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Introduction to the Class 
CBS Video, Powers of Ten Video 
First a little about your instructor. 
 
Now letÕs move on to PHY110 (Physics-1):  the first of the three-part general physics ser ies. 
 objects you can see, touch;  retain textbook (shared by phy110 and 112) 
 
Go over syllabus 
 
The class web page can be found by typing www.phy.ilstu.edu/su/phy110 into your favorite 
browser.  Here you can find the syllabus online, information on Mallard quizzes, class notes 
(PDF format), and more! 
 
Overview: 
 
Phy110 is about basic concepts, pr inciples and applications of mechanics         
Main topics we will learn in Physics 110, include: 
 
- 1-Dimensional motion.  i.e.: predict where an object in freefall will be after a given time 
- 2-Dimensional motion.  i.e.:  predict the motion of a baseball 
- Causes of motion: NewtonÕs laws, and their numerous applications. 
- Energy & Conservation: potential energy (PE) and kinetic energy (KE) 
- Collision: behavior of billiard balls before and after colliding with each other 
- Rotations 
- Oscillations 
- Gravitations 
- How vectors work (two vectors of equal size and opposing ways cancel each other out) 
- Understand a bit about the spirit of calculus 

 
This class involves taking quizzes over the internet with a system called Mallard.  It allows you to: 

- Take the quiz at home with your web-connected computer 
- Take the quiz anytime before the due date 
- Receive your grade immediately 
- Retake the quiz a finite number of times to improve upon your grade  
- Retake the quiz an infinite number of times to review for tests 

 
Physics 110 may be counted as a general education credit.  This will require an essay about either: 

- Physics colloquia 
- Guest speakers 
- Special events 
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Hands-on labs and in-class demonstrations will be an integral part of this class.  

Why am I  in this class? 

Your discipline is likely to be related to physics: 

  Discipline   Building blocks 

  Biology   cells, DNA 

  Chemistry   molecules 

  Geology   Earth, continents, oceans, rock, ... 

  Computer   circuits, memory locations, electrons 

  Sport, Theater   human body 

  Physics   atoms, nuclei, sub-atomic particles 
 

Physics is about the smallest scale, thus more fundamental 

What can I  expect to learn in this class. 

Learn: 

 Laws (similar pattern connecting interacting objects) 

  Know what to look for (concepts of location, change of location, speed, force, É)  

 Applications of laws  

  A lot of detail can be found in mechanical problems (make prediction) 

  With help from everyday experience, sports, amusement park, É  

 Problem solving skills 

  Categorizing what you already know 

  Train how to simplify the problem (throw away unrelated things, drop a cat)  

 

Good study tips:  

 Work independently (exams, final) 

  Take good notes 

  Keep good record of your work (exams) 

  Ask questions (bring them in, open debate heart of sci & western civilization) 

 Work together makes it easier (labs, homework, web-quiz) 
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 Spread out your effort (donÕt leave until tests) 

 

How to do well in Physics  

- Understand questions (will mostly be given) 

- Translate problem into physics language, what concepts to use 

- Quantitative analysis, Equation setting 

- Solve equations (simple math) 

- Interpret solution, make prediction 

 

What to expect from the class: 

 Hopefully, this course will help you to grow a liking for the subject of physics.  Also, the 

way of thinking that is involved in this subject can and will help you in other areas as well, such as 

mathematics.  Physics is a science that relies heavily on mathematics to create and prove theories 

that explain the nature of our universe. 

 If you decide that you want to pursue a degree in physics (4 of them, the newest being 

Computational Physics), then Physics 110 is the perfect entrance into the department. 

 

Mallard 

I will go over the use of Netscape and Mallard in class.  Here are items of interest. 

IP addresses for logging on from home 

 MACTCP/TCPIP 

  138.87.1.2 replace w/ 138.87.4.1 

  138.87.1.10 replace w/ 138.87.110.1 

use Macs in MLT 304, 308 at all time (w/ printers) 

Macintosh and Netscape application (take quiz over the internet) 

 turn-on / off 

 familiar with icons: desk top / finder / floppy / trash / apple menu 

 locate netscape / apple-comm or disktop launcher or disk or use file-find keyword search 

 launch netscape / point+double-clicking or point+click+file-open or apple comm+netscape  

 make link / file+Open-Location... www.ilstu.edu or Netsite: www.phy.ilstu.edu  
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 make a link at the Phy110 home page, link to the Mallard or URL address / bookmark 

 Mallard utilities / password / configuration / view grade / announcement / mail instructor 

 lessons page / do example quiz together (cumulative, no need to redo correct #, ÒbackÓ

  corrections do not count toward grades) 

 to print a displaying page / apple-chooser / laser printer / select pr inter  

 finder - multifinder switch / netscape / pr int 

 logout mallard / file-quite netscape / close windows (check upper left box) 

 home use, pick up connection set-up instruction from Julian Hall: Òinternet toolsÓ  

 within 2% for numerical problems to be graded 
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Quantities, Dimensions and Units 

Warning: physics Jargons in this chapter. 

Science and physics like to be precise 

In English language:      In Physics language: 

        Yesterday was hot          (only a shirt on)  YesterdayÕs temp was 80 F 

        Today is even hotter       (the shirt canÕt stay on) TodayÕs temp was 95 F 

 less attractive, more precise, and factual 

in the description Note:   

 (1) temperature is the physical quantity of interest, has a dimension of temperature  

 (2) 80 or 95 are the measures (3) F is the unit of temperature 

We intentionally put Physical Quantities in different groups (like the classification of 

animals/plants, the elements in periodic chart, ... ) 

Each quantity in physics has a unique dimensionality (broader sense than the volume) 

 Similar Qs have the same dimension.       Note:   Q !  quantity 

 Ex: Length, width share length dimension 

Rule: canÕt add or subtract Qs of different dimensions. Ex: 1 apple + 2 oranges=? (meaningless) 
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Rule: OK to multiply a dimension by another to form a third new dimension.    

 

Ex: for house (livable) square-footage          Area = Length x Width           [Area] = [Length]2 

Equation in physics is a relation, which relates physical quantities. 

                                                                                                 [       ] symbolizes dimensionality 

Rule: OK also to divide two dimensions to yield a new dimension.     

 Ex:  uniform motion v = d/t " [v] = [d]/[t]  

 

Ex: Why a block of ice floats in water, while a piece of metal sinks, is the metal heavier? 

          (1)   take 1 m3    compare weight    ice lighter, than water, than metal  

  ice:  917 kg/m3,  H20:  1000 kg/m3 ,  Iron:  7860 kg/m3 

compare Mass per unit Volume, density,   # = M / V       

   [#] = [M]/[V]                 and               SI unit: kg/m3 

 eg. #ice = 0.917 $ 103 kg/m3 < #water = 1.000 $ 103 kg/m3 (thus ice floats on water) 

 

A dimensionless quantity is also possible.  BondÕs Homerun count is 80.  

 Ex:  %=c/d  [%]=[c]/[d]=L/L=L0  

       (independent of distance, time, etc) 

How are quantities in physics classified? 

(1) pick 6 most relevant Qs (categories), they are regarded as base Qs, assign each w/ a base dim. 
     length,   mass,    time,   temperature,   light intensity,   electr ic current  = base dimension 

      long    massive    old           warm                   bright      ?? already unusual  = represents     

(2) dim of any other Q (derived) is the multiplication and/or the division of the base dims 

               [v]=[d]/[t]=L/T                   and                  [a] = L/T2 

               F = m a                  so              [F] =[m][a] =ML/T2 

                               note:           M=[mass]                 L=[length]               T=[time] 

Relation between new Q and old Qs must be established, by physical law.  
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Dimensions follow the same algebra relations as Quantities. 

Unit:   a Q is measured in terms of a known amount, defined as a unit. 

Since the def of unit is, in principle, arbitrary, one Q may have unlimited # of units, so we need 

to standardize them.    Ex:   living room width is 10 foot-length for boy and 12 ft-l for girl 

                                Ex:   arm-length of a (famous) King as length unit (dig out if disputes occur) 

 

 

S(ystem) I (nternational) unit system has been most widely adopted in science (metr ic system) 
 (base) unit (base) quantity  
 meter { length}  
 kilogram { mass}  
 second { time}  
x Kelvin  { temperature}   
x Ampere  { electr ic current}   
x Candela  { luminous intensity}   
 mole  { amount of substance}  cnt # of chemicals  = 6.02 x 1023 

Ex:  {v} = {d} /{t } = m/s            Units follow the same relation as the Qs,  

       {a} = m/s/s = m/s2 

       F = m a    so {F}  = {m}  {a} = kg m/s2 = Newton (common units), many of the units are 

named after famous people. 

 

note: units obey the same algebraic rules as variables and numbers. (ex: m2/m = m) 

 

In this country the units for force is lb. The disagreement in units makes it necessary to create a 

way to conver t from one unit to another.   1 lb = 4.5 N    (conversion between units) 

 

Ex: 110 km/hr   (Canada)   110 km / hr = 110 km / hr (1 mi / 1.61 km) = 68 mi / hr 

Ex:  8 foot-size = 27 cm               1 ft-size = 27/8 cm = 3.375 cm=1.3 in 

40 Chinese-foot-size = 27 cm  1 Chinese-foot-size = 27/40 cm=0.675 cm=1/5 am-ft-size 
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Ex:   another common unit is the atomic mass units (u) (1/12 mass of a 12C atom) 

 1u = 1.6605402 $ 10-27 kg            e.g. mp = 1.0073 u             eg. mn = 1.0087 u 

            Matom = (Np u + Nn u + Ne u / 2000) & (Np+Nn) u 

Neutral atom consists of (Ne=Np, atomic number of) electrons and equal number of protons. 

(Np+Nn) is the atomic mass. 

 

some other (well known) systems of units   

 SI CGS BE 
length meter (m) centimeter (cm) foot (ft)    = 0.3 m 
mass kilogram (kg) gram (g) slug (sl)   = 14.6 kg 
time second (s) second (s) second (s) 

(see inside back cover  for conversion) 

 

     Now the units are fixed, one may get a small or a large measure in any given unit. 

          mean radius of the earth=6,370,000 m =  6.37 $ 106 m    (3 significant figures) 

          electron mass=0.0000000000000000000000000000009109 kg = 9.109 $ 10-31 kg 

   (30 zeros after the decimal point) 

 

 6.02 x 1023  (21 zeros after the digit 2, to this accuracy) 

In such cases of extremely small or large numbers, you can see the use of scientific notation 

(employing powers of 10.  Scientific Notation can also be written in the form of  6.37 E+06 

(E=exponent of ten, in calculator or computer) 

 

nicknames for powers of ten, use prefixes (inside front cover page) 
 factor prefix symbol 
 109  (billion)  giga- G ex: GB= giga-bytes 
 106 mega- M 
 103 kilo- k 
 10-2 centi- c ex: $1 is 100 cents 
 10-3 milli- m 
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 10-6 micro- µ 
 10-9 nano- n 
 10-12 pico- p 

 

rule: exchange prefix with the associated power of ten factor 

 e.g. 1.609 $ 103 meters = 1.609 km     (about 1 mile)           

            e.g. 1000 g = 103 g = 1 kg            (kg is a compound unit= the SI unit for mass) 

 

demo: video Òpowers of 10Ó (physics deals both with the largest and smallest) 
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Time, Distance and Mass 

We know units, but how do we tell time?   

e.g of time-telling devices (clocks): sun, hour glass, mechanical (spring) watch, pendulum, heart 

beat (no excitement), go to Rockford watch museum.  Some of these have draw backs. 

It is this desire for precise measurement that separates physicists from philosophers. 

Galileo (350 yrs ago) was the first actual physicist, not only a philosopher, like Aristotle or the 

Greeks.  He made quantitative observations 

Quotes about time: Webster defines "a time" as "per iod" and defines "period" as "a time" 

           "time is what happens when nothing else happens",  "time is how long we wait" 

e.g. of shorter  time measurements are usually seen through per iodic motions 

In light, something (electric-field) varies periodically (not sensitive to eyes).  The per iod, time 

to complete one full cycle, is used to measure t.  When such an oscillation gets displayed on 

electronic devices such as oscilloscopes, the per iod is a separation on screen. 

     (SI unit)   one second is the time taken by 9,192,631,770 (about 1010) vibrations of the light 

(of a specified wavelength) emitted by a cesium-133 atom.   (period ~ 10-10 s)  1s ~ 1 heart beat 

determine longer times:     Find older man, tree, radioactive decaying material (long life). 

If it takes T to reduce to 1/2, "the so-called half life time", it'll take another T to reduce to 1/4 

and takes infinite number of period nT and reduces it to 1/2n of original amount. (never dies 
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really) 

       

in general age of object, t, is related to the amount when formed A and current amount B          

through    (1/2)t/T = B/A   (the fraction that is un-decayed) 

years seconds  mean life of 
3$1010 1018 age of universe 
109  age of earth U238 
 109 life of a man  
 10-15 period of atomic vibration 
 10-21 period of nuclear vibration 
 10-24 light crosses a nucleus strange particle 
 

determination of distance:          meter stick, 2-meter stick, how long can it go 

       (SI Unit)     one meter is the length of the path traveled by light in vacuum during a time 

interval of 1/299,792,458 of a second.   (~1.094 yards)        e.g.  meter stick 

ex: bounce light off,  take time,  find distance  (knowing c well) 

ex:  larger  distances (to stars) by triangulation,   in example wanted to know the distance 

between planet-X and planet B knowing the distance between planet A and planet B. 

 

L

! 1 ! 2

x

b a

A B 

L / sin(' 1+' 2) = a / sin(' 1)    so                  

a=Lsin(' 1)/sin(' 1+' 2) 

Try ' 1 = ' 2 = 88¡, a ! 14L 

small distances: microscope 

Limits:      distance may be relative to time and vise versa:   relativity   (faster skinnier).  When 

we say two things are relative, imagine someone riding a bike passes you.  You would say that 

he is moving relative to you; however, he would say that you are moving relative to him.   
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            natural limits for distance (time):      uncertainty principle    ( x = h / ( p        

Mass 

        (SI Unit) one kilogram is the mass of a specific platinum-ir”dium alloy cylinder kept in 

France, a duplicate is kept at (NIST) in MD. 
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Dimensional analysis 

In dim analysis, dimension (units) can be treated as algebraic quantities. For a specific 

formula to stand physically balanced, the dimension (units) on each side should agree with one 

another (for each of the base quantities). 

 

eg. distance traveled x is related to acceleration a and time t via: x=an tm with parameters n, m to 

be determined, let us use the dimensional analysis:  

 [x]=[a]n[t]m  "  L=(L/T2)n (T)m =Ln T(m-2n) "  n=1 and m=2 "  x = a t2 

Such an analysis can not check if a dimensionless factor is correct or not. 

 ex:       y = 2+x+3x2                    y = 2sinx                         y=ex 

 

eg. What is the dimension of a in F = e-at?    Here t represents time.    

rule: the exponent should be dimensionless 

     1=L0M0T0=[a] [t] =[a] T "  [a] =1/T "  a has the unit of 1/s if t in s. 

eg. The same rule applies to sin(at), the argument of tri-function is dimensionless 

 

Mechanics consist primarily of NewtonÕs laws (capable of reduction to other  laws), and 

definitions of quantities and relations between other quantities. 

 v = d / t (m/s)  a = v / t (m/s2)   p = m v (kgm/s) 

 F = p / t = m a (kgm/s2=N) W = F x (kgm2/s2=Nm=J)  

 KE = 1/2 m v2 (kgm2/s2) PE = m a x (kgm/s2m) PE = 1/2 k x2 (kg/s2m2) 
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Check:       KE = 1/2 m v2 (kgm2/s2)           (unit analysis is similar dimensional analysis) 

                {K E}={m}{v} 2=kg(m/s)2 

                 PE = m a x (kgm/s2m) 

                {PE}={m}{a }{x}= kg m/s2 m={K E}=J 
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One-dimensional motion  

In physics we would like to describe the motion of objects.  For example, we might need to 

know where an object is at a cer tain time.  Most things can be described in 1, 2, or 3 

dimensional motion.  We will learn first how to describe 1D motion. 

motion: change of a bodyÕs position with time, describing where and when for the body, how it 

moves, and so on 

kinematics refers to the classification and comparison of motions 

 we will examine some general properties of motion that are restr icted in three ways 

 1. the motion is along a straight line only, we will consider 2- 3- dimensional later 

  recall GalileoÕs incline and rolling ball? 

  vertical (falling stone) 

  slanted (superman) 

  straight-line race course marked off with positive distances in forward direction             

                        and negative distances in the reverse direction.  -3    -2    -1   0   1   2   3    

 2. study only the motion itself, not the cause (until later) 

 3. moving ÒsmallÓ object is either a particle (point-like object such as an electron) or 

  moves like a particle (sliding pig or falling cat), there is no relative motion w/in the 

 body, the size of the object is unimportant to the distance moved (bumper to bumper for       

 car), and position is relative to the center of gravity of the object, or translational 

 any small objects moving along a line  (follow the same analysis) 
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 record distance traveled, x, with time taken, t 

limitations:  relativity and quantum effects 

3d motion can be decomposed of 3 independent 1d motions 

 

many examples of 1d motions: 100 dash; basket ball score; stock market 

 

 3 ways to describe position vs. time 

  0) words: use your English skills 

  1) table: know exactly for certain time 

  2) graph: visual, get an idea of values between points 

  3) equation: can find any point 

 ex: you race with Jeff Gordon... 

    tables      graph 

 ex-1  x (mi)  t (hr)  ex-2 x (mi)  t (hr)   car-2 
            0 0   0 0           x (mi) |           *                *    car-1     
  10 1   20 1      40   |---|---* --------*  
   20 2   40 2  |   |  *      *  
  30 3   60 3  |   |*   *  
  40 4   80 4  * -|----------------- t (hr) 
  ...    ...       1                4 

        draw const x at 40 const t at 1 h 

 equations: x1=40t,   x2=20t  

 note that both cars are traveling at constant speed (equal distance traveled in equal time) 

measurement #1 

 JG: his distances are twice as long, after same time, 20 mi each hr vs. 10 mi each hr 

  for fixed duration of time, longer distance means faster rate, hence you use length 

  to find out who is faster 

measurement #2 

 you: you take twice amount of time to cover the same distance (say 40 mi):  
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  40 mi every 2 hrs  vs. 40 mi every 4 hrs 

 fixed amount of distance, shorter time, faster rate, using 1/time to find out who is  faster 

to make agreement, we need both distance and time when talking about the speed: 

         JG says  you say 
 car-2: 20 mi / 1 hr = 40 mi / 2 hrs call this 20 mi / hr  (miles per hour) 
 car-1: 10 mi / 1 hr = 40 mi / 4 hrs call this 10 mi / hr  (miles per hour) 

these are exactly the displayed values on the speedometers 

 v = x / t  (strictly an average velocity) 

 assuming that the carsÕ positions change continuously with time (line curve really) 

 we have relations:   car -1:   x1  = (10 mi/hr) t car-2:   x2 = (20 mi/hr) t  (equations) 

 in general we use x = f(t) to calculate the distance at any time, which means position 

 depends on time, and that x is a function of time, in this example f(t) = v t 

 prediction: JGÕs position at t = 1.5 min 

  x = 20 mi / hr * 1.5 min * (1 hr / 60 min) = 0.5 mi 

summary:  to describe 1D motion, monitor object location (coordinate) as a function of time 

  with the help of (1) table (2) graph (3) x(t) 

new question: Can we compute velocity of the car? 

 

In the next example, look at how you drive a car (and find out velocity at each instant) 

  x (m)  t (s)      
            0 0            x (m) |            *  
  3 1    |           *  
   12 2    |         *      
  27 3    |      *   
  48 4    * ------------ t (s) 
 
in the 1st sec   car traveled 3 m Ñ > 
 2nd sec    9 m       Ñ ÑÑ > 
 3rd sec    15 m                    ÑÑ ÑÑ Ñ > 
 4th sec    21 m                                         ÑÑÑ ÑÑ ÑÑ > 
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displacement=change of position "  distance ( sum of |displacements| ) 

watch your speedometer and you see that the needle moves up, the (instantaneous) speed is the 

instantaneous reading of the needle, hence your instantaneous speed is changing (increasing). 

 

Q: what is the speed at t = 1s? 

 it is not 9m/s because car is speeding up from 1s to 2s, 9m/s is the average speed. 

 Note that to define the speed instantaneously, the distance traveled can not be too big. 

 Remember JGÕs car had speed of 40 mi / 2 hrs=20 mi / hr=0.5 mi/1min=... 

 donÕt dr ive for too long and donÕt travel for too far and the speed is nearly unchanged 

 

This was an idea that the Greeks didnÕt realize.  It was invented by Newton and Leibnitz to 

describe such a motion: use infinitesimal distance d corresponding to infinitesimal time ) (now 

may be realized by a high speed camera) 

 d/)   is an approximation to velocity and approximates better as )  gets smaller and smaller 

 velocity:  v !   lim ()* 0) d/)                  

close look at the above car we have relation x = 3 t2 

 x(1s) = 3 m 

 x(1.001s) = 3 (1.001)*(1.001) = 3.006003 m 

 in the last 0.001 sec the car has traveled 0.006003 m the approximate speed is 6.003 m/s 

(this is different from 9 m/s by the way) 

 what happens to d/) when )  is reduced gradually? 

 lets see the following table (see also FORTRAN:    f9 der_3t2.f [1,2,3,-1] ) 
  
 x(1) x(1+))  d=x(1+))-x(1)  )  d / )  
 m m  m  s m/s 
 
 3 12  9  1 9    (familiar?) 
 3 3.63  0.63  0.1 6.3  (different) 
 3 3.00603 0.00603  0.01 6.03 
 3 3.0006003 0.0006003  0.001 6.003   
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 3 3.0000006000003 .0000006000003 0.000001 6.000003 
 
                        not far away smaller    smaller settles to 
  from x(1)    a limit 

how to draw ( x/( t graphically: itÕs the ratio of rise and run 

         
t1 t2

x1

x2

t

x

 

velocity is the slope of the tangent line going through a point x(t). 

                 
!

y(x)

x   
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Velocity and Der ivative 

        We saw in the previous example that velocity at t=1 is 6 m/s.  What about velocity at any 

time v(t0)?  How to compute the (velocity) mathematically from the ratio   d / ) , use example    x 

= 3t2      

The distance traveled in small time ) is  

     d  =  x(t0+))-x(t0)  = 3*(t0+))*( t0+))-3*(t0)*( t0) 

   = 3*(t02+2*t0* )+)2)-3*t02 

   = 3*t02+6*t0* )+3)2-3*t02 

   = 6*t0* )+3)2 

the ratio          d /)   = 6*t0+3)  

 and v = lim()* 0) d /)  = lim()* 0) (6*t0+3)) = 6*t0 = 6 t0(m/s) 
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in general one can also show that v (at any time t0) = 6 t0 

In this example velocity is positive, which means forward motion.  In the case when velocity is 

negative, a backwards motion is then implied.  (use a sine like x-t curve to explain) 

The above procedure is performed so often in mathematics, that for convenience special 

notations have been assigned to our quantities )  and d.  In this notation 

 )  becomes ( t   (means Òan extra bit of tÓ, and may be made smaller, (  is not a multiplier 

 d becomes ( x    much like sin'  is not s * i * n * ' , simply the space increment, one 

 symbol) 

Since "( " is not a factor, it can not be cancelled in ( x / ( t to give x / t, any more than sin'  / 

sin2'  canÕt be reduced to 1/2. In this notation velocity is equal to the limit of ( x/( t when ( t gets 

smaller: 

 v = lim( t* 0 ( x/( t  

This will derive the same answer as before, but keeps track of whatÕs changing.   

 Note we also have ( x = v ( t, that is true only when ( t gets to 0 

 we like to write dx = v dt, here dt means ( t in the case when it is very small 

 thus we may also have v = lim( t* 0 ( x/( t  = dx/dt (derivative of x with respect to t) 

the procedure of finding it is called finding a derivative or differentiating (different from derive 

an expression) 

dx, dt are separately called differentials, with new terminology, dx/dt = d/dt 3t2 = 6 t 

ex: position-time relation for another car x = t3 + 2 t + 3, find v? 

 x(t+( t)= (t+( t)3 + 2(t+( t) + 3 =  [ t3 +3t2 ( t+3t (( t)2 +(( t)3 ]+2 t +2 ( t+ 3 

  =  t3 + 3  t2 ( t + 3  t (( t)2 +   (( t)3 + 2 t + 2 ( t + 3 

 x(t)     =  t3                                                 + 2 t            + 3 

Subtract: ( x = 3 t2 ( t + 3 t (( t)2 +  (( t)3+ 2( t 

  ( x/( t =3 t2+ 3 t (( t) +  (( t)2+ 2 

  dx/dt =3 t2+ 2 

get the procedure of differentiating a function now?  
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A more general statement of a power function process is:  dtn / dt = n tn-1 

Graphical representation of ( x/( t: 

         
t1 t2

x1

x2

t

x

 

Look for the sign of the slope, + moving forward, - moving backward, 0 not moving,  

velocity is a Quantity with directional information - a vector. 

(instantaneous) velocity: dx/dt=v   

signs: + if upward-pointing, - if downward-pointing 

 

©8© 

Differentiation Rules 

(below c, n represent any constants, u(x) and v(x) are functions of variable x) 

How to find derivative of a simple function such as a polynomial function? 

Constant Rule: dc/dx=0 

Homogeneous Rule: d(cu)/dx=c du/dx 

Power Rule: d(xn)/dx = n xn-1   

 ex1: 
dx
dx

= 1( ) x1! 1 =
x
x

=1
    (Identity Rule)            

 ex2: 
d

dx
1
x

!  
" 
# $ 

% 
& =

d
dx

x ' 1( ) = ' 1( ) x' 2 = '
1
x2

 

 ex3: 
d x
dx

=
d

dx
x1 / 2( ) =

1
2

!  
" 
# $ 

% 
& x' 1/ 2 =

1
2 x  

Sum Rule: 
d

dx
u + v( ) =

du
dx

+
dv
dx           

 ex: 
d

dx
3x2 + 2( ) =

d
dx

3x2( ) +
d

dx
2( ) = 3

d
dx

x2( ) +0 = 3( ) 2x( ) = 6x
 

Special formulas: 

 d[ sin (c x) ]/dx =   c cos(c x) 
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 d[ cos (c x) ]/dx= Ð c sin(c x) 

 

 d[ exp (c x) ]/dx=   c exp (c x) 

 

omit starts 

Multiplication Rule (also Product Rule or Leibniz Rule): 
d

dx
uv( ) = u

dv
dx

+ v
du
dx  

 ex: 
d

dx
x2( ) =

d
dx

xx( ) = x
dx
dx

+ x
dx
dx

= x( ) 1( ) + x( ) 1( ) = 2x
 (also from Power Rule) 

Quotient Rule: 
d

dx
u
v

!  
" 
# $ 

% 
& = v

du
dx

' u
dv
dx

!  
" 
# $ 

% 
& / v2

  ex: 
d

dx
1
v

!  
" 
# $ 

% 
& = v

d1
dx

' 1
dv
dx

!  
" 
# $ 

% 
& / v2 = '

1
v2

dv
dx   (Reciprocal Rule) 

Chain Rule: 
d

dx
y u x( )[ ]{ } =

dy u( )
du

du x( )
dx  

Der ivative of Fundamental Functions 

 
d

dx
ex( ) = ex

         
d

dx
ln x( )[ ] =

1
x         

d
dx

sin x( )[ ] = cos x( )
       

d
dx

cos x( )[ ] = ! sin x( )
 

 ex: 
d

dx
2sin 3x + 4( )[ ] = 2

d
dx

sin 3x +4( )[ ] = 2
d
du

sin u( )[ ] d
dx

3x + 4( ) = 2cos u( ) 3( ) = 6 cos(3x+ 4)
 

display special derivatives of special functions, via FORTRAN 

 et  log(t)  ( f9 der_log.f  [1, 2, 3],            f9 der_exp.f  [1, 0, -1], ) 

omit ends 

 

ex numerical velocity of sin(t), try rule first d[sin(t)]/dt=cos(t)  use  f9 der_sin.f [0, 1.57, 3.14] 

 

 

 

ex:  find the maximum height reached by a ball that moved up and down a plane knowing  

 x = -2 t2 + t  (x in meters if t in seconds)   

note x = t (-2t+1)  two zeros are at t=0 and t= 0.5 

 



 

PHY110 LECTURE NOTES BY DR. SU 

 -24- 

   

at maximum, v = 0 = dx/dt = d/dt (-2 t2+t ) = d/dt (-2 t2)+ d/dt (t ) = -2 d/dt(t2)+1 

 =-2*2*t+1=-4t+1    set  0 = -4t+1   we find that at maximum 4t = 1 or t =0.25 s 

 maximum position thus is x(t =0.25s)=-2(0.25)2+0.25=0.125m 

 

task: knowing x(t), goal: finding v(t), tool: derivative the reverse is 

task: knowing v(t), goal: finding x(t), tool: integral 

without showing how to find an integral, letÕs just see what it means. 

©9© 

Distance as an Integral 

Q: By knowing velocity of an object moving along a line, v(t), by closely monitoring the 

speedometer, can we predict position: x(t) without using a video tape? 

 

THE MEANING OF A (DEFINITE) INTEGRAL 

(1) Displacement due to a constant velocity, v(t) = v, over an interval t0 to tf:  

  total displacement  ( x = v( t = v*( tf -t0) 

(2) Displacement for two piecewise constant velocities over ( t1, and ( t2: 

  total displacement = v1 ! t1 + v2 ! t2  
! v i " ti

i=1

2

#
 (notation for summation) 

(3) Displacement for a continuous varying velocity v(t) over an interval t 0  to t f , divided up 

 into a large number of N-intervals. Within each interval velocity is approximately 

 constant. 

  total displacement  =   v t1( ) ! t1 + v t2( ) ! t 2 +L + v tN( ) ! t N  
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     = 
v ti( ) ! t i

i =1

N

"
! t i " 0 andN"#$  "  $  $  $  $  $  v(t) dt

t 0

t f

%
 

 The last limit is called a (definite) integral of v(t) over t, latin summa. Note that again 

ÒdÓ in dt means that we can make time interval as small as we want, and we add up all the small 

distances to get the x. 

Graphical interpretation of + v(t) dt:  

area under the curve v(t) between lines t = t 0  and t = t f . 

                                       

      t0 tf

v(t)

t

 

Note for every derivative formula there is a corresponding integral formula 

 d(x2)/dx = 2 x                  so                    + 2x  dx = x2 

note: only the positions between x2 and 2x are switched. 

 

HW:   read Lab introduction (pages 1-14) 

 

Uncer tainties and er ror analysis 

(read first part of Lab manual L1) 

 ex: a = (27.8±0.1) cm, length of a book              27.7cm !  a !  27.9cm 

measured quantity = a = mean value ± uncer tainty = 

!  

a  ± ( a [ i.e. (

!  

a -( a) # a # (

!  

a +( a) ] 

absolute uncertainty with respect to mean: ( a        (0.1 cm) 

relative uncertainty with respect to mean: ( a/

!  

a       (0.04 or 4%)      

               (27.8±0.1) cm=27.8(1±0.1/27.8) cm=27.8(1±0.04) cm 

       mean-abs-uncert  mean-rel-uncert 



 

PHY110 LECTURE NOTES BY DR. SU 

 -26- 

 

for single measurement 

( a: least measure (smallest division for the instrument, 1 cm here) 

!  

a   : read to the closest mark of division for the last digit (0.1 mm for meter stick) 

for repeated measurements, a1=

!  

a 1±( a, a2=

!  

a 2±( a, a2=

!  

a 3±( a 

 a1= (27.8±0.1) cm, a2= (29.0±0.1) cm, a3= (26.7±0.1) cm 

      mean of the repeated measurement a: mean value 

!  

a  =(

!  

a 1+

!  

a 2+

!  

a 3)/3 

  =83.5/3=27.83...=27.8 

calculate the standard deviation ,  = $( (a1-

!  

a )2+(a2-

!  

a )2+(a3-

!  

a )2/(3-1) ) 

 ,  = $( (0)2+(1.2)2+(-1.1)2/(3-1) )= $( 2.65 /2 ) =$(1.325) =1.151=1.2 

 uncertainty of the repeated measurement: the larger of { least measure, ,  }  

 max {0.1, 1.2} = 1.2 

=== 

define: significant figure (reliably known digit other than a zero used to locate decimal point) 

 eg. significant fig. in 8.9216 feet is 5 and that in 8.92 feet is 3, sig. fig. in 8.92000 is 6 

 but 0.00892,    sig. fig. is 3 

Rule of thumb: In general, no final result should have more significant figure than the original 

data from which it was derived. 

 

When multiplying or dividing several quantities, the # of sig. figs. in the final answer should 

equal the smallest # of sig. figs. in the least accurate (having the lowest # of sig. figs.) of the 

quantities being multiplied or divided. eg. 12 * 0.2 = 2 

 

Don't confuse significant figures with decimal places. consider 35.6 mm, 3.56 m and 0.00356 m, 

all have three significant figures but have 1, 2, and 5 decimal places. 

When two or more numbers added or subtracted, the # of decimal places in the result should 

equal the smallest # of decimal places of any term in the sum. eg. 123 + 1.5 = 125      
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(since 123.?+1.5=124.?) 

=== 

error propagation 

For 2 or more measured quantities a =

!  

a ±( a and b=

!  

b ±( b (a, b single or repeated measurements) 

 Ex: length, width of a book, a = (27.8±0.1) cm, b = (21.6±0.1) cm 

sum: s =  (27.8±0.1) cm + (21.6±0.1) cm= 49.6 {+0.2 or Ð0.2 or 0 or 0} cm 

   = (49.4 ± 0.2) cm, pick the worse cases 

 uncertainty in derived quantity s=a+b is simply ( s=( a+( b and s = 

!  

s ±( s 

  for difference d=a-b in ( d 

 Absolute uncer tainty of sum=sum of absolute uncer tainties 

diff: d =  (27.8±0.1) cm - (21.6±0.1) cm= 6.2 {+0.2 or Ð0.2 or 0 or 0} cm 

   = (6.2 ± 0.2) cm, pick the worse cases, again ( d=( a+( b 

prod: area p = a*b = (27.8±0.1) cm * (21.6±0.1) cm  

 =(27.8)*(21.6) cm2±(27.8)*(0.1) cm2±(21.6)*(0.1) cm2±(0.1)*(0.1) cm2 

 ~(27.8)*(21.6) cm2 ± [ (27.8)*(0.1)+ (21.6)*(0.1) ] cm2 , worse cases 

 =

!  

p ±( p                                                                         last term small enough to ignore 

 here p = (27.8)*(21.6) cm2 = 

!  

a á

!  

b ,    and ( p = [ (27.8)*(0.1)+ (21.6)*(0.1) ] cm2  

      ( P = 

!  

a á( b+

!  

b á( a=

!  

a á

!  

b á(( b/

!  

b )+

!  

b á

!  

a á(( a/

!  

a ) 

 thus absolute uncertainty ( p = 

!  

p *( ( a/

!  

a +( b/

!  

b ) or ( p/

!  

p =( a/

!  

a +( b/

!  

b  

 relative uncertainty in product p =a*b is simply ( p/

!  

p =( a/

!  

a +( b/

!  

b  and p = 

!  

p ±( p 

 Relative uncer tainty of product or quotient=sum of relative uncer tainties 

quotient: for r=a/b  

 r = 

!  

r  ± ( r, where r = a/b and ( r /

!  

r  = ( a/

!  

a +( b/

!  

b  

 

 Here is an example: 

 r = (27.8±0.1) cm / (21.6±0.1) cm  

              =27.8*(1±0.1/27.8) / [21.6*(1±0.1/ 21.6)] 
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   = 27.8/21.6*(1±0.1/27.8)*(1±0.1/21.6)-1      note (1+e)-1~(1-e), set e=±0.1/21.6<<1 

    ~27.8/21.6*(1±0.1/27.8)*(1-+0.1/21.6) 

    ~27.8/21.6*[  1 ± (0.1/27.8+0.1/21.6) ] = 

!  

a /

!  

b  *[ 1±(( a/

!  

a +( b/

!  

b )] 

    =

!  

r  ± ( r, where r = a/b, and ( r /

!  

r  = (( a/

!  

a +( b/

!  

b ) 

power:    in general if p = am * bn, ( p/

!  

p =|m|*(( a/

!  

a )+|n|*(( b/

!  

b ) eg.  p = a2 / b3 

 note: p = 

!  

a m*(1±( a/

!  

a )m *

!  

b n*(1±( b/

!  

b )n ~

!  

a m*

!  

b n*(1±m*( a/

!  

a )*(1±n*( b/

!  

b ) 

             =

!  

a m 

!  

b n ( 1±m*( a/

!  

a ±n*( b/

!  

b ±mn*( a( b/(

!  

a /

!  

b ) ) 

         ~

!  

p *(1±m*( a/

!  

a ±n*( b/

!  

b )=

!  

p ±

!  

p *[  |m|*(( a/

!  

a )+|n|*(( b/

!  

b ) ], pick worse cases 

 

application in Lab-A1: % = c / d, and ( %/

!  

"  =( c/

!  

c +( d/

!  

d  *  ( % 

  V = (% / 4) d2 l , and ( V/V=2*(( d/

!  

d )+(( l /  

!  

l ) *  ( V 

  # = m / V, and ( #/#=(( m/m)+(( V/V) *  ( # 

 

omit starts 

Special integral formula 
a

b

! c tn dt = c bn+1/(n+1) - c an+1/(n+1)  

HOW TO EVALUATE AN INTEGRAL 

example: 1-d displacement for a time varying velocity v(t) 

 total displacement  =
v ti( ) ! t i

i =1

N

" ! t i # 0 andN# $
% #  % % % % % % v(t) dt

t 0

tf

&
 

 (1) Sum for 3 intervals separated by coordinates x0, x1 ,x2, x f : 

  total displacement =
v ti( ) ! t i

i =1

3

" = ! xi
i =1

3

"
 = x1 ! x0( )  

      + x2 ! x1( ) 

      + xf ! x2( )  

     = xf ! x0 = x t f( ) ! x t0( ) ! x t( )[ ] t 0

t f ! x t( ) t 0

t f

 
 (2) For time varying velocity v(t): 

  
v(t)

t 0

t f

! dt = x t( )[ ] t 0

t f

, where 
v(t) =

dx t( )
dt  
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  x(t) is the anti-derivative or indefinite integral of v(t) 

 Relationship between the integrand and the (indefinite) integral:  

     
v(t)

thederivative of!  "  !  !  !  !  !  !  !  

theanti#derivativeof
$  !  !  !  !  !  !  !  !  

x(t)
 

Note: d seems to undo ". 

Note: Every function may be differentiated analytically. But not every integral may be integrated 

in terms of simple functions that have been given names.  

Note: It is always possible to numerically find the sum to any accuracy. 

BASIC RULES OF (DEFINITE) INTEGRAL 

! f x( )
a

b

" dx = f x( )[ ] a
b

 ( note: the LHS 
=

d f x( )[ ]
dxa

b

! dx = d f x( )[ ]
a

b

!
) 

Homogeneous Rule: 
c f x( )

a

b

! dx = c f x( )
a

b

! dx
      ex:     % 2x dx = 2 % x dx 

Additive Rule: 
f x( ) + g x( )[ ]

a

b

! dx = f x( )
a

b

! dx + g x( )
a

b

! dx
   ex:      % (x2+x3) dx=% x2 dx+% x3 dx 

L inear Rule: 
c1 f x( ) + c2 g x( )[ ]

a

b

! dx = c1 f x( )
a

b

! dx + c2 g x( )
a

b

! dx
  ex: % (5x2+6x3) dx=5% x2 dx+6% x3 dx 

Additive with respect to the interval of integration: 
f x( )

a

c

! dx = f x( )
a

b

! dx + f x( )
b

c

! dx
   

                                                      %02f(x)dx=%01f(x)dx+%12f(x)dx 

Power Rule: 
xn

a

b

! dx =
xn +1

n +1

" 

# 
$ 

% 

& 
'  

a

b

 (for n" -1)                 % x dx = x2/2       ex: n=0: a

b

! dx = x[ ] a
b

 

  special for n=-1: 

dx
xa

b

! = ln x[ ] a
b

= lnb " lna = ln
b
a

# 
$ 
% & 

'  
( 
 

Recall   (tn)Õ = n tn-1     (ex)Õ=ex     (ln x)Õ=1/x       (sin x)Õ = cos x      (cos x)Õ = -sin x 

so         xn-1 =% n xn-1 dx   ex =% ex dx    ln x = % 1/x dx       sin x = % cos x dx       cos x =- % sin x dx 

comment     - by formula table % xm dx=xm+1 / (m+1) 

                   - by guessing  ( xm+1 / (m+1) )Õ= 1/(m+1)* (m+1) xm = xm 

memorizing formulas (besides meanings:  slope, steep hill, shallow hill and down hill / area) 

Special integrals: Fortran demo: 

 
ex dx

a

b

! = ex[ ] a

b

  
cos x( ) dx

a

b

! = sin x( )[ ] a
b

 
sin x( ) dx

a

b

! = " cos x( )[ ] a
b
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( f9 int_sqrt.f  %01$t dt= 2/3 t3/2,       f9 int_pi.f  4 %01$(1-x2) dx= %,        f9 v_2t.f ) 

Catch up and GenEd 

 APPLICATIONS of INTEGRATIONS 

(check which integration rules have been applied) 

ex: velocity of a particle under the constant acceleration, a:  

 
dv
dt

= a
, so dv = a dt  integrate from time 0 to time t: 0

t

! dv =
0

t

! a dt
 

 
v t( )[ ] 0

t
= a

0

t

! dt = a t[ ] 0
t

 we get v t( ) ! v0 = a t   

 or v t( ) = v0 + a t  (kinematic equation) 

HW, ex: displacement of the previous system:  

 
dx
dt

= v t( ) = v0 + a t
, so dx = v0 +a t( ) dt ,       integrate from time 0 to time t: 

 0

t

! dx =
0

t

! v0 + a t( ) dt =
0

t

! v0( ) dt +
0

t

! a t( ) dt = v0
0

t

! dt +a
0

t

! t dt = v0 t[ ] 0
t

+ a
t 2

2

" 

# 
$ 

% 

& 
'  

0

t

= v0 t +
1
2

a t2

= 

 and the left-hand-side = 
x t( )[ ] 0

t
= x t( ) ! x0        

 or 
x t( ) = x0 +v0 t +

1
2

a t 2

 (kinematic equation) 

omit ends 
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Acceleration 

GalileoÕs incline demo 

As your car speeds up, velocity changes, the car accelerates, or as an elevator speeds up/down. 

Acceleration is the time rate of change in velocity, change in v per unit time.  

units of m/s/s = m/s2 (similar to speed which is the change in distance per unit time) 

Imagine a linear speedometer, with negative readings for backup.  This is called a velocitometer . 

The velocity of the velocitometer needle is the acceleration.  Òacceleration is the speed of speedÓ 

If velocity changes rapidly we have a large a, velocity changes slowly, a is small, if the car is 

traveling at a steady speed, then a is zero. (Its when v" 0 and a=0, Is it possible to have v=0, a" 0? 

Yes: I toss you up into the air. 
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So a is different from v.  They are also different from x. 

 mathematically                 aav  = ( v / ( t       and     a = lim ( t *  0 ( v / ( t = dv / dt 

Note that a = d / dt (v) = d / dt [ d / dt x]     (use notation)    = d2x/ dt2     

 v=dx/dt (first derivative of x, v is the ÒsonÓ of x) 

 a=dv/t (first derivative of v, a is the ÒsonÓ of v) 

But  a = d2x/ dt2 (second derivative of x, a is the ÒgrandsonÓ of x) 

 

Graphical interpretation:   Signs: + if concave up, - if concave down 

  a < 0    a > 0   a = 0 

positions = .5*g*t2 

     

velocities=g*t 
 

 down line   up line   flat line 

 acceleration=g                    

 below zero   above zero  zero 

 line    line   line 

 

deceleration:   ÒaÓ opposite to ÒvÓ 

(note v still >0, but change <0) v and a are opposite so speed slows down (close your eyes). 

Note: youÕre tossed in the air, on your way up: deceleration, down: acceleration. 

 

ex: a < 0, please give examples when v > 0 or v < 0.  Is it possible? 

yes, (1) car forward but slowing down v > 0, a <0. (2) car moves backward faster, v<0, and a<0. 

 

ÒAccelerometerÓ -- acceleration indicator 
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Suspend a mass by a string from your carÕs roof. When you accelerate forward the mass swings 

back to an angle from the vertical. When you break, negative acceleration, the mass moves to a 

forward angle.     The mass moves in a direction opposite to the acceleration, and the angle 

gives a measure of the acceleration:                    a = g tan '       (g = 9.8 m/s/s, later) 

What about balloon tied to a seat in a bus? 

 

Surely a can still change, da/dt" 0 possible, but a is sufficient, because a is linked to a given 

force    (a=F/m, later)  

 

ex:  If a is constant, and your car accelerate smoothly from 0 to 50 mi / hr in 5 sec. What is the a? 

a = (50 mi / hr -0) / 5 sec =10 mi / hr /s = 10*1600 m (/ 3600 s) / s=4.44 m /s/s = 4.4 m/s2 

 

ex:  v = 3 t2 + 2t +1, a = ? 

a = dv / dt = d/dt (3 t2 + 2t +1) = d/dt (3 t2) +d/dt (2t) +d/dt (1)  =3 d/dt (t2)+2+0=3*2*t+2=6t+2 

 a(t=1)=8 m/s2              but            aav(0 to 1)=[ v(1)-v(0) ] / (1-0) = (6-1)/1=5 m/s2 

 a(t=1)"  aav(0 to 1) 

 aav = (a(1)+a(0))/2    but this is only because that a(t) is a linear function of t.  This 

relation will not hold otherwise.   aav = ( v/( t is most general way of finding aav . 

 

Falling is another common kind of motion. Galileo (1564-1642) wondered about this problem. 

demo:      drop something, book, pencil, telephone set and watch (donÕt drop, just watch) 

 move at constant speed?    Happened too fast to tell? 

Galileo figured out a way to slow down the falling motion, his apparatus: inclined plane 

Now the motion is super slow, he could use his pulse as a clock and count.  

The equivalence of this to free fall will be seen later but if you tilt the plane steeper and steeper 

the motion becomes free fall. 

 

Ball roll down an inclined plane and count equal interval of time ( using pulse ) 
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"start"
"one"

"two"

"three"

D ! t2
 

Q:  How does ÒxÓ relate with ÒtÓ? 

 x1 = 10,          x2 = 40,         x3 = 90             ->         x = 10 t2 

In 1st count of time it rolls out a distance of x1, in 2 counts it travels out x2=4x1, 3 counts out to 

x3=9x1... Law: x -  t2              so x= Ct2  

 and since v=d/dt(C t2)=2Ct, and a=d/dt (v)=d/dt (2Ct)=2C, we have C = a/2 or x=1/2 a t2 

 also we have   v =  a t 

 If C=10, v=dx/dt=d/dt(10t2)=20t,   a=dv/dt=d/dt(20t)=20 

So  v  =  a t  and  x  =  1/2 * a t2 

draw  a,v,x vs. t                                                                 

Skip starts 

ex:     drop a block of concrete from a rooftop (make sure your sister is not below it) 

 because          a = g          we have       v = gt 

after 1 sec, 2 sec,... how fast is it moving?         (calculate) 9.8 m/s2 and 19.6 m/s2 

how far does it fall         x = 1/2 g t2 

after 1 sec, 2 sec, moved                                        (calculate) 4.9 m and 19.6 m 

Here is a table (FORTRAN, save your calculator and muscle                f9   drop.f) 

 t(s)  v(m/s) x(m)  note  a(m/s2)  
 0  0  0    9.8  
 0.5  4.9  1.3    9.8 
 1  9.8  4.9    x1  9.8  
 2  19.6  19.6   4x1  9.8 
 3  29.4  44.1    9x1  9.8 
 4  39.2  78.4  16x1  9.8 
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skip ends 

 

Galileo found that objects fall with constant acceleration! 

Galileo wondered how the rate of falling is affected by its mass.  

Compare dropping book, pencil, telephone... Tower of Pisa experiment!    not affected! 

Drop now a piece of paper with a book, paper going slower.   This is due to the affect of air 

resistance 

Drop book and paper, face down, edge down 

Normally, paper drops slower, but in a vacuum (ideal world), as on the moon, it drops like a 

brick   Demo: vacuum tower 

demo: duplicate the experiment on the earth, inside of a container with the air pumped out 

 

Concl: neglecting air resistance, all objects fall with the same acceleration regardless of mass. 

ex:  For free fall, the acceleration is constant and we may have  

 v = g t   and  x = 1/2 g t2 

For acceleration due to gravity, use g=9.8 m/s2.  Note acceleration is independent of mass. 

From careful experiment (you will do this) the rate of free fall (near the surface of the earth) for 

all objects fall with a constant acceleration    g=32 ft / s2 =9.8 m/s2 (neglecting air resistance) 

 Why is it that the Coors stadium in Denver is better  place for baseball hitters? 

 g decreases with height (R to the Earth center) 

 g increases with the Earth mass 

Einstein (1879-1955) reasoned that all objects move the same in a gravitational field, 

therefore,  gravity must be a proper ty of space and time rather than of the objects themselves. 

 

Remember GalileoÕs incline?    x = 1/2 a t2,     v   = a t , now we need to extend to x0" 0, v0" 0 

The equations for constant acceleration are so important we will derive them again. 

One-dim. uniformly accelerated motion  (from left+middle figs. naturally get right fig.) 
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t

a

a

t

v

v0

slope a

t

x

x0
slope v0

slope v

    

x0, v0, 1/2a t2 on the graph 

 tiles up on the right 

 

from left figure:       a  = a = (v-v0) / (t-0) = (v-v0) / t              (1) v=v0+at               (const. a) 

but from mid fig: v  = (v0+v) / 2 (linear)    v  = (x-x0) / (t-0),  

Equate the right hand sides and multiply by t:                                  (2) x-x0=1/2(v0+v)t  (const. a) 

 right figure substitute (1) in (2) and simplify,                       (3) x-x0=v0t+1/2at
2
  (const. a) 

 ex: check    v = dx / dt= v0 + at    &    a = dv / dt = a  (addition of v0 and x0) 

substitute from (1) t=(v-v0)/a, into (2) x-x0=1/2(v0+v)(v-v0)/a       (4) v2=v0
2+2a(x-x0)  (const. a) 

 

now use calculus:     v(t) = " a(t) dt = a t + C  where at is the anti-derivative, C = v(0) = v0 is the 

         the constant of integration 

   x(t) = " v(t) dt = " (at+v(0)) dt = a t2/2 + v0 t + D  where D = x(0)=x0 

 

ex:  How far does a car travel if a=const, let it accelerate smoothly from 0 to 50 mi/hr in 5 sec? 

a = (50 mi / hr -0) / 5 sec =10 mi / hr /s = 10*1600 m (/ 3600 s) / s=4.44 m /s/s = 4.4 m/s2 

x = 1/2 a t2= 1/2 (4.4 m/s2) (5s)2= 55 m 

 

Q: reaction to catching a dollar bill     a = 9.8 m/s/s 

eg.  human reaction (half of a dollar bill 10/2cm long):   

 y=v0t-1/2 g t2  *  -0.08m=-(9.8/2)t2 * t=0.13s 

eg. time for 1 m drop of key 

eg. time for drop of a dollar bill 

eg. other reaction time in sports, driving school 
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©12© 

Summary and the vector nature of Quantities 

vectors and scalars Ñ  definitions of position and displacement and distance 

direction in 1d:    the ÒsignÓ 

position is the location relative to some reference point, often the origin of an axis. 

+ direction is that of increasing coordinates, the opposite direction is the Ð direction. 

Position is a vector (direction and magnitude): line points from origin to the location. 

Vectors have spatial indications, scalars do not. 

(vectors extend in 2 and 3 d, in which case we need not one but 2-3 signs to specify, more later)        

(x vector) 

displacement  is a change from one position x1 to another position x2        x1 x2

!  x

 

( x=x2-x1   ((  represents a change in a quantity, final value less the initial value)    (vector)  

a displacement in + direction means ( x>0.  only initial & final positions, not history  

 (eg. stationary vs. round-trip cars) 

note: position is a displacement from origin to the location 

 

distance is the odometer  reading, doesnÕt care for direction, a scalar (+ quantity) 

 ex: time is also a scalar.  (volume, age, temperature...) 

Magnitude of a vector is the absolute value of the vector.  The sign of the vector indicates the 

direction in space. 

 
checkpoint: three pairs of initial and final positions, along an x axis, which pairs give a negative 
displacement (a) -3m,+5m (b) -3m, -7m (c) 7m, -3m? 

 

definitions of average velocity, average speed, velocity, and speed 
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t1 t2

x1

x2

t

x

  eg. one rabbit that moves to the right (t=0, x=1m, t=4s, x=2.5m) 

draw examples of v  > 0 , v < 0,  v =0 

average velocity, is the ratio of the displacement ( x that occurs during a particular time interval 

( t to that interval                     v  = ( x / ( t = (x2-x1) / (t2-t1)           [ a vector ] 

on the x(t) curve, v  is the slope of the straight line that connects two points, (x2,t2) and (x1,t1) 

 

¥ >0 : line slants upward toward the r ight, v <0 : line slants upward toward the left. 

¥ and ( x have the same sign always (since ( t > 0) 

 

eg. Michael Johnson's 200 m record run (assume can unfold the track out to a straight line) 

v =200m / 19.32s =10.352 m/s 

 

average speed:  s  = total distance / time interval                [ a scalar ] 

 no definite relation with v              (eg. object returns to original position) 

 

instantaneous velocity and speed:           how fast at a given instant 

instantaneous velocity (or velocity) v 

obtained from the v  by shr inking the time interval ( t closer and closer to 0. v  approaches a 

limiting value, velocity at that instant: v = lim ( t->0 ( x/( t = dx/dt. [ vector ] 

velocity of a particle is the slope of its 

position-time curve at any instant point.                                     t

x

vp >0

vq = 0

vr<0
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speed: magnitude of velocity (stripped off the indication of direction): s = |v|,         scalar 

 sav = total distance / time,     (scalar) 

 eg. speedometer  gives speed.               eg. x=7.8+9.2t-2+.1t3, v(3.5s) = ? (3.25m/s) 

 
checkpoint (1) x = 3t-2 (2) x = -4t2-2 (3) x = 2/t2 (4) x = -2, in which case is v constant, negative 
direction, slowing down? 

 

average vs. instantaneous acceleration        

when particle's velocity changes, it's said to undergo acceleration 

the average acceleration over an interval ( t is computed as      a =(v2-v1)/(t2-t1),   vector 

the instantaneous acceleration (or acceleration) is the derivative of the velocity:  a=dv/dt, the 

time rate of change of velocity,          also          a=d2x/d2t,   vector 

                               t

x

a >0

a<0

 

vector / scalar = vector          scalar / scalar = scalar      

vector ± scalar (no)           vector ± vector = vector       scalar ± scalar = scalar 

 

ex: toss a tomato into the air or, send a ball up GalileoÕs Òacceleration dilutionÓ device (inclined 

plane).  The ball starts fast (v>0 large), slows down (v>0 small), stops (v=0)   [ all lead to a < 0 

] then  the ball rolls down, faster  (v<0, small speed) and faster  (v<0, small speed)  [ all lead to a 

< 0 ]  Similarly:  tossed tomato a=-g (toward the earth center), and it splashes eventually. 

 

ex on free fall (+y assumed upward, a = -g) 

 recall        v = v0 - gt            

   y-y0 = v0t - 1/2 gt2 
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pick axis, which is parallel to g  (+x is downward) 

   v = v0 + gt            

   x-x0 = v0t + 1/2 gt2 

 

eg. (ex 2.15, toss the tomato from a building roof) v0 = 20.0 m/s, h = 50.0 m  

 pick +y up,      v = 20m/s-(9.8m/s/s)t    y-y0 = (20m/s)t - 1/2 (9.8m/s/s)t2 

 Let top level of roof be y = 0 m 

 (a) time to reach maximum height -> v=v0-gt -> 0=20.0m/s-9.8m/s2t -> t =2.04s 

 (b) maximum height -> y=v0t-1/2 gt2=(20.0m/s)(2.04s)-(0.5)(9.8m/s2)(2.04s)2=20.4m 

 (c) time to reach building top level again ->0=(20.0m/s)t-(9.8m/s2/2)t2->t=4.08s 

 (d) velocity when reached the building top ->v=(20.0m/s)-(9.8m/s2)(4.08s)=-20.0m/s 

 (e) v(t=5s) -> v=(20m/s)-(9.8m/s2)(5s)=-29.0m/s 

      y(t=5s) ->y=(20m/s)(5s)-(9.8m/s2/2)(5s)2=-22.5m 

 ( ) v before hitting the ground         -> -50=20t-4.9t2 -> 49t2-200t-500=0 

        take  +  solution 

                                                       ->t=(200±371.15)/98=5.83  -> v=20-9.8(5.83)=-37.1 m/s 


