Making Test Tube Hydrometers

Part 1. Making a Test Tube Hydrometer

When a substance like salt is dissolved in water, the water becomes more dense.  A hydrometer is a tool which measures the density of a fluid, by allowing you to measure how deeply it floats—or sinks—in the fluid.

A laboratory hydrometer is a weighted and sealed glass tube, but hydrometers can also be made from other things.  Your challenge today is to make a hydrometer from the following materials:

• a test tube
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• a rubber stopper

• some b-b’s or lead shot

• a piece of plastic tubing

• a small piece of oil-base clay

• a salinity scale strip

Putting It All Together:
Use the picture at the right to help you put it together.  Gently, but firmly, press the tubing into the stopper and the stopper into the test tube.  Put a dab of clay over the top of the tubing to seal out the water.  Eventually you will also place the paper salinity scale inside the glass tubing, but first you must fine-tune the way it floats.

You will need to experiment a bit to find out how many bb’s to place into the your test tube.  First place your hydrometer in a cylinder of fresh water.  You need it to float deep in the water so that the water level is above the stopper, somewhere along the piece of tubing.  The top of the tubing, however, must not be below the surface.  Add or remove weights until you can make it do this.

Now consider what will happen when your hydrometer is placed in salt water.   Will it float higher or lower than in fresh water?

What adjustments must you make to your hydrometer so that in salt water, the water level will also be above the stopper and along the plastic tube?

Make these adjustments then test your prediction by placing your hydrometer in the container of salt water.

You may find that you still need to add or subtract some weight so that the water level will always be somewhere along the tube, whether the hydrometer is in fresh water or in salt water.  Adjust it so that the water line is no closer than 1cm from either end of the tubing in salt or fresh water.

Marking a Scale:
You will soon be using your hydrometer to compare water of different salinities.  You need a way of comparing different “floating levels” along the plastic tube.  A paper salinity strip, inserted into the tube will help you do this.  You will need to make lines on the paper strip given to you.  Using a ruler, make lines approximately every 2.5 mm across your strip. 
Remove the clay plug and slide your salinity strip into your hydrometer tube.  The strip should stick out the top of the tube slightly.  Carefully float your hydrometer in the cylinder of distilled water, without getting water over the top.

Note:  If your plastic tube is open on the bottom end, first remove the tube from the stopper and place a small clay plug in the lower end to keep the paper strip from falling through into the test tube!
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2. Now you will need to mark a line on the thin strip of paper salinity scale closest to the distilled water level around the hydrometer.  What salinity does this line represent on your scale?  What specific gravity does this represent?
You will need to take the salinity scale out of the hydrometer to label this line, so how will you know which is the right line?

One way is to count the lines down from the top or up from the bottom.  Do this a couple of times until you are sure.

Now take the hydrometer out of the water and pull out the salinity scale.  Darken this line slightly with a fine pencil and label it as 0 or 1.000.
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Before going on, reassemble the hydrometer and test it again in distilled water to be certain that the 0 line is correct.

Now place your hydrometer in the salt solution.  This solution is 40 parts salt to 1,000 parts water, or 40 parts per thousand.  This can also be written as 40 ‰.

Find the float line on your salinity scale in water of 40 ‰ salinity.  Pull the paper strip out of your hydrometer tube, darken this line and label it 40 or 1.031
Find the place that is exactly midway between the 0 and the 40 on your salinity scale, or 1.000 and 1.030.  You can do this with a ruler or by carefully folding the strip.  Label this line 20 or 1.015
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In a similar way, find the midpoints between 0 and 20, then 20 and 40.  Label these points 10 and 30 respectively.  Or 1.0075 and 1.0225
The small units on your salinity strip will not necessarily coincide to the exact units of salinity.  You will need estimate values such as 26 or 27 with this tool.

Insert the strip back into the hydrometer tube and snip off the extra paper.  Seal the top of the tube again with clay.  Put the hydrometer back into the water and see whether the water line is still at “0”.  If it’s a little off, add or remove some clay to the top to make it exactly hit the mark.

Part 2. Testing the Water
Salinity for unknown water samples:

Tank A:

Tank B:

Tank C: 

Questions:

1. How will adding more salt to a solution affect your hydrometer?  Would it float higher or sink lower after the addition of salt?
2. Describe how the addition of salt affects some of the properties of water.  Is the density increasing or decreasing as salt is added to the water?  How do you know whether the change is an increase or decrease?

3. If an ocean going ship is loaded with cargo so that 15 meters of the ship is riding below the surface of the water, what would you expect to happen if the ship enters the Columbia River, which is only 16 meters deep at some points? 

4. Using the table below indicate the salinities of the following 

a. S.G.  1.016  temp in Celsius 20.5 
b. S.G.  1.002  temp in Celsius 18.5

c. S.G.  1.027  temp in Celsius  22.0

Table gives salinity in parts per thousand for temperatures  18.5 - 23oC
	S.G.
	Temperature oC

	
	18.5
	19
	19.5
	20
	20.5
	21
	21.5
	22
	22.5
	23

	0.999
	0
	0.1
	0.2
	0.3
	 
	 
	 
	 
	 
	 

	1.000
	0.5
	0.6
	0.7
	0.8
	1
	1.1
	1.2
	1.4
	1.5
	1.6

	1.001
	1.8
	1.9
	2
	2.1
	2.3
	2.4
	2.5
	2.5
	2.7
	2.8

	1.002
	3.1
	3.2
	3.3
	3.4
	3.6
	3.7
	3.8
	4
	4.1
	4.2

	1.003
	4.4
	4.5
	4.6
	4.8
	4.9
	5
	5.1
	5.3
	5.4
	5.5

	1.004
	5.7
	5.8
	5.9
	6.1
	6.2
	6.3
	6.4
	6.6
	6.7
	7

	1.005
	7.1
	7.1
	7.2
	7.4
	7.5
	7.6
	7.7
	7.9
	8.1
	8.3

	1.006
	8.4
	8.5
	8.7
	8.8
	8.9
	9.1
	9.2
	9.3
	9.4
	9.6

	1.007
	9.7
	9.8
	10
	10.1
	10.2
	10.4
	10.5
	10.6
	10.7
	10.9

	1.008
	11
	11.1
	11.3
	11.4
	11.5
	11.7
	11.8
	11.9
	12
	12.2

	1.009
	12.3
	12.4
	12.6
	12.7
	12.8
	13
	13.1
	13.2
	13.4
	13.6

	1.010
	13.6
	13.7
	13.9
	14
	14.1
	14.3
	14.4
	14.5
	14.8
	14.9

	1.011
	14.9
	15
	15.2
	15.3
	15.4
	15.6
	15.7
	16
	16.1
	16.2

	1.012
	16.2
	16.3
	16.5
	16.6
	16.7
	17
	17.1
	17.3
	17.4
	17.5

	1.013
	17.5
	17.7
	17.8
	17.9
	18
	18.3
	18.4
	18.6
	18.7
	18.8

	1.014
	18.8
	19
	19.1
	19.3
	19.5
	19.6
	19.7
	19.9
	20
	20.1

	1.015
	20.1
	20.4
	20.5
	20.6
	20.8
	20.9
	21
	21.2
	21.3
	21.6

	1.016
	21.4
	21.7
	21.8
	22
	22.1
	22.2
	22.3
	22.5
	22.7
	22.9

	1.017
	22.9
	23
	23.1
	23.3
	23.4
	23.5
	23.6
	23.8
	24
	24.2

	1.018
	24.2
	24.3
	24.4
	24.6
	24.7
	24.8
	24.9
	25.2
	25.3
	25.5

	1.019
	25.5
	25.6
	25.7
	25.9
	26
	26.1
	26.4
	26.5
	26.6
	26.8

	1.020
	26.8
	26.9
	27
	27.2
	27.3
	27.4
	27.7
	27.8
	27.9
	28.2

	1.021
	28.1
	28.2
	28.3
	28.5
	28.6
	28.9
	29
	29.1
	29.2
	29.5

	1.022
	29.4
	29.5
	29.6
	29.8
	30
	30.2
	30.3
	30.4
	30.7
	30.8

	1.023
	30.7
	30.8
	30.9
	31.2
	31.3
	31.5
	31.6
	31.7
	32
	32.1

	1.024
	32
	32.1
	32.2
	32.5
	32.6
	32.8
	32.9
	33.2
	33.3
	33.4

	1.025
	33.3
	33.4
	33.7
	33.8
	33.9
	34.1
	34.2
	34.5
	34.6
	34.7

	1.026
	34.6
	34.7
	35
	35.1
	35.2
	35.4
	35.6
	35.8
	35.9
	36

	1.027
	35.9
	36.2
	36.3
	36.4
	36.5
	36.7
	36.9
	37.1
	37.2
	37.5

	1.028
	37.2
	37.5
	37.6
	37.7
	37.8
	38.1
	38.2
	38.4
	38.5
	38.8

	1.029
	38.6
	38.8
	38.9
	39
	39.1
	39.4
	39.5
	39.7
	39.9
	40.1

	1.030
	39.9
	40.1
	40.2
	40.3
	40.6
	40.7
	40.8
	41
	41.2
	41.4

	1.031
	41.2
	41.4
	41.5
	41.8
	41.9
	42
	42.1
	42.3
	42.5
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