
Please do not write in the boxes immediately below.
problem 1 2 3 4 5 6 EC total

points

MATH 136 Fall 2023 Midterm Exam
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Your name

The exam has 7 different printed sides of exam problems and 1 side workspace.

Duration of the Midterm Exam is 90 minutes. There are 6 problems, worth 10 points each, and an extra credit

problem, worth 2 points. From Problems 1 – 6, only 5 problems will be graded. If you solve all Problems 1 – 6,

you must cross out the problem in the box above that must not be graded. If you solve all Problems 1 – 6 and do

not cross out a problem, only the first five problems will be graded. Show all your work for full credit. Books,

notes etc. are prohibited. Calculators, cellphones, earphones, AirPods and cheat sheets are NOT permitted.

1) Draw a graph of the signed area represented by the integral and compute it using geometry. You are not

allowed to use properties of integrals.

(i)

∫ 5

−5
x− 5 dx

(ii)

∫ 3

−2
4 dx

(iii)

∫ 6

−6
(|x| − 3) dx

(iv)

∫ 2

0

√
4− x2 + 2 dx
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2) Let A be the signed area between the graph of f(x) = x2 − 2x − 5 and the x-axis from x = 2 to x = 6.

Compute A as the limit lim
n→∞

Rn.

Hint:
n∑

i=1

i =
n(n+ 1)

2
,

n∑
i=1

i2 =
n(n+ 1)(2n+ 1)

6
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3) Let g(x) =

∫ x

0
f(t) dt, where f is the function whose graph is shown.

 SECTION 5.3  The Fundamental Theorem of Calculus 401

 66.  Let Fsxd − yx
1 f std dt, where f  is the function whose graph 

is shown. Where is F concave downward?

y

0 t1_1

 67.  Let Fsxd − yx
2 e

t2
 dt. Find an equation of the tangent line to 

the curve y − Fsxd at the point with x-coordinate 2.

 68.  If f sxd − ysin x
0  s1 1 t 2  dt and tsyd − yy

3 f sxd dx, !nd 
t 0s!y6d.

 69.  If f s1d − 12, f 9 is continuous, and y4
1  f 9sxd dx − 17, what 

is the value of f s4d?

 70.  The error function

erfsxd −
2

s!  
 y x

0
 e2t 2

 dt

is used in probability, statistics, and engineering.
 (a)  Show that yb

a e
2t 2

 dt − 1
2 s!  

 

ferfsbd 2 erfsadg.
 (b)  Show that the function y − e x 2

erfsxd satis!es the dif-
ferential equation y9 − 2xy 1 2ys!  

 

.

 71.  The Fresnel function S was de!ned in Example 3 and 
graphed in Figures 7 and 8.

 (a)  At what values of x does this function have local 
maxi mum values?

 (b) On what intervals is the function concave upward?
 (c)  Use a graph to solve the following equation correct to 

two decimal places:

y x

0
 sins! t 2y2d dt − 0.2

 72. The sine integral function

Sisxd − y x

0
 
sin t

t
 dt

is important in electrical engineering. [The integrand 
f std − ssin tdyt is not de!ned when t − 0, but we know 
that its limit is 1 when t l 0. So we de!ne f s0d − 1 and 
this makes f  a continuous function everywhere.]

 (a) Draw the graph of Si.
 (b)  At what values of x does this function have local 

maxi mum values?
 (c)  Find the coordinates of the !rst in"ection point to the 

right of the origin.
 (d) Does this function have horizontal asymptotes?
 (e)  Solve the following equation correct to one decimal 

place:

yx

0
 
sin t

t
 dt − 1

CAS

CAS

73–74  Let tsxd − yx

0 f std dt, where f  is the function whose 
graph is shown.
(a)  At what values of x do the local maximum and minimum 

values of t occur?
(b) Where does t attain its absolute maximum value?
(c) On what intervals is t concave downward?
(d) Sketch the graph of t.
 73. y

2 t0
_1
_2

1
2

4 6 8

3

f

 74. y

1 t0 73 5 9

f

_0.2

0.2

0.4

75–76 Evaluate the limit by !rst recognizing the sum as a 
Riemann sum for a function de!ned on f0, 1g.

 75. lim
n l `

 o
n

i−1
 S i 4

n5 1
i

n2D
 76. lim

n l `
 
1
n

 SÎ 1
n

 1Î 2
n

 1Î 3
n

 1 ∙ ∙ ∙ 1Î n
n

 D
 77. Justify (3) for the case h , 0.

 78.  If f  is continuous and t and h are differentiable functions, 
!nd a formula for

d
dx

 yhsxd

tsxd
 f std dt

 79. (a) Show that 1 < s1 1 x 3 < 1 1 x 3 for x > 0.
 (b) Show that 1 < y1

0 s1 1 x 3 dx < 1.25.

 80. (a) Show that cossx 2d > cos x for 0 < x < 1.

 (b) Deduce that y!y6
0  cossx 2d dx > 1

2.

 81. Show that

0 < y10
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x 2

x 4 1 x 2 1 1
 dx < 0.1

by comparing the integrand to a simpler function.
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(i) At what values of x do the local maximum and minimum values of g occur?

(ii) Where does t attain its absolute maximum value?

(iii) On what intervals is g concave downward?

(iv) Sketch the graph of g.
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4) A particle moves along a line so that its velocity at time t is v(t) = t2−6t+8 (measured in meters per second).

(i) Find the displacement of the particle during the time period 0 ≤ t ≤ 4.

(ii) Set up an integral to find the distance traveled by the particle during this time period. In your answer,

there must be no absolute value functions, and the limits must be included in the integrals.
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5) Evaluate the integrals using a suitable substitution.

(i)

∫
x√
1 + x

dx

(ii)

∫
sin 2x

1 + sin2 x
dx Hint: sin 2x = 2 sinx cosx
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6) Evaluate the integrals.

(i)

∫
2y2 − 5y + 7

√
y + 3

√
y

dy

(ii)

∫ π/5

0
sec 5x tan 5x dx

(iii)

∫
32x+1 dx

(iv)

∫ π/6

π/8

sec2 θ − tan2 θ

cos2(2θ)
dθ, Hint: 1 + tan2 θ = sec2 θ
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EXTRA CREDIT PROBLEM Use a substitution first and then use integration by parts to evaluate the integral.

∫
x tan−1(

√
x2 + 1)√

x2 + 1
dx
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WORKSPACE
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