Review before final exam

Guide how to identify type of the problem



Guide how to identify type of the problem

The question is about?  acceleration force conditions
/ (linear or for system at rest
Only if the problem explicitly angular) a=0

says “average acceleration” ay:O

or if the acceleration is constant a
a=Dv/Dt may be used ! ' a=0

A 4 \

The problem is for application of Newton’s 2"d Law:

[ TTT—

Does/can center-of-mass Does/can any
of any object move? object rotate?
Circular motion? +—— _ | a=S t.
a=V2/R maz=s; Fi Also often needed:
for the x-axis (O:)_ ma=5F, a=a/R
pointing towards Usudly 3, is zero t=+rFsing
the circle center for proper choice

: . . orxr F
of coordinales  Rolling combines both :

for the same object



- . _ Only if the problem explicitly
The question ISAabou/t?VmOCIty_’ says “average velocity”

or if the velocity is constant
v=Dx/Dt may be used

Wave velocity?
v=w/k =f |

Some free fall problems are easier to
solve using energy conservation

A free fall problem? -

4

Collision?

(the only force is Weight) (two objects, there is Use conservation of
“before” and “after” .
_ the “interaction”) mechanical energy
ny V|y th 1 E .:E
Dx= Wi, Dt Any rotation involved? O
Dy = v, D- 1/2g(Dt)2 y ' Ki +U; =K +U
yes no

Rotating object: K= 1/, W?
Use conservation of Use conservation of Linear motion: K= 1/,mv?

angular momentum linear momentum  Gravitationa:  U=mgh
Lot i=Lotot Pioti=Prot 1 Elastic (spring) : U= 1/,kX?
Extended object: L=IW pP=mv Does the text say
Point-like object: 1 “perfectly” inelastic
L=+r mv sing Does the text or the objects stick
or+r mv say “elastic” ? E’ to each other ?
' In addition, (e Jyes

use K=K, V1=V



The question is about? p05|t|on

e —
- —

A free fall problem? .-~
(the only force is weight)

Dx = v, Dt
Dy Vi Dt 1/29(Dt)2

—v-—thJ_.

Is velocity constant?
Dx =v Dt

}
Is acceleration constant?

Dx = v, Dt + Y/, a (Dt)?

Vi=Vv +alt linear > angular

X q
V — W
a a

Some free fall problems are easier to

solve using energy conservation

Use conservation of
mechanical energy

Eior i=Eot 1
Ki +U; =K +U
Rotating object: K= 1/, W?
Linear motion: K= 1/,mv?
Gravitationa:  U=mgh
Elastic (spring) : U= 1/,KkX?



Modification of the slide on “velocity” and “position” problems

IS mechanical energy conserved?
(Is work by external or
non-conservative forces zero?)

e~

Use conservation of Use energy-work
mechanical energy theorem
Etot i:Etotf DEtot :Wext. or non-cons.

Eiorr- Eioti =W

ext. or non-cons.



1. [15pts total] A diver runs off the diving board located at h=2m above the water with

initial velocity v;=3 mv/s directed horizontally.

B e e

(1a) [10pts] How far does she fly in horizontal direction, Ax, before entering the water?

(1b) [5pts] What 1s her speed (1.e. magnitude of total velocity) v; when she enters the

water?

The question is about?

position

A free fall problem? .~
(the only force is weight)’

N
V. Some free fall problems are easier to

solve using energy conservation

Use conservation of
mechanical energy
K, +U, =K; +U

i f

Extended object: K= 1/,lw?2
Point-like object: K= 1/,mv?
Gravitationa: ~ U=mgh

Elastic (spring) : U= 1,kx?

Is velocity constant?
Dx =v Dt

Is acceleration constant?

Dx =v;Dt +1/, a(Dt)?
Vi= Vit aDt linear — angular
X q
V > w
a a
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. Only if the problem explicitly
velocity ——» says “average velocity”
or if the velocity is constant

The question is about?
Wave velocity?

Some free fall problems are easier 8§
solve using energy conservation

Use conservation of

A free fall problem?, -~
(the only force is weight)

o objects, there is
“before” and “after”

V. =\ i

= Vix the “interaction’”) mechanical energy
Viy =V - gDt T =
Dx =v,,Dx g

0
Any rotation involved? K, +U. =K +U;

Extended object: K= %/, W2
Point-like object: K= 1/,mv2

Dy =v,,&x-/, g (Dt)?
yes no

Use conservation of Use conservation of

angular momentum  linear momentum  Gravitationa: ~ U=mgh
Lioti=Liot 1 Pt i=Piot 1 Elastic (spring) : U= 1/,kx2
Extended object: L=Iw p=mv Does the text say

Point-like object:
L=+rmvsing

“perfectly” inelastic

Doesthetext  orthe objects stick

“ ic"? —» ?
or£r my o say elastic” - to each other -

- In addition, ‘45 yyes

Physics 211 use K|:Kf Vlf:VZf

Sound Waves 28



2. & uniform ball of mass r=0.1 m and mass m=3 kg rolls down without slipping along loop-the-
loop track shown below. The radius of the loop 15 E=1.6 m. The ball is released from rest with itz

center at the height h = 12 m above the bottom of the tracle

do. What is the magnitude of the normal force exerted by the track on the ball at the top of the
loop? {g=10mis")

2a. What is the speed of center-ofimass of the ball at the top of the loop? (g=10m/s?)

Only if the problem explicitly
velocity =—— says “average velocity”
or if the velocity is constant
v=Dx/Dt may be used

The question is about?

Samlsallomc are easier to
Olve using energy coNscTyawgg

Use conservation of

llision?
(two objects, there is

A free fall problem?-~ <4
(the only force is weight)

V.=V y “before” and “after” hanical

i~ Vix the “interaction”) mechanical energy
Vi = V- gD ~I—>X —

Dx = v, Dt

Any rotation involved? K, +i =Kf+ U,
Extended object: K= 1/,|W?2
Point-like object: K= 1/,mv2
Gravitationa: ~ U=mgh
Elastic (spring) : U= l/2kX2
Does the text say
“perfectly” inelastic

or the objects stick

Dy = v,Dt- 1, g (Dt)?
yes no
Use conservation of
angular momentum
Lioti=Ltot s
Extended object: L=Iw
Point-like object:
L=+rmvsing

Use conservation of

linear momentum
Proti=Potf

p=mv

Does the text

or+r. mv sav “elastic” ? ~# to each other ?
? In addition, ,4es Jyes
Physics 211 use K;=K; V15=Vos

Sound Waves 28

Guide how to identify type of the problem

The question is about?  acceleration force conditions
(linear or for system at rest
Only if the problem explicitly angular) 6&:0
says “average acceleration” ay:O
or if the acceleration is constant -0
a=Dv/Dx may be used a=

The problem is for application of Newton’s 2" Law:

Does/can center-of-mass

Does/can any
of any object move?

object rotate?

i ion? = .
Circular motion~ ma=S F Alsclgtenshééded:
- (O:) m ay:Si FI y a=alR
pointing towards Usually g, is zero t=+rFsdnq
thecircle center for proper choice
of coordinates  Rolling combines both ortr, F

for the same object

Physics 211 Sound Waves 27



3. [10pts] A bullet is shot through a wooden block. The bullet has a mass of 0.003kg and
its initial speed is 400 m/s. The block is initially at rest and has a mass of Skg. The

block has a speed of 5 m/s right after the bullet went through. Calculate the speed of
the bullet after it went through the block.

. : ) ) Only if the problem explicitly
The question is about? velocity —— says “average velocity

or if the velocity is constant
v=Dx/Dt may be used

Some free fall problems are easier to
solve using energy conservation

Use conservation of

A free fall problem?," = jjision?

(the only force is weight)  (two objects, there is

V.=V y “before” and “after” hanical
fo B le - the “interaction”) mechanical energy
v X v Eioti=Etot
Dx = v, Dt Any rotat lved?
Dy = v.DX- ¥, g (DO)2 ny rotation involved Ki+Ui :Kf+Uf
iy

yes

Use conservation of

angular momentum
Lioti=Ltot 1
Extended object: L=Iw

tended object: K= 1/,1w2
-like object: K= 1/,mv2
itational: ~ U=mgh
Hstic (spring) : U= 1/,kx2
Does the text say

Use conservation of ro
linear momentum Grg
Pioti=

oti~ " totf

Point-like object: v “perfectly” inelastic
L=+rmvsing Does the text or the objects stick
“" sl ? _’
or+ romv N say “elastic” ~ no to each other ?
- In addition, ,4es yyes

Physics 211 use Ki :Kf V=V

Sound Waves 28



4. Twro blocks with reasses ry =7 kg and r;=5 kg are conne cted by a rasgless strng via pulley with a
rass of re=6 kg Lssume the pulley 15 a naform disk and that 1t rotates withoat a fction on its axde.
The string is non-stretchable and doesn’t slip onthe pulley. Coefficient of kinetic fiiction for the
block on the horizontal surface 1= p=0.06. Find acceleration of thas block assuraing it 1z mosving to the

left {use =10 mfs").

Iy
L]
T
Guide how to identify type of the problem
The question is about?  acceleration f conditions
q ' (inear or arce for system at rest

Only if the problem explicitly angular) a(:O
says “average acceleration” ay:O
or if the acceleration is constant a=0

a=Dv/Dt may be used

pplication of Newton

The problem i

Does/can center-of-mass Does/can any

of any object move? object rotate?
Circular motion? fe—— — la=St,
a=2/R m aX:Si Fix Also often neded:
for the x-axis (O_).m a=S F, a=aR
pointing towards Usually g, is zero - A t=+rFsdnqg

or proper choice

{ coordinates  Roling combines both
for the same object

thecircle center or + ro =

Physics 211 Sound Wave;




5. [10pts] Phobes is a small moon of Mars. It has a mass of A/=5.8 10'° kg and a radius of
R=7.5 10° m. For the purpose of the following problem, assume that Phobes has the
shape of a uniform sphere and that it is initially at rest. Suppose a meteorite strikes
Phobes at distance d=5 10° m off center and embeds itself inside Phobes, close to its

surface. If the meteorite mass was m=3 108 kg and its speed was v=103 mfs, what is
the angular velocity @ of Phobes about its axis of rotation after the collision?

Only if the problem explicitly
Ve|OCity —_—) says “average velocity”
or if the velocity is constant
v=Dx/Dt may be used

The question is about?

Wave velocity?
v=w/k =f |

Some free fall problems are easier to
solve using energy conservation

Use conservation of

A free fall problem’?,/ Collision?
(the only force is Welght) (two objects, there is

VY “before” and “after” hanical
fo > g[l the “interaction”) mechanical energy
fy A ion involved? Etoti=Etat

ny rotation involved- Ki +Ui :Kf+Uf

Extended object: K= 1/,l W2
se conservation of Point-like object: K= 1/,mv?2
linear momentum  Gravitationa: ~ U=mgh

Use conservation of
angular momentum

— — . . . — 2
Lioti=Liot s Piot i=Piot Elastic (spring) : U= 1/,kX
= p=m|v Does the text say

Point-like object: v “perfectly” inelastic

L=+rmvsing Does the text _»or the objects stick

" Has il l)
or + r,mv N say “elastic” 7 no to each other ?
: In addition, ,4es yyes

Physics 211 use Ki =K f Vlf_VZf Sound Waves 28



6. [10pts] A block of mass m;=3kg is suspended from the end of uniform horizontal
beam of length L=7m and mass m;=5kg pinned to the wall at the other end (1.e. 1t 15
attached to the wall using a hinge). The beam is suspended on a cable attached to its
end creating an angle of 6=35¢ with the beam (see below). What are the horizontal

(R;) and vertical (R, ) components of the reaction force exerted by the pin on the
beam?

[D R! ' Guide how to identify type of the

The question is about?  acceleratyfn force conditions
; (lindfar or for system at rest
m | Only if the problem explicitly affgular) a(:O
I says “average acceleration” ay:O
e P e e N e ) or if the acceleration is constant -0
s a=Dv/Dt may be used a=

The problem is for applicatidQof Newton'’s 2nd gy

Does/can center-of-mas,

of any object move
Circular motion?{ +——

Does/can any
object rotate?

a)(:vZ/R m aX:Si I:I X
for the x-axis 0=) m ay_si F y
pointing towards Usually d = sing
thecircle center for proper choice or+r E
of coordinates  Rolling combines both e

] for the same object
Physics 211

Sound Waves 27



