Exam 2: 6:30PM - 8:00PM Monday April 11 in LR1 VAN over Chapters

3 and 4 and 6.1-6.4 (but NOT 4.4).
IC()/\/ ria Qanhodn C{M-dn(~

To study for exam 2:
1.) If you can do all the.review problems; you should be in good shape.

2.) If you have difficulty with factoring, check out Solving higher order linear
homogeneous DE and theanswers to quiz 4 (and Friday's class notes).

3.) If you have difficulty with the LaPlace transform, check out Intro to Ch 6: LaPlace
Transform. Note to perform the inverse transform requires only a few specific operations
as described on page 2 of table of LaPlace transforms.

,; NOTE the (shorter) 6.2 problems are at the end of HW 9. Please make sure you do those
before exam 2 even though they are at the end of the assignment. Since the 6.2 problems
are shorter, you may-want to do them first.

- I forgot that 6,5 is covered on this HW. Since it is not on the exam, I have postponed the
- due date of HW 9 to THURSDAY (not Sunday), so you don't need to do the 6.5 HW
problems until after Monday's exam 2. But if you would like extra practice, you can also
do the 6.5 problems earlier.

4.) To see various diffevent wordings for mechanical vibration problems, see’Mechanical
Vibration rexicw.
277
< »,
To determine amphtude period, frequency, and phase convert tq¢ Rdos(wt - d).
LS pkce/f)é’@(’“ _
ote (R, d) can be found by converting (c1, c2) to polar coordinates per Some review

problems including answers. These old quiz problems with answers are also good review

roblems.

See MV slides for a review of damping (critical, under, over) as well as resonance, etc.

Note polar coordinates can be used to factor some polynomials. See class notes.

To pass this class, you don't need to know everything. Concentrate on
the basics (and your favorites) if you are short of time.
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DE: LaPlace https://homepage.math.uiowa.edu/~idarcy/COURSES/100/LaPlace.html
Last year I created a discussion page asking students to create short video lectures per

below. We won't ask you to create videos this semester, but students did much much better
than usual on chapter 6 exam problems last year. Thus I am copying some of the
discussion to this page for an introduction/review of LaPlace transforms. Please ignore
comments regarding videos.

In chapter 6 we will use the LaPlace transform to turn a linear DE into an algebra problem
using linearity and a table of LaPlace transforms.

For example to solve
|\ j ’ \ Q_”}A \ ;
Dy + 3y +4y 20, y(0) =5, ¢'(0) =6
L M) & (e :
1.) Take the LaPlace Transform of both sides gf the DE equation: 4@ L , y) QQj

LD\ 3
L(y" + 3y + 4y) = L(0) ySe

2.) Use the fact that the LaPlace Transform is linear: i 5
L(y") +3L(y') +4L(y) =0_
3.) Use formulg to change this equation into an algebraic equation:
— T ————

[ L{y) — sy(0) —y'(0)] + 3[sL(y) — y(0)] +4L(y) =0

3.5) Substitute in the initial values:
s2L(y) — 58 — 6+ 3[sL(y) — 5] +4L(y) =0

4.) Solve the algebraic equation for L(y):

s2L(y) — 55 — 6 +3sL(y) — 15 +4L(y) =0

(82 + 3s +4]L(y) = 5s + 21

__ Bst21
L(y) = 824+3s+4
- . _ bHs+21
Some algebra implies L(y) = - ~—eid

5.) Solve for y by taking the inverse LaPlace transform of both sides:
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Dﬁﬁ(&me_ = s Xé@l _ (o htps://homepage.math. uiowa. edu/~idarcy/COURSES/100/LaPlace htmi
£p) = ,szizgyl) - s(ff(o) -y (0)

£ —sngQ) —32(f4[0\)—s(‘/’/ ) - 9"(2)
ﬁ(y'"')—s%Zg) -9 (o) _32(9;/1)_3(,4%)) y” /0)
5499 cohd

Note the pattern. Lets now fill in the first blank for each of these. Note that the
coefficient of 8” in Formula 18 is £(¥).

Thus if we fill in just the first blank in each of the above, we get

L) = st(y) - 4(0)
L) = L) — s(2.(0)) - w/o)

L") = 26) - 2y (0) — sy 1)~ 4 "(0)
L") = L) — 5 ;L@)—sz(g_))—s(;/@)—/”/(’)

The remaining blanks are filled in with initial values, starting with y(0). As the degree of
s decreases, the derivative of y (evaluated at 0) increases. Note we always end with
subtracting-d constant termi-as we run out of initial values at the same time we run out of 8

's.

-

Thus our formulas become:

L{y') = sL(y) —y(0)

L(y") = s*L(y) — sy(0) — ¥/ (0)

L(y") = s*L(y) — s*y(0) — s/ (0) — 4/ (0)

L(y") = s*L(y) — s*y(0) — s°y/ (0) — sy (0) — " (0)
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[3] 1.) Write the following in the.form u(t) = Rcos(bt — )
, By !o'&“"d j Cf‘ej - - lﬂ,l(sﬁ/(%
u(t) = 2\/_603@}:) 2sin(2t) = _
C, coslt) ke, Stn (2€)

ReosS ceos (28) +Rs(a S Sen(2 € )

= REeosfot - §) e

.f"\i
[3] 2.) If y = ¢:1(t) and y = ¢2(t) are homogeneous solutions t(u ayl/+ by +cy = g 13 éen a e“:‘i_&

non—homog neous solution to this se&%\o;géz\lmear dlfferentlal €quation is
'§0 \ V&«V./a' aﬁ

- y(t) = M:[‘ﬁ’)d C+) 'TL(’( (’L\g{é(%—

To sl dn o d Uy = j[ "T'
" e

where u; (t) = . and uq(t) = (/U vons K “’\'\

. |

e

[4] 3.) A spring mass system has a spring constant of 3N /m. A mass of 4kg is attached to the
spring. The system is driven by an external force of sin(3t) N. The spring is streched 5 m and
then set in motion with a downward velocity of 2m/s. Assume that there is no damping. State
the initial value problem that describes the motion of this mass. Do NOT solve.

IVP:
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[8] 2.) If y = ¢1(t) and y = ¢3(t) are homogeneous solutions to ay” + by’ + cy = g(t), then a
non-homogeneous solution to this second order linear differential equation is .-

W
y(t) = u1(t) b1 + ua(t) oo ()\ 495\ ﬂig
\ e

P ’O 4 ¢} 0 go n { J(Lp/\
wherg u, (t) = f qsll ¢;22 gg’)dt 8 — f (:’1 d} 9() 4 \)6 VJ@
1 2
n ¢ ¢ ‘ ln{,e/)(

4] 3.) A g mass stretches a spring 5 m. The mass is acted on by an external force of

6cos(3t) N. The spring is compressed 4 m and then set in motion with an upward velocity of
2m/s. Assume that there is no damping. State the initial value problem that describes the
motion of this mass. Do NOT solve.

IVP: 10u” 4 19.6u = 6cos(3t), u(0) = —4,4'(0) = —2

mg = kL, k = 2208 _ 9(9.8) — 19.6
[4] 3.) A 20 kg mass stretches a spring 2 m. The mass is acted on by an external force of
9sin(5t) N and moves in a medium that imparts of viscous force of 8N when the speed of the
mass is 4m/sec. The spring is compressed 4 m and then released. State the initial value problem
that describes the motion of this mass. Do NOT solve.

IVP: 20u” + 2u' + 98u = 9sin(5t), u(0) = —4,4'(0) =0

mg = kL, k = 208 _ og

8 = v(4). Thus v =2
[4] 3.) A spring mass system has a spring constant of 3N/m. A mass of 4kg is attached to the
spring. The system is driven by an external force of sin{3t) N. The spring is streched 5 m and

then set in motion with a downward velocity of 2m/s. Assume that there is no damping. State
the initial value problem that describes the motion of this mass. De NOT selve.

IVP: 44" 4 3u = sin(3t), u(0) =5,u'(0) =2

[4] 3.) A spring is stretched 1m by a force of 2N. A mass of 9kg is attached to the spring and
also attached to a viscous damper that exerts a force of 3N when the velocity of the mass is
1m/sec. The spring is set in motion from its equilibrium position with an upward velocity of
2m/s. State the initial value problem that describes the motion of this mass. Do NOT solve.

IVP: 9u” + 3u/ + 2u = 0, u(0) = 0,/(0) = —2

2=1k. Thus k =2

3=+(1).
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[3] 1.) Write the following in the form u(t) = Rcos{t — 8)
L
~ = =

u(t) = 2v/3cos(2t) — 25in(2t) = 1 L
= COSKZ'P) +C, Seq (2-&) — Zﬁ
= Reos(&)coslot) # Rsin ($) S (2{') :F ‘;
= Rcos(2t- é) =

-] i

[8] 2.) If y = ¢1(t) and y = #2(t) are homogeneous solutions to ay” + by’ + cy = g(t), then a
non-homogeneous solution to this second order linear differential equation is

y(t) =

where u; (t) = and ug(t) =

[4] 3.) A spring mass system has a spring constant of 3N/m. A mass of 4kg is attached to the
spring. The system is driven by an external force of sin(3t) N. The spring is streched 5 m and
then set in motion with a downward velocity of 2m/s. Assume that there is no damping. State
the initial value problem that describes the motion of this mass. Do NOT solve.

IVP:
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[3] 1.) Write the feflowing 0 the form u(t) = Rcos(bt — d)

Zﬁg (7/ A)c,q?c,f' = JEH205) T

Cﬁ . ) [
u(t) = —2cos(2t) + 2v/3sin(2t) = 4cos(2t — LT R 2v3
= G cosO) + &Szt ‘f‘B A\ N
= ,Qag (&Y cos (2> +RS(n S S1h [2 poler  ~ 17 N
R cos( R R Cotriast 1. 5 -
= R cos (24 - il T
2-§) (‘p{cg) i
L]
[3] 1.) Write the following in the form u(t) = Rcos(bt — &)
[ L
u(t) = —2cos(2t) — 2v/3sin(2t) = 4cos(2t + 2r) h I
I T
jt | _ll- -|2\{§
[3] 1.) Write the following in the form u(t) = Recos(bt — §)
u(t) = 2cos(2t) — 24/3sin(2t) = 4cos(2t + z) ' 1
1 il
L \2 iy
h%\/u_:u:' | T_

[3] 1.) Write the following in the form u(t) = Reos(bt — §)

u(t) = 2v/3cos(2t) — 2sin(2t) = 4cos(2t + %)

= /2(‘056( = Qf@
=R sing =—>




