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(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
off 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 ¢ > 0 (in minutes), a coffee mug has temperature given by

T(t) = 70(1 + e~t/10)
degrees Fahrenheit.

(a) At what rate is the temperature cooling at time ¢ = 07 Answer using appropriate
units.

T'[‘ES - TO (— -t/lﬁ) - _'t/,p
T/O) = -7 Aﬂadzbs P minule

(b) What eventually happens to the temperature of the coffee as time progresses?
Answer using an appropriate limit.
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2. (8 points) Let f(z) = e3* + 22

(a) Find all differentiable functions F' satisfying F' = f. (There are infinitely many
solutions.)

FG6<) = S(eqx* Ve = %e‘h-r -§I3+C. wlone C. is am
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(b) Among all functions F satisfying F’ = f, determine the solution which also
satisfies F'(0) = 0.
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3. (8 points) The limit
‘ esin(w) -1
lim
T—T xXr — T

expresses the derivative f’(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.

We. “"Qa '{'“49- ’?(‘)0"— Esh* a»J az=m, _}&w
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(b) Evaluate the limit by any analytic method you know. (In particular, you may
simply evaluate the derivative found in (a), or use 'Hépital’s Rule. Do not rely
on guesses based on calculator estimates).

Since £'(7<)= esiwaﬂq we lave -f?‘r)z -6 = -1.
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4. (12 points) Determine the absolute extreme values of the function
M(x) = 2* — 32z + 10, 0<x<3.

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

Absolute maximum: M( © ) = |0

Absolute minimum: M( 2. ) = —%8

M't)= 4x-32.= 4(x-%).
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5. (12 points) Evaluate each of the following derivatives.

(@) Stan(@?) = Zx sec(x")

(b) %/Owtan(t2)dt = dan(x*)
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6. (10 points) A continuous function f(z) is increasing for x > 0. Selected values of
this function are listed in the following table.

z 0] 2]4] 6 ] 8 | 10
F@) [ o[ 2] 6 [ 12| 18 | 22

10

; f(z)d

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

Floran+ E@8x+ £ + £0)Ax+ HB)Ax
= (o+2+6412+18)2 = g .

Using these values, proceed as follows to approximate the integral

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

£\ prs KRAx + YA+ 4§) Ax + Lro) Ax
= (2te+R+Ig+22)9 = Pp-

(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.
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7. (10 points) The graph of a function f, -----do ool
shown on the right, consists of two line 3 : 5 ! 1 : : ? !
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.

/f =’3er

5
) [ 1@1dr = 4x1 - Satkee goog

recfosly ticine.

/f = x2sl =y

gl

7
d) /6 flx)dx = ——'.{'2."‘ c —

C—b

gt

7
o [ Jaydr= G+ B2r+i-r= Woow



8. (12 points) Evaluate each of the following integrals exactly, using any methods you
know (including use of antiderivatives, symmetry, etc.). Simplify your answers.
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9. (8 points) At time ¢ hours after noon, the outdoor temperature is found to be
T(t) = 48 — t*

degrees Fahrenheit. Determine the average temperature for 0 < ¢t < 3, i.e. between

noon and 3pm.

T= 5 J':Tmo‘* =3 [48{—*% 1::" —%-[48-5-7] = 45 fagees .



10. (12 points) A projectile is forced along a straight track with acceleration a(t) = 6—t
ft /sec? 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.

ity = gaﬂ:\oﬁt = j (—t)dt = Gh-%.c

giuce v([0)=0, ue e C=0 < viy= G{-—_g ft/;ec.

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

3

sth) = Svd:\oﬂ'; f( .’E: H = - %+|<.

2

Line sb)=0, ¥=0 so sib)= 3t-% 2.

Y

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

Fow @), vity= & (-t)t.

vib) >0 for b<t<r . viby <0 for t Ja.

mffsjec(—i&m divectiow of &ime t= 12 sec.

(d) At which time ¢ > 0 does the projectile return to the origin?
Eow (b , sy = + (1e-t)t" The ?mjlrﬂ-idz vebws
o W bﬁz/u at +me L= 18sec  (s(g)= D).
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(SCRATCH WORK)
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(SCRATCH WORK)

Useful Formulas

f(w) f'(w)

tanu sec® u

cot u —csc’u
secu secutanu
CSC U —cscucotu

I f(u)  f'(u)/f(u)
log, u 1/(ulnb)

S1n L

u  1/V1—u?
tan~tu  1/(1+u?)
sec tu  1/(|JulvVuZ —1)
cosTtu  —1/v1—u?
cot7tu  —1/(1+u?)
esctu —1/(Julvuz —1)

Chain rule: (fog) (z)= f'(9(x))¢ (z)

A circle of radius r has circumference 27r and area 7r2.

A triangle of base b and height h has area %bh.
A trapezoid, with bases by, by and height h, has area %(bl +b3)h.

For instructors’ use only:

Question 1 2 3 4 5 6 7

10

Total

Points 8 8 8 12 12 10 10

12

100

Score

12




