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Before beginning each part of the experiment, take the nec-
essary safety precautions. Wear safety goggles, apron, and gloves.
Get into the “good habit” of always putting on this standard
safety equipment as soon as you enter the lab. It is impor-

@ tant to use good safety techniques while conducting experi-
ments. See pages 8 through 11.

Strategy for Organizing

Record the data in the table immedi-
ately after you make the measure-
ment. Recording it anywhere else
increases the probability of record-
ing an inaccurate value.

Experiment

Apparatus

balance, centigram graduated cylinders, 100 mL, 25mL
Celsius thermometer, 0-100°C beaker, 100 mL =

plastic ruler, 15 cm styrofoam cup, 12 oz.
-Materials

metal shot (aluminum, copper, lead) water

Recording Your Observations

After completing each procedure, record your observations in the appropriate
Data Table immediately following each procedure.

Procedure 1

1.1 Examine the centimeter scale of the plastic ruler. What are the smallest
divisions?

To what fraction of a centimeter are you expected to be able to make a
measurement with such a ruler?

1.2 Using the ruler. measure the inside diameter of the 100-mL graduated
cvlinder. Similarly, measure the inside height of the cylinder to the 50-mL
graduation. Record these measurements in Data Table 1.

Data Table 1
Inside diameter of graduated cylinder . . cm
Inside height of graduated cylinder ........... LGnsep SRR 5 ke
Procedure 2
2.1 Examine the gram scale of the centigram balance. What are the Smallest
divisions?

To what fraction of a gram can you make measurements with a centigram
balance?

= ——

-/28- -

Accuracy and Precision in Measurements





[image: image2.jpg]Name Class Date

2.2 Similarly examine the graduations on a 25-mL graduated cylinder and
determine the smallest fraction of a milliliter to which you could make a
measurement. Is this compatible with the uncertainty of a 100-mL gradu-
ated cylinder?

— Strategy for Calculating

2.3 Using the balance, determine the mass of the dry 25-mL cylinder. Record ~ Many times we will use measured
the mass in Data Table 2. Fill the beaker half-full of water and determine  values to calculate other values of
its temperature to the nearest degree. Look up the density of water for this interest. The result can be no more
temperature and record both the temperature and water density. Fill your precise than the original numbers
graduated cylinder to some value between 10 and 15 mL; accurately read measured. Express your answer with
and record the volume. Determine the mass of the water plus the cylinder.  the number of significant figures
Then, record this value in Data Table 2. Save the water in the graduated  in the least precisely measured

cylinder for use in Procedure 3. quantity.
Data Table 2
Mass of empty graduated cylinder ............ Mk sue e oles by«
TEmPEratire Of WalBr: . i o . et cicmsioipion oo g e i JS LB
Blensity ofiwatersfal o a8 4 dwdating ol e casney phBond iohudlem’®
VOlEmE O WalDr. . oo i nmm s L850 o Gup NI
Mass of graduated cylinder + water .......... dedeome s Bl By >

Procedure 3

3.1 Add a sufficient quantity of the assigned metal shot (aluminum, copper, or
lead) to the cylinder containing the water (saved from Procedure 2) to
increase the volume by at least 5 mL. Determine the volume and then the
mass of the shot, water, and cylinder, and record your measurements in =
Data Table 3.

3.2 At the end of this experiment, all the equipment you store in the lab
locker or drawer should be clean, dry, and arranged in an orderly fashion
for the next lab experiment. Ask your teacher for the proper waste con-
tainer for the metal shot. Wash your hands before leaving the lab.

Data Tablé 3

Volume of water (from Procedure 2). .......... e spe TRl
Mass of water + graduated cylinder

{from Procedime 2) i vvs 2 Smunn L5 S0 S e
Volume of metal and water. ................. e i

Mass of metal + water + graduatedcylinder...| | g

Calculations
Show your calculations. Place your answers in the appropriate Caﬁﬁiuonﬂ@bba.
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(a) Calculate the volume of the cylinder to the 50-mL graduations (V = 3.14 x r* x A).

(b) Assume the accepted value is 50 cm”. Calculate the error and percentage error.

Calculations Table 1

Volume of graduated cylinder (computed) . . .. .. e i s O
Error ... ¥ e e e

l Percentage error .. . %
Part 2

(a) Calculate the mass of the water as determined by use of the balance.

(b) Calculate the mass of the water from its measured volume and its density (m = d x V). .

(c) Using the mass determined by the use of the balance as the accepted value, calculate the error and percentage
error.

Calculations Table 2

Mass of water (observed) ...................
Mass of water (calculated: m = d x V)........

Ervor soae il bamnln SaiGn A TR,

R 0 00 0o

Part 3
(a) Use volume displacement to determine the volume of the metal.

’

(b) Determine the mass of the metal.

(© Calcul;tz the density of the metal.
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2.2 Similarly examine the graduations on a 25-mL graduated cylinder and
determine the smallest fraction of a milliliter to which you could make a
measurement. Is this compatible with the uncertainty of a 100-mL gradu-
ated cylinder?

— Strategy for Calculating

2.3 Using the balance, determine the mass of the dry 25-mL cylinder. Record ~ Many times we will use measured
the mass in Data Table 2. Fill the beaker half-full of water and determine  values to calculate other values of
its temperature to the nearest degree. Look up the density of water for this interest. The result can be no more
temperature and record both the temperature and water density. Fill your precise than the original numbers
graduated cylinder to some value between 10 and 15 mL; accurately read measured. Express your answer with
and record the volume. Determine the mass of the water plus the cylinder.  the number of significant figures
Then, record this value in Data Table 2. Save the water in the graduated  in the least precisely measured

cylinder for use in Procedure 3. quantity.
Data Table 2
Mass of empty graduated cylinder ............ Mk sue e oles by«
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Blensity ofiwatersfal o a8 4 dwdating ol e casney phBond iohudlem’®
VOlEmE O WalDr. . oo i nmm s L850 o Gup NI
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Procedure 3

3.1 Add a sufficient quantity of the assigned metal shot (aluminum, copper, or
lead) to the cylinder containing the water (saved from Procedure 2) to
increase the volume by at least 5 mL. Determine the volume and then the
mass of the shot, water, and cylinder, and record your measurements in =
Data Table 3.

3.2 At the end of this experiment, all the equipment you store in the lab
locker or drawer should be clean, dry, and arranged in an orderly fashion
for the next lab experiment. Ask your teacher for the proper waste con-
tainer for the metal shot. Wash your hands before leaving the lab.

Data Tablé 3

Volume of water (from Procedure 2). .......... e spe TRl
Mass of water + graduated cylinder

{from Procedime 2) i vvs 2 Smunn L5 S0 S e
Volume of metal and water. ................. e i

Mass of metal + water + graduatedcylinder...| | g

Calculations
Show your calculations. Place your answers in the appropriate Caﬁﬁiuonﬂ@bba.
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(a) Calculate the volume of the cylinder to the 50-mL graduations (V = 3.14 x r* x A).

(b) Assume the accepted value is 50 cm”. Calculate the error and percentage error.

Calculations Table 1

Volume of graduated cylinder (computed) . . .. .. e i s O
Error ... ¥ e e e

l Percentage error .. . %
Part 2

(a) Calculate the mass of the water as determined by use of the balance.

(b) Calculate the mass of the water from its measured volume and its density (m = d x V). .

(c) Using the mass determined by the use of the balance as the accepted value, calculate the error and percentage
error.

Calculations Table 2

Mass of water (observed) ...................
Mass of water (calculated: m = d x V)........

Ervor soae il bamnln SaiGn A TR,

R 0 00 0o

Part 3
(a) Use volume displacement to determine the volume of the metal.

’

(b) Determine the mass of the metal.

(© Calcul;tz the density of the metal.
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(a) Calculate the volume of the cylinder to the 50-mL graduations (V = 3.14 x r* x A).

(b) Assume the accepted value is 50 cm”. Calculate the error and percentage error.
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l Percentage error .. . %
Part 2

(a) Calculate the mass of the water as determined by use of the balance.

(b) Calculate the mass of the water from its measured volume and its density (m = d x V). .

(c) Using the mass determined by the use of the balance as the accepted value, calculate the error and percentage
error.

Calculations Table 2

Mass of water (observed) ...................
Mass of water (calculated: m = d x V)........
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Part 3
(a) Use volume displacement to determine the volume of the metal.
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(b) Determine the mass of the metal.

(© Calcul;tz the density of the metal.

——

- -

Experiment —/2 D = Accuracy and Precision in Measurements





