Math F251

Name: SolHIOVLS

Rules:

You have 90 minutes to complete the exam.

Midterm 1

Partial credit will be awarded, but you must show your work.

You may have a single handwritten 3 X 5 notecard.

Calculators are not allowed.

Place a box around your ’ FINAL ANSWER \ to each question where appropriate.

Turn off anything that might go beep during the exam.

Good luck!

Problem Possible Score
1 12
2 16
3 8
4 8
5 14
6 12
7 15
8 15
Extra Credit 5
Total 100

Fall 2022



Math 251: Midterm 1 Fall 2022

1. (12 points)

(a) State the definition of f’(x), the derivative of the function f(x).

£ l()A = l,l\.,__‘:\o ‘Q(X—%—F\Bh"'@é‘)

(b) Find the derivative of f(x) = V5 — x using the limit definition of the derivative. No credit will
be awarded for using other methods.
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2. (16 points) Use the graph of g(x), in the figure below, to answer the questions (a)-(g). The dashed
lines in the figure represent asymptotes of the graph of g(x).

@ limsw= G © 5= O
Ol — @ - 3

(e) Sketch the graph of g’(x) on the axes below the graph g(x). Label important points on the x
and y axes.

(f) For what x-values does the function g(x) fail to be continuous?

X=5

(g) For what x-values does the derivative of g(x), g’(x), fail to be continuous?

X¢ /IDXC-S
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3. (8 points) Does the function K(x) = 1—36 have any vertical asymptotes? Justify your answer. Your

X—

justification will require both a limit calculation and a sentence of explanation.

Answer . Ve el as‘jmphk ok xX= (0

—_—

Jus-}t(:{wlr)on : lim _),___. = 0o Since. 4s x>t

x- >0t and 1370,

4. (8 points) Find any x-values where the graph of f(x) = éx + x~! has a horizontal tangent line or
explain why none exist.

$d= &+ e
hoyizonta! -I—an%an'l,’ means 16=0.

oy
So gt }q«x =0
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5. (14 points) For 12 minutes of an experiment, the temperature 7" in degrees Celsius of a pan of water
is modeled by the equation
T(x)=11-4x+x

where x 1S measured in minutes.

(a) Calculate 7T'(1) and interpret this value in the context of the problem. Your answer should be a
sentence and it should include units.

TN =||-4 %1 =82
ASter one minute of +Hhe exper méml-'f the —}emPe,rAuVo
of Lhe watr is B °C.

(b) Find the average rate of change of the temperature between x = 1 and x = 4. Your answer
should be a sentence and it should include u

C -
T2 || -loHb=1),% %MS& ?jf A

The avernde rate of change of +emperotire. between +he -C;r,s'[; and
-Cou.r-l—h minule was 1 oc/m}n.

(c) Find 7'(1) and include units with your answer.

T = -Y+2x ) T (N= -Y+21= = 7 % fin

(d) Explain in simple terms what your calculation in part (c) indicates in the context of the problem.
Your answer should be a sentence and it should include units.

A +he Instant 1 minute has passw’ +he -k?e,m-fmm,
of 4he wadev i dzcreaS/rij at o ratv of

per minutk. .

(e) Write an equation of the line tangent to the graph of 7'(x) when x = 1.
me=-2 li ne: %—9=/Z(X—)3 or
point : U)‘Z‘D (3 =B -2(x-0) or

W= 10-2x

5
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6. (12 points) The graph in the figure below models the position, s(¢), of a runner along a 10 km trail
where s is measured in kilometers and ¢ is measured in minutes.
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(a) Draw the secant line between the points when ¢ = 20 to # = 50 and find the slope of this line.

lo-5  _ 5 _ 1.

1% = i —
Sec 50-20 20 ©

(b) What does the slope from part (a) represent in the context of the problem? Include units with
your answer.

i dhe. last hal oF +he run  (fom 5km Jo 10k +he aversge

\/doci-PSKW average swed) of the runne- was ,’6- k’”/min-

(c) Describe what s'(¢), the derivative of s(¢), represents in the context of the problem and describe
how it behaves as ¢ increases.

&'(£) is +he inStantahe ous Vdoci—l-ﬁ lor syud)cp'l-m/
runney . The Velocikd of thee runnel imcreases at
‘S?\IF,S‘I" oand Lhen deecreases to +he end of +he run .

(d) Estimate when the runner was running the fastest and explain how you drew this conclusion.

T eslimate that +he runner was +he faskeet around
7.0 minuts indo +he run. This is where Fhe Hangent

to dhe ﬂm-P)«, aPPgarS to be the S?LZ-QPQS‘%.
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7. (15 points) Evaluate the following limits. Show your work to earn full credit. Be careful to use
proper notation.
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8. (15 points) Find the derivative of each function below. You do not need to simplify your answer. Be
careful to appropriately parenthesize your answer.

(a) f(x) = 6X1/2 — 8x2 + 7-‘-1/2
/ —"/2_ I
£0I=64x"-8:2x+ 0

-
= 3% 7=/6X

(b) g(x) = x*sin(x)

6’6{) = @{,}X S m&\} + ( xLiXCos ><>
=4 x3 sin(x)+ XLICDSCX>

© 1o = 7

W(q) = (82X -(a)Cg 1)
q/ <@3 y 117 '7.)2

Extra Credit: (5 points) Use a theorem we have learned about in class to prove that there exists a solution
to the equation 2* = —2x. A complete answer requires some calculations and complete sentences justifying
your conclusion.

X —
|1¢ 2X=_2x -+hen 2 +2x=0.

Pick £&x)= ZX+Z)<, “his Lunction 15 cortinuous

So +he Inkvmedimlb Value T heorem a'P?ITLS.

| 5
Obhserve LS =22°+00= 1+0 =1 and *("C-—l): ) +2.(-) = ?‘5-2>
Sin&@— ‘P<0 w/'\Li’\ X=-| anc) ‘P7O whem X=0, +he Inkm«eo/m
va lue Theorem ;mP/l'LS that L60 =0 for Some X

ortween X=-| and X= 0.8



