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Section ⇤ 01Earl-8am ⇤ 02Yeung-9am ⇤ 03Furtado-10am ⇤ 04Li-11am

⇤ 05Furtado-11am ⇤ 06Zhong-12noon ⇤ 07Wiseman-1:10pm ⇤ 08Yeung-2:10pm

(Final) Common Exam IV
1:15–3:15pm Wednesday May 15, 2019

Instructions. Indicate your name and section/instructor above. You may use a scientific non-
graphing calculator—no other aids are allowed. Cell phones and other devices must be turned
o↵ and left in your backpack/bag during the exam. Write clearly, using good mathematical
notation and showing all required steps in the space provided. Unless otherwise stated, justify
your answers. A list of useful formulas appears on the last page. Total value: 100 points.

1. (8 points) At time t > 0 (in minutes), a co↵ee mug has temperature given by

T (t) = 70(1 + e�t/10)

degrees Fahrenheit.

(a) At what rate is the temperature cooling at time t = 0? Answer using appropriate
units.

(b) What eventually happens to the temperature of the co↵ee as time progresses?
Answer using an appropriate limit.
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Solutionkey

1Cts Toftoe t o 7etho
Tlo 7 degreesperminute

SincefingTtt 70 thetemperatureofthecoffee
approaches70degreesFahrenheit astimegoeson



2. (8 points) Let f(x) = e3x + x2.

(a) Find all di↵erentiable functions F satisfying F 0 = f . (There are infinitely many
solutions.)

(b) Among all functions F satisfying F 0 = f , determine the solution which also
satisfies F (0) = 0.
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Fx f e t x2 dx text 133 C whereG is an
arbitraryconstant

For an antiderivativeFLx as above satisfyingHot O Istc
we have Is so fCx e t 13

3 Iz



3. (8 points) The limit

lim
x!⇡

esin(x) � 1

x� ⇡

expresses the derivative f 0(a) for some function f and constant a.

(a) Determine a function f(x) and a constant a for which the derivative takes the
indicated form by definition.

(b) Evaluate the limit by any analytic method you know. (In particular, you may
simply evaluate the derivative found in (a), or use l’Hôpital’s Rule. Do not rely
on guesses based on calculator estimates).
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4. (12 points) Determine the absolute extreme values of the function

M(x) = x4 � 32x+ 10, 0 6 x 6 3.

Also determine where these extreme values occur. Show su�cient work to justify why
your answers give the absolute extreme values.

Absolute maximum: M( ) =

Absolute minimum: M( ) =
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0 to

2 38

M x 4 3 32 413 8
Theonly criticalpointis at 2 whereMin o
Siace M is continuous on 10,3 anddifferentiableon 0,3
itsufficesto considervalues of M at endpointsandat
thecriticalpoint
MO to
M2 38
M3 5



5. (12 points) Evaluate each of the following derivatives.

(a)
d

dx
tan(x2)

(b)
d

dx

Z x

0
tan(t2) dt

(c)
d

dx

Z 0

3x
tan(t2) dt
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da f tanit jolt 3km 9 4



6. (10 points) A continuous function f(x) is increasing for x > 0. Selected values of
this function are listed in the following table.

x 0 2 4 6 8 10
f(x) 0 2 6 12 18 22

Using these values, proceed as follows to approximate the integral

Z 10

0
f(x) dx .

(a) Determine the left Riemann sum of f on the interval [0, 10], using the subdivision
of this interval into five subintervals of width �x = 2.

(b) Determine the right Riemann sum of f on the interval [0, 10], using the same
subdivision as in (a).

(c) Using the information given, can you be certain that the exact value of the integral
lies between the two estimates given in (a) and (b)? Explain briefly.

6

f6Dxt f 2DXtfHHx f6Dxt f8DX
01216 t12 78 2 76

f 2DXt f4 Dx t816Axt f8 Dx t feroDX
216 t12118 227.2 120

Yes we can besure ofthis since f is increasing
For an increasingfunction the lower Riemann Sun
istheleftRiemann Sun i andthe upperRiemannSun is the rightRiemann Sm



7. (10 points) The graph of a function f ,
shown on the right, consists of two line
segments and a semicircle. Using fa-
miliar geometric formulas for area (but
without explicit formulas for antideriva-
tives), give exact values for each of the
following integrals.

(a)

Z 1

�2
f(x) dx

(b)

Z 5

1
f(x) dx

(c)

Z 6

5
f(x) dx

(d)

Z 7

6
f(x) dx

(e)

Z 7

�2
f(x) dx
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4 2 I 4T 8 2T
rectangle semicircle

2 1 1

triangle
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8. (12 points) Evaluate each of the following integrals exactly, using any methods you
know (including use of antiderivatives, symmetry, etc.). Simplify your answers.

(a)

Z 3

�3
(4x3 + 6x2 � 5x) dx

(b)

Z 3⇡

0
sin(t) dt

(c)

Z 3

0
e2x dx

(d)

Z 4

1

x+ 1p
x

dx
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Odddegreetermsdon't
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termsgivean evenfunction
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9. (8 points) At time t hours after noon, the outdoor temperature is found to be

T (t) = 48� t2

degrees Fahrenheit. Determine the average temperature for 0 6 t 6 3, i.e. between
noon and 3pm.

9

I ztof THIdt 148t Iz1 IsI48.3 9 45 degrees F



10. (12 points) A projectile is forced along a straight track with acceleration a(t) = 6� t
ft/sec2 for t > 0, where t is the time in seconds. Assume the projectile starts from
rest (velocity v(0) = 0) at the origin (position s(0) = 0).

(a) Determine the velocity v(t) of the projectile in ft/sec.

(b) Determine the position s(t) of the projectile, in feet.

(c) At which time t > 0 does the projectile reverse direction?

(d) At which time t > 0 does the projectile return to the origin?
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(SCRATCH WORK)
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(SCRATCH WORK)

Useful Formulas

A circle of radius r has circumference 2⇡r and area ⇡r2.

A triangle of base b and height h has area 1
2bh.

A trapezoid, with bases b1, b2 and height h, has area 1
2 (b1+b2)h.

For instructors’ use only:

Question 1 2 3 4 5 6 7 8 9 10 Total

Points 8 8 8 12 12 10 10 12 8 12 100

Score

12


