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1) b;r]a(f(xo)+f(x1)+...+f(xn)) 142(|n()+|n(4)+|n(7)+|n(1o)):3|n(2so) B
2) a(x)=cos(x+%j:—sin(x) — a'(x)=-cos(x) — a"(x)=sin(x) A
3) For a function to be differentiable at c, it must be defined at c and lim f (x) = lim f (x) and

X—C X—C"

lim f'(x)=lim f '(x). These values must also be finite. This does not occur at x =0 for In|x|, but does for
X—C x—c*

the others. Therefore, the answer is I, I11, and IV only. C
4) For the first limit:
Iim(xlx2 +x+1—1) =lim| VX? + x+1-X X e+ x+1ax = m(X—HJ
X X I+ x+1 oo\ B+ x+1+x
(1+ 1) (l+ 1)
X 1
lim =lim| ————=—— |=
|x|[ /l+l++1] ( /1+1+12+1J
X X X X
The second limit:
4
7z Xy
fim | XX =2 i | L x [
x>—o| 1—2X X—>—o0 (1 j 2
X| =-2
X
For the third limit, this graph has an oblique asymptote that is a line with positive slope, so:
[ x*—9x* +3x N -
lim| ——————|=0o Therefore, two of the limits exist and are finite. D
ol X7+ X" —x+1
5) After verifying that the conditions for the MVT for derivatives are met:
f(b)—f(a 2 4 2 2 2
f'(c)=M - —C-—=-——= —> —Cc=-= — c=1 B
b-a 3 3 3 3 3
6) After verifying that the conditions for the MV T for integrals are met:
4
(b-a) T (c)= [ ( (x))ax
-2
1, 4 1, 2,71
(4—(—2))(—c2 ——cj :[—x3 ——xz} — 2¢°-8c=0 — ¢=0,c=4
3 3 9 3 1,
The largest value of c that satisfies the MVT for integrals is 0 since it must be on the open interval (-2,4)
A
. . 4-x . .
7) Solving fory yields: y = W However, the absolute value symbols makes the integration tougher. To
X

integrate, simplify the integral as '[|_| —j(———]dx
4
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Notice here that when x <0, |x|=—xso

f[ﬁ‘ﬂ"xzﬂ‘%‘ﬂ"x:[‘2'”“"%*}: =5 -(In(18)+2)=1n(16)-3 B

-4

8) 2xy+e’cos(x)=e atthe point (0,1).
2[y+x%)+eycos(x)%—eysin(x)zo - 2x%+eycos(x)%zeysin(x)—Zy

Now, by plugging in the values of x and y:
dy e’sin(x)-2y esin(0)-2(1) -2

= = = D
dx e’cos(x)+2x ecos(0)+2(0) e
X 3
9) g(x)=vx*+7 — g'(x)= - g'(3)=>
X2 +7 4
Because the slope of the tangent line is % , the slope of the perpendicular line is —i. A
10) This revolution forms an Ellipsoid. A
. X . X JIx+1+1 .
11) lim| ——— |=Iim =lim(x+1+1)=2
) HO(«/x+1—1j H°£\/x+l—l[«/x+1+1D Ho( )
Note for this problem 1’hopital’s rule is another method of solving. C

12) Choice A is only true if this graph is odd with respect to the origin, and the problem does not specify if it is.
Choice B is always true because f'(x)<0and f"(x)<0 forall x.
Choice C is not true. The inverse is a function because the original graph passes the horizontal line test.
Choice D is not applicable to this situation because there is no value of x where the second derivative is 0. B

0

0ezxdx we’*dx— Lea| [T 23 B
) [eranferoc|fe| ] <3

—o0

14) Using differentials, Newton’s method is used to approximate zeros for various functions:

O=f(Xn)+f'(Xn)(Xn+l_Xn) - X =X — f(X”) N X . =X _(Xn) —X, =9

AERRECY T ()
Now, using the initial guess:
196-70-125
7 1 14 14 25 321
=4——=3 .. X=3-==—/— . X,=———-°=~_——=——
& 7 ? 5 5 5 28-5 115 B
5
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17) First, work with the cube and find the rate of change of the main diagonal D. Let the length of the side of the

cube be s.
vost o NV_ged 15:3(5)2§ . s 1
dt dt dt d 5
Using the Pythagorean theorem, the main diagonal of a cube is D = ﬁs o] Z—? = 3% = g
B3 A

However, D is the diameter of the circumscribed sphere, so the rate of change of the radius is 0

18) To find the interval of convergence, use the ratio test:

‘(n+1)(1—x)2 (1—x)§ 3" i (n+1)(1-x)3
3 3n(1—x)g

lim

n—o n—o 3n

Now create a preliminary interval to eventually isolate x:

(1-x): 1

-1< <l > -3<(1-x)8<3 — -27<1-x<27 —> -26<x<28

After testing the endpoints for divergence (or convergence) by plugging them into the series, the interval
remains open ended.

19) In polar coordinates, it is difficult to represent straight lines with equations. To mediate this, tangent lines are
written using cartesian coordinates. This requires conversions.

A

y=rsin(6) x=rcos(0)
dy % g—;sin(a)+ rcos(0)
o 3—2 g—zcos(e)—rsin(e)

r(0)=3cos(20) — r'(8)=-6sin(20) at 6= % . By plugging in all the respective values:

1) 33
_3,\5()4_ ~ =
dy 2 2( 2 J_ﬁ b
dx J3) 371 7
33 M2 2=
J_( 2 J 2(2)
f(b)-f
20) Use the MV'T for derivatives in such a way that f'(x)=L"(x)= (g (2)
-a
3, 259-7
—X = =42 .. x=247
2 8-2 \/_

The point of tangency is therefore (2\/7 , 287 +3) . Use slope intercept form with information acquired to find
the equation of L (x)and compute its x-intercept.

y—28ﬁ—3:42(x—2ﬁ) —  y=42x—-84J7+287+3 — y=42x—-567+3

x-intercept: [% OJ A
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21)

Use trig identities. Once it is simplified, use u-substitution.
I\IISGXZ sec’ (2x*)-36x” sec® (2x° ) dx

= I(Sx\/’sec3 (2x )(sec2 (2x2)—1) dx

= J'6xsec(2x2)\/sec(2x2)tan2 (2x* ) dx

:J'6xsec(2x2)tan(2x2)4fsec(sz)dx

u=sec(2x2)
:I6xsec(2x2)tan(2x2) sec(2x’)dx  — i du N gI\/Udu
4xsec(2x2)tan(2x2)

Integrate normally and undo the substitution. Never forget the constant of integration on indefinite integrals.

ug+C N secg(2x2)+c C

22)

When changing the order of integration, the goal is to rewrite the bounds so that f (x, y) is easier to integrate.
Do not change the integral itself, as that would lead to a different answer, so B is out.

As written, the bounds are
%s y<+/4x and 0<x<16 | =

The area of integration is shown. ' 7
Instead of representing the . — pd
graphs in terms of x, put them in /-/ e

terms of y to get the horizontal : - 7

bounds, and integrate vertically e
from 0 to 8. ’ -

Rewrite the bounds as / 7
yz 2] // //,/

0<y<8and ?sx§2y. | P

Finally, to keep everything e

consistent, integrate with respect /-l;:/ ;

to x first, and y next. -

1+ X2 8 2y[1+ XZ]
dydx = dxdy D
7w 1[5
4

16 Jax
Final answer: j I [
0 x

2

23)

Euler’s method uses a differential equation to approximate y values if the antiderivative of a function is tough to
compute, but can be applied to easy functions as well.

n X =x,+h Vo=, +h [‘1‘ (x, ]] (x,-7,)
0 Given=1 Given=10 (1,0)
1 1 1 3
,\1=1+E ‘11:0+E[0+2_0] [511
2 31 1(3 3 9
=4 L=1+2| 2(1)+2] 2 |-2 2, =
n=des | moeE0e2 320 : .
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—
24) Let x be the amount of rope that is pulled up. At the bottom of the hole, x =0, and at the top of the hole x =80.
As the rope is pulled, there is 80—x feet of rope remaining. Now, using Hooke s Law:
80
W = _[ F (x)dx
0
Force in this case is the weight of the system (rope and briefcase) as the rope is pulled. Since the rope has
weight, the weight of the system changes, and this gives us a integrable function with respect to x.

F(x):g(BO—X)+50

80 80
W = I (2(80 —X)+ 50) dx = J'[l?O - g Xj dx = 8,800 foot-pounds D
0

0

25) Choice A is always true. If the product of 1 + a, is written as a sum of logs, use the limit comparison test to
prove that it converges. This works because a, approaches 0 as n approaches infinity.

@ e . In(1+x In(1+a,
(1+a,)=>_In(1+a,) Make the comparison: l@g%zl L'ﬂl%zl
n=1 n=1 a,—>0 n

Choice B is only true if 0 <a, <b,, which is not stated.

Choice C is not true. If the ratio test yields a value of 1, the outcome is either divergent, convergent, or
conditionally convergent, but we do not know which unless another test is used.

Choice D is false because the harmonic series is divergent but the alternating harmonic series is convergent. A

of
ox oy - 3(2x+4xy3)2 (12xy2) 12xy° 5
oy ? B 3(2x+4xy3)2(2+4y3) 244y
X

27) This problem isn’t tough per-se, but it is tricky to the eye. Make sure you correctly represent the factorials and
the exponent on the e term.

(219 (_2018) =-[ (2019!) 2018 — 2018™3¢!

26)

2018 1

E

28) There are a couple different ways to prove that the area of polygons with a given circumradius (c) approaches

the area of a circle with radius r. The method of exhaustion states that lim (1 ncsin (Z—ED = zc?. Taking into

n—oo n

accountthat c=6: !I_r)po(% n(n —l)sin (%D = 7;(6)2 =36r. A

29) y=sinh™(X)

Y _ a7y y 2y
x=sinh(y):e Ze [e_yj:ezyl — e”-2xe'-1=0
e e

Use the quadratic formula to solve for e :
e =x+Vx*+1 — y= In(x+\,’x2 +1) =sinh™(x) . Now find the derivative of the natural log:

d_y = 1 Continued on the next page

dx x%+1

Using this information, use integration by parts to compute the integral:
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szsinhl(x)dx:£

[ % sinh™* (x) dx :(

By simplifying the integral:

x*sinh™ (x)
3 3 (Jx2+1
3 e -1 3
L()j IX—[ 1 de R
3 3 VX +1
szsinh‘( )dx = XS ) “sinh EJ. - du
6
X*sinh™ (x) *sinh™ 1_2 3 ]
—|=uz-24u
x*sinh™* 1 2u2—6\/5
6 3
x*sinh™ 1 U ))
6

Then, by resubstituting u = x> +1:

Finally:

3)

9

J stinh1<x>dx:(Xssing-%x)}ﬂ(xz+1—

3xsinh™ (x)—v/x* +1(x2 —2)

u=x>+1

x> =u-1} -

dx =—

X 1 . o
—J— dx . Then via u-substitution:

du
2X

x®sinh™ ()

2oy e

szsinh’l(x)dx: 3 +C C
30) The imaginary number i acts as a constant, and the derivative is taken with respect to x:
f(x)=In| —— :ln[L) S S of(3)=—1 B
! X+1 i (x+1) 4
Answer Key:
1) B 11) C 21) C
2) A 12) B 22) D
3) C 13) B 23) B
4 D 14) B 24) D
5 B 15) D 25) A
6) D 16) C 26) B
7 B 17) A 27) A
8 D 18) A 28) A
9) A 19) D 29) C
10) A 20) A 30) B



