PHY 113 A General Physics |
9-9:50 AM MWF Olin 101

Review of Chapters 5-9

Plan for Lecture 16:

1. Circular motion

2. Work & kinetic energy

3. Impulse and momentum
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Format of Wednesday’s exam

What to bring:

1. Clear, calm head
2. Equation sheet (turn in with exam)
3. Scientific calculator
4. Pencil or pen

(Note: labtops, cellphones, and other electronic
equipment must be off or in sleep mode.)

Timing:

May begin as early as 8 AM; must end < 9:50 AM

Probable exam format

» 4-5 problems similar to homework and class
examples; focus on Chapters 6-9 of your text.

» Full credit awarded on basis of analysis steps as
well as final answer
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Examples of what to include on equation sheet

Given information Suitable for equation sheet
on exam

Universal constants Trigonometric relations and definition of dot
(such as g=9.8m/s?) product
Particular constants Simple derivative and integral relationships

(such as g, py)

Unit conversion factors if Definition of work, potential energy, kinetic

needed energy
Work-kinetic energy theorem

Relationship between force, potential energy,

and work for conservative systems

Relationship of impulse and momentum;
conservation of momentum

Elastic and inelastic collisions
Center of mass
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iclicker exercise:
Which of the following quantities are vectors:
A. Work
B. Kinetic energy
C. Impulse
D. Time
E. None of these

iclicker exercise:

Which of the following quantities are scalars:
. Momentum

. Center of mass

. Force

. Potential energy

. None of these

moow>>

Some concepts introduced in Chapters 6-9 that
were not emphasized in class:
1. Equations of motion in the presence of air
or fluid friction
2. So called “fictitious” forces due to
accelerating reference frames
3. Rocket propulsion




Eauationsheet

Math skills

Advice:

1. Keep basic concepts and equations at the top of your head.
2. Practice problem solving and math skills

3. Develop an equation sheet that you can consult.
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Problem solving steps

1. Visualize problem — labeling variables

Determine which basic physical principle(s) apply

3. Write down the appropriate equations using the variables
defined in step 1.

4. Check whether you have the correct amount of
information to solve the problem (same number of
knowns and unknowns).

5. Solve the equations.

6. Check whether your answer makes sense (units, order of
magnitude, etc.).

~

Review of some concepts:

Newton's second law :

F=ma=mﬂ
dt

Newton’s second law for the case of uniform circular motion

F=ma

R
S
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Example: Suppose a race car driver maintains of speed of v=40m/s

static friction keeps the car on the circular path, what must be the
minimum coefficient of static friction for the car-road surface?

F=ma
VZA
a,=——f
r
mvz
SN f= pt f<pumg
r /N
/ /\ va
\ )\ umg > —
l\ / r
/

NS RS 1)

"“gr (9.8)100)

around a horizontal level circular track of radius r=100m. Assuming that
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Models of air friction forces

bv
Forsmall velocities: F,,, =—bv “

air

For larger velocities: F,

air

=-Dv’ mg

Denoting up direction as + and assumingv < 0:
—-bv—-mg =ma
Solution to differential equation :
dv

—-bv-mg=m—
& dt

v(t) = —% (l— e’b’/m)

Definition of vector “dot” product

A-B=A4Bcosf

Example: A4=5 B=15 6=120°
A-B=(5)(15)c0s120° =-37.5 (scalar)
Component form:

(51 +6j)- (31 + 2j)= (5)(3)+ (6)2) = 27
iii=1 i-j=0
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Definition of work:

Ty
VVi*}f = IFdI’
r

Units of work :
Work = (Newtons)(meters) = (Joules)
1J=0.239 cal
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Example:

The net work done by this force
is the area under the curve.

Introduction of the notion of Kinetic energy
Some more details:
Consider Newton’s second law:
Foaw=ma =D F, -dr=ma-dr
rr

. dt dt B

rl i

dt 2

9V\/total =%m sz -¥%m Vi2 :Kf-Ki
_J

Kinetic energy (joules)
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Special case of “conservative” forces
=>conservative €= non-dissipative

For non - dissipative forces F, it is possible to write
f

= [F-dr Ul )-U(r)

Example of gravity near surface of Earth :

;
W, EIF-dr :—mg(yf _yl‘):_(mgyf _mgyi)

=>U(r,)=mgy, and U(r,) =mgy,
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Special case of “conservative” forces
2 conservative €= non-dissipative

For non - dissipative forces F, it is possible to write

.., = [F-ar=—ule,)-Utr)

Example of motion of mass on elastic spring :

A*)/ﬁ _J.F dr——jkxdx (%kxf_%k‘xtz)
:>U(rf):%lcx§ and U(r) =31k’
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General work - kinetic energy theorem:

1
2 2
H/ Imm/ /'_Emvi

For COﬂSEFV&tIVE forces:

i~ j dr =~{ulr,)-U(r)




Example:

Suppose a mass m is attached to a spring with

spring constant k£ and compressed by a distance x;.

Assuming there are no other forces acting, what is

the velocity of the mass when the spring is released (x, = 0)?
m=0.5kg;k =70N /m;x, =0.1m

St +U(n)=gm} +ulr)=

lkxiz:lmvzf 31/f:\/E = E(0.1):1.2m/s
2 2 m 0.5
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Summary of physics “laws”

Newton's second law :

F=ma=m—
dt

Work - kinetic energy theorem:

total

A
Wit :J.F-all’:%mvzf—%mv‘.2

For conservative forces: >/ . =—(U(r,)-U(r,))
VV::;:/ = ‘/Vc‘iu;:['rvalive +W, n"t;l’fz‘un:ervmivc
LUV WL e =m0} 40U

Another example; now with friction

" T
<f 1 (@) Mass m, (=0.2kg) slides

¥ horizontally on a table with
T kinetic friction 1,,=0.5 and
is initially at rest. What is
its velocity when it moves
» a distance Ax=0.1m (and
2 m, (=0.3kg) falls Ay=0.1m)?

m;g

W= (T—f)szimlvf A myv?
2 2

0
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T-f=ma

T -m,g =-m,a

N UL SR S
V’Ll+m2 m1+n12
W=(T-f)Ar=—"1"2 gy ™1 oAy
my+m, m, +m,
(T f) 77’”1\}/

2m,gAx — 2 fAx
[ L e et =um
m, +m, S = mmg

= J2ghx e ”k - J208)y01), %3 03-(0502) _ gge,/

0.3+0.2
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Relationship between Newton’s second law and
linear momentum for a single particle:

F —ma—mﬂ=7d(mv)=@

dt dt dt
Using a little calculus:
Fdt=dp

A A
[Fdi=[dp=p,-p,

,
Define"impulse" | = J'th

|:det:p_,—p,.

Physics of composite systems

Newton's second law :

SF - S - T G 5 |

dt dt dt

Note that if D" F, =0, then:

4z

= Zp‘. = (constant)

= Z px initial — Z pzflnal
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General relation for center of mass:

> (myr,)

Define : o == M= (m,)

2
Z Fi = sza[ = M d rCM

i

dr’
If Fou EZF‘ =0, then:

d
£ =0
dt(pr]
= >'p, = (constant)
drey,

= Zpiinitial ::‘Z\pifinal =M ot
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Finding the center of mass 3 )

Z(miri) (9
Foy =— IY; MEZ(mi) l|Z
=

0

x (m)
3

In this example: m, = m, =1kg; m, = 2kg

mlxj + mzxj + My Y,]
Few =
ml + mz + m3
@ @m)i+@)2m)i +(2)2m)j
Fey = 4
=0.75mi +1.00m]
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Examples of two-dimensional collision; balls moving on a
frictionless surface

Before the collision

— - 3 Zpunmm = Z,pifmal
s | myv,; =mv, , C0S 0 +m,v, , COS ¢
e 0=mv,,sin@—m,v,, sing
Knowns: m,,m,, v,
i Tl Unknowns: v;,,v,,,6,4
“yycos 0

Need 2 more equations - -

5/2012 PHY 113 A Fall 2012 - Lecture 16




Examples of two-dimensional collision; balls moving on a

frictionless surface Suppose: m, =m, =0.06kg, v, =2mls,

Before the collision vy, =lmls, ¢= 20°
o_“._. ,,,,,, ), myvy; = my;, €06+ m,v,  Cos ¢
= - 0=myy,,sin@—m,v,, sing
8 v, sin@=v, sing

=(Un/s)sin 20° = 0.342m/ s
Vi, COSO =V, —V, COSP

=(2m/5)-(Um/s)cos20°)=1.060m /s
0342
7 1.060
_0.342m/s 1.060m/s

Vi = o o
sin17.88°  c0s17.88

tan@ = 0=17.88°

=111m/s
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Example: two-dimensional totally inelastic collision

MV, +myNy, = (i +my v,

Vo ov, =y T
1 T mgemy, Y mm,
1500 ~ 2500 2
95,08 m/s v, =m25mlsl +m20m/sj
== s =9.375m/si +12.5m s}
= x o o
m1=1 00kg AN Loss of kinetic energy in this case :

pram—

1 1 1
a = em o [ =S+ )

- %(4000)((9.375)2 +(12.5%)

- (%1500(25)2 + % 2500(20)7]

AE =-4.8x10°J
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Energy analysis of a simple nuclear reaction :

226 222 4
sRa—>GRn+; He

Ky, =
f’)Ra =0
Before decay
Q=4.87 MeV
KRn ; Ka
l_))Rn l_))a
After decay
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Energy analysis of a simple reaction: 226 222 4
sRa—> RN+, He

Krn 999 Ke
— ! 4 @T’
Prn® Po
Q=4.87 MeV
pRn = _pHe = p

Q: pan + 17114’2 zpz(l-{—lj
2my, 2my,, 2m,\222 4

2
Eo=Pu - Y34 5 _09g.0-28Mev
T 2my, 112224114 7
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