MA205 Integral Calenlns and Introduction to Differential Equations

Lesson 46 - Spring Mass Systems |

Ohbiectives

o Model initial value problems involving » Spring nrss svsten.
o Solve problems nvolvigy sitnple harmonic motion, free undamped motion. and damped motion.
o Understand critically damped. under damped, and over damped spring mass S¥Stens.
e Be able to describe the fong term hehavior of a Spring Hiass systen.
READ |
| SR

o Stewart, Chapter 17.3. pages 1125-1198 {up to “Torced Vibrations™)

L‘"I‘I-UN.K ABOUT]

il
o What is the form for any linear second order differentinl equation, both honosencons and non Lhomogeneous?
o Wihat is the form of any huaginary number?

B\:IATHEMATICA COMMANDS AND TASKS YOU NEED TO I\'N(’)“‘i

Some of the seeond order differentinl equations we will attempt to solve will not be easily solved by haud, We can
se the conunand DSolve that we used carlier on thewe eqiiations as well. Given a second order difforential eqntion
of the form:

ay” by ey =0 y(0) = gy y (0) = i

The conunand to solve this in mathematica would be:

v

DSclve[{ay”[t] + by'{t] + cylt] == 0,40 == 0. 4[] ==y, . Y[t 1]

Notice each equation hias the == in if. Again, vou must be very careful using the DSolve command. It is very
sensitive to what you put into it.
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Lesson 46 - Spring Mass Systems [
FObjectives
e Model initial value problems invelving o spring mass svsten,
@ Solve problems involving simple harmouic motion. free undamped motion, and damped motion.
o Understand critically damped. under damped, and over damped spring mass systems.
e De able to deseribe the long term behavior of a spring mass svsteni,

o Stewarf, Chapter 17.3. pages 1120-1128 (up to “Forced Vibrations™)

| THINK ABOUT |

e What is the forni for any linear sccond order differential equation. both homogencous and non homoegeneous?

e What is the form of any hmaginary mnmber?

| MATHEMATICA COMMANDS AND TASKS YOU NEED TO KNOW |

Some of the second order differential equations we will attempt to solve will not be easily solved by hand. We can
use the command DSolve that we used carlier on these equations as well. Given a second order differential equation
of the form:

ay" + by’ ey =0 y(0) = .y (0) =y,

The command to selve this in mathematica would be:

DSolve [{ay” [t + by'lt] + cylt] == 0,4]0] == yo, y'[0] ==y}, y[t]. ]

Notice each equation has the == iy it. Again, vou must be very careful using the DSolve comunand. Tt is very
sensitive to what vou put into it
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MA205 Integral Caleulus and Introduction to Differential Equations

Problem Sokving Problems

hed to the end of a spring, stretches it 4 inches, Initially the mass is released

Lo A mass weighing 24 pounds, attac
from rest frow & point 3 inches above the equilibrivm position.

(a) Develop an initial value problem that models the motion of the mass.
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(c) When does the mass pass through the equilibrium position for the second time?

(d) Identify and describe the type of motion this system represents.
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MAZ205 Integral Caleulus and Introduction to Differential Equations

2. Ap 8 pomnd weight stretehes a spring 4 feet. The spring-mass systen: resides in a medivm offering a resistance
to motion equivalent to 1.5 fimes the instantaneous velocity. The welght is released 2 foet alsove the equilibrinm

poesition with a downward velocity of 3 feet por second.

{a} Develop an initial value problem that models the motion of the niass.
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(b Determine the function that describes the position
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{d} Identify and describe the type of motion this system represents,
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of the mass as a function of time.
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3. A 4 foot spring measures 8 feet long after a mass weighing 8 pounds is attached to it. The medimm through
. . . . . I~ . . N
which the mass moves offers a damping foree numerically equal to 2 times the instantancous veloeity. The
mass is lnitially released from the equilibrium position with a downward vejocity of 5 Jsec.

(a} Develop an initial value problem that models the motion of the mass.

ks

{b) Detennine the function that deseribes the position of the mass as a function of time.

{¢} When does the weight achicve the largest displacement from the equilibrivin position? What is that

distance?
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() Tdentify and describe the type of motion this svstem represents.
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2 1

force numerically equal to half the instantaneous velocity.

4. A mass weighing 16 pouds stretehes a spring 8/3 feet. The mass is initially released from rest from a point 2
feet below the equifibrinim position., and the subsequent motion takes place i a medinn that offers a damping

{a) Develop an nitial value problem that models the motion of the mass.
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(b) Determine the function that describes the position of the mass as a function of thme,
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{¢) When does the mass pass througl the equilibrimmn position for the second time with an upwards veloeity?
(In otherwords, what is the period of this motion?)
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{d} Idensify and describe the type of

motion this system represents.
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