No labs today

Please, login into webassing, locate
LectureMCQ L18 (PY105) ‘

and answer question 1

(but ONLY Q1!).
Pleas sign in using the sign-in sheets on

the bench. Good morning!

Please, pick up YOUR exam,
Thank you o“




LectureMCQ_L18 Question 2!

Please, asses your expectation regarding the exam
. The Exam was much harder than | expected

The Exam was somewhat harder than | expected
The Exam was about as | expected

The Exam was somewhat easier than | expected
The Exam was much easier than | expected

The Exam was way too short.
When did we have it? Did | miss an exam?

| took PY211 exam by mistake, it was OK

O NGk WON =



Exam problems m Problems:

Train yourself v 1.HW

in recognition! 2.Lectures
LR T 3.Units (IL)
%%53@:3 Practice HW
ST e o o e it Practice exams




New topics (do not read this slide)

SHM, stable equilibrium, restoring force, oscillations, small oscillations,
Hooke’s law, Newton’s 2"d law for SHM, simple harmonic motion
(SHM), SHM for horizontal spring, analogy between SHM and UCM,
motion equation for SHM,S, V, A graphs for SHM, period, frequency,
angular frequency, amplitude, elastic potential energy, energy graphs,
conservation of energy, SHM for a vertical spring, a simple pendulum,
SHM for a simple pendulum, a physical pendulum; fluids, density,
pressure, pressure in a static fluid, atmospheric pressure, gauge
pressure, absolute pressure, the Pascal’s law, the buoyant force,
Archimedes’ principle, A static equilibrium for objects in liquid, solving

buoyancy problems, fluid dynamics, an ideal fluid, streamline flow, an
incompressible fluid, mass flow rate, volume flow rate, the continuity
equation, the Bernoulli’'s equation, solving fluid dynamics problems.



HW3P1 recommended deadline =6/22 11 pm
actual deadline =6/28 11 pm

HW3P2 recommended deadline =6/24 11 pm
actual deadline =6/28 11 pm

HW3P3 recommended deadline =6/26 11 pm
actual deadline =6/28 11 pm

HW3P4 recommended deadline = 6/27 11 pm
actual deadline = 6/28 11 pm



When the motion
repeats itself!

— i

a.k.a. a stable

equilibrium

Always choose the origin at the equilibrium position !!!!

Restoring force always points at the equilibrium position !!!!

Oscillations !!
y




F Dynamics of SHM

x Hooke’s law;
setting the origin

N2L at the equilibrium
may = F, Fx=-kx
\ mayx= -kx/
k a



For an object on
a spring

Dynamics of SHM

Oscillations !! When the motion
- repeats itself!

[ §

equilibrium

Always choose the origin at the equilibrium position !!!!

Restoring force always points at the equilibrium position !!!!

For ANY SHM

a, = —w?



Simple Harmonic Motion v. Rotational Motion

Osdllations

Always choose the origin at the equilibrium position !!!!
Restoring force always points at the equilibrium position !!!!
X

A close analogy
between SHM and RM:
U

the same x - coordinate!




SHM v. Rotational Motion

1. x=R:cosb 2. 0=6)+ ot

\ 4

SHM equation

x = R-cos(6 + of)



SHM v. Rotational Motion
For rotational motion T, R=A » For oscillations

equilibrium

origin

@ = const 0= 6, + ot

Circular motion SHM

X=Rcos(0)=Acos(wt +0)) e “Our’ motion equation



The blast from the ...trigonometry

cos(35%) = Q. 9!4

-cos(35°+180)=0. ¢ ( %

\

sin(35°+ 90) = O0.014

I



The blast from the ...trigonometry

cos(35%) =0.819 -c0s(35'+ 180) = 0.819
sin(35"+ 90) = 0.819

cos(8) = -cos(8+ 180°) = sin(& + 90°)

COS, Sin, -COs, -sin can be
converted into each other!



SHM v. Rotational Motion

1. x=A-cos6b 2. 0=6)+ ot

\ 4

yve Cdn
SHM equatlon ALWAYS

x=A- cos(Ho + @f) convert

‘ cos Iinto
w and
back!

ALSO SHM equation X — +A Sln(é:o -+ a)t)

.II-I-.,‘O "


http://math2.org/math/algebra/functions/sincos/properties.htm

A general motion equation x(t) for a SHM

x(t) = [number] * {sin or cos}([number]| * t + [number|) + [number]

An order may differdueto: A+ B =B + A and AB = BA
examples

x(t) = 3cos(2t)  x(t) = 3cos(5t) x(t) = 3cos(—5t)
x(t) = —3cos(2t) *¥(®) =—3cos(2—5t) *()=—3sin(2 = 50)

x(t) = 3sin(2t) x(t) = —3cos(—5t+2) +1.23456

x(t) = —3sin(2t) x(t) = —1.23456 + (—;) sin(—0.5 + 7.7¢t)



Webassign: L18 Q3

How many equations from the equations
below do NOT describe SHM?

1. x(t) = 3cos(2t) 2. x(t) = 3cos(5t) 3. x(t) = —3cos(2t)
4.x(t) = —3(2 — 5t) 5. x(t) = —3cos(—5t+2) +1.23456

1
6. x(t) = 3tan(2t) 7. x(t) = —1.23456 + (-3) sin(—0.5+ 7.7t)



x(t) = [number] = {sin or cos}(|[number] = t + [number]) + [number]

How many equations from the equations
below do NOT describe SHM?

=> 2
1. x(t) = 3cos(2t) 2. x(t) = 3cos(5t) 3. x(t) = —3cos(2t)

4.x(t) = —3(2 — 5¢t) 5. x(t) = —3cos(—5t+2) +1.23456

1
6. x(t) = 3tan(2t) 7. x(t) = —1.23456 + (-3) sin(—0.5+7.7t)



SHM v Rotational Motion: in general
For rotational motion For oscillations

equilibrium

@ = const

origin 0= 6, + wt
== 2q

[ £ e
° e

U ays Aoow the ariga at the equlibeism postion
ahways points o the "

= X =R cos(f) + E=Acos(wt +6,) + E

4
Restoring force o



SHM v Rotational Motion: in general

A =the maximum displacement from the equilibrium

D = t
Qoo 0= 6, + ot

X =Acos(ot +6)) + E



SHM v Rotational Motion: ifE=0

A =the maximum displacement from the equilibrium

D = t
Qoo 0= 6, + ot

X = Acos(wt + 0)



x(f)=Acos(at + &) +E the summary of kinematics of SHM

A is the amplitude, which is the
magnitude of the maximum
displacement from the equilibrium position.

T=tIN=1/f=2r/wis a period, which is the time for one
complete oscillation (one complete oscillation has four similar

parts)

f= NIt=1]T is the frequency, i.e. the number of oscillations
per one second.

w = 2nf'=2n/Tis an angular frequency, which is the number of
oscillations per 2z seconds.

ot + Gyis a phase; 6, is an initial phase (no need to bother with it)
E is the coordinate of the position between X,,.x and Xuin



X(t)_ACOS(a)t +6b)+E For an obiect on a sprina

A is the amplitude, which is the k o, f 5’\ W Xmax
magnitude of the maximum m_ Y TEA g L EA x

displacement from the equilibridm position.

T=tIN=1/f=2r/mwis a period, which is the time for one
complete oscillation (one complete oscillation has four similar

parts)

f= NIt=1]T is the frequency, i.e. the number of oscillations
per one second.

w = 2nf'=2n/Tis an angular frequency, which is the number of
oscillations per 2z seconds.

ot + Gyis a phase; 6, is an initial phase (no need to bother with it)
E is the coordinate of the position between X,,.x and Xuin



SHM in general: a x(f)=Acos(at+ &)+ E
motion equation T
and a graph -




SHM in general: a x(f)=Acos(at+ &)+ E
motion equation httos:fwww desmos comicalculator

and a graph

g



https://www.desmos.com/calculator

X (m)

Write the motion equation

Webassign: L18 Q4
1.1s 2.2s 3.3s

. s s e

The period of this motion is
4.4 s




X(m) |

E
s
$
*
F

Webassign: L.18 Q4
The period of this motion is
’1.1s 2.2s 3.3s ...

e e e

____

x(H=Acos(at +0)+E the summarv of kinematics of SHM

A is the amplitude, which is the « , NYWAL
w*

magnitude of the maximum m EA 9 g EwA x°
displacement from the equilibrium position. AT
T=1tIN=1lf=2x /wis a period, which is the time for one
complete oscillation (one complete oscillation has four similar
parts)

f= Nit=1/T is the frequency, i.e. the number of oscillations
per one second.

o = 2nf = 2n/Tis an angular frequency, which is the number of

oscillations per 2x seconds.

wt + O,is a phase; 4, is an initial phase
E is the coordinate of the position between X, and X,

v2 b AT

f(s)

—"Z;"' 252 Tag;

A= £
| E— (=
Xe A- oleyden)s p™

= L. F J.0). &b a0+
X c “(a’ﬁg'{:ﬁ'ﬂ..wd"t‘t’ ‘)

b2

——1‘-1.':‘
G <



X(m)
This graph
represents the

» motionofaa100g

weight attached to
" a spring.

Calculate the spring/force constant of the spring.

e Acosiat 2l )+ F the swmmary of kinematics of SHM
A s the amplitude, which is the & Iﬂ"'v'v'-’ -
wummumum m 0 & EA x
d.mlromlhooq lbrumposmon A
T=tIN= 1= 2x/wis a period, which is the time for one
complete oscillation (onocompbumlal n has four similar
parts)
= N't = 1/T is the frequency, i.e. the number of oscillations
per one second.
o= 2xf = 2=n'Tis an angular frequency, which is the number of
oscillations per 2r seconds.
of + Ois a phase; 4, is an initial phase
E is the coordinate of the position between X, and X,



Sgecial case. 1. Xequilibrium =0 (E — 0)
2. Released from rest
x(t) = A cos(wf) 3. Xo=A>0
At t= 0

LN,

0 Xo=A X
THE MOTION DIAGRAM



I " 1. Xequilibrium = 0 (E = 0)
Special case: 2. Reqleased from rest

x(t) = A cos(gf) 5 Xo=A>0 At t= 0

>

V2 -V Sl



I " 1. Xequilibrium = 0 (E = 0)
Special case: 2. Reqleased from rest

x(f) = A cos(wt) 3. Xo=A>0 e

>




Graphs of position, velocity, and acceleration

In SHM (simple harmonic motion), the general equations for position,

velocity, and acceleration are: e ————

X(t) = A cos(mt ) \\/\f.\/\

v(t)= -Ao sin(mt ) | \/\/\/\
a,=—w?x a(t)=-Ao’ cos(ot ) S AVAVAY A cartis
The phase angle 0, 1s determined by the nitial position and nitial attac!led to
velocity. a spring, we
The angular frequency for an object of mass m oscillating on a spring of | move a cart

spring constant k the angular frequency 1s given by: to the right
, _k from (E=0)

M = émm The mostimportant connection
equilibrium

m
Whatever i1s multiplying the sine or cosine represents the maximum valu¢ and release

of the quantity. .
N 4 Y . it from rest.
Thus: X =A Viax = A® Apax = A®” a, = —w%x




| This graph
represents the
» motionofaa100g

, " weight attached to
° | | a spring.

Calculate v,,.x and anax az -eJ* X
o |.V* A= A=

O Acosiat 20l )+ F the swmmary of kinematics of SHM

A is the amplitude, which Is the [" VAL, -
magnitude of the maximum n EA g p EA x t h
displacement from hooq ikbrium position. “a " 6. - /‘
T=tIN= 1= 2x /o is a period, which is thedisse for one - 3
complete oscillation (om complete oscillation has four similar q

parts)
;:‘Ls‘:c;.:m frequency, i.e. the number of oscillations Vh= w‘ A s %’ [ h&

= 2uf = 2n' T is an angular frequency, which is the number of
oscillations per 27 seconds.
of + 0 is a phase; 4, is an initial phase
E is the coordinate of the position between X, and X,



Graphs of position, velocity, and acceleration

In SHM (simple harmonic motion), the general equations for position,
velocity, and acceleration are:

Ax =x-E X(t) = A cos(ot +60,) +E F
Fx=-kAx v(t)=-Ao sin(ot + 0,) WA
Ay = —w?Ax a(t)=-Ao’ cos(ot + 0,)

In general;
A cartis
attached to

a spring, we

move a cart

The phase angle 0, 1s determined by the initial position and imitia
away from
equilibrium

velocity.
Xoquitibrium £ 0_(E # 0)
Kk and release

— wz it with a

m push.

Whatever i1s multiplying the sine or cosine represents the maximum value
of the quantity.

4 2
[hus: Xmax = A Vinax = A® Apax = A®”




The motion equation of an object is
X(t) =—>5 Sin(3ﬂ't — 1) + 2 (assume Sl units)
X =Acos(wt+6) +E Webassian: L18 Q5

The angular frequency equals (in rad/s)...

1.17 2.2 3.3x7 4. 47
S5.57 6.6 7.7 8. none of the above

w—T—ZTl'f »



The motion equation of an object is

x(t) = |—5)_sinQ3 t @ @ Webassign: L18 Q5

x=Acosqm}t+6’o)+E w == =2nf

The angular frequenc als (in rad/s)... d
L.z 2.2m @5 4. 47
S. 57 6. 67 7.7 8. none of the above
o Pz |-LfC
. [
A 3. (‘,jJT‘_{, « B, M 2,
bl ‘.f"lftrl.ﬂfa Cy L\F P 4

1Y
[ et A’-'(S")‘: $: Vg VA <78 )

Also find: A, f, @, Vimax, @max



The motion equation of an object is
x(t) = -5sin(3nt—1) + 2
o = 31 rad/s (assume S| units)

The period equals (s)...
A43— 2.2/3 3.3R—443——



special cases “Kicked”

/ ) from

Released from rest:

x ==+Acoswt

equilibrium
position:

x =+Asinwt

2 ‘+A




2ND special case “Kicked” from equilibrium
x==xAsinwt  position: v(t), a(f)

T VW




An object is released from rest

A 100 g block attached to a spring

with k=10 N/m is moved 10 cm to
the left away from the equilibrium

position and released from rest.
Write a motion equation and a

velocity equation for the block. N



A 100 g block attached to a spring with k=10 N/m is moved
10 cm to the /left away from the equilibrium position and released

from rest. Write a motion equation and a velocity equation for the
block. W30




When an object is
making SHM (e.g. a

F
- ball attached to an
ideal spring and

moving on a frictionless surface), its KE ...
1. Conserved 2. Positive when the ball is

to the right to equilibrium, but negative when
the ball is to the left to the equilibrium

3. Never negative 4. Never positive

5. None of the above




1. Xequilibrium = 0 (E = 0) i DznamiCS Of SHM

2. Released from rest

-

|

3. Xo=A>0 s ] Energy: What is
happening to KE?

When an object is making YE=0o

SHM (e.g. a ball attached to
an ideal spring and moving

on a frictionless surface), its vt v
KE .... 1. Conserved YE= ) +
2. Positive when the ball is to 3

the right to equilibrium, but KE
negative when the ball is to

the left to the equilibrium Tt T H
3. Never negative 4. Never

positive 5 None of the above



SHM When an object is
making SHM (e.g. a

F
- ball attached to an
ideal spring and

moving on a frictionless surface), its KE ...

1. Conserved 2. Positive when the-ball is

to the right to eguulibrium, but negative when
ne-bait1s to the left to aguilibrium

3. Never negative 4. Never positive

S None ofthe-above— AND changes!



I

Iiﬂﬂﬂﬂi‘iT Dynamics of SHM
Why does KE change?

F, s

Because F., does
mechanical work!

Fy=-kx WKET: Wt = We = KE; - KE;



W, = 72777

W. = Work done BY a spring
W.,, = Work done ON a spring
Wel = - Wapp

W=l § - Sl a0
A ve< |

Fy=-kx



Dynamics of SHM

Work; KE, Elastic Potential Energy (EPE)

E, . If F=const => W = |F||AS|cos0
‘ Elastic force is NOT constant!
Work done by the
x  spring!
kx? kx]% kx>
Femrkx ~ Wl =3~ PRa=T

WKET: W, = We = KE; - KE;



Graphs for kinetic and potential energy: (t)

N
m> of what?
KE = — I >
PE. =% ME = KE + PE =
= Mo

L




W b'r kx?
KE ZL PE,=— ME=KE +PE

l\)"’ Sysien

S(ﬂ‘} "’

Y X w Vv ~
o : Kx‘- wym 3"
q_ = —z- = -—‘J ‘f}’
W\’\, ) %
‘\




Graphs for kinetic and potential energy: (x)

XE




= — Neglecting friction
| @ => ME = const

LCME
(horizontal spring)

~

k\‘ &
2

U =

MEt. = KE +U=const=KE;+U;=KE>, + U,



- wwwm  Special case X = Acos(wr)
ey . we 10, V= Awsin(wt)

total  Neglecting friction =>
LCME

400 00

s
k:

K E total (/

kx| k[Acos(ar)]”
2 2
=U,_ cos’(wt)=E,  cos’(ar)|=

max

/ mv” | m| Awsin(ot)|’
2 2
sin’(wt) = E

fota

,sin* ()

lllﬂ\

sin’(wt) 4 cos’(wt) = 1» U+K = const=[ = Unax=Knax

lola



