Lab#1: Icebergs: Raising Sea Level and Archimedes’ Principle

Questions

What is density? Can the density of an object change? Are large objects more dense than
smaller ones? Does the type of material that an object is made from affect its density?
Does melting change the density of ice? How dense is ice? Is ice more or less dense than
water? What is Archimedes’ Principle? What is displacement? Will melting icebergs add
to sea level change? How much water do icebergs displace? Will melting land-based
glaciers add to sea level change?

Overview

Icebergs are constantly calving (breaking) off of glaciers that reach the ocean. As
icebergs melt they remain floating. From this exercise, students will determine that
whether a material will float in water can be explained (by a measure of its relative
density). They will also understand that the density of ice and water differ, even though
they are made of the same material, and that the density of a material is a guide as to how
“high” in water the material will float.

Water and icebergs have been added to the Earth’s oceans from melting land-based
glacial ice. The water that runs from the land to the ocean adds to sea level change, but
are the melting icebergs contributing to sea level change? Or does the amount of water
produced by melting icebergs only replace the amount of water displaced by the
icebergs? Icebergs do contribute to sea level change because icebergs are formed from
land-based glaciers that reach the ocean and calve. Ificebergs were formed from frozen
seawater then the birth and demise of icebergs would be a one for one replacement and
not add to sea level change. Since icebergs originate from land-based glaciers which do
not displace any sea water, the addition of the iceberg to the oceans does cause the sea
level to rise.

Grade Level
Sth _ 8th

Objectives
In this activity students will:
1. Understand why an iceberg, with its density of approximately 0.9 g/cm’
compared to 1 g/cm’ for fresh water, will float with 90% of its mass under the water
line.
2. Use ice and water to demonstrate Archimedes’ Principle (displacement).
Understand that the water created from melting icebergs is equal to the amount of
water displaced by the icebergs.
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National Standards

Content Standard B: Physical Science
Properties and changes of properties in matter

New Hampshire Standards

Sa: Physical Science. Students will demonstrate an increasing ability to distinguish
among materials by utilizing observable properties.

5b: Physical Science. Students will demonstrate an increasing ability to understand that
matter is composed of dynamic interactive units or particles, that all the properties and
changes in matter can be explained in terms of the forces involved in the interactions of
these units, and that mass is conserved in these changes and interactions.

Teacher Preparation

1.

Students should be familiar with the term “density” and understand how to calculate
the density of an object. Measuring the volume of an ice cube may be a challenge for
students and they should understand that they must measure the volume using length,
width, and height as quickly and as accurately as possible (some estimating is
appropriate).

Teacher should fill and freeze ice cube trays before class with a known volume/mass
and density of water for each cube. This can be done by the students using
volumetric flasks and balances. Have the students mass the volumetric flask, add
water, mass the volumetric flask, and determine the mass of the water (using density
= mass/ volume).

Materials (assume student groups of 2)

1

2.
3,
4,

Ice cubes (pre-made) 2 per group

Beakers (cereal bowl size is good) 1 per group

Calipers/ruler (1 set per group)

Triple beam balance (electronic balance if available) (1 per 2-3 groups)

Time Frame
1 (45 minute) class period with ice pre-made
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TEACHING SEQUENCE
Engagement and Explanation

1.
2.

3
4,

Measure mass/volume and calculate density for each ice cube before used.

Place cube in measured amount of cold water in beaker (do not fill beaker to top but
about half way).

Measure new water level with addition of ice cube.

**Alternative to steps 3 and 4- Fill container with water to top, add ice cube, allowing
some water to spill over the top to ensure that the container is filled to capacity.
Once the ice is completely melted, record the level of the water.

Measure (estimate) how “high” the ice cube floats in the water.

Students should prepare a spreadsheet for the mass, volume, density of the ice cubes
(see figure 1).

Observe ice cubes- How “high” does the ice cube float? (What percent of the ice
cube is above the water)

As the ice cube melts, does it float any higher or lower in the water?

Student data can be graphed.

Ice cube # | mass volume density

|

2
Figure 1

Elaboration

The density of other objects can be calculated and tested in the water beaker. The
“floatability” of these objects can be determined from their densities. The objects should
then be placed in the water to test the calculations of density.

Exchange

Students should compare their results with each other and discuss what occurred.

Evaluation-questions

1
2
3.
4.
5
6

. Why does ice float in water?
. What measurement can determine the ability of an object to float in water?

Can floating ice add to the height of sea level?
Why are icebergs of concern to scientists?

. How does floating ice demonstrate Archimedes’ Principle?
. How does the density of ice compare to how high in the water the ice cube floats?

How much of the ice cube was under the water and how much was above the water?

Draft Copy, © D. Zachary Smith, UNH, 2000



7. Do icebergs add to sea level change? By how much?

8. How do the density of the ice and the other objects compare to each other? How does
that compare to their ability to float in water?

9. Do all objects with a density greater than 1 g/cm 3 sink and all objects with a density
less than 1 g/cm3 float?

10. How do huge metal cargo ships remain afloat on the ocean?

Author

D. Zachary Smith, Paleoclimate Program Coordinator, Climate Studies Center, Institute
for Quaternary Studies, University of Maine, Orono, Maine
zach.smith@umit.maine.edu

Resources.
1. http://www.natice.noaa.gov/pub-info/B-10A_iceberg/

2. “Iceberg Threatens Shipping Lanes”
Snap: News & Media: Science News
Thursday, August 19,1999
http://nscp.snap.com/directory/category/0,16,-54460,00.html

3. Antarctic ice shelves falling apart
Explore.com NEWS: “Antarctic ice shelves falling apart”
Thursday, August 19, 1999
http://explorezone.com/archives/99 04/09 antarctic_ice.htm

Glossary
Archimedes’ Principle: That the amount of water displaced by an object is proportional

to the mass of the object.
Density: A measure of the amount of matter in a given volume of material.
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