Mu Integration		National Mu Alpha Theta Convention 2014

Note that choice E. NOTA stands for “None of these answers.” Good luck and have fun!

1. 
Evaluate 
	A) 

	B) 64
	C) 81
	D) 256
	E) NOTA


2. 
Evaluate 
	A) 0
	B) 1
	C) 

	D) 

	E) NOTA


3. 
Evaluate 
	A) 

	B) 

	C) 

	D) 

	E) NOTA



4. 
Evaluate 
	A) 

	B) 

	C) 

	D) DNE
	E) NOTA



5. For which of the following always positive functions will a left-rectangular area approximation integration method overestimate the true value of the definite integral?
i. Concave up, increasing
ii. Concave down, increasing
iii. Concave up, decreasing
iv. Concave down, decreasing

	A) i and iii
	B) ii and iii
	C) ii and iv
	D) iii and iv
	E) NOTA



6. Which mathematician is responsible for a rigorous definition of the integral as the infinite limit of rectangular areas that partition an interval over a curvilinear region? 

	A) Georg Bernhard Riemann
	B) Issac Newton

	C) Gottfried Wilhelm Liebniz
	D) Henri Lebesgue

	E) NOTA
	



7. 
Which mathematician introduced the integral symbol  based on a long s character to mean “summa,” the Latin word for “sum”?

	A) Georg Bernhard Riemann
	B) Issac Newton

	C) Gottfried Wilhelm Liebniz
	D) Henri Lebesgue

	E) NOTA
	







8. 

What is the area of the region bounded by the curves  and ? 
	A) 

	B) 

	C) 

	D) 

	E) NOTA



9. 




What is the volume of the solid of revolution about the -axis bound by  and  between and ?
	A) 

	B) 

	C) 

	D) 

	E) NOTA



10. 




What is the volume of the solid of revolution about the -axis bound above by  and below by  between and ?
	A) 

	B) 

	C) 

	D) 

	E) NOTA


11. 
[bookmark: _GoBack]Approximate  by Simpson’s Rule using 4 equal subintervals. 
	A) 242
	B) 308
	C) 

	D) 

	E) NOTA



12. 
Evaluate  
	A) 1
	B) -1
	C) 

	D) 

	E) NOTA


13. 
Evaluate 
	A) 1
	B) 2
	C) 

	D) 

	E) NOTA



14. 

For , evaluate on a valid domain. 

	A) 

	B) 

	C) 

	D) 

	E) NOTA



15. 
Evaluate 
	A) 0
	B) 

	C) 

	D) 

	E) NOTA



16. 
Evaluate 
	A) 

	B) 

	C) 

	D) Undefined
	E) NOTA




17. Which of the following is NOT a property of the Riemann integral and its associated integrands?

	A) All continuous functions on a finite interval are Riemann integrable over that interval. 

	B) 




If is Riemann integrable on  and  with  , then 

	C) 


If  is Riemann integrable on the interval , then 

	D) 


If  is Riemann integrable on , then 

	E) NOTA



18. 
Which of the following integrals is equivalent to ?
	A) 

	B) 

	C) 

	D) 

	E) NOTA


19. 
Evaluate  (Hint: Decompose into partial fractions)
	A) 

	B) 

	C) 

	D) 

	E) NOTA




20. 


Semicircular cross-sections perpendicular to the -axis are drawn with diameter endpoints on the x-axis and the function . What is the volume of the generated solid on the interval ?
	A) 

	B) 

	C) 

	D) 

	E) NOTA


21. 


What is the volume of the solid generated by revolving the area bound by the curves  and  around the line ?
	A) 

	B) 

	C) 

	D) 

	E) NOTA



22. 

Solve the following differential equation:  with the initial condition .
	A) 

	B) 

	

	C) 

	D) 

	E) NOTA



23. 

What is the average value of  on the interval ?
	A) 

	B) 

	C) 

	D) 

	E) NOTA



24. 
Using a trapezoidal approximation, approximate  using four equal subintervals. 
	A) 

	B) 

	C) 

	D) 

	E) NOTA



25. 





A particle travels along the -direction with an acceleration function   for . Given an initial velocity  and an initial position of , what is the position of the particle at ?
	A) 

	B) 

	C) 

	D) 

	E) NOTA



The following questions are particular applications of integrals to various disciplines. 

26. 


(Economics) Given a supply-demand curve, where p is the unit price (in dollars) of a good and q is the quantity manufactured and sold, there exists an equilibrium price and quantity (p*,q*) where supply equals the demand. The graph on the right shows how a standard supply-demand graph looks. One quantity that can be calculated is the producer’s surplus, the extra amount earned by producers who were willing to charge less than the equilibrium price p*. The producer’s surplus is given by the equation   and is depicted by the gray region. If the supply curve is given by  and the demand curve is given by  , then what is the producer’s surplus? Round to the nearest dollar. q*
S(q)

D(q)
(p*,q*)
q
p
p*


	A) $133
	B) $134
	C) $193
	D) $194
	E) NOTA



27. 





(Chemistry)  In thermodynamics, the van’t Hoff equation relates the change in the equilibrium constant of a reaction to the change in temperature, given by the differential equation where  and are constants of the reaction. Derive an family of solutions relating  to . In the choices,  is some real constant. 
	A) 

	B) 

	

	C) 

	D) 

	E) NOTA








28. 
(Statistics) In statistics, the error function, or the ‘erf’ function, is the cumulative density function (CDF) of the Gaussian standard normal distribution with mean 0 and standard deviation 1. It is given as a function . Which of the following statements is true about the error function? 
	A) It is strictly concave up 
	B) It is strictly concave down 

	C) It is an odd function
	D) It is an even function

	E) NOTA

	


29. 


(Biology) A 1 cm radius circular bacterial colony on an agar plate has a certain density, highest at the middle and drops off toward the edge. The density can be described by the equation  in units of one million cells per square centimeters. What is the total number of bacteria in the colony? It might be helpful to know that to calculate this, you’ll need to calculate the integral , where  is the appropriate area element. All answers are given in millions of cells. 

	A) 

	B) 

	C) 

	D) 

	E) NOTA



30. (Physics) A Hooken spring has a natural length of 0.2 meters. A 40 N force is required to stretch the spring to a length of 0.3 meters. How much work, in Joules, is done in stretching the spring from 0.3 meters to 0.4 meters?

	A) 4
	B) 6
	C) 14
	D) 40
	E) NOTA



oleObject2.bin

oleObject47.bin

image48.wmf
26

3


oleObject48.bin

image49.wmf
1

m

n

¹-


oleObject49.bin

image50.wmf
 

nm

xdx

ò


oleObject50.bin

image51.wmf
nmn

nx

C

mn

+

+

+


oleObject51.bin

image52.wmf
mmn

mx

C

mn

+

+

+


image3.wmf
2

2

0

sincos 

p

ò

yydy


oleObject52.bin

image53.wmf
mmn

nx

C

mn

+

+

+


oleObject53.bin

image54.wmf
nmn

mx

C

mn

+

+

+


oleObject54.bin

image55.wmf
3

0

 

x

d

edx

dx

æö

ç÷

èø

ò


oleObject55.bin

image56.wmf
3

e


oleObject56.bin

image57.wmf
6

e


oleObject3.bin

oleObject57.bin

image58.wmf
9

e


oleObject58.bin

image59.wmf
5/6

/3

cot 

xdx

p

p

ò


oleObject59.bin

image60.wmf
ln3


oleObject60.bin

image61.wmf
ln3

-


oleObject61.bin

image62.wmf
1

ln3

2

-


image4.wmf
2

4

p


oleObject62.bin

image63.wmf
f


oleObject63.bin

image64.wmf
[

]

,

ac


oleObject64.bin

image65.wmf
[

]

,

cb


oleObject65.bin

image66.wmf
<<

acb


oleObject66.bin

image67.wmf
   

bcb

aac

fdxfdxfdx

=+

òòò


oleObject4.bin

oleObject67.bin

image68.wmf
0

³

f


oleObject68.bin

image69.wmf
[

]

,

ab


oleObject69.bin

image70.wmf
 0

b

a

fdx

³

ò


oleObject70.bin

image71.wmf
f


oleObject71.bin

image72.wmf
[

]

,

ab


image5.wmf
3

8

3

p


oleObject72.bin

image73.wmf
 ||

bb

aa

fdxfdx

<

òò


oleObject73.bin

image74.wmf
4

2

2

16 

xdx

-

ò


oleObject74.bin

image75.wmf
4

2

2

16cos 

udu

ò


oleObject75.bin

image76.wmf
/2

/6

41cos(2) 

udu

p

p

+

ò


oleObject76.bin

image77.wmf
/2

/3

81cos(2) 

p

p

+

ò

udu


oleObject5.bin

oleObject77.bin

image78.wmf
4

2

2

16cos 

ò

udu


oleObject78.bin

image79.wmf
3

7

2

3

2

543

22

-+

-+-

ò

xx

dx

xxx


oleObject79.bin

image80.wmf
ln25


oleObject80.bin

image81.wmf
ln125


oleObject81.bin

image82.wmf
ln625


image6.wmf
4

1

ln

ò

e

xdx


oleObject82.bin

image83.wmf
ln1250


oleObject83.bin

image84.wmf
x


oleObject84.bin

image85.wmf
3

()

=

fxx


oleObject85.bin

image86.wmf
[

]

0,8


oleObject86.bin

image87.wmf
p


oleObject6.bin

oleObject87.bin

image88.wmf
2

p


oleObject88.bin

image89.wmf
12

5

p


oleObject89.bin

image90.wmf
24

5

p


oleObject90.bin

image91.wmf
2

=

y

x


oleObject91.bin

image92.wmf
3

=-

yx


image7.wmf
4ln41

+

e


oleObject92.bin

image93.wmf
3

=

y


oleObject93.bin

image94.wmf
3

p


oleObject94.bin

image95.wmf
2

3

p


oleObject95.bin

image96.wmf
(

)

912ln2

p

-


oleObject96.bin

image97.wmf
2636ln2

3

p

-

æö

ç÷

èø


oleObject7.bin

oleObject97.bin

image98.wmf
3

2

1

=

+

dyxy

dx

x


oleObject98.bin

image99.wmf
(0)1

=-

y


oleObject99.bin

image100.wmf
2

1

213

=

+-

y

x


oleObject100.bin

image101.wmf
2

1

213

=-

+-

y

x


oleObject101.bin

image102.wmf
2

1

321

=

-+

y

x


image8.wmf
121

+

e


oleObject102.bin

image103.wmf
2

1

321

=-

-+

y

x


oleObject103.bin

image104.wmf
3

2

()

=

x

fxxe


oleObject104.bin

image105.wmf
[

]

,2

ee


oleObject105.bin

image106.wmf
(

)

33

1

8

1

1

3

--

-

ee

ee


oleObject106.bin

image107.wmf
(

)

22

8

1

3

-

ee

ee


oleObject8.bin

oleObject107.bin

image108.wmf
(

)

33

11

8

3

--

-

ee

ee


oleObject108.bin

image109.wmf
(

)

22

8

3

-

ee

ee


oleObject109.bin

image110.wmf
4

32

0

1 

-+-

ò

xxxdx


oleObject110.bin

image111.wmf
95

2


oleObject111.bin

image112.wmf
97

2


image9.wmf
4ln441

-+

ee


oleObject112.bin

image113.wmf
95

4


oleObject113.bin

image114.wmf
97

4


oleObject114.bin

image115.wmf
x


oleObject115.bin

image116.wmf
33

()20sin3

-

=++

t

attte


oleObject116.bin

image117.wmf
0

³

t


oleObject9.bin

oleObject117.bin

image118.wmf
(0)2

=

v


oleObject118.bin

image119.wmf
(0)0

=

x


oleObject119.bin

image120.wmf
1

=

t


oleObject120.bin

image121.wmf
32

9


oleObject121.bin

image122.wmf
3

32sin3

9

e

-

-+


image10.wmf
4ln4

ee


oleObject122.bin

image123.wmf
3

32sin3

9

e

-

++


oleObject123.bin

image124.wmf
3

32sin3

9

e

-

--


oleObject124.bin

image125.wmf
(

)

(

)

*

0

*

q

PSpSqdq

=-

ò


oleObject125.bin

image126.wmf
(

)

2

30

5

q

Sq

=+


oleObject126.bin

image127.wmf
(

)

2

60

10

q

Dq

=-


oleObject10.bin

oleObject127.bin

image128.wmf
ln

1

dKH

R

d

T

°

D

=-

æö

ç÷

èø


oleObject128.bin

image129.wmf
H

°

D


oleObject129.bin

image130.wmf
R


oleObject130.bin

image131.wmf
K


oleObject131.bin

image132.wmf
T


image11.wmf
2

0

3

0

 

lim

sin

®

ò

x

x

udu

x


oleObject132.bin

image133.wmf
A


oleObject133.bin

image134.wmf
exp

H

KA

RT

°

æö

D

=

ç÷

èø


oleObject134.bin

image135.wmf
exp

H

KA

RT

°

æö

D

=-

ç÷

èø


oleObject135.bin

image136.wmf
2

exp

H

KA

RT

°

æö

D

=-

ç÷

èø


oleObject136.bin

image137.wmf
/

HR

KAT

°

D

=


oleObject11.bin

oleObject137.bin

image138.wmf
2

0

2

erf() 

x

z

xedz

p

-

=

ò


oleObject138.bin

image139.wmf
2

()1

rr

d

=-


oleObject139.bin

image140.wmf
 

total

NdA

d

=

ò


oleObject140.bin

image141.wmf
A


oleObject141.bin

image142.wmf
2

3


image12.wmf
1

2


oleObject142.bin

image143.wmf
2

p


oleObject143.bin

image144.wmf
2

3

p


oleObject144.bin

image145.wmf
p


oleObject145.bin

oleObject12.bin

image13.wmf
3

2


oleObject13.bin

image14.wmf
9

2


oleObject14.bin

image15.wmf
ò


oleObject15.bin

image16.wmf
32

()51

=+-+

fxxxx


oleObject16.bin

image17.wmf
2

()745

=+-

gxxx


oleObject17.bin

image18.wmf
16

3


oleObject18.bin

image19.wmf
63

4


oleObject19.bin

image20.wmf
179

12


oleObject20.bin

image21.wmf
253

12


oleObject21.bin

image22.wmf
x


oleObject22.bin

image23.wmf
sin

2

æö

=

ç÷

èø

x

y


oleObject23.bin

image24.wmf
0

=

y


oleObject24.bin

image25.wmf
0

=

x


oleObject25.bin

image26.wmf
4

p

=

x


oleObject26.bin

image27.wmf
2

p


oleObject27.bin

image28.wmf
2

p


oleObject28.bin

image29.wmf
2

2

p


oleObject29.bin

image30.wmf
2

4

p


oleObject30.bin

image31.wmf
y


oleObject31.bin

image32.wmf
ln

=

yx


image1.wmf
3

3

0

4

ò

xdx


oleObject32.bin

image33.wmf
0

=

y


oleObject33.bin

image34.wmf
1

=

x


oleObject34.bin

image35.wmf
4

=

xe


oleObject35.bin

image36.wmf
(

)

8

71

2

p

+

e


oleObject36.bin

image37.wmf
(

)

8

71

4

p

+

e


oleObject1.bin

oleObject37.bin

image38.wmf
(

)

8

71

2

p

-

e


oleObject38.bin

image39.wmf
(

)

8

71

4

p

-

e


oleObject39.bin

image40.wmf
4

4

0

 

ò

xdx


oleObject40.bin

image41.wmf
484

3


oleObject41.bin

image42.wmf
616

3


image2.wmf
81

4


oleObject42.bin

image43.wmf
/4

2

/3

tansec

d

p

p

qqq

ò


oleObject43.bin

image44.wmf
1

3


oleObject44.bin

image45.wmf
1

3

-


oleObject45.bin

image46.wmf
(

)

3

2

ln

 

e

e

x

dx

x

ò


oleObject46.bin

image47.wmf
8

3


