬁ dz. (Your final answer should not have u at all.)
x —

212. (a) Re—write/x3 sin(z?) dz as/... du using the substitution u = x%.
(b) Flnd/x sin(z*) d.

213. (a) Re—write/x sin(z*) dz as/... du using the substitution v = 2.

¥ (b) Find/x sin(z*) d.

214. Fi d/ 2t -’ 1 dz usi bstituti
. 1mn 2 using substitution.
425 — Bt — 20z + 3 &

215. Find/cot(x) dz :/ CF)S(.CE) dz using substitution.
sin(x)

4
216. Which of the following has the same value as / In{ dx ?
5 In(z

(A) /:71112@ du (B)/;ﬁ du / Inu <D)/121n2u> du




217. Find the following integrals using substitution:

(a) / (5—2)"0dz (k) / et dt

(b) /13(65132%5)3 da (1)/(111;—?)2 da

© [VEiF3d ) [y b

@/ Y sin(a?) dr o [ " in@) cos(a) da

© /4x5+ s (o) /Sin(l )2 — cos(1 — ) da

(f) /425?5:_ 5 dz (p) /(1 — %) cos(v — In(v)) dv
*(e) / 4x25+ g & @ \/1i74t2 «

(h) /w dz (r) /0“/3 (3sin(iz) + 5cos(z)) da
i\((i)/ogwll—\/idx (S)/Ceot:—z;;dx

() /:U3 cos(2z) dz (t) /15 ;2:3133 dx

16 10
218. If/ flz)dz =1, calculate/ f(z*) xda.

219. If / f(z)dz = 19, calculate each of the following or say that there is not enough

information to possibly do the calculation.

/f ) 52t da (c)/O f(a) et da (e) /1fsinx ) cos(z) da
b)/O F(@%) 2t da (d)/olﬂ—g)dx /fsm ) cos(Za) da



