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” a. =0

or if the acceleration is constant Y

a=Av/At may be used v

A 4

o=0

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

/T

Does/can center-of-mass Does/can any
of any object move? object rotate?
Clrc:ular2 motion? «~—— a=% F._ [ a=% 7
a =v*/R B Also often needed:
for the x-axis (O:)'m ay_zi F; y o=a/R
pointing towards Usually a, 1s ZE10 = 4 r F sin®
the circle center for proper choice &1 F
of coordinates  Rolling combines both =~ 'L

for the same object



_ Only if the problem explicitly
Ve|OCIty—> says “average velocity”
or if the velocity is constant
v=Ax/At may be used

The question is about?

v=o/k=fA

Some free fall problems are easier to

A free fall prObIem?’/ Collision? < solve using energy conservation
th ly f ' ight i i -
(the onlyforce s weight) - (two objects, thereis Jse conservation of
V. =v. y before” and “after hanical
ny - Viy - g At E :E
AX = v. At X 2 tation involved? toti —totf
ix ny rotation involved: —
Ay = vi At=1/, g (At)? y K; +U; =K +U;
yes no Rotating object: K= 1/21(02
Use conservation of Use conservation of Linear motion: K= 1/,mv?
angular momentum linear momentum  Gravitational: ~ U=mgh
Ltot i:Ltot ; Ptot i:Ptot ; Elastic (spring) : U= 1/2kX2
Extended object: L=I® p=myv Does the text say
Point-like object: 1 ‘perfectly” inelastic
L= <4 rmv sin® Does the text  or the objects stick
113 Ny ? — ?
or & r, mv N say “elastic” o to each other
In addition, A | yes

use K=K; Vif Vor



The question is about?  position

™
—-— ==
- -

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

AX = v At

Vi = Vix y
ny — Viy - g At x

|s velocity constant?

Some free fall problems are easier to
< solve using energy conservation

Use conservation of
mechanical energy
Eioti=Eioi £
K; +U;=K;+U;

Rotating object: K= 1/21002
Linear motion: K= 1/,mv?

AX =V AL ’ Gravitational: UImgh
|s acceleration constant? Elastic (spring) : U= 1/,kx?
AX =V, At + 1/, a (At)?
Ve= Vit a At linear - angular
X 0
V Bo

d o



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

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

es e~

Use conservation of Use energy-work
mechanical energy theorem
Etot i:Etot f AEtot :Wext. Or NON-cons.

Eiot t— Eior i =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 vi=3 m/s directed horizontally.

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

water?

(1b) [5pts] What is her speed (i.e. magnitude of total velocity) ve when she enters the

The question is about?  position

A free fall problem? .2
(the only force is weight)

Some free fall problems are easier to
solve using energy conservation

Use conservation of
mechanical energy
Etot i:Etotf
K +U; =K +Us

Extended object: K= 1/,Tw?
Point-like object: K= 1/,mv?2
Gravitational: U=mgh
Elastic (spring) : U= l/2](X2

Is velocity constant?
AX =V At

Is acceleration constant?

Ax = v, At+ 1/, a (At)?

Vi=Vi+a At linear ~> angular

X 0
V o
a o
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The question is about?
Wave velocity?

e

. Only if the problem explicitly
velocity —— says “average velocity”

or if the velocity is constant

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

Some free fall problems are easier
solve using energy conservation

fo objects, there is

Use conservation of
— “before” and “after” .
Vi ™ Vix the “interaction”) mechanical energy
Vi = Viy— & At ——»
Ax = v At *

M 5
Ay = v A1, g (AD? yesAny rotation involved:

no Extended object: K= 1/210)2
Use conservation of Point-like object: K= 1/zl’I’IV2

linear momentum  Gravitational: U:mgh

Use conservation of
angular momentum

Ltot i:Ltot f Ptot i:Ptot £ Elastic (spring) : U= 1/ZkX2
Extended object: L=I® p=mv

Does the text say
Point-like object:

“perfectly” inelastic
L= 41t mv sin® Does the text  or the objects stick
or 41 mv say “elastic” ? ?: to each other ?
? In addition, ,4es yyes
Physics 211 use I<i:I<f Vi Vor

Sound Waves 28



2, & umform 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 iz released from rest with its

center at the height h = 12 m abowve the bottom of the track.

Zb. What 1= the raagnitude of the noral force exerted by the track on the ball at the top of'the
loop? {g=10mis")

Za. What is the speed of center-of-mass of the ball at the top of the loop? (g=10m/s%)

Only if the problem explicitly
Ve|00ity—> says “average velocity”
or if the velocity is constant
v=Ax/At may be used

The question is about?

Wave velocity?
v=a/k =fi

Some free fallorablems are easier to
OIVe using energy CONSCTigQ

Use conservation of
mechanical energy

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

(two objects, there is
Ve = Vi y “befor(_a“ and “_after”
oo the “interaction”)

Ve, =V, — g At
v 3 |
Ax = v, At

A tation involved?
Ay = v A1/, g (AL ny rotation involve

yes no

K;+U; =K +U;
Extended object: K= 1/,I?
Use conservation of Use conservation of Point-like object: K= 1/,mv?

angular momentum  linear momentum  Gravitational: ~ U=mgh
Ltot i:Ltot £ Ptot i:ptot £ Elastic (spring) : U= l/2kX2
Extended object: L=I® p=mv Does the text say

Point-like object: “perfectly” inelastic

L= %1 mv sin® Does the text  or the objects stick
or 1 mv ~ say elastic”? % to each other ?
’ In addition, ‘45 Jyes
Physics 211 use Ki:Kf VM‘:V2f

Sound Waves 28

Guide how to identify type of the problem

. : conditions
The question is about?  acceleration force
(linear or for system at rest
Only if the problem explicitly angular) aXZO
says “average acceleration” a =0
or if the acceleration is constant y*O
a=Av/At may be used o=

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

Does/can center-of-mass

Does/can any
of any object move?

object rotate?

Circular motion?

— [oa=2; 15
aX:VZ/R m a,=%,; by, Also often needed:
, . (0=)ma=%; F,y a=a/R

pointing towards Usually a, is zero

Lo 1= %71 F sind
the circle center for proper choice or4r F
of coordinates  Rolling combines both ?
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 i1s 400 m/s. The block 1is initially at rest and has a mass of 5kg. 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

Wave velocity? v=Ax/At may be used

v=w/k=fA

Some free fall problems are easier to
solve using energy conservation

Use conservation of

A free fall problem?,-~”

Collision?
(the only force is weight)

(two objects, there is

— y “before” and “after” hanical
fx X At the “interaction“) mecnanica energy
Vi, = Viy— & L» _
A{)i — v At X A ; t+ involved? Eoti=Eior £
x ny rotation invoivea: =
Ay = v At=1/; g (At)? y K;+U; =K +U;

yes
Use conservation of

angular momentum
Lioti=Liot ¢
Extended object: L=I®

stended object: K= 1/, Iw?
Use conservation of pPoN-like object: K= 1/,mv?
linear momentum  Graffitational: U:mgh
e Hstic (spring) : U= '/21(X2
Does the text say

Point-like object: “perfectly” inelastic
L= %1 mv sin6 Does the text  or the objects stick
“ jc” ? —»
or 41, mv sy elastic” ? ¥ to each other ?
A In addition, ,fes yyes
Physics 211 use Ki:Kf ViFVaor

Sound Waves 28



4. Two blocks with masses ry=7 kg and m;=5 kg are connected by a magsless string via pulley with a
mass of me=f kg, Aesurme the pulley 15 a umiforrn disk and that 1t rotates withon a fiaction on its axde.
The strng 1= non-stretchable and doesn’t shp onthe pualley. Coefficient of kinetic faction for the
block on the horzontal surface 1 p=0.06. Find acceleration of thas block assurning it s moving to the
left {use g=10 mfa").

L
LdE ]
Ty
Guide how to identify type of the problem
L . conditions
?
The question is about accelezﬁggrrgr force for system at rest
Only if the problem explicitly angular) ax:()
says “average acceleration” a =0
or if the acceleration is constant OZ:O

a=Av/At may be used

The problem i pplication of Newton

Does/can center-of-mass Does/can any
of any object move? object rotate?

Circular motion? — [ =2 1,
aX:VZ/R m a,=%; Fi Also often needed:
for the x-axis (0=) m ay_zi Fi y a=a/R

Usually a, is zero
for proper choice
{ coordinates  Rolling combines both
for the same object

pointing towards
the circle center

7= 41 F sin0
o1 F

Physics 211 Sound Wave;




5. [10pts] Phobes is a small moon of Mars. It has a mass of M/=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

surface. If the meteorite mass was m=3 108 kg and its speed was v=107 m/s, what is
the angular velocity ® of Phobes about its axis of rotation after the collision?

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

or if the velocity is constant

Wave velocity? v=Ax/At may be used

v=w/k=fA " angul

Some free fall problems are easier to
solve using energy conservation

Use conservation of

A free fall problem?,""  collision?
(the only force is weight)  (two objects, there is

— y “before” and “after” hanical

fo: v — oAt L’ the “interaction”) mechanical energy
AZ = Vy Atg * # ) 5 Bt i=Eior ¢
AY =i Any rotation involved?: K, +U, =K, +U,

Extended object: K= 1/, Iw?
se conservation of Point-like object: K= 1/,mv?2

Use conservation of

angular momentum linear momentum  Gravitational: ~ U=mgh
Ltot i:Ltot £ Ptot i:Ptot £ Elastic (spring) : U= '/21(X2
T = p=mv Does the text say
Point-like object: “perfectly” inelastic
L= 41 mv sin® Does the text or the objects stick
. say “elastic” ? —» to each other ?
or @t mv | . no os
? n addition, ,{es A 24

= Vi~V
Physics 211 use Kl Kf Y26 ound 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 (i.e. it is
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?

= Guide how to identify type of the

The question is about?  acceleratiyfn force conditions
(lingr or for system at rest
m 1 Only if the problem explicitly agautar) a,=0
L says “average acceleration” a =0
Vs it sn o e s st e s or if the acceleration is constant v
a=Av/At may be used o=0

The problem is for applicatidof Newton’s 2" gy

Does/can center-of-mas

of any object move
Circular motion?{ +——

Does/can any
object rotate?

— lo=X T
aX:VZ/R m a,=2; Fy, fAlso often needed:
for the x-axis (O:)'m ay_zi Fi y a=a/R
pointing towards Usually dy e =27 F sin®
the circle center for proper choice

coordinates ) or %r F
of coordinates  Rolling combines both ?
Physics 211 for the same object

Sound Waves 27



3. [15pts] A uniform thin rod of length .50 m and a mass of 4.0 kg can rotate in a horizontal plane
about a vertical axis through its center. The rod is at rest when 3.0 g bullet traveling in the
horizontal plane of the rod is fired into one end of the rod. As viewed from above, the direction of
the bullet’s velocity makes an angle of 60° with the rod (see below). If the bullet lodges in the rod
and the angular velocity of the rod 1s 10 rad’s immediately after the collision, what 1s the magnitude
of the bullet’s velacity just before impact? (sin60°=0.866. cos60"=0.5)

Axis

| can solve this problem using: .
A. Energy conservation

B. Momentum conservation

C. Angular momentum conservation

D. None of the above

D



3. [15pts] A uniform thin rod of length .50 m and a mass of 4.0 kg can rotate in a horizontal plane
about a vertical axis through its center. The rod is at rest when 3.0 g bullet traveling in the
horizontal plane of the rod is fired into one end of the rod. As viewed from above, the direction of
the bullet’s velocity makes an angle of 60° with the rod (see below). If the bullet lodges in the rod
and the angular velocity of the rod i1s 10 rad’s immediately after the collision, what 1s the magnitude
of the bullet’s|velocity just before impact? (sin60°=0.866, cos60°=0.5)

Axis

Only if the problem explicitly
veIocity—» says “average velocity” 600
or if the velocity is constant
v=Ax/At may be used

The question is about?

Wave velocity?
v=w/k=fL _ angul

Some free fall problems are easier to

- N "
A free fall prObIem?'/ Collision? X sowve using energy conservation n u S I n "
(the Only force is Welght) (tWO ObjeCtS, there is Use Conservation Of u

_ y “before” and “after” .
Vi ™ Vix the “interaction”) mechanical energy
Vi, = Vi, — g At —
Y — y X Etot iiEtot f
Ax = v, At Lo >
Ay = Any rotation involved? K, +U, =K +U;
no Extended object: K= 1/,Ie?
. . L]
Use conservation of se conservation of Point-like object: K= 1/,mv? atl O n
angular momentum linear momentum  Gravitational: ~ U=mgh
Lot i=Liot £ Pt Piot Elastic (spring) : U= l/21(X2
TS = p=mv Does the text say t'
Point-like object: * “perfectly” inelastic CO n S e rva I O n
L= 4t mv sin® Does the text or the objects stick
“ I ? _’
or Q}rq mv N say “elastic” no fo each Z;her ?
~ In addition, ‘43 iy
Physics 211 use Kl:Kf VlfiVZf Sound Waves 28



3. [15pts] A uniform thin rod of length .50 m and a mass of 4.0 kg can rotate in a horizontal plane
about a vertical axis through its center. The rod is at rest when 3.0 g bullet traveling in the
horizontal plane of the rod is fired into one end of the rod. As viewed from above, the direction of
the bullet’s velocity makes an angle of 60° with the rod (see below). If the bullet lodges in the rod
and the angular velocity of the rod 1s 10 rad’s immediately after the collision, what 1s the magnitude
of the bullet’s velacity just before impact? (sin60°=0. 866, cos6(=0.5)

Axis

| can solve this problem using: g

A. Energy conservation There is an external force

B. Momentum coriservation on the axis (generates
no torque though)

@Angular momentum conservation
D. None of the above



