
Lecture Notes 
(Intro to Physics & Measurements) 

 
What Is Physics: 
 
-  physics is the branch of science that describes matter, energy, 
 space, and time at the most fundamental level 
 
-  the study of physics began in ancient Greece over 2500 years 
 ago, but differed in methods to modern science (we will table 
 this topic for another discussion later in the quarter) 
 
-  physicists look for patterns in the physical phenomena that occur 
 in the universe; the goal is to find the most basic laws that 
 govern the universe and to formulate those laws in the most 
 precise way possible 
 
-  in physics the word "law" means a causal mathematical relation 
 between variables inferred from the data or through some 
 reasoning process 
 
-  these “laws” are temporary in the sense that new information  

 often leads to their modification, revision, and, in some cases, 
 abandonment Ex. scientists once thought that the Earth's 
 continents were stationary, but this "law" was modified when 
 new data came to light 
 
Why Study Physics: 
 
-  all natural sciences are built on a foundation of the laws of 
 physics 
 
-  for example, a full understanding of chemistry requires a 
 knowledge of the physics of atoms; a full understanding of 
 biological processes in turn is based on the underlying 
 principles of physics and chemistry 
 



How Do We Study Physics: 
 
-  physics is a quantitative (measured, numerical data) discipline, 
 although there are a few topics in physics where our 
 understanding is currently mainly qualitative, overall, 
 measurement and  calculation play critical roles in developing 
 and testing physics ideas 

 
-  most physicists spend more time performing computations than 
 they spend on any other single aspect of physics 
 
-  mathematics, therefore, is the language of physics 
 
-  physicists develop hypotheses and models based on patterns 
 recognized in observations and experiments 
 
-  from these hypotheses and models they develop predictions 
 that can be tested with further measurements 
 

 



-  physics seeks explanations with the greatest simplicity 
 and widest realm of application Ex. there are only four types 
 of interactions to explain all forces in physics and physicists 
 are currently trying to bring them together into a single 
 unified theory 
 
Measures of Science: 
 
-  a measurement is a comparison between an unknown quantity 
 and a standard 
 
-  to be considered valid, the measuring device must be compared 
 against a widely held standard 
 
-  the standard must be readily available, reproducible and constant 
 over time 
 
-  the French developed our current system of measurement in 
 1795; it is called the metric system 
 
-  until this time, communication among scientists was difficult 
 because the units of measurement were not standardized 
 
-  the metric system uses standards of measurement that are 
 divisible by powers of ten 
 
-  the Systeme Internationale d'Unites (SI) keeps the standards of 
 length, time, and mass to which instruments are calibrated 
 
Units: 
 
-  there are seven base units which serve as the foundation of the SI 
 
-  there are many derived units which are combinations of the 
 seven base units 
 



 
 
-  the seven base units are the meter (length), kilogram (mass), 
 second (time), kelvin (temperature), mole (amt. of 
 substance), ampere (electric current), and candela (luminous 
 intensity) 
 
-  the base units have been measured in different ways over the 
 years; some of those changes are listed below 
 
 A) Length: 
  -  the meter was first defined as 1

10,000,000  of the distance 

   from  the north pole to the equator 
  -  the meter was then defined as the distance between  
   two lines engraved on a platinum/iridium bar 
 
  -  today, the meter is defined as the distance traveled by 
   light in a vacuum during a time interval of   
   1

299,792,458s  

 



 B) Time: 
  -  the second is defined today as the frequency of one  
   type of radiation emitted by a cesium-133 atom 
 
  -  a leap second is added every few years as the Earth's  
   rotation slows 
 
 C) Mass: 
  -  the former standard was a small platinum/iridium  
   metal cylinder kept at a very controlled   
   temperature and  humidity 
 
  - it was the last base unit measured by a physical   
   standard, but was replaced by a non-physical  
   standard in 2018 
 

 
 
 
 
Metric System Prefixes: 
 
-  prefixes are used to change SI units by powers of ten 
 
-  you need to know the prefixes ranging from nano 9(10 )  to  
 giga 9(10 )  

no longer correct 



 
 
 
 
 
 
 
 
 
 
 
 

 

 
Scientific Notation: 
 
-  many of the numerical values of the multipliers are very small or 
 very large; it becomes cumbersome to write out so many 
 zeros, so we abbreviate them using scientific notation 
 
-  to convert a number to scientific notation, change the  numerical 
 part of a quantity to a number between one and ten; this 
 number is then multiplied by a whole number power of ten 
 
-  the form is as follows:   nM 10  where 1 M 10    
 
- Ex.  the number 198,000,000,000 becomes 111.98 10  
 
- Ex.  the number 0.00000000082 becomes 108.2 10  
 
Converting Units: 
 
-  in order to convert a quantity expressed in one unit to another 
 unit, you may use conversion factors 

Prefixes 

Symbol  Prefix   
Power   
of Ten  

Ordinary Notation    U.S. Name

   Y yotta 1024 1 000 000 000 000 000 000 000 000  
   Z zetta 1021 1 000 000 000 000 000 000 000  
   E exa 1018 1 000 000 000 000 000 000  
   P peta 1015 1 000 000 000 000 000  
   T tera 1012 1 000 000 000 000 trillion 
   G giga 109 1 000 000 000 billion 
   M mega 106 1 000 000 million 
   k kilo 103 1 000 thousand 
   h hecto*   102 100  hundred 
   da deka* 101 10  ten 
  100 1 one 
   d deci* 101 0.1   tenth 
   c centi* 102 0.01   hundredth 
   m milli 103 0.001  thousandth 
   µ micro 106 0.000 001  millionth 
   n nano 109 0.000 000 001  billionth 
   p pico 1012 0.000 000 000 001  trillionth 
   f femto 1015 0.000 000 000 000 001   
   a atto 1018 0.000 000 000 000 000 001   
   z zepto 1021 0.000 000 000 000 000 000 001   
   y yocto 1024 0.000 000 000 000 000 000 000 001   
 



 
-  a conversion unit is a multiplier equal to one 
 

- Ex.  1 kg1
1000 g

  or  1000 g1
1 kg

  

 
- Ex.  Convert 465 g to kilograms. 
 

 465 g 1 kg (465 g)(1 kg)465 g  0.465 kg
1 1000 g 1000 g

  
        

    

 
Accuracy and Precision: 
 
-  experimental results may be classified by: 
 A) Accuracy - how well the results of an experiment agree  
  with the standard value 
 
 B) Precision - degree of exactness of a measurement 
 

    
 
-  in the figure above, we have four dartboards; in each case a 
 person has thrown four darts aimed at the center of the target 
  
-  the accuracy is high if the mean (the average position of the four 
 darts) is close to the true value (the center of the target) and 
 the precision is high if the individual values are all close to 
 the mean  
 



-  the results shown in the figure are: A (high accuracy and 
 precision), B (low accuracy and high precision), C (high 
 accuracy and low precision) and D (low accuracy and 
 precision). 
 
-  it is possible to make precise measurements with an instrument 
 that are not accurate and visa versa 
 
Measurement Techniques: 
 
-  to assure accuracy and precision, one must correctly read the 
 measuring instrument 
 
-  a common problem is parallax; parallax is the apparent shift in 
 the position of an object when it is viewed from different 
 angles 
 
-  Ex.  if you read a meter stick from the side, you may incorrectly 
 read the length of an object; therefore, you need to read it 
 directly above the stick 
 
Significant Digits: 
 
- significant digits are the valid digits in a measurement; the more 
 precise an instrument, the more significant digits can be 
 measured 
 
- Ex.  a meter stick with only decimeters marked will give you a 
 less precise reading than one with both decimeters, 
 centimeters, and millimeters marked 
 
-  to properly read significant digits on an analog (non-digital) 
 instrument, you read it to the smallest marking and then 
 estimate the last digit to the nearest tenth (0.1) of the 
 smallest marking 
 



- Ex.  a measurement of length using a meter stick with 1 mm 
 graduations will be reported with a precision of ± 0.1 mm; a 
 measurement of volume using a graduated cylinder with 10 
 mL graduations will be reported with a precision of ± 1 mL 
 
-  digital instruments are treated differently; unless the instrument 
 manufacturer indicates otherwise, the precision of a 
 measurement made with digital instruments are reported with 
 a precision of ± 0.5 of the smallest unit of the instrument; for 
 example, a digital voltmeter reads 1.493 volts; the precision 
 of the voltage measurement is ± 0.0005 volt 
 
Which Digits Are Significant: 
 
-  follow these rules for determining which digits are significant 
 A)  Non-zero digits are always significant 
  Ex.  26.38 mm = 4 sig. digits 
  Ex.  7.94 mL = 3 sig. digits 
 
 B)  Any zeros between two significant digits are significant 
 
  Ex.  406 g = 3 sig. digits 
  Ex.  28.09 nm = 4 sig. digits 
 
 C)  A final zero or trailing zeros in the decimal portion only  
  are significant 
 
  Ex.  0.00500 K = 3 sig. digits 
  Ex.  0.03040 m/s = 4 sig. digits 
 
-  these zeros are not significant 
 A)  Space holding zeros on numbers less than one 
 
  Ex.  0.00500 N = 3 sig. digits (red zeros are not sig.) 
 
 B)  Trailing zeros in a whole number 
 



  Ex.  200 km = one sig. digits 
  Ex.  25,000 A = two sig. digits 
 
Addition/Subtraction with Sig. Digits: 
 
-  in any calculation with significant digits, your answer cannot be 
 more precise than the least precise measurement 
 
-  to add or subtract measurements, first perform the operation, 
 then round off the result to correspond to the least precise 
 value involved 
 
 Ex.  24.686 m + 2.343 m + 3.21 m  =  30.239 m 
 3.21 m is the least precise value (accurate to the hundredths 
 of a meter, the other two terms are accurate to the 
 thousandths); the above answer should be reported with the 
 same amount of precision; this requires you to round-off the 
 value, 30.239 m, to 30.24 m; you will report the correct 
 calculated answer as 30.24 m 
 
Multiplication/Division: 
 
-  a different method is used to find the correct number of 
 significant digits when multiplying or dividing 
 measurements; after performing the calculation, note the 
 factor that has the least number of significant digits; round 
 the product or quotient to this number of digits 
 
 Ex.   2 23.22 cm 2.1 cm = 6.762 cm  corrected to 6.8 cm  


