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Math 2120 Analytic Geometry and Calculus Il

Catalog Description:

A continuation of Mathematics 2100, this course includes integration; techniques of integration; infinite
sequences and series; polar and parametric equations; applications of integration. Primarily for Science,
Technology, Engineering, & Math Majors. C-ID: MATH 221. Transfer Credit: CSU; UC.

SLO:

Course #1 - Apply integration to physical problems.
Course #2 - Differentiate and Integrate functions of parametric equations and polar coordinates.
Course #3 - Apply an infinite series to a physical problem.

Sample Problems:

1. Rewrite the following radicals in exponential form,

a) EJ"F

b) (V3x)’

)yxy

(=N
p—
- P
=l

2. Graph the following exponential functions. Identify the domain and specify all vertical and horizontal
asymptotes.

ajy= 2%

b)y =2(2%) 4+ 1

cly = =4(3%) =2



3. Find the horizontal and vertical asymptotes of the following rational functions.

Ix+2
x2=1

a) f(x) =
b) fx)=—=

3xT46X45

0) f) = E

xE=3x42

4. Rewrite the following logarithms as exponents.

a)9 = log,5
byy = log:7
c) 11 = logsx

5. Graph the following logarithmic functions. Identify the domain for each function.

a)y = —log,(x)

b) ¥y = logy,(3x)

)y =log:(x+3)

6. Find the asymptotes of the logarithmic functions.

a)y = logio(2x +5)

b) y = log,(x)

)y = log,p(x* = 9)



7. Rewrite the following exponential functions as logarithms.

a)5%-% =5

b)10* = 10000

c)x =10"22

8. Use partial fraction decomposition to rewrite the following fractions.

6r+1

a} 24t

" S5r+3

) (x4 1)x+3)
2x+1

) 45y

9. In reviewing limit rules, use the sum and difference rules to solve for the following limits.
. =z -
a) J1}_1'2[51‘ + 2x)
b) li h =1 7 and =5
) I1_1:r1{f(x] — g(x)) where f(x) = 5X—7an g(x) = 5x

X 20
) Ilhrr; (4 + F)

10. Use L'Hopital’s Rule to evaluate the following limits.

. x3 +x% — 2%
S ——]

) 3 — 4x? 4 5x7
b} lim
x=ewo \12%% 4 10x% — 15x + 6

sin {x))

) Iim( .

x—=0



11. Use the power and sum rule to find the following derivatives..

d 1
a]—(:h:] +x‘§+{r’E+2)
dx
h)d( =& ‘E+§F+ )

—|x™ —x"3 X+

dax

12. Use the Product Rule to find the following derivatives.

a) %[{xz + 3x)(5x + 2)]

d
b) ——[(5x%)(sin(x))]

13. Use the guotient rule to find the following derivatives.

) d (x+2)
a_
dx\3x+1

d f(t+1)°
h}ﬁ( 17 )

14. Use the chain rule to find the following derivatives.

a) i cos{x®)
d
b) I cos®(x)

d
0= f (h(g(3))) where f(x) = 3x%, g(x) = x,h(x) = 2x



15. Find the derivative of the following function.

%{sin{x:] + cos(x) + tan(x) + cot(x) + sec(x) + csc(x))

16. Use the power rule to evaluate the following integrals.

a) fx%fx
b) J- Sx~dx
c) J 3x* + 4xdx

d}jv’?+§'§+%’§ds

17. Use u — substitution to evaluate the following integrals.
a) f cos? (x) sin(x) dx
h)ij{x‘ + 6)%dx

E)J-EIHZI-FE&I

2
d)J‘ x2(xd + 2) dx
-1

2
) J.uﬁ.rr[r2 — 13*de
=1



18. Evaluate the following trigonometric integrals.

a) fsin{r] + cos(r) dr
b) f sec?(30)de
c) J csc(4x) cot{4x) dx

d) fsin](xj dx

19. Evaluate the following sums.

¢ Zf(i],where Flx) = 2

i=0

20. Suppose the velocity in m/s of an object moving along a line is given by the function v(x) = x2, where
0 = x = 8. Approximate the displacement of the object by dividing the time interval [0, 8] into n
subintervals of equal length. On each subinterval, approximate the velocity by a constant egual to the
value of v evaluate at the midpoint of the subinterval. Using n = 8 subintervals.

21. Factor and solve the following quadratic equations.

a. ¥X=2x+1=0
b, 2x* =x=1=10
c. Bx* 4+ 10x =14

d. 2x*4+9x—-7=0



22. Complete the unit circle. Include the angles in both degrees and in radians.

Solutions:

1. Rewrite the following radicals in exponential form.

a) Yx® - 132
b) (V32) = (3)°/"

c]"lrxa}' - (x3}r]1_|'r4 - -1'3""4_}-'1""4'

Y 8 11
DR wn

Il
=
J
Il
-

i
-
L)
o
I



2. Graph the following exponential functions. Identify the domain and specify all vertical and horizontal
asymptotes.

a)y = 2*

Horizontal Asymptote at 4 =10

Mo Vertical Asymptotes

Domain: {—co, o)
Range: (0, ca)

hy=22+1ey=2""+1

—pm2tl ]
Horzontal Asymptobe

Horizontal Asymptote at y=1

Mo Vertical Asymptotes

Domain: (—oo, o)
Range: (1, o)



)y = —4(3%) -2

4 -3 -2 -1 0 1

Horizontal Asymptote at y= —2 10t

No Vertical Asymptotes

.15 -

.E.u =

—y=—-43) -2
Horizontal Asymptote

Domain: (=co, oo}
Range: (—oo, =2}

3. Find the horizontal and vertical asymptotes of the following rational functions.

a) f(x) =5
Horizontal:y =0
Vertical: x = +1
b) f(x) ===

Horizontal:y =0
Vertical:x = 2

3x46x45 _ 3xT46x45
xE=3x42 (x=1)x=2)

) f(x)=

Horizontal:y = 3

Vertical:l x=1&x =2

4. Rewrite the following logarithms as exponents.

a)9= log,5—=+x"=5

by = logs7=5¥ =7



€)11 = logyx = 4 =x

5. Graph the following logarithmic functions. Identify the domain for each function.

a) y = —logy(x)

H Diamin: (1,

| Mo Horizontal Asymptates

1 \ Vertical Asymptote at & =1

b) ¥ = log10(3x)

- il':lﬂ'l'.".:lll:-Hﬂ':l
1.3
L} Mo Horizontal Asymptotes
Vertical Asymptote at o« =10
ms | Doomain: (0, sc)




v =log:(x+3)

=y =lomalx+3)
3l
2t Vertical Asymptote at z= — 3
1t MNo Horizontal Asymptotes

Domain: [ — 3, =)

5 10

6. Find the asymptotes of the logarithmic functions.

a)y = log,(2x + 5)

2x+5=0—=x=-—

2| L

Horizontal: None

5
Vertical: x = —3

b) y = log,(x)
Horizontal: None

Vertical:x = 0

c)y = logy(x* —9)
=9 =0=x=43
Horizontal: None

Vertical: x = 43



7. Rewrite the following exponential functions as logarithms.

a)5t 3 =5<log:(5)=2t-3«1=2t-3

b)10* = 10000 — log,,(10000) = 4

c)x = 10722 = log,,(x) = 2.2

8. Use partial fraction decomposition to rewrite the following fractions.

6r 4+ 1
a
) 24+t
at+1 A B
tZ4t t t+1
=6t+1=A(t+ 1)+ Bt
—6t+1=(A+B)t+A
= A=1&KF=5
6r+1 1 5
=+ = —+
t2 4+t t t+1
5x+3
b)

(x+1)(x+3)

5x+43 _ A B
(x+1)(x+3) x+1 x+3

=5 +3=Ax+3)+B(x+1)

=+5x+3=(A+B)x+ (3A+B)

- A=-1&EB=406

5x+3 -1 6
- — - 4+
(x+1)x+3) x+1 x+43




2x+1

) Grsy

2 +1 A B

= + .
(x+5)2 x+5 (x+5)2

=+ 2x+1=A(x+5)+B

=+ 2x+1=Ax+ (54+ 8)

+A=28B=-9
dx +1 2 9

T x+5)7 x+5 (x+5)7

9. In reviewing limit rules, use the sum and difference rules to solve for the following limits.

a) }fiﬂ{ﬁxz + 2x)

-5 ]in;{xzj +2-lim(x) = 5(2)° +2(2) = 24
X X

b) ii_'fl(f{ﬂ — g(x)) where f(x) = %x-?and g(x) = 5x

im0~ ) = i (3 7) - 50 =ty (-5~ 7)

L

) g9
-+ _E.lxlm{xj - l'ﬂ(?} = _E[.}} —7=-75

20
c) 11:1_,“; (4 + F)

20 1
lim (4+—.) = lim(4) + 20 - lim (—) =44+0=4
_1‘3 Fe Tl X =D _1‘3

X—on



10. Use L'Hopital’s Rule to evaluate the following limits.

(x3 + x* — E:r)
a) lim [ ———

x—+1 r=1

I x3 4+ x% - 2x 0
im|l—— | ==
x—+1 x¥x=1 0

1

x—1

) 3xP 4 2x =2 34+2=-2
= lim = =3

b) lim

X—oD

3 — 4x® 4 5x7
12x3 4+ 10x2 = 15x + 6

I 3 — 4x? 4+ 5x° oo
im . =_
= | 12%3 4+ 10x2 — 15x + ¥ s]

= lim

K=o

6
( —8x + 15x* )

e
36x% 4+ 20x — 15 0

=8 4+ 30x oo
(Gzrim) ==

— lim
x=m \T2x 4+ 20
i (39 _30 _ 5
in (5) =% =1
_ ssin (x)
o)
X—s

_fsin(x)y 0
lim (=) =5

(cu sl{x)) _ -:051[[]]

= lim
=



11. Use the power and sum rule to find the following derivatives.
L1 + 9001 = = (F) + = (g() = £/ + '€
H[fx + glx) —EU1]+E(91]—f{x + g'(x)

— » —] P—l
=5 @) =px

a 1
a]a(:r3 +x_3+1l'?+2)

1 1 1 + 1 _3

d
- — x:*+x'?+x?+2):3x2——x 34—x*
dx( 3 i+

12. Use the Product Rule to find the following derivatives.
d
2 0 g = [1(x)g(x) + fx)g'(x)

d
a] E[(Iz + 31"}(51‘ + 2]]
(2x + 3)(5x + 2) + (x% + 3x)(5)

= 15x%2 +34x 4+ 6

d
b) = [(5x*)(sin(x))]

(10x)(sin(x)) + (5x° ) cos(x))

= 5x[2 sin(x) 4+ x - cos(x)}]



13. Use the guotient rule to find the following derivatives.

d fEﬂJ ~ fx)g(x) = fFlx)g'(x)

T ol PIEE Jprovided g(x) = 0

d(x+2)
) e \ax s 1

d px+2y  (DEBx+1) - (x+2)3) -5
E(3x+1j_ (3x + 1)2 T 9x2 + 6x + 3

d (e +1)*
hjﬁ( 17 )

d ((t+1)* 3+ 1)°07) = (£ +1)%(0) _51(e+1)*  3(t+1)°
E( 17 )_ 172 T o289 17

14. Use the chain rule to find the following derivatives.

Z[F(e@)] = F(e@) 9’

a) ﬁms{f}
icas{x-‘} = —gin{x") - 5x*
dx
i
h _ 5
)| dxcns (x)

%msﬁ(x] = 5 cos*(x) (— sin(x)) = —5x - cos*(x) sin(x)
d
0 - f (m(9(3))) where f(x) = 322 g(x) = x,h(x) = 2x
g(3)=3
h(g(3))=h(3) =6

f(r(9(3)) = f(6) = 108

d d
—f [:.Ft(g{sjj) = ——(108) =0



15. Find the derivative of the following function.

% (sin(x) + cos(x) + tan(x) + cot{x) + sec(x) + csc(x))

d d d d d
- Esin (x) + r:us[x) + tan[x] + mt[x] + aer{x] + csc{xj

= cos(x) — sin{x) + sec?(x) — csc®(x) + sec(x) tan(x) — csc(x) cot{x)

16. Use the power rule to evaluate the following integrals.

p+1
xPdx = +C, #+ =1
f pt1 P

4

X
a] J.X']ir=T+ N

x~! 5
b) J-Sx‘z-:ix= 5(—)+c =—"4r

-1 x

x* x* 3
c) j3x3 + 4xdx = 3(?)+ 4(?) +C :Ex“ +252+C

3 4 _,
d}Jr+%g"+v_ds_—~:3ﬂ+4 43 4 E_~:-'-f'*+.f:

17. Use u — substitution to evaluate the following integrals.

a) J-r:nf(x] sin{x)dx — Let u = cos(x) then du = —sin{x)dx < —du = sin(x)dx

4
u
= f—uEdu = —?+L’

cos*(x) .
4

(Substitute back) ~ —

d{ cos*(x)
Verif y:E (— ry

- E) = cos3(x)sin(x)



. 1 .
b}J- 23 (x? + 6)8%dx — Letu = x' + 6 then du = 4x’dx = Zdu = x'dx

Fﬂd LI
I e T T

1
(Substitute back) = E(x“ +6)7+0C

d 1
I"erify:a(ﬁ 44 6)° + c) = x3(xt + 6)°

1 -3
E]J-51v2x+3rix—:-Leru=2.r+31‘hendu=Ed.x —-Edu=dx&x=tuz )

(w—3) 4l 5. 32 _ a1/ 5(2 s/2 (2} 3,*2)
HJETH [:i)du—iju — 3u du—zgﬂ —SEH + @

1 ] 3
(Substitute back and simplify) < E[\'Zx +3)5/2 — 3 (Zx+ 37+ C

d ¢l 5 2
Ferify:E(E{Ex + 3}5'(2 —E{Zx +3)2 4+ r:") =5xv2x+3

2
. ! 1 i
d) f x2(x3 + 2)3dx = Letu = x' 4+ 2 then du = 3x°dx « Edu = xdx
-1

g

1 1 _
" f Fu U = -y
LB
1 1 99 33
Substitute back ——{x¥ 2z —ZM10-2 = [17-2] = _
(Substitute back) < 6[_’: )RS, - 6' (1)-2] =

Mote: Instead of having to substitute back before evaluating our definite integral at the lower and upper bounds, we could
solve for our bounds in terms of u using the substitution that we have already established.

Smeeu=x34+2 s UB=(2P+2=10 & ILE={(-1)Y+2=1

Then we end up with the following definite integral in terms of u:

33
© 200

10
1 1 1 111
my 3y = o =2u=10 L, o2 172 = = f——
fau du Zu [i=t" = EII[lllfl 177 =100 1]
i



2
€) jﬁt(t"‘ —1)%dt - Let u = (t* — 1) then du = 2dt — 3du = 6dt
21

uR

P f Juldu = ud|ulE
LB

(Substitute back) « (t* = 1)%122, = (3)* = (0)* = 27

Note: Instead of having to substitute back before evaluating our definite integral at the lower and upper bounds, we could
solve for our bounds in terms of u using the substitution that we have already established.

Sinceu=t:—1-UB=(2)>-1=3 & LB=(-1)* -1=0

Then we end up with the following definite integral in terms of u:

3
f3u2du =u®|U23 = (3)* - (0)® = 27
a
18. Evaluate the following trigonometric integrals.

a) f sin(r) + cos(r) dr = —cos(r) + sin(r) + €
1
b) fsecz(38)d9 =§tan(30) +C
|
c) fcsc(4x) cot(4x) dx = — ;csc(dfx) +C

d) fsin3(x) dx = Isin(x) sin?(x)dx = f sin(x) [1 = cos?(x)] dx
= fsin(x) dx — ] sin{x) cos?(x) dx

1
= — cos(x) + Ecos3(x) +C

19. Evaluate the following sums.

¢ S b A e S Y

i S L R ek

Sk + 3 [5(1)+3] [5(2)+3l [5(3)+3l [5(4) +3
a) =

k+2 [ 1+2 || 242 )| 342 || 4+2
k=1 ) ’




[+
b)Z E34+2k=[13+2(1)]+[23+ 2020+ [33+ 2(3)] + [4* + 2(0)] + [5* + 2(5)] + [6* + 2(8)]]

k=1

34124334724 135+228 =483

QY f(),where f(x) =22 = f(0) + f(1) + f(2) + [(3) + f(4)

=02 4+12 422432442 =30

20. Suppose the velocity in m/s of an object moving along a line is given by the function v(x) = x2, where
0 = x = 8. Approximate the displacement of the object by dividing the time interval [0, 8] into n
subintervals of equal length. On each subinterval, approximate the velocity by a constant equal to the
value of v evaluate at the midpoint of the subinterval. Usingn = 8 subintervals.

(Riemann Sum Problem) The graph on the left below shows the rectangles on the first 2 intervals that are
constructed using the midpoint method. The graph on the right shows all 8 rectangles for the midpoint
method.

Width of Rectangles Ax = Ef;ﬂ =1
Interval | Midpoint [ Height at Midpoint | Area of Rectangle |
[0,1] 0.5 (0.5)* = 0.25 1(0.25) = 0.25
[1,2] 1.5 (1.5)* =2.25 1(2.25) = 2.25
[2,3] 2.5 (2.5)* =6.25 1(6.25) = 6.25
[3,4] 35 (3.5 =1225 1(12.25) = 12.25
[4.5] 45 (4.5)° = 20.25 1(20.25) = 20.25
[5.6] 5.5 (5.5)° = 30.25 1(30.25) = 30.25
[6,7] 6.5 (6.5) = 4225 | 1(42.25) = 42.25
[7.8] 7.5 (7.5)* = 56.25 1(56.25) = 56.25

Total Area = Sum of Rectangle Areas = 170



21. Factor and solve the following quadratic equations.
a x*-2x+1=0
=+ (x — 1)? = 0 = x = 1 with multiplicity = 2
b. 2x* =x-1=0
=+ 2x+1)(x-1)=0

—1& =1
x—zx—

c. 6x* 4+ 10x =14

=10 4107 — 4(6)(—14)

r=
2(6)
=104+ 100+ 336 —=10++436 =104+ 24109 =54+109
e — — —
12 12 12 6
=5 =109 2 =5 4 4/109
X =
G G

d 2x* 49 -=7=10

=949 —4(2)(-7)

* 2(2)
=0+ 481456 =94++137
—tx'— —
4 4
-0 — 137 =0 4 4137
xr=——— B x=——+

s 4



22. Complete the unit circle. Include the angles in both degrees and in radians.




