MATH 132 Worksheet 1 Integration Review, Substitution, By Parts
1. Basic: no tricks
(a) [22°dx (c) /3x_6 dx
(d) [(2e* +3x)dx

(b) /id:p (e) /(x3/2 + 222 — 427V%) dx

2. Basic: algebraic insight

(a) /\}Edm (c) /7(37 + 1)z dx (e) /(Qm +1)*dx
o) | ;jdx @ | de (£) m\/?dx
3. Basic: substitution
(a) Zx (;;F + (0) / (xszlx)?dx (e) / 262 iy
(b) / 322(2% + 2)7 dx (d) / VT + 7 de (f) / xfj_ldx
4. More complicated
(a) /xm dx (d) /‘i}/_j dx (f) /le—HdI
(b) /xm dx (g) /gcf—xi—ldx
(c) /tanx dx (e) /x%l—ldx
5. Integration by parts
(a) /365‘3 dx (d) /3:13269” dx (g) /a:sin(x) dx
(b) /3.%‘63:2 dx (e) /xﬂdw (h) /xsin(a;2)dx

(c) /Sxex dx (f) /xﬂda@ (i) /acln(x) dx



MATH 132 Worksheet 2

1. Tntegration - Trig Integrals
(a) / sin(z) de
(b) [ cos(a) sin(z) dr
(c) / sin?(z) do
(@) [ sin’(z)da
(e) / sin(z) cos(z) do
(t) [ sin'(x)da

2. Integration - Trig Sub

(a) Identify what the trig sub should be:

1
T
' /\/9—|—x2 “
1 — 42)5/2
ii./(x)dac

8

1
111. / m dx

3. Integration - Mixed
(a) /:E2 sin(z?) dz

r+4
b / d
(b) 2244 .

(c) /1jw62x dx (h) /tan

(d) /(3: +1)2Vz dz

(e) /1562 dx (3) /x(

() /sinQ(x) cos®(z) dx

1+ In(z))

Trig Integrals, Trig Sub

(b) Antidifferentiate using trig sub:

1
T
/\/9+x2
. /(25—x2)1/2d:v

1
iii. / .2 dx

_ 1
iv. /(4 BT dz




MATH 132 Worksheet 3 Integration: Partial Fractions

1. Set up the partial fraction decomposition (but do not solve!)

3 2x
(a) 2 —4 @) (2% — 4)(z* +4)
2 r—3
(b) (22 —4) (22 -9) (€) (22 =3z + 2)(z — 2)?
1 5
© (2 — 4)(x — 4)? ®) wt(2z? = 1)2(a? + 1)3

2. Find the partial fraction decomposition (i.e. set them up and solve them!)

2 —4 (b) (x —1)(x+1)(x +3) () (@ + 1)(z —1)?

(a)

3. Integrate! (Use the results from above)

3 —2x+4
(a) /x2—4d“' (c) /(xQ—l—l)(x—l)Q da

22 +4r+1
(b) /(x— D+ )@ +s) ™

4. Integrate!

(a) /x219 d (£) /(332 ;if(;—f 1)2 do (k) /\/252—74x2 d

(b) /sin3(x) dx (g) /m dx 1) /e2€:_|_9 dr

(c) /\/93—7 dx (h) /ljx_?)l dx (m) /sin3(q:) cos*(z) dx
(d) /W dx (i) /x(m21—|—1)2 dz (n) /cos(2x) sin’(27) dx

(e) /0032(50) dx (J) /\/jﬁ dx (0) /331:@m dx



MATH 132 Worksheet 4

1. I’Hopital’s Rule

(a) Basic Problems

i. lim

ii.

ii. lim

111.

(b) One Basic Trick

- 82
1. 11m ————— :
z—0 COS(ZE) -1 1v.
s In(x)
11. 1m V.
6336
. lim — vi.
T—00

(c) More tricky - Advanced

L’Hopital’s Rule and Improper Integrals

lim % sin(x)
=0 1 — cos(x)

lim /zIn(x)

z—0t

) 1 1
lim | — - —
20 (Sm(x) x)

lim (1 4 2)'/®

z—0t

xh_)rglo(a; — Va2 +12)
lim (1 + 2)
T—00 €

2. Improper Integrals: Evaluate the following integral. Note: some of these may diverge -

justify

1
(c) /oo e © /0 2%/ "
3/2
1z o
(d)/  de
4 X
0o 1
i —d
(1)/0 224+ 3z +2 v



MATH 132

Worksheet 5

1. Determine whether the following integrals converge or diverge.

o [ iy
(e) /300 ! dx

(8) /500(];_14)3/2d$
(h) [Ox?)x_ldg;

. o0 x
(1)[1 ac3—|—ldaj

2+ 1

oo 1
(f) /5 (:E+4)3/2 dx

(b) /;;de (c) /04ida:
@ i (1+3) 0 Jim 57
(d) 1im+\/§1n(x) e

2
(¢) Tim — 0
a0 cos(x) — 1

4. Evaluate the following integral. Note: some of these may diverge - justify

(o) | e

(b) / sin®(z) cos? (z) d
© [ g e
(@) [ tan' (@) sec(x) da
(e) /Oooxe_m dz

(f) /0 T e do

(g) / 2V16 — 22 dz
1) [Vi6—?da

z+1
—d
(a) /m2+x+1 v

2x
(x) /xQ +1 du

() [(e+1)*VE da

Q) / r+1 d

22 +1

() / 216 — 7 dz

1
(k) / (2z +3)? + 16 d

s 1
) | s
(1) 7 902—3:6—46[31j

(m) /(:Jc3/2 + 2t/ — \;15) dr (u) /xsinz(x) dx

(t) / zsin(x) dx

1
(v) /m () ©

(w) /COSB<x) sin®(z) dx

(n) /(Qx—l— 12 do
(0) /\/T—Wdaj

sin(z)

(v) /cos4(x) da

(x) / cos? () sin?(«) d

Integration and Limits Review

(h) lim (2z2—v4z? + Tz +12)



MATH 132 Worksheet 6 Sequences And Series Introduction

1. Write out the first 5 terms of the sequence (beginning with n = 1). Do you think it will
converge? To what?

(2) an = {1} () a, = {3"} (e) z = ni . en:( 2>n

14+ =
wos{()) @as(- 0=

2. Do the following sequences converge? Find the limit of each convergent sequence.

(a) by = {(i)”} (d) e, = (1 + i)n (&) by — 2n

n+1
In(n 2n? —n+3
(0) a, = 2 (©) b = {MML} () g = {(~1)"}
() Tn = (ln(”2n+ by (®) a, = "H D @) m=(1+1)

3. Let S, = Z ay. For each of the following, find aq, as, az, as and Sy, Ss, S3, S4.

k=1

Wa=(3) O a=; @m=z  @wn=(3)

4. Do the following series converge? Find the sum of each convergent series.

@ 2 (5) O (-x) w00

LpO) 0% (Gw) wEe
@ >7(5) (t) Y3y 6) e



MATH 132 Worksheet 7 nth-term, Integral, Direct Comparison, Limit Comparison Tests

1. Evaluate the following integrals and sketch the graphs of the functions/areas:

(a) /:Oe‘xda: (b) /1°°xl2dx (c) /1°°;dx

2. Add rectangles (above or below the curve as appropriate) to the sketches above that
represent the sum of each series. Use this to determine the convergence of each series.

) ie" (b) inl? Zﬁ

3. Use the nth-term test to show that the following series diverge.

n

- © 3

n

{0

4. Determine the convergence/divergence of the following using the integral test.

Mg

@ Y <>n

b 3 -

—n?+1

15)”
4

H
7N

3

Il
i

8
3
||M8

(&) i 7121/3 (c) i n27—l|— 1 (¢) i nlr}(n)
) > @ 3 O

n=1

5. Determine the convergence/divergence of the following using direct comparison test.

241 (c) nz::ln2/3—1/2 (¢) zzl n2_1/2

)Y W 0> =

n=1

> i @ 3 0 3%

7. Determine the convergence/divergence of the following. If it converges, FIND ITS SUM!
(a) gzln () 2; (¢) EM
(b) nil n(nl—l—l) (d) ni n2+§n+2 (1) 3372



MATH 132 Worksheet 8 Choose your own series test

Determine convergence/divergence of each series. Justify your answers!

1. 2(4) 12. 22.

= 3n+8 —ndi4n—1

0, 3o ) g $ =+ 5V yy S

nt —n’546 5+n

n=1 n=1
> 2n
35— © [ -
nc+1 14. n;l ] 24. nz::lne
x 2
4.3 — _
= 2
i Ve 50y (2o 5.y T2
o0 N o \Wn Vit =P+ Tn—1
S
- n o - .
" 16. 3 1 N P
n=1 (47L - 3)<4n + 1) n=2 VN*° — 1

17, 3 (V)" 27 in(+4)

o0 e 1
g S 2 -n+3 18-2_:16_2" 28‘7;@“/5
Sl +dn+1 -
0 1 > vV3n
s 1" 19. 29. — =
9. Zm nz:::,)nln(n) nzz:l (1+/n)d
n=1 n
I e’} 1 30 [e’e] n3/2
n 20. _ . o —
10. 2—21(_1) ;n2—4n+5 nz::l’c'm?—l
> 51’ +n? —5n 0 0 n
11. 21. | 31. _—
nz::l nls — 7pl2 18 nz::l n(n) r;‘/ng‘f‘?’



MATH 132 Worksheet 9 Series Tests: ratio (RaT), root (RoT), and others

1. Determine the convergence/divergence of the following series (mostly RaT):

W X5 03 oo 03 %
(b) :lfé!n (8) ;ﬁl(l—i)n 0 > 1-3-5...(2n—1)
0Es o g o

@ S ne 0y m >

=10 = nin(n) =94 Tn
> /1 1 < (Inn\" oo
(®) nz::l (n B n2> (k) nz::l (lnn2> (t) Z 6—|—l4 6
00 3I\" ) n =1
© 2 (-3) 0 2 W SN
> (n+1)(n+2) s 1 am (L V)
(d);::l n! (m);l+\/ﬁ ()in2+6n
= nlln(n) 00 1\2 = nT+2
(e) Zl n(n + 2)! (m) > (1 + n> e N »
= i~ CBIEL
(f) 2;2 n;r_51 (0) z_:lln(n) “— 5n2 —1
- S X 3 n+1—+n
® 3 oy wE e, PRV
00 4 o_o1 n > 1
0 3 s @ 3 v ¥ X o
N e nb" e 3 o0 1 1
RPN ] O 2 %)

3. Determine the convergence/divergence of the following series (challenging):

(a) 5_’; nq(ln) (b) o_ol lnTgL) (c) i

n=1

—

tr) @y )




MATH 132

Worksheet 10

(mostly) Alternating Series

A. Do the following series converge absolutely, converge conditionally, or diverge?

s 1

1. -1 n+1
nz::l( ) n?>+7
s 1

2. —
2V

3. i(—l)"

n=1

4.§¥—U“1

n+1 > (n)
I 5 Z n+1
n?2+Tn—1 =

n+2 > In(n)
6 n+1
n+Tn—1 Z n

B. Do the following series converge absolutely, converge conditionally, or diverge?

np13 1
54n

(1)

n

_1 n+1

Mg 108

3
Il
—

n

S e S
R

Mo i
|

n=1
> 1
Elgiiﬁﬁ

10.

11.

12.

13.

14.

15.

16.

17.

4

Z n+1
nb + 3
> 1
_1 n+1
ng; ) nln(n)
i Inn \"
“= \Inn?

1 1

)



MATH 132 Worksheet 11 Power Series

1. Find the values of x for which the following series converge. Specify the radius of conver-
gence and the interval of convergence. Justify your answers!

@ Yo I OPoEs
] © 3 =Y )

w>§ww‘ b St

[M]8

(c)

(= 1" g (PR

3
Il
—_
3
Il
—
—~
wW
3
~—

(d) i 32 (z 4+ 5)" = (k) i n*(z —1)"

n=1 n=1

2. Recall that

1 o
° => a"for —l1<z<1
1_']: n=0
° 1 :inx”_lfor—1<m<1
(1—xz)? =

Using these (and doing algebra and/or calculus), give a power series for each of the
following. Make sure to indicate the interval of convergence (don’t worry about the
endpoints).

1

1—22

(e) L (Hint: take a derivative of something to get this one.)
—x

(f) —In|l — z| (Hint: take an integral of something to get this one.)



MATH 132 Worksheet 12 Taylor Polynomials and Taylor’s Theorem

1. Let f(x) =sin(z), n =5, ¢ =7/2, and a = 7.

(a) What is f(a)?

(b) Find the Taylor polynomial of degree n (for the value of n given above) centered at
x = c for f(x), call it p,(z).

(c) Estimate f(a) by computing p,(a).
(d) What is the error in your estimation? (Hint: just do a simple subtraction.)

)
)

e) Use Taylor’s Theorem to compute the bound on the error of p,(a).
)

(
(f) Is the actual error larger or smaller than the estimate based on Taylor’s theorem. Is
this a stupid question? Explain.

(g) What value of n is needed to guarantee the error is no more than 0.000017?

2. Repeat the previous question for f(z) =1In(x), n =7, ¢ =3, and a = 5.
3. Repeat the previous question for f(z) =e*, n=6,c=1, and a = 3.

4. Write out the first 5 terms of the Taylor Polynomial for the following functions at the
given point.

(a) f(z)=e” about z = 1

(b) f(z) =z +1 about z =0
(¢) f(z) = sin(z) about = = 0
(d) f(z) = 1L about a =0

(e) f(z) =In(z) about z = 2

(f) f(z) = > about z =0

(g) f(z) =In(x+ 1) about x =0



MATH 132 Worksheet 13 Taylor Series

1. Find Taylor/Maclaurin Series expansion for the following functions about the given point
using the definition of Taylor series. (You may find your work on the previous worksheet
helpful on some of these.)

(a) f(z)=e” about z =1

(b) f(z) =z +1 about z =0
(c) f(z) = ;& about z =0

(d) f(x) = In(z) about z = 2
(e) f(z)=In(x + 1) about = = 0

(f) f(z) = sin(z) about z = 7/2

(g) f(x) = cos(x) about x = 7/2

2. Write down the Maclaurin series expansion for the following. (You should memorize these!)
What is the interval of convergence for each of these?

(a) fz) =15 (b) f(z) =sin(z)  (c) f(z)=cos(x)  (d) flz)=e"

3. Using algebra/calculus and known Taylor series, find the Taylor Series expansion for the
following functions about the given point.

(a) f(2) = 5 fx about z = 0

(b) f(x) = 1 _Qx about x = 0

(c) h(zx) = T centered at x = 0
(d) f(z)=e*" about z =0

(e) f(x) = xsin(x) about z =0
(f) f(z)=e""3 about x =0

(g) f(z) =" about 2 =0

(h) f(xz) = z*sin(3z) about z =0
(i) f(z) =e€” about x =3

(j) f(x) =sin(z) about = = 7/2
(k) f(z) = cos(x) about x = /2



MATH 132 Worksheet 14 Areas and Volumes

1. Find the area bounded by the given curves.
(a) y =22 and y = 2z — 2*
(b) y =2z and y = 2* — 4x
(c) y=32*y=2a>+4
(d) y =sin(z),y = cos(x),z =0, and = = 7/2 (Be careful!)
(e) y =2 —1 and y*> = 2z + 6 (Read the problem carefully!)

(F) y=1/e,y=1/2% 2 =2

10z
v

g) y=5cosw, y=5—
(g) 5 5
(h) y =36 — 2% and y = 2% — 36

2. Find the volume of the solid obtained by rotating the region bounded by the given curves
about the specified line.

(a) z+2y =2,z =0, y=0; about the x-axis

(b) y=3x% z =1, x = —1, y = 0; about the x-axis
(c) y =32 =1, y =0; about the y-axis

(d) y=32", 2=1,2=0,y=0; about z =1

(e) y=32", 2=1,2=0,y=0; about y =3

(f) y? = 4z, y = x; about the x-axis

(g) y? = 4x, y = x; about the y-axis

(h) y* =4z, y = x; about = = 4

(i) y? = 4w, y = x; about y = 4

(j) x= e’ y=0,z=0,y=1; about the x-axis

(k) y =sin(z), x =0, x = 7, y = 2; about y = 2



MATH 132 Worksheet 15 Volume, Length, Surface Area

1. Set up integrals (both washers and shells, if possible) that can be used to find the volume
of the solid obtained by rotating the region bounded by the curves about the given line:

(a) y = T2, x =1, and y = 0, about the z-axis

(b) f(z) = e® and y = 0, about the z-axis over the interval [0, 2]
(¢) y=18 —z, y = 3x — 6 and = = 0, about the y-axis
(d) y = 2% and y = 4z, about the line x = 4

(e) y = 2% and y = 5z, about the line y = 0

(f) x=0,2=1,y=0, and y = 3+ 27, about the z-axis
(g) y =22 z =3, and y = 0, about the z-axis

(h) = =5y and y* = = (with y > 0), about the y-axis

(i) y = 2? and y = 1, about the line y = 2

(j) = =1v?* and z = 2y, about the line y = 2

(k) z =y* and z = 1, about the line z = 2

(1) y =2 and y = y/z, about the line y =1
2. Find the length of the curves
(a) y = a/? — ;x3/2 for 1 <z <4
(b) y=2*—(In(z))/8 for 1 <z <2
3. Find the areas of the surfaces generated by revolving the curves about the indicated axes.

(a) y=2%/9, 0 <z <2, about the x-axis
(b) y =z, 3/4 <z < 15/4, about the x-axis

(c) z = 4y*? —y'/2, 1 <y < 3, about the y-axis



MATH 132 Worksheet 16 Work

1. A 5-1b bucket is lifted from the ground into the air by pulling in 20 ft of rope at a constant
speed. The rope weighs 0.08 1b/ft. How much work was spent lifting the bucket and the
rope?

2. How much work is performed pulling a 60 feet rope weighing 66 1bs/ft up a cliff face? At
what point has half of the work been completed?

3. A cable weighing 6 lb/ft is connected to a construction elevator weighing 1500 1bs. Find
the work done in lifting the elevator to a height of 500 ft.

4. A conical tank of height 20 feet and radius 8 feet, with the point at the top, is filled up to
17 feet with Dr. Pepper (63 Ib/ft?). Compute the amount of work required to pump all
of the Dr. Pepper to a height of 3 feet above the top of the tank.

5. Redo the previous problem but with the tank flipped so it has the point at the bottom.
Before doing it, think about which one should take more work. Do your answers support
your guess?

6. A cylindrical tank of diameter 7 feet and height 13 feet is filled up to 11 feet with lead
(58.9 Ib/ft3). Compute the amount of work required to pump all of the lead to a height
of 5 feet above the top of the tank.

7. A hemispherical tank (with flat side up) of radius 20 ft is filled with water (weighing about
62.4 1b/ft3) to a 15 ft depth. Find the work done in pumping all the water to the top of
the tank.

8. Refer to previous problem. Find the work done in pumping all the water to a point 10 ft
above the hemispherical tank.

9. A 100 Ib bag of sand is lifted uniformly 120 ft in one minute. Sand leaks from the bag at
a rate of 1/4 lbs/sec. What is the total work done in lifting the bag?



MATH 132 Worksheet 17 Differential Equations

Solve the following differential equations. For 1, 3, 4, and 6, your answer should be in the form
y = f(x). For 2 and 5 you can leave the equation in another form since solving for y is probably
impossible.

dy y+1
de

2. 2*y*dy = (y + 1)dz

3. (e7¥ +1)sin(z)dx = (1 + cos(x))dy, y(0) =0

4. 2*y =y —yx, y(=1) = -1



MATH 132 Worksheet 18 Polar Coordinates

1. For each set of Polar coordinates (r,#), match the equivalent Cartesian coordinates (x,y).

(4, %) A (
(=2, B. (
( C. (
_ 4. (—=8,=) D. (—3.5,3.5v/3)
( E. (
( F.(

2. You are given the point (1,7/2) in polar coordinates. (i) Find another pair of polar coor-
dinates for this point such that » > 0 and 27 < 0 < 4.

r = 6 g
(i) Find another pair of polar coordinates for this point such that » < 0 and 0 < 6 < 2.
r = 9 =

3. You are given the point (—2,7/4) in polar coordinates.

(i) Find another pair of polar coordinates for this point such that » > 0 and 27 < 0 < 47.

r= 0=__
(ii) Find another pair of polar coordinates for this point such that r < 0 and —27 < 6 < 0.
r= 0=__

4. Find a polar equation for the following Cartesian equations:
(a) x =2 (c) 22 +y*=10 (e) 2 +ay+y*=1
(b) zy =4 (d) 2*+(y—3)*=9 (f) y=1

5. Find an equation in rectangular coordinates for the following polar equations:

(a) rcos(f) =3 (c) r= 4 (d) r=9sin(h)
2 cos(#) — sin(0)
(b) 7? = 4r cos() (e) 7 =2cos(#) + 2sin()
6. Sketch the following
(a) 7 =1+ cos(f) (b) r=1+2cos(f) (c) r=4sin(20)
7. Sketch the following and find the intersection points

(a) 7 =sin();r = cos(f) (c) r=2;r =3+ 2sin(d) (e) r=cos(f);r =1—cos()

(b) r=2;r = 2cos(20) (d) r=sin(f);r = sin(20) (f) r =sin(360);r = cos(30)



MATH 132 Worksheet 19 Area with Polar Coordinates

1. Sketch the following and find the intersection points
(a) r =sin(0);r = cos(h)
(b) 7= 2;r = 2cos(20)
(¢) m=2;r =3+ 2sin(f)
2. SET UP an integral that can be used to find the area described:
(a) Inside both of the circles: r = sin(#);r = cos(d)
(b) Inside both of the curves: r = 2;r = 2 cos(260)
(c) Inside the limacon and outside the circle: r = 2;r = 3 + 2sin(0)
3. Sketch the following and find the intersection points
(a) r =sin(f);r = sin(20)
(b) 7 =cos(f);r =1 — cos(f)
(c) r =sin(30);r = cos(36)

4. SET UP an integral that can be used to find various areas - you choose:) You may set up
more than one area per problem!

(a) r =sin(f);r = sin(20)
(b) 7 =cos(#);r =1 — cos(f)
(c) r=sin(30);r = cos(36)
5. SET UP an integral that can be used to find the area described:

(a) Inside the cardioid r = 1 + cos(#).

(b) Inside the four leaved rose r = 2 cos(26).

(c) Inside the three-petaled rose r = 2sin(30).

(d) Shared by the circles r = 1 and r = 2sin().

(e) Shared by the cardioids r = 2(1 + cos(#)) and r = 2(1 — cos(d)).

(f) Inside the circle r = 3 cos(f) and outside the cardioid r = (1 4 cos(f)).
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