
Measurements 
 in  

Science 



Measuring  

When you measure with an instrument, 
there are digits that are certain and one 
digit that is uncertain. 

 Your precision is determined by how 
precise the instrument is. 



Types of Error 

 Error – The difference between the 
measured value and the actual value. 

1. Personal - human 
2. Systematic - instrument 
3. Random – uncontrollable, like 

temperature 
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Accuracy and Precision 
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Accuracy 

 How close a measurement is to the 
actual or true value 

 good accuracy 
 
    true value 
   poor accuracy 
 

true value 
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Precision 

 How well several measurements 
agree with each other 

 good precision 
     

   poor precision  
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Accuracy and Precision 

   What can you say about the accuracy 
and precision in each of the following: 

 
  
Good precision, poor accuracy 
 
 
Good precision, good accuracy 
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 In your new job, you are to make the 
pizzas the size shown above.  Your first 
four pizzas are shown below.  

  
 
 
  
 What can you say about the accuracy and 

precision of your pizzas? 
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 What can you say about the accuracy and 

precision of the next four pizzas? 

The next four pizzas. 
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Accuracy is improving. 

 The two pizzas in the center show 
good accuracy.  However, the 
precision is poor. 
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Pizza Precision 

 You have very good precision, but poor 
accuracy.  I think the customers will 
want the pizzas made larger. 
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   Match the following terms  
 1) Accuracy  2) Precision 
   ___   How close a measurement is to the 
      true value.  
 ___   How close several measurements 
      are to each other. 
   Can you have data that are precise, but 

not accurate?  Why or why not? 

Learning Check AP1 
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   Match the following terms  
  1)  Accuracy  2) Precision   
   _1_   Is how close a measurement is to 

the 
      true value.  
 _2_   Is how close several measurements 
      are to each other. 
   Yes.  Data can be precise, but not come 

close to the true value.  

Solution AP1 
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Learning Check AP2 

 How will each of the following affect 
accuracy and precision? 

 1.  A meter stick that is missing the first  
centimeter. 

 2.  A scale that has a zero point that is 

really five pounds above zero. 

   



Timberlake LecturePLUS 15 

Solution AP2 

 How will each of the following affect 
accuracy and precision? 

 1.  The shortened meter stick will 
produce measurements that have poor 
accuracy, but good precision is possible. 

 2.  The poorly calibrated scale will give a 
weight that is not accurate, but good 
precision is possible. 
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Learning Check AP3 

 True(1) or false (2).  Measurements can 

have 

  poor accuracy and poor precision 

  good accuracy and poor precision 

  poor accuracy and good precision 

  good accuracy and good precision 
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Learning Check AP3 

 True(1) or false (2).  Measurements can 

have 

  poor accuracy and poor precision 

  good accuracy and poor precision 

  poor accuracy and good precision 

  good accuracy and good precision 

1 
2 
1 
1 



Significant Figures 

 Significant figures ensure the accuracy of 
a measurement. 

 They are limited to the precision of the 
instrument 

 This precision reduces the degree of 
uncertainty 

Example: Measure width a pencil with a 
ruler. Now measure it with a caliper. 

Activity 



Significant Figure POGIL 
 Gather with the same classmates that you 

were with for the Measurement Activity 
 POGIL is a learning technique designed to 

practice these Learning Styles 
– Social, Logical, Verbal 

 Choose a leader who will speak for group 
a recorder who will write answers on 
paper. 

 



Rules for Sig Figs 
1. All non-zero integers are significant 
2. Leading zeros are not sig figs 
 0.025 – only 2 sig figs 
 Why? b/c of scientific notation: 2.5 x 10-2 

3. Captive zeros are sig figs 
 1.008 – 4 sig figs 

4. Trailing zeros are tricky: watch the decimal 
– 100 has 1 sig fig     but     100. has 3 sig figs 



Evaluating Zero 

Zero is SIGNIFICANT when: 

 Is between nonzero digits:  61.09 has four sig Figs. 

 Appears at the end of a number that includes a decimal point  
0.500 has three sig. Figs.; 1000. has four sig. Figs.  

Zero is NON SIGNIFICANT when: 

 Appears before the first nonzero digit.  0.0025 has two sig. 
Figs.  Leading Zeros are non significant 

 Appears at the end of a number without a decimal point.  
1,000 has one sig. Fig.; 590 has two sig. Figs.  



Exact numbers 

1. When counting matter, these are 
considered exact numbers and are 
definitely significant. 
 16 students, 8 maids-a-milking, 5 golden 

rings (you get the picture) 

2. They have infinite (unlimited) sig figs 
1. Exact numbers do not limit the number of 

sig figs in a calculation. 

 
 



Other ways to show Sigs Figs 

1. A number with a bar over the last 
significant figure 
 Example: if a question says to round a number to 

three sig figs 
– 1234567   >>  12̅30000  with a bar over the three. 

 

2. Use scientific notation or E notation 
  Round 1234567 to three sig figs 

– 1.23 x 106  
– 1.23 E6  



Objective 
The student will be able to: 

express numbers in scientific and 
decimal notation. 



How wide is our universe? 

210,000,000,000,000,000,000,0
00 miles 

(22 zeros) 
This number is written in decimal 
notation.  When numbers get this 
large, it is easier to write them in 

scientific notation. 



Scientific Notation 
A number is expressed in 

scientific notation when it is in 
the form 
a x 10n 

where a is between 1 and 10 
and n is an integer 



Write the width of the universe 
in scientific notation. 

210,000,000,000,000,000,000,000 
miles 

Where is the decimal point now? 
After the last zero. 

Where would you put the decimal to make 
this number be between 1 and 10? 

Between the 2 and the 1 



2.10,000,000,000,000,000,000,000
. 

How many decimal places did you move 
the decimal? 

23 
When the original number is more than 

1, the exponent is positive. 
The answer in scientific notation is 

2.1 x 1023 



1) Express 0.0000000902 in 
scientific notation. 

Where would the decimal go to make the 
number be between 1 and 10? 

9.02 
The decimal was moved how many 

places? 
8 

When the original number is less than 1, 
the exponent is negative. 

9.02 x 10-8 



Write 28750.9 in scientific 
notation. 

1. 2.87509 x 10-5 

2. 2.87509 x 10-4 

3. 2.87509 x 104 

4. 2.87509 x 105 

 



2) Express 1.8 x 10-4 in decimal 
notation. 
0.00018 

3) Express 4.58 x 106 in decimal 
notation. 

4,580,000 
 On the graphing calculator, scientific 
notation is done with the       button. 

4.58 x 106 is typed 4.58    6 



Objective 
The student will be able to: 

 Perform calculations with numbers in 
scientific notation using a calculator 

 Determine the proper number of 
significant figures in a calculation. 



4) Use a calculator to evaluate:  
   4.5 x 10-5 
   1.6 x 10-2 

Type 4.5        -5       1.6        -2  
 
 

0.0028125 
 

Write in scientific notation. 
2.8125 x 10-3 



5) Use a calculator to evaluate:  
   7.2 x 10-9 
   1.2 x 102 

On the calculator, the answer is: 
6.E -11 

The answer in scientific notation 
is  

6 x 10 -11 
The answer in decimal notation is  

0.00000000006 



6) Use a calculator to evaluate  
(0.0042)(330,000). 

On the calculator, the answer is 
1386. 

The answer in decimal notation is  
1386 

The answer in scientific notation 
is  

1.386 x 103 



7) Use a calculator to evaluate  
(3,600,000,000)(23). 

On the calculator, the answer is: 
8.28 E +10 

The answer in scientific notation 
is  

8.28 x 10 10 
The answer in decimal notation is  

82,800,000,000 



Write (2.8 x 103)(5.1 x 10-7) in 
scientific notation. 

1. 14.28 x 10-4 

2. 1.428 x 10-3 

3. 14.28 x 1010 

4. 1.428 x 1011 

 



Write in PROPER scientific 
notation. 

(Notice the number is not between 1 and 
10) 

 8) 234.6 x 109 

2.346 x 1011 

9) 0.0642 x 104 

 on calculator:  642 
6.42 x 10 2 



Write 531.42 x 105 in scientific 
notation. 

1. .53142 x 102 

2. 5.3142 x 103 

3. 53.142 x 104 

4. 531.42 x 105 

5. 53.142 x 106 

6. 5.3142 x 107 

7. .53142 x 108 



Scientific Notation & Sig Figs 
Number written as a factor between 1 and 10 
multiplied by 10 raised to a power.   

Useful to unequivocally designate the significant 
figures. 1200 = 1.200 ×10−3   (four digits)

6,600, 000 = 6.6 ×10 6   (two digits)

0.0468 = 4.68 ×10−2   

0.00003 = 3.0 ×10 −5   (two digits)

or 3 ×10 −5   (one digit)



Objective 
The student will be able to: 

 round numbers using Scientific 
Rounding 



Rounding 

 Scientific rounding is little different than 
what you learned in math class. 

 The math rule, “5 and higher, round up” 
does not allow for good accuracy in data 
collecting. 

 Caution: Calculators and Excel 
spreadsheets do NOT perform scientific 
rounding. 



Why use Scientific Rounding? 
1. To ensure accurate, precise and reliable 

measurements from anyone who 
performs the same experiment. 

2. Allows numbers to be shortened 
(eliminate the uncertainty) without 
compromising the precision of the 
measurement. 
 You wear a size 25cm shoe even though 

your foot precisely measures 24.7cm. 
 



Rounding Rules 
Look at the digit that is to be removed (n): 
Round to the underlined digit. 

 
1. If n < 5, number before n stays the 

same and n is removed. 
– 1.62 rounds to 1.6 
– 1.62 E8 rounds to 1.6 E8 

2. If n > 5, number before n increases by 
one and n is removed. 

– 1.67 rounds to 1.7 
– 1.67 E3 rounds to 1.7 E3 

 



       5 is Alive 

 
3. If n=5 and is followed by a nonzero digit, 

then the last digit increases by 1 
 4.752.    rounds to 4.8 
  6359 rounds to 6400 
 81.51  rounds to 82 
 0.0021581 rounds to 0.0022 
 7.953 E12 rounds to 8.0 E12 
 5.459 E-6 rounds to 5.5 E-5 



More Rules of 5 

4. If n=5 and is not followed by a nonzero 
digit and preceded by an odd digit, then 
the last digit increases by 1 
 4.635 rounds to 4.64 (b/c 3 is odd) 
3.95 rounds to 4.0 (2 sig figs and 9 is odd) 
0.00175  rounds to 0.002 (b/c 7 is odd) 
3.75 E-5 rounds to 3.8 E-5 

 

 



Yet another Rule of 5 

5. If n=5 and is not followed by a nonzero 
digit, and preceded by an even digit, 
then the last digit remains the same. 
 78.65 rounds to 78.6 (b/c 6 is even) 
 0.001445 rounds to 0.00144 
2.345 E4 rounds to 2.34 E4 
1.1125 E23 rounds to 1.112 E23  



Learning Check 

 Round 312. 69 to the 0.1 
a) 313 
b) 312.70 
c) 312.7 
d) 313.0 



Learning Check 

 Round 67. 15 to the 0.1 
a) 67.2 
b) 67.1 
c) 68.0 
d) 67 

 



Problem Set 

 Round the following to 
three sig figs: 
a) 707.5    
b) 0.0003350    
c) 1.895 E21    
d) 2300.2 
e) 10.26730 

 
a) 708     
b) 0.00034    
c) 1.90 E21    
d) 2.30 E2 or 23Ō0 
e) 10.3 



Lesson Objective 

 To perform calculations using significant 
figures and rounding rules. 



Limiting in Rounding 

1. When multiplying or dividing numbers 
with different sig figs, your answer is 
limited to the least precise number 

– 4.56 X 1.4 = 6.384                6.4   
 

Sig figs:   3      2               must be rounded to 2 

                   limiter      



Multiplication or Division w/Sig Figs 

The answer must contain as many significant figures 
as in the least precise quantity (measurement with 
least precision). 
What is the density of a piece of metal weighing 36.123 g 
with a volume of 13.4 mL? 

d =
mass

volume
=

36.123g
13.4mL

= 2.69575g / mL

Round off to 7 

Drop these three digits 

ANSWER: mLg /70.2



Learning Check  
1. 3.4617 E7 ÷ 5.61 E-4 

– Calculator shows: 6.170588235 E10 
– Round to 3 sig figs 
– 6.17 E10 

 
2. (9.714 E5 x 2.1482 E-9) ÷ (4.1212 x 

3.7792 E-5) 
– Calculator shows: 1.3398 E1 
– Rounds to 4 sig figs 
– 1.340 E1 or 13.40 

 



Learning Check 2 
2) (4.7620 E-15) ÷ (3.8529 E12) (2.813 E-

7)  (9.50) 
– Calculator shows: 4.6249 E-22 
– Rounds to 3 sig figs 
– 4.62 E-22 

3) [(561.0) (34,908) (23.0)] ÷ [(21.888) 
(75.2) (120.00)] 

– Calculator shows: 2280.3972 
– Rounds to 3 sig figs: 2280 or 2.28 E3  

 
 



Addition or Subtraction w/Sig Figs 

Keep only as many digits after the decimal 
point as there are in the least precise quantity 

Ex.  Add 1.223 g of sugar to 154.5 g of coffee: 

Total mass = 1.2 g + 154.5 g = 155.7 g 



Addition or Subtraction  

Note that the rule for addition and subtraction 
does not relate to significant figures.   

The number of significant figures often decreases 
upon subtraction. 

Mass beaker + sample = 52.169 g (5 sig. figs.) 

- Mass empty beaker = 52.120 g     (5 sig. figs.) 

Mass sample = 0.049 g      (2 sig figs) 



Learning Check 

1. 3.461728 + 14.91 + 0.980001 + 5.2631 
– Round to 2 decimal places b/c 14.91 
– 24.61 

 

2. 23.1 + 4.77 + 125.39 + 3.581 
– Round to 1 decimal place 
– 156.8 



Learning Check 

3. 22.101 - 0.9307 
– Round to 3 sig figs to right of decimal 
– 21.170 

 

4. 0.04216 - 0.0004134 
– Round to 5 decimal places to right 
– 0.04175 

 



Learning Check Challenge 

5. 564,321 - 264,321 
 

 300000. or 3.00000 E5 
 

Why? 
Because all sig figs are retained 

 



Objective 
The student will be able to: 
 express numbers using the SI system. 
 Convert numbers in SI units using 

prefixes 
 



SI Units 
 Science uses the International System of 

Measurement 
– It is more than “just the metric system” 
– Allows for scientists to have a common 

language when communicating numbers 

 SI uses a base 10 system – “Convenient” 
– 10 units of one thing equals 1 unit of another 
– Uses prefixes to show measurements 
– Helps show the given value > 1  



SI Base units – 100 power 

 Meter – represents length 
 Gram – represents mass 
 Liter – represents volume (length3) 
 Bytes – computer data  
 There are others which we will cover later 



Prefix Symbol Value Power 

exa E 1,000,000,000,000,000,000 1018 

peta P 1,000,000,000,000,000 1015 

tera T 1,000,000,000,000, 1012 

giga G 1,000,000,000 109 

mega M 1,000,000 106 

kilo k 1,000 103 

hecto h 100 102 

deka da 10 101 

SI Units Prefixes (Multiples) 



Prefix Symbol Value Power 

atto a 0.000000000000000001 10-18 

femto f 0.000000000000001 10-15 

pico p 0.000000000001 10-12 

nano n 0.000000001 10-9 

micro µ 0.000001 10-6 

milli m 0.001 10-3 

centi c 0.01 10-2 

deci d 0.1 10-1 

SI Units Prefixes (Submultiples) 



SI Unit Conversion 
 Remember SI uses a base-10 system. 
1. Determine if the SI unit you are 

converting to is larger or smaller than the 
original number. 

 Shift the decimal either left or right until 
you reach the desired SI unit. 
– 300 grams > ____milligrams 
 Milligram is smaller than gram 
 Shift decimal to the right 3 places 
 Answer: 300 000 milligrams 

 



SI Prefix Practice 

 Convert the following: 
1. 1000 milliliter = ______ liters 
2. 9 grams        = ______ centigrams 
3. 4.2 terameter     = ______ meter 
4. 9 micrograms = ______ grams 
5. 1200 decimeters = ________ centimeters 

 
 



Systemé International (SI) 

Physical Quantity   Name  Symbol 
 
Length    meter  m 
Mass     kilogram kg 
Time     second s 
Electric current   ampere A 
Temperature    kelvin  K 
Amount of substance  mole  mol 
Luminous intensity   candela cd 

Based on seven DIMENSIONALLY INDEPENDENT quantities 



Length 

1790s: 10-millionth of the distance from the 
equator to the North Pole along a meridian. 

Base unit is the meter (m) 

1960-1983: 1,650,763.73 wavelengths of the 
orange-red emision of 18Kr at standard conditions 

Since 1983: 1/299,792,458 of the distance traveled 
by light in 1 second through vacuum. 

1889: Distance between two engraved lines on a 
Platinum-Iridium alloy bar maintained at 0°C in 
Sevres-France. 



 Volume is a measurement of length in three 
dimensions 
– Length x width x height 

 Volume of a cube with a side of 2.0cm has a 
volume of 8.0cm3 

– Notice that the unit of measurement also gets 
multiplied 

 Use cubic centimeter (cm3)  with solids 
 Use milliliter (mL) with liquids. 
 Medicine uses the nickname “cc”. 

Volume                base unit is the liter (L) 



Measurement of Volume 



Mass     Base unit is the kilogram (kg) 

 1 kg = 103 g;  1 mg = 10-3 g 
 A mass of 1 kg has a terrestrial weight of 9.8 newtons 

(2.2 lbs) 
 

 Depending on the precision required and the amount of 
material, different balances are used:   

      The Quadruple Beam Balance (± 10 mg)  
      The Top Loading Balance (± 1 mg). 
      The Analytical Balance (± 0.1 mg). 

 

International prototype: a platinum-iridium 
cylinder maintained in Sevres-France. 



Temps in Chemistry 

 Celsius – invented to make math with 
water simpler. 
– 0°C = water’s freezing point 
– 100°C = water’s boiling point 
– 4°C = water at its densest 

 Other Celsius temps to memorize: 
– 37 °C = human body temp 
– 20 °C = average room temp 



Temps in Chemistry 

 Fahrenheit – invented to make 0°F the 
freezing point of ocean water. 
– Fresh water freezes at 32 °F 

 
 Still commonly used, like for meteorology 

and engineering, but not used in research 
sciences 



Temps used in Chemistry 

 Kelvin – temperature scale which relies on 
absolute zero. 

 Absolute zero, 0 kelvin - the point where 
there is no heat energy. Particles stop 
moving 
– The word “degrees” is omitted. 
 Example: 373 kelvins is the boiling point of water    
             (100°C + 273.15 = 373.15K)  



  Freezing point of water 

Boiling point of water 

10
0 

32 

212 

Fahrenheit 

100 

0 

Celsius 

273.15 

373.15 

Kelvin 

Comparison of Temperature Scales 
K = °C  + 273.15 °F = (1.8 x °C ) + 32 °C = (°F  -  32) / 1.8 



Temp Conversions 

 Fahrenheit              Celsius  
 

          TF = (1.80 x TC) +32 
 
 

 Celsius              Fahrenheit 
 
             TC = (TF – 32)/1.80 



Temperature 
Conversion 

 K = °C  + 273.15  
 °F = (1.8 x °C ) + 32  
 °C = (°F  -  32) / 1.8 

 
 Ex. 2.20 Convert 110°F to °C and K 

 
 °C = (68° – 32°) / 1.8  = 20°C  

 
  K = 20 + 273 = 293 K  



Other Conversions 
 

1.Know the conversion factor and the 
equivalence statement 

•  1 inch = 2.54 cm 

• 4 inches x   2.54 cm  =  10.16 inches 

                     1 inch 

 



Conversion Factors 

 

Unit given ×
Unit needed
Unit given

1 in = 2,54cm ⇒
2.54cm

1 in
  or 

1 in
2.54cm

Two conversion factors 

 

= Unit needed



Dimensional Analysis 

•Read Problem.  What needs to be solved for?  Write it down 

•Tabulate data given.  Label all factors with proper units 

•Determine principles involved and unit relationships 

•Set up the problem deciding for the proper conversion factor 

•Perform mathematical operations 

•Check if the answer is reasonable 



Simple, One Step Conversions 
 CBS News reported the barometric 

pressure to be 99.6 kPa.  Express this in 
mm Hg. 
 

   

760 mm Hg 
101.3 kPa 

Unit given 

Unit needed 

Unit given 

= 747mmHg x 

Conversion factor : 101.3 kPa = 760 mm Hg 

pressure (mmHg) = 99.6kPa 



Dimensional Analysis 

•Read Problem.  What needs to be solved for?  Write it down 

•Tabulate data given.  Label all factors with proper units 

•Determine principles involved and unit relationships 

•Set up the problem deciding for the proper conversion factor 

•Perform mathematical operations 

•Check if the answer is reasonable 



Simple, One Step 
Conversions 

 CBS News reported the barometric 
pressure to be 99.6 kPa.  Express this 
in mm Hg. 
 

    
760 mm Hg 
101.3 kPa 

Unit given 

Unit needed 

Unit given 

= 747mmHg x 

Conversion factor : 101.3 kPa = 760 mm Hg 

pressure (mmHg) = 99.6kPa 



Simple, One Step Conversions 

A rainbow trout is measured to be 16.2 in. long.  What 
is the length in cm? 

length in cm = 16.2 in 
2.54 cm 

1 in 
= 41.1 cm x 

Note the cancellation of units.  To convert from 
centimeters to inches, the conversion factor would be 1 
in / 2.54 cm. 



Multiple Conversion Factors 

Three sig. figs. 

A baseball is thrown at 89.6 miles per hour.  What is the 
speed in meters per second? 

m/s 

1 mile = 1.609 km = 1.609 x 10-3 m;  1 h = 3600 s 

speed = 89.6 = 40.0 m / s miles 
hour 

1.609 x 10–3m 
1 mile 

1 h 
3600 s 

Mile/hour m/hour 

x x 



Units raised to a Power 

Two sig. figs. 

The conversion factor must also be raised to that power. 

(1 in)2 = (2.54 cm)2  

Area = 28 in2 = 1.8 x 102 cm2  (2.54 cm)2  
(1 in)2  

6.45 cm2  
1 in2  

in2 cm2 

x = 

A circle has an area of 28 in2.  Calculate area in cm2. 



Density: Conversion factor  
mass           volume 

An empty flask weighs 22.138 g.  You pipet 5.00 mL of octane into the 
flask.  The total mass is 25.598 g.  What is the density? 

What is the volume occupied by ten grams of octane? 

1 mL 
0.692g 

V = 10.00g x = 14.5 mL 

Octane amount in g: 25.598 
-22.138 

3.460g 
3.460g 
5.00 mL 

d = = 0.692g / mL 



Solubility 

Expressed as grams of solute per 100 g of solvent in 
the CRC (Chemical Rubber Company) Chemistry and 
Physics Handbook. 

For lead nitrate in aqueous solution: 

Solubility (g/100g water) T (°C) 

50 10 

140 100 



Solubility 

Conversion factor 
(from table) 

How much water is required to dissolve 80 g of lead 
nitrate at 100°C? 

Mass water = 80g lead nitrate 100g water 
140g lead 

nitrate 

= 57g water x 



Cool the solution to 10°C.  How much lead nitrate 
remains in solution? 

Mass of lead nitrate = 57g water 
50g lead 
nitrate 

100g water 

= 28g lead nitrate 

28g lead nitrate remain in solution 

80g – 28g  = 52g lead nitrate crystallizes out of solution 

x 

80g lead nitrate were initially in solution 
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