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Measurement
Students should be able to:

· Define SI units for time, length, mass, temperature, and amount of substance
· Compare the derived units of density, volume, and speed
· Express numbers in scientific notation

· Perform operations in scientific notation
· Know the meaning and the symbols of the metric prefixes

· Use the appropriate metric prefix and unit in measurements

· Convert between metric prefixes by moving the decimal place

· Record measurements to the correct number of significant digits (Use significant figures and rounding to reflect the certainty of data)
· Count significant digits

· Calculate with significant digits
· Calculate density (D=m/V) 
· Perform dimensional analysis

· Calculate percent error
Assignment 1:  SI Units and Metric Prefixes
SI Base Units





Quantity


Symbol


SI Unit Name

SI Unit abbreviation
Length



______


_________

______________

_______

          
     m


_________

______________

Time


          
      t            

_________

______________

Temperature


______


_________

______________

Amount of Substance

______
       

      mole

______________

SI Derived Units
Quantity

Symbol


SI Unit abbrev.


Other  Units
Area


______


______________

n/a

Volume


______


______________

__________

_______
     
     D


______________

__________
Speed

  
_ _____


______________

__________
SI Prefixes




Prefix

Unit abbreviation
Exponential Factor
Meaning

Example
______


G

10​ 9


1,000,000,000

1 Gm = ___________________

Mega


M

10​ 6


________

1 Mm =  __________________

______

        _______

103


________

1 km =  ___________________

______

        _______

________

100


1hm = ____________________
Deca

        
da

10​ 1


________

________________ = 10 m

XXXX

        XXXXX

10​ 0


1


1 m = 1 m
______
           

 d

________

1/10


1dm =   ___________________

centi

        _______
 
________

________

1 cm =  ___________________

______

        _______

10 –3


________

_________________ = 0.001 m

______
            

(

10 -6


________

1μm =   ___________________

nano

        _______

________

1/1,000,000,000
1nm = ___________ m

pico

       _______

10 -12


_______________
1pm = ___________ m

Assignment 2: Units of Measurement and Metric Conversions
1. Identify the quantity each measurement represents.
____________
a.
5.0 g/mL

____________
b.
37 s

____________
c.
47 J

____________
d.
39.56 g

____________
e.
25.3 cm3
____________
f.
325 ms

____________
g.
500 m2
____________
h.
30.23 mL

____________
i.
2.7 mg

____________
j.
0.005 L

____________
k.
2000.5 kg

____________
l.
63.5 km/h

2. Give the unit that would be most appropriate for expressing the length of:

a. a gymnasium

b. the distance between your town and the border of the next state

c. a bacteria cell

d. your fingers

e. an eyelash
3. Use appropriate metric prefixes to write the following measurements without the use of exponents.
____________
a.
4.5 x 106 L

____________
b.
1.25 x 103 m

____________
c.
3.25 x 10 –3 s

____________
d.
3.2 x 103 g

____________
e.
9.5 x 10-9 s

____________  f.
2.48 x 10-2 m
____________  g.
5.5 x 10-12 m

____________  h.
7.3 x 10 -10 m
4. Which of the following is larger?
____________
a.
10 cm or 10 mm

____________
b.
1m or 1 km

____________
c.
1 dg or 1 mg

____________
d.
1 L or 1 µL
5. Make the following metric conversions:

a.
____________g   = 22.5 mg

b. ____________µL = 15.0 mL

c.   ____________kg = 10.5 g

d.   ____________m = 1.57 km

e. ____________g  = 3.54 µg

f. ____________µmol  = 3.5 mol

g. ____________mL  = 1.2 L

h. ____________mL  =  358 cm3
i. ____________cm3  = 548.6 mL
6. Make the following metric conversions.  Use scientific notation to replace the prefix. Example:  453 mg = 453 x 10-3 m
a. 3.5 μmol = _________ mol

b. 15 mm = ___________ m

c. 31 cg  =   ___________ g

d. 150 mg = ___________ g 

e. 654 nm = ___________ m

f. 25 km =  ___________  m

g. 425 mL = __________  L

Assignment 3: Recording Measurements
Meter sticks or centimeter sticks

[image: image1]1)


[image: image29.emf]
Interval= _______

Estimated Place=____________

Value=_____________

[image: image27.emf]
2)

[image: image2]
Interval= _______

Estimated Place=____________

Value=_____________

[image: image28.emf]
3)


[image: image3]
Interval= _______

Estimated Place=____________

Value=_____________
4) (in cm)

[image: image4]
Interval= _______

Estimated Place=____________

Value=_____________
5)


[image: image5]
Interval= _______

Estimated Place=____________

Value=_____________


6) 

[image: image6]
Interval= _______

Estimated Place=____________

Value=_____________
7)
Directions: What lengths are marked on the centimeter ruler shown?

[image: image7.emf]
	
	cm
	mm

	a
	
	

	b
	
	

	c
	
	

	d
	
	

	e
	
	


Graduated Cylinders

Directions: What does each of the graduated cylinders shown below read? (in mL)
[image: image8.emf]
Thermometers
Directions: Several thermometers are shown. Write the temperature shown in the box below each picture.
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Triple Beam Balances
What mass is shown on each of the following balances? Write your answer in the left margin. (in grams)
[image: image17.emf]
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Assignment 4: Scientific Notation

Assignment 5: Uncertainty in Measurement

1. All measurements and results calculated from the measurements have some uncertainty. Scientists must have a way to evaluate this uncertainty. Significant digits, accuracy and precision are three commonly used methods.

2. Significant digits are:

3. Accuracy is:

4. Precision is:

5. The error in a measurement is =

6. The percent error=

7. The accuracy of a result is best evaluated by:

8. Label each of the following as synonyms or characteristics that apply to accuracy or precision.

a. Multiple measurements

b. Correct

c. Repeatable

d. Reproducible

e. Single measurement

f. True value

9. Comment on the accuracy and precision of these basketball freeshooters.

a. 99 of 100 shots are made

b. 99 of 100 shots hit the front of the rim and bounce off

c. 33 of 100 shots are made; the rest miss

10. A student used a beaker to obtain what she thought was 200.mL of water. When she poured it into a graduated cylinder, she measured the volume as 208mL. Using the measured value from the graduated cylinder, calculate the error and % error in her results.

Assignment 6: Percentage Error #1
· Percentage error is a way for scientists to express how far off a laboratory value is from commonly accepted value.

· The formula is:
 

Practice

Determine the percentage error in the following problems.

	1. Experimental Value = 1.24 g

Accepted Value = 1.30 g

Answer: __________



	2. Experimental Value = 1.24 * 10² g

Accepted Value = 9.98 * 10³ g

Answer: __________



	3. Experimental Value = 252 mL

Accepted Value = 225 mL

Answer: __________



	4. Experimental Value = 22.2 L

Accepted Value = 22.4 L

Answer: __________



	5. Experimental Value = 125.2 mg

Accepted Value = 124.8 mg

Answer: __________




Assignment 7: Percent Error #2

1. John uses his thermometer and finds the boiling point of ethyl alcohol to be 75o C. He looks in a reference book and finds that the actual boiling point of ethyl alcohol is 78oC. What is his percent error?
2. Anna weighed an object on her balance and recorded a mass of 24.2 grams. Her teacher told her that there was obviously something wrong with her balance because it was giving her a reading which was 33.2% too high. What was the actual mass of the object?
3. An AP student got a lab report back with “-4.5% error” written in red on it. He had determined the boiling point of an unknown liquid to be 45o C.  What is the correct boiling point of his unknown liquid?
4. The density of water at 4oC is known to be 1.00 g/mL. Kim experimentally found the density of water to be 1.085 g/mL. What is her percent error?
5. The Handbook of Chemistry and Physics lists the density of a certain liquid to be 0.7988 g/mL.  Fred experimentally finds this liquid to have a density of 0.7914 g/mL. The teacher allows up to +/- 0.500% error to make an “A” on the lab.  Did Fred make an “A”?  Prove your answer.
6. An object has a mass of 35.0 grams.  On Huey’s balance, it weighs 34.92 grams. What is the percent error of his balance?
7. Florence measured the volume of a cylinder and determined it to be 54.5 cm3. The teacher told her that she was 4.65% too high in her determination of the volume. What is the actual volume of the cylinder?
8. Barry Um gets a paper back in lab with “-2.77% error” written on it.  He had found the mass of an object to be 100.3 grams. What should he have found as the mass of the object?
9. After lab, all of Henry’s friends looked at his data and laughed and laughed. They told him that he was 31.2% too low in the boiling point he had just recorded. He had recorded a boiling point of 50o C on his data sheet. What is the correct boiling point of the liquid he was working with in lab?  

Assignment 8: Counting Significant Digits

How many significant digits are in each of the following?
_____ 1.
40.7 L

_____ 2.
87009  km

_____ 3.
0.0095897 m

_____ 4.
85.00 g

_____ 5.
9.000000000 g

​​​_____ 6.
2000 lbs

​​​_____ 7.
20000. lbs

_____ 8.
28.6 g

_____ 9.
3440. cm

_____10.
910 cm

_____11.
0.04604 L

_____12.
0.0067000 kg

_____13.
804.05 g

_____14.
0.0144030 km

_____15.
1002 m

_____16.
400 mL

_____17.
0.000625 kg

_____18.
7000 cm

_____19.
7000. cm

_____20.
7000.00 cm
Assignment 9: Calculations Using Significant Figures

· When multiplying and dividing, limit and round tot the least number of significant figures in any of the factors.

· Example 1

23.0 cm * 432 cm * 19 cm = 188.784 cm³

The answer is expressed as 190,000 cm³ since 19 cm has only two significant figures.

· When adding and subtracting, limit and round your answer to the least number of decimal places in any of the numbers that make up you answer.

· Example 2
123.25 mL + 46.0 mL + 86.267 mL = 255.507 mL

The answer is expressed as 255.5 mL since 46.0 mL has only one decimal place.

Practice
Perform the following operations expressing the answer in the correct number of significant figures.

1. 1.35 m  x  2.467 m =

 

____________________

2. 1,035 m² / 42 m = 



____________________

3. 12.01 mL + 35.2 mL + 6 mL = 


____________________

4. 55.46 g – 28.9 g = 



____________________

5. .021 cm  x  3.2 cm  x  100.1 cm = 

____________________

6. 0.15 cm + 1.15 cm + 2.051 cm = 

____________________

7. 150 m / 4 sec = 



____________________

8. 505 kg – 450.25 kg = 



____________________

9. 1.252 mm  x  0.115 mm  x  0.012 mm =
____________________

10. 1.278 * 10³ m² / 1.4267 * 10² m = 

____________________

Assignment 10: Working with Significant Digits Practice
I. Determine the number of significant digits in each of the following measured quantities

1. 6.751 g


5.
0.0700g

9.
0.0230mL

2. 0.157 kg

6.
30.07 g


10.
26.509 cm

3. 28.0 ml

7.
0.106 cm

11.
0.1309 m

4. `2500 K

8.
0.0064 mg

12.
2.690 km

II. Record the following calculations to the appropriate number of significant digits
1.      16.5  +  8  +  4.372  =

2.      13.25  +  10.00  +  9.6  =

3.      2.36  +  3.38  +  0.355  +  0.00387  =

4.      0.0853  +  0.0547  +  0.0370  +  0.00387  =

5.      23.27  -  12.058  =







6.      13  -  6.3  =





7.      350.0  -  200.  =




8.      27.68  -  14.369  =




9.      2.6  x  3.78  =



10.      6.54 x 0.37  =




11.      3.15 x 2.5 x 4.00 =

12.      0.085
 x  0.050  x  0.655 =

13.      35  ÷  0.62  =


14.      39  ÷  24.2 =


15.      40.8
÷   5.050  =

16.      (1.65 x 101)  ( 5.24 x 102)  =

17.      (1.118 x 101)  (2.2 x 103)  =

18.       (8.17 x 101 )  (8.70 x 10 5)  =
                                         (4.20 x 105)

19.      (4.87 x 106 ) (9.69 x 101)  =
   

(2.84 x 106)

20.      (7.79 x 104) (6.45 x 104)  =
(5.44 x 106)(7.45 x 10-1)

Assignment 11: Density Problems
1.
What is the density of a block of marble that occupies 310. cm3 and has a mass of 853 grams?

2.
Diamond has a density of 3.26 g/cm3.  What is the mass of a diamond that has a volume of 0.35 cm3?

3.
What is the volume of a sample of mercury that has a mass of 76.2 grams and a density of 13.6 g/mL.

4.
A metal with a mass of 56.6 g occupies a volume of 32.5 cm3.  Identify the metal.

5.
A metal that occupies a volume of 45.3 cm3 has a mass of 357.63 grams.  Identify the metal.

6.
In determining the density of a rectangular metal bar, a student made the following measurements: length, 8.53 cm; width, 2.4 cm; height, 1.0 cm; mass, 52.7064 g.  Calculate the density.

7.
The following procedure was used to determine the volume of a flask.  The flask was weighed dry and then filled with water.  If the masses of the empty flask and filled flask were 56.12 and 87.39 g respectively, and the density of water is 0.9976 g/cm3, calculate the volume of the flask.

8.
A piece of silver metal weighing 194.3 g is placed in a graduated cylinder containing 242.0 mL of water.  The volume of water now reads 260.5 mL. Calculate the density of silver.

9.
A student measures the mass of a beaker filled with corn oil.  The mass of is 215.6 grams.  The empty beaker has a mass of 110.4 grams.  The volume of the corn oil is 114 cm3.  Calculate the density of the corn oil.

Assignment 12: Dimensional Analysis



% Error =  Experimental Value - Accepted Value  * 100


		          Accepted Value








13

