PHYS 1443 — Section 001
Lecture #2

Tuesday, June 7, 2011
Dr. Jaehoon Yu

*  Dimensional Analysis
* Fundamentals

*  One Dimensional Motion: Average
Velocity; Acceleration; Motion under
constant acceleration; Free Fall
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Announcements

» Homework registration and submissions
— 18/27 registered but only 1 submitted the answer!

— | will then have to approve your enroliment request
* S0 please go ahead and take an action as soon as possible
* The roster closes tomorrow, \Wednesday!

* Quiz tomorrow at the beginning of the class!
— Problems will be on Appendices A and B!
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Special Problems for Extra Credit
Derive the quadratic equation for Bx?-Cx+A=0
=> 5 points

Derive the kinematic equation vy* = v’ +2ax(x — x:)
from first principles and the known kinematic
equations =» 10 points

You must show your work in detail to obtain full
credit

Due at the start of the class, Thursday, June 9
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Dimension and Dimensional Analysis

* An extremely useful concept in solving physical problems
 (ood to write physical laws in mathematical expressions

 No matter what units are used the base quantities are the
same

— Length (distance) is length whether meter or inch is used to
express the size: Usually denoted as /]

— The same is true for Mass ([M]and Time ([T])
— One can say “Dimension of Length, Mass or Time”

— Dimensions are treated as algebraic quantities: Can perform two
algebraic operations; multiplication or division
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Dimension and Dimensional Analysis

» One can use dimensions only to check the
validity of one’s expression: Dimensional
analysis

- Eg: Speed [v] = [L]/[T]=[L][T"]
*Distance (L) traveled by a car running at the speed
Vin time T

—L = VT = [/T]*[T]=[C]
» More general expression of dimensional analysis
IS using exponents: eq. [v/=/L"T"] =[L][T]
wheren =1 and m =-1
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Examples

« Show that the expression v/ = [at]is dimensionally correct

« Speed: [v/=[L]/[T]

* Acceleration: /2] =[L)/[T]?

o Thus, [at] = (LITAXT=LT2) =L T =[LJ[T]= /o]
Suppose the acceleration 4 of a circularly moving particle with
speed v and radius ris proportional to 7*and v What are n
andm?

( rév T2 = (L )n (% )m I

a=kr'v"” -m=—2 = m=2

Dimensionless
constant

/\ n+m=n+2=1 = n=-—1
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Some Fundamentals

Kinematics: Description of Motion without understanding the cause
of the motion

Dynamics: Description of motion accompanied with understanding
the cause of the motion

Vector and Scalar quantities:
— Scalar: Physical quantities that require magnitude but no direction
« Speed, length, mass, height, volume, area, energy, heat, etc
— Vector: Physical quantities that require both magnitude and direction
* Velocity, Acceleration, Force, Momentum
* |t does not make sense to say “I ran with velocity of 10miles/hour.”
Objects can be treated as point-like if their sizes are smaller than
the scale in the problem

— Earth can be treated as a point like object (or a particle) in celestial problems
« Simplification of the problem (The first step in setting up to solve a problem...)

— Any other examples?

Tuesday, June 7, 2011 £ WPHYS 1443-001, Spring 2011 Dr. 7

Jaehoon Yu




Some More Fundamentals

* Motions:Can be described as long as the position is
known at any given time (or position is expressed as a
function of time)

— Translation: Linear motion along a line
— Rotation: Circular or elliptical motion
— Vibration: Oscillation

* Dimensions
— 0 dimension: A point
— 1 dimension: Linear drag of a point, resulting in a line =»
Motion in one-dimension is a motion on a line
— 2 dimension: Linear drag of a line resulting in a surface
— 3 dimension: Perpendicular Linear drag of a surface, resulting
In a stereo object
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Displacement, Velocity and Speed

One dimensional displacement is defined as:

Ax = xr — xi

A vector quantity

Displacement is the difference between initial and final potions of the

motion and is 4 v,

Unit?

m

The average velocity is defined as: vx =

Unit?

m/s

A vector quantity

ector guantity. How is this different than distance?

X —xi _ Ax _ Displacement

t—ti - A7 Elapsed Time

Displacement per unit time 111 the period throughout the motion

The average speed is defined as: V=

Unit?
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Whatis the displacement? ~ Ay=1x - X1
2

How much is the elapsed time? At: t = tO
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Displacement, Velocity and Speed
One dimensional displacement is defined as:
Ax = X, — xi

Displacement is the difference between initial and final potions of the
motion and is a vector quantity. FHow is this different than distance?

Unit? m . Ax |
The average velocity is defined as: vx = 22—~ = — _ Displacement
Unit? mi/s tr—ti At Elapsed Time

Displacement per unit time 111 the period throughout the motion

Total Distance Traveled
Total Elapsed Time

The average speed is defined as: V=
Unit? m/s
Can someone tell me what the difference between speed and velocity is?
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Difference between Speed and Velocity

* Let's take a simple one dimensional translation
that has many steps:

Let’s call this line as X-axis

>
Let's have a +10m ” +15m " Em
couple of motions : «
in a total time -om  -10m -15m
interval of 20 sec.  Total Displacement: Ax= x; — xi= xi—xi=0(m)
Average Velocity: v,=2"% -2 _ 9 _ o0/
tr—ti At 20

Total Distance Traveled: D =10+15+5+15+10+5=60(m)

Average Speed: b= Total Distance Traveled _ 60 _ 3(m/s)

Total Time Interval 20
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Example 2.1

The position of a runner as a function of time is plotted as moving along the x
axis of a coordinate system. During a 3.00-s time interval, the runner’s

position changes from x,=50.0m to x,=30.5 m, as shown in the figure. What
was the runner’s average velocity? What was the average speed?

Ji » Displacement:
Ax =x—xi=x,—x,=30.5-50.0=-19.5(m)
Finish  Start * Average Velocity:

(Xz) (xl) pe= XU _HTH _A_ 9o =—6.50(m/s)
t—ti  t,—t, At 3.00

tij?: * Average Speed:

— X _ Total Distance Traveled

10 20 30 40 50 60 V=
Distance (m)

Total Time Interval
50.0-30.5 19.5

3.00 3.00
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Instantaneous Velocity and Speed

Can average quantities tell you the detailed story of the
whole motion? NO!!

Instantaneous velocity is defined as:

— What does this mean?
* Displacement in an infinitesimal time interval

. Ax
ve=limr -

At—0 At

* Average velocity over a very, very short amount of time

*Instantaneous speed Is t

velocity vector:
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Instantaneous Velocity

.2 Interactive Physics - [fig02-01]
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Position vs Time Plot

POSIEIOH It is helpful to understand motions to
draw them on position vs time plots.

X4

x=0 time

1. Running at a constant velocity (go from x=0 to x=x, in t,,
Displacement is + X, in t, time interval)

2. Velocity is 0 (go from x, to x, no matter how much time changes)

3. Running at a constant velocity but in the reverse direction as 1. (go
from x, to x=0 in t,-t, time interval, Displacement is - x, in t;-t, time
interval)

Does this motion physically make sense?
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Example 2.3

A jet engine moves along a track. Its position as a function of time is given
by the equation x=4¢2+3 where A=2.10m/s? and B=2.80m.

Tangent at P>, whose

x (m) slope 1s 25 =\2,1 .0 m/s
Slope of P>
S0 — straight line —_ 4 Ax —
oy = 401 5= 16.8 m/s 33 6
=t -y ; ; ——+ x (m) 3q _ _ .6 m
O 10 20, 30 40 50 ‘60 P
20 g a
X X2 10 _~Ar=2.00s
o—T |

@ 1 2 B8 4 B ©°' W
(a) Determine the displacement of the engine during the interval from t,=3.00s to t,=5.00s.
X, =X, 500 =2.10%(3.00)° +2.80=21.7m  x, = X,__500 = 2.10x(5.00)* +2.80 = 55.3m

Displacement is, therefore: Ax =x, - X, = 553-21.7=433.6(m)
(b) Determine the average velocity —  Ax 33 .6 33 .6 6.8 ( ) )
. . . . vx f— — — - . m S
during this time interval. Ar 5.00—3.00 2.00
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Example 2.3 cont'd

Tangent at P> whose

x (m) slope is 2> =\2/1.0 m/s
SO — §t112111)§h0tt11ne\ > <A _
: e : — - x (m) £ v—168m/s J’33x6_m
=1 | 52X r ' i - 30 | -
O 10 20\,‘.‘. 30 40 SO ""-.,60 >0 ___
X1 X2 10 : 00 s
O — . | I r (s)
O 1 =2 3 4 S5 6
(c) Determine the instantaneous velocity at t=t,=5.00s.
' . d n n— d
Calculus formula for derivative E(Ct )= nCt"™'| and E(C )=0
The derivative of the engine’s Ax _dx
| 1 INS EN9 y = lim— =2 (Ar +B)=241
equation of motion is M0 A

The instantaneous

. . v (£=5.00s)= 24%5.00=2.10%x10.0=21.0(m/
velocity at t=5.00s is ( ) % (m/s)
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Displacement, Velocity and Speed

Displacement Ax = x;— xi
A locit Do = X—xi Ax
verage velocCl v = —
J y lr—ti At
A ] b Total Distance Traveled
verage spee ~ Total Time Spent
: . Ax dx
Instantaneous velocity vi= im—=—
At—0 Af dt
Instant d w=limy =
nstantaneous spee Alt% ”
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Acceleration

Change of velocity in time (what kind of quantity is this?) | Vector

*Definition of the average acceleration:

Vo — Wi AW X, — Xi

Ax

a-= — "= analogousto w=-—-=

At

Definition of the instantaneous acceleration:

a= fim == )
At—0 At dt dt\ dt

a’x
v lim =

At—0 At

* In calculus terms: The slope (derivative) of the
velocity vector with respect to time or the change
of slopes of position as a function of time
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Acceleration vs Time Plot

G a = 4.20 m/s?

é ], e —
= What does this plot tell you?
= 5 Yes, you are right!!

The acceleration of this motion
IS a constant!!




Example 2.4

A car accelerates along a straight road from rest to 75km/h in 5.0s.

r, = O A cceleration
*v ° —1> IOPA
at r —= 1.0 s
22 = 15 km/h
— . o
at r = 2.0 s
2 = 30 km/h
e~
at 7 —m 7o — 5.0 s
v = > = 75 km/h
. =t
What is the magnitude of its average acceleration?

V= — vV, Av. 910 21
W= 0mls a,= L2 = 202l s

t,—t. Al 50 5.0

=709 _ 51y 4.2 x(3600)"
— 2 X
X 3600s = =54 x10*(km | h?)
| 1000
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Few Confusing Things on Acceleration

When an object is moving in a constant velocity (v=v,), there is
no acceleration (a=0)

— Is there any acceleration when an object is not moving?
* When an object is moving faster as time goes on, (v=v(z)),
acceleration is positive (a>0).
— Incorrect, since the object might be moving in negative direction initially
» When an object is moving slower as time goes on, (v=v(t)),
acceleration is negative (a<0)
— Incorrect, since the object might be moving in negative direction initially
* Inall cases, velocity is positive, unless the direction of the
movement changes.
— Incorrect, since the object might be moving in negative direction initially

o |sthere accelerati(?)n If an object moves in a constant speed but
changes direction” .
J65 diret The answer is YES!!
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Displacement, Velocity, Speed & Acceleration

Displacement Ax = x; — Xi
_x—xi_ Ax
Average velocity Sy A

Total Distance Traveled

V =
Average speed Total Time Spent
: . Ax dx
Instantaneous velocity w=limro=—-
At—0 At dt
=i = |2
Instantaneous speed AL (v i

Average acceleration

dx =

Vor = Vxi Av,

l—ti At
. - Avx dvx d ( dx dzx
dx = = = | — |= —
Instantaneous acceleration IA’tQ’ N dr dr( dtj 17
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One Dimensional Motion

» Let's focus on the simplest case: acceleration is a constant (a=a,)

» Using the definitions of average acceleration and velocity, we can
derive equations of motion (description of motion, velocity and
position as a function of time)

a Vo — Vi Vo — Vi = Vxi + Qxl
ax =d, = If t=tand ¢t=0) 4, = >fo-
X x tf —# ( o 1 ) x {
For constant acceleration, average —  Vxi+ Vxf  2Vxi + Qxt |
velocity is a simple numeric average Vx = - 7 = Vi + 5 axl

— xf_x — _ . —
Ve = - (I t=tand £=0) 4,  — . > Xr = Xi+ Vil

lr—1i /
Resulting Equation of B |
Motion becomes Xr= Xi+ V.l = Xi+Vxil + 5 axt
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Kinematic Equations of Motion on a
Straight Line Under Constant Acceleration

vxf(t) = Vxi + Qxl Velocity as a function of time

x—x'—lx_zt—l(v V')t
f 1—2 x—2 xf + Vxi

Displacement as a function
of velocities and time

|
Xr = Xi + Vxil + Eaxt

Vo = Vri + 2ax(xf — xl-)

Displacement as a function of
time, velocity, and acceleration

Velocity as a function of
Displacement and acceleration

You may use different forms of Kinematic equations, depending on
the information given to you in specific physical problems!!
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How do we solve a problem using a kinematic

formula under constant acceleration?

Identify what information is given in the problem.

— Initial and final velocity?

— Acceleration?

— Distance, initial position or final position?

— Time?
Convert the units of all quantities to Sl units to be consistent.
Identify what the problem wants

Identify which kinematic formula is most appropriate and
easiest to solve for what the problem wants.
— Frequently multiple formulae can give you the answer for the quantity you

are looking for. =» Do not just use any formula but use the one that can
be easiest to solve.

Solve the equations for the quantity or quantities wanted.
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Example 2.11

Suppose you want to design an air-bag system that can protect the driver in a head-
on collision at a speed 100km/hr (~60miles/hr). Estimate how fast the air-bag must

inflate to effectively protect the driver. Assume the car crumples upon impact over a

distance of about 1m. How does the use of a seat belt help the driver?

How long does it take for the car to come to a full stop? f‘> As long as it takes for it to crumple.

100000m
The initial speed of the car is V.. =100km/ h= =28m/s
3600s

We also know that V., =0m /s and Xy — Xi = Im

2
Using the kinematic formula fo2 = Wi +2ax (Xf — Xz')

OV =W :O—(28m/s)2
Z(Xf—xi) 2X1m
Vi~V 0-28m/s

a —390m/ s*

EJRHY'S 1443001, Spring 2011 Dr, 29
S Jaehoon Yu

_—390m/ s*

The acceleration is Qx

Thus the time for air-bag to deploy is [ = =0.07s
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