APPM 1350 Exam 3 Solution July 6 2026

1. The following are unrelated
(a) (4 pts) Write the following sum in sigma notation
2—-44+6—-8+....—20

Solution:
We notice that the these are all even numbers with alternating sign. Hence,

10
2-446-8+...-20=> (~1)"""(2i)
=1

(b) (10 pts) Express the following definite integral as a limit of Riemann Sums using the right endpoints.

DO NOT | evaluate the limit.
3
/ (2% 4 3) dx
0

Solution: -0 3

Here f(z) = (#2 + 3),a = 0,b = 3. Also, Ax = =—— = =. Hence, using the formula for the Riemann sum
n n

with right endpoints,

3 n
22+ 3)dz = lim a+1Az)Ax
| @3 Jin 3 /(o iae)
L 3i\ /3
= w2 S <n> <n>
i3 (%) (2)
n—>ooi:1 n n

3\ . = /92
- <n> Jim 3 (n2 + 3)

=1

(c) (6 pts) Suppose Newton’s Method is used to find a root of the function h(x). The tangent lines at = b, d and e
are shown. (No explanation is necessary for the following questions.)

i. For which of the initial approximations 1 = a, b, ¢, d, e, f, g will Newton’s Method fail to find a root? List
or circle all that apply.
Solution:
b,d
ii. Which of the initial approximations x1 = b, d, e, g will lead to a second approximation zo that equals one
of the roots of h? List or circle all that apply.
Solution:



2. (20 pts) The acceleration of a particle as a function of time ¢ is given by a(t) = cos(nt) m/s. Find the position of the
particle as a function of time ¢ if the velocity and position at ¢ = 1 s are 1 m/s and # m, respectively.
Solution:

o(t) = / ot dt
= /cos(mf) dt

in(7t
_ _ sin(mt) LC
T

Plugging in the initial conditions

v(l)=1

_ sin(m) Lo—1
T
C =
in(7t

Which means v(t) = _sia(mt) + 1. Now,

cos(7t
= - (2 ) +t+4+ Ch
T
Plugging in the initial conditions

1

1) ==

2(1) =

cos( 1
- 7r(2 ) +1+4+C1 = 2
1 1

— +1+ Cl = p
Cy=-1

Hence, | 2(t) = (




x
3. The function f is defined as f(z) = / g(t) dt where the graph of g is shown below
-3
a(x)
A

Ly

(a) (10 pts) Find all the values of x € (—3,4) where f has a point of inflection. Show your work.
Solution:
Using the Fundamental Theorem of Calculus, we have

f'(@) =g'(x)
Looking at the graph of g, we see that ¢’'(z) is undefined as x = —1, 2 = 1 and z = 3.
Atz = —1, ¢'(x) doesn’t change sign. However, at z = 0 and 2z = 3, ¢/(z) changes sign. This means f”(z) is
undefined at those points, and f”(x) is changing sign at x = 0 and z = 3. Hence f has a point of inflection at

|z =0and z = 3]

(b) (10 pts) Find the equation of the tangent line to the graph of f atx = 1.

Solution: .

First, we calculate f(1) = / g(t) dt as the net area under the graph, by splitting it into 2 triangles and a trapezoid.
-3

1 1

£2) = =5 + 5@ + 3@+ D)

1 1
(y—2) =1z -1),onjy=2—-7




4. (10 pts) Let f be an odd function and g be an even function with the following properties:

Evaluate

/ @2f () — 4g(x)) du

-3
Solution:

0 3
f is an odd function. Hence, / f(z)dx = — / f(z) dx = —7. Using this, we can write
3 0

/;f(a;) dz = /(; f(2) dx—i—/olf(x) dx
:/_ng(:x)dz—/_olf(a:)dm
=(=7)—-(2)

-1 3

Also, g is an even function. Hence, / g(x)dr = / g(x)dr = -3
-3 1

Thus, we have

5. Evaluate the following integrals by any method you like

(a) (10 pts) /tQ\/t —4dt
Solution:

We employ the substitution v = ¢ — 4, du = dt. Hence the given integral reduces to

/tQMdt = /(u +4)2/u du

= /(u2 + 8u + 16)u% du

:/ugdu+8/ugdu+16/u§du

2 %+16 g+32 %—i—C
T T
2 16 32
= ?(t—4)%—|—€(t—4)g+?(t—4)%+0




3
(b) (10pts)/ |z — 1| da
-1

Solution:
We know that

(x—1) ifx>1,
jz — 1] = :
—(x—1) ifx<l

Hence, we can rewrite the integral as

/_31]:c—de:/_11|1:—1|d:x+/13|$—1|dx
:/_11—(w—1)d:v—|—/13(x—1)dx
_ /11(1%2 a;l) dz +£(x —31)dm
Z[”f‘z]_ﬂz”k
SRR
362

(c) (10 pts) / sin (:Ugg) dx + /2 sin(sin x) cos x dz
—362 0
Solution:

The 1st integral evaluates to O, because it is an integral (net area under the graph) of an odd function with
symmetric bounds.
We evaluate the 2nd integral using the substitution v = sinx = du = coszdx. Also, x = 0 = u = 0 and

71' .
T=3 = u = 1. Hence the integral reduces to

us 1
/2 sin(sin x) cos x dx = / sin(u) du
0 0

= [~ cosul}
= —(cos(1) — cos(0))



