Lab 2: Density, Specific Gravity, Pressure and Hydrostatic Pressure

Objective:  To measure the density, specific gravity, pressure and hydrostatic pressure of various objects and liquids

Materials:  Single-pan balance

· Weights

· Graduated cylinders and beakers

· Wood dowel

· Aluminum cylinder

· Unknown fluid
Procedure 1: Density and Specific Gravity – Find the mass and volume of the following objects in order to calculate the density and specific gravity of each.

	
	Mass
	Volume
	Density g/cm3
	Density kg/m3
	Density lb/ft3
	Reference Density
	% Error
	Specific Gravity

	Water
	
	
	
	
	
	
	
	

	“mystery” liquid
	
	
	
	
	
	
	
	

	Brass cylinder
	
	
	
	
	
	
	
	

	Brass rect. solid
	
	
	
	
	
	
	
	

	Aluminum cylinder
	
	
	
	
	
	
	
	

	Stopper with holes
	
	
	
	
	
	
	
	

	Odd shaped object
	
	
	
	
	
	
	
	


Procedure 2: Pressure – Using the values of mass above find the pressure the objects exert on a tabletop.

	
	Mass
	Area of contact
	Pressure 

Pa
	Pressure kPa
	Pressure Atm
	Pressure psi

	Brass cylinder, end
	
	
	
	
	
	

	Aluminum cylinder, end
	
	
	
	
	
	

	Rectangular solid – big side
	
	
	
	
	
	

	Rectangular solid – little side
	
	
	
	
	
	


Procedure 3: Hydrostatic Pressure – Using the values of density for the liquids find the hydrostatic pressure at the following depths.

	Depth
	Gauge pressure under Water (Pa)
	Absolute pressure under Water (Pa)
	Gauge pressure under “mystery” liquid (Pa)
	Absolute pressure under  “mystery” liquid (Pa)

	1m
	
	
	
	

	5 m
	
	
	
	

	10 m
	
	
	
	

	100 m
	
	
	
	

	1000 m
	
	
	
	


Lab 3: Archimedes’ Principle/ Buoyancy

PRIVATE 
Analysistc  \l 1 "Analysis" Answer questions on a separate sheet of paper in complete, grammatically correct sentences.

1.  Which method results in the least uncertainty? 

2.  Which method provides the most significant figures? 

3.  Concerning accuracy, did each method include the correct value of specific gravity? 

      (Answer this question only if specific gravity is known.)  

PRIVATE 
Conclusiontc  \l 1 "Conclusion" - Prepare an internal memorandum to the production department, to include:

Summary of specific gravity for each method in a table, listing the nominal, maximum and minimum values. (Give attention to specific figures and uncertainty.)

Method 1.,  Method 2., Method 3.A, Method 3.B

Recommend the best method and state your reason for making the selection.

	
	Procedure 1
	
	Water
	Fluid 1
	Fluid 2

	1
	Mass empty 
	(g)
	
	
	

	2
	Vol. Liquid 
	(cm3)
	
	
	

	3
	Mass cyl+liq 
	(g)
	
	
	

	4
	Calc. mass liq 
	(g)
	
	
	

	5
	Calc. Density
	(g/cm3)
	
	
	

	6
	Calc. sp. gr.
	
	
	
	


	
	Procedure 2
	
	Water
	Fluid 1
	Fluid 2

	1
	Mass of wood 
	(g)
	
	
	

	2
	Init. Vol. Liquid 
	(cm3)
	
	
	

	3
	Final Vol. Liquid
	(cm3)
	
	
	

	4
	Calc. Vol. Liquid
	(cm3)
	
	
	

	5
	Calc. Density
	(g/cm3)
	
	
	

	6
	Calc. sp. gr.
	
	
	
	


	 
	Procedure 3
	
	Water
	Fluid 1
	Fluid 2

	1
	Mass of metal object, mm 
	(g)
	
	
	

	2
	Initial volume of fluid
	(cm3)
	
	
	

	3
	Volume, metal submerged in fluid
	(cm3)
	
	
	

	4
	Calc. vol. of metal, Vm (3.- 2.)
	(cm3)
	
	
	

	5
	Calc. density,  ρm (1. / 4.)
	(g/cm3)
	
	
	

	6
	Apparent mass mm' (from scale)
	(g)
	
	
	

	7
	Calc mm' / Vm
	(g/cm3)
	
	
	

	8
	CALC. density  ρ f (5. - 7.)
	(g/cm3)
	
	
	

	9
	CALC. sp. gr.
	
	
	
	


	
	Procedure 4
	
	Water
	Fluid 1
	Fluid 2

	1
	Mass of metal object, mm 
	(g)
	
	
	

	2
	Initial volume of fluid
	(cm3)
	
	
	

	3
	Volume, metal submerged in fluid
	(cm3)
	
	
	

	4
	Calc. vol. of metal, Vm (3.- 2.)
	(cm3)
	
	
	

	5
	Calc. density,  ρm (1. / 4.)
	(g/cm3)
	
	
	

	6
	mass of cylinder, fluid
	(g)
	
	
	

	7
	mass of cylinder and fluid, with metal suspended in fluid
	(g)
	
	
	

	8
	CALC. buoyant "mass"  (7. - 6.)
	(g)
	
	
	

	9
	CALC. apparent mass mm' (1. - 8.)
	(g)
	
	
	

	10
	Calc mm' / Vm
	(g/cm3)
	
	
	

	11
	CALC. density  ρ f (5. – 10.)
	(g/cm3)
	
	
	

	12
	CALC. sp. gr.
	
	
	
	


Lab 4: Linear Thermal Expansion

PRIVATE 
Conclusiontc  \l 1 "Conclusion" - Make a table comparing the values of thermal expansion that you obtained with the tabulated value in your text. Do the results agree within your reported limits of experimental uncertainty?

	
	Aluminum
	Brass
	Copper
	Iron

	Lo , Initial Length (cm)
	
	
	
	

	Ti , Initial Temp  ( oC)
	
	
	
	

	Tf , Final Temp  ( oC)
	
	
	
	

	ΔT (oC)
	
	
	
	

	ΔL , change in length (0.001 inch)
	
	
	
	

	ΔL , change in length (cm)
	
	
	
	

	a, Coefficient of linear expansion
	
	
	
	

	aRef
	24 x 10-6 / oC
	19 x 10-6 / oC
	17 x 10-6 / oC
	12 x 10-6 / oC

	% Error
	
	
	
	


Lab 5: Calorimetry

	
	Mass metal

(g)
	Temp metal

(OC)
	Mass Water

(g)
	Temp Water

(OC)
	Final T

(OC)
	Cmetal

(kJ/kg OC)
	Ref. Cmetal
	% error

	Procedure 1 metal
	
	
	
	
	
	
	
	

	
	Mass water

(g)
	Temp water

(OC)
	Mass fluid

(g)
	Temp fluid

(OC)
	Final T

(OC)
	Cfluid

(kJ/kg OC)
	% Diff
	-

	Procedure 2 fluid
	
	
	
	
	
	
	
	-

	Procedure 3 fluid
	
	
	
	
	
	
	
	-

	
	Mass 1

(g)
	Temp 1

(OC)
	Mass 2

(g)
	Temp 2

(OC)
	Final T

(OC)
	L

(cal/g)
	Ref. L
	% error

	Procedure 4 ice
	
	
	
	
	
	
	
	


Lab 6: Boyle’s Law

Data

Barometric pressure (from step 1.)    P  =  ___________________ mm Hg

This will be the value of "P" in the calculation for column C below.

	A
	B
	C
	D
	E
	F
	G

	Height
	Height

(A/13.6)
	Pressure

(P+B)
	Volume in Buret 
	Volume Correction 
	Corrected Volume

(D+E)
	Pressure xVolume

(CxF)

	mm H2O
	mm Hg
	mm Hg
	ml
	ml
	ml
	Mm Hg  mL

	0
	
	
	
	
	
	

	+500
	
	
	
	
	
	

	+1000
	
	
	
	
	
	

	-500
	
	
	
	
	
	

	-1000
	
	
	
	
	
	

	
	
	
	
	
	
	


Lab 7: Heat Engines

Procedure 1: Thermoelectric Converter Fan 

	Time
	TH
	TC
	Rpm
	∆T
	Ideal Efficiency

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Questions

· In terms of thermodynamics, what makes the fan turn?
· Why does the fan slow down and then stop?
· What happens to the efficiency/rpm of the fan?  Include a graph of RPM vs. ∆T.
· Why does TC increase?
· How does this illustrate entropy?
Procedure 2: Thermoelectric Converter “coil”

	Time
	TH
	TC
	∆T
	V

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Questions

· What happens to the voltage?  Include a graph of Voltage vs. ∆T.

Procedure 3: Popcorn

· [image: image3.png]


Draw a P-V diagram of the system. 
· What thermodynamic process occurs while the popcorn is heating?  Why?
· What thermodynamic process occurs when the popcorn pops? Why?

Procedure 4: Marble in a Test Tube

Questions

Calculate the work done by the steam to lift the marble.

[image: image4.png]


Consider a system that is taken along the paths shown on the P-V diagram.  Assume Ua = 30,000 J.

Find the work done by the system in going from a to b.

Find the work done by the system in going from b to c.

If 20 kJ of heat enters the system along the path from a to b, what is the internal energy at point b?

If the internal energy at point c is 95 kJ, how much heat enters or leaves the system along the path from b to c?

Run it backwards:  If 21 kJ of heat enters the system in going from a to d, what is internal energy at point d?

Run it backwards:  Find the heat that enters the system along the path from d to c.

If the system is taken along the closed loop a→b→c→d→a, how much work is done?

Find the area of the rectangular path.

What is the net heat that enters the system?
Lab 8: Voltage, Current & Resistance
	Part 1.1  
	Voltage at power supply
	

	Part 2.3
	Voltage at lamp
	

	Part 3.2
	Charge flowing to lamp
	

	Part 4.2
	Charge flowing from lamp
	


Part 5. Ohm's Law

	Voltage across lamp
	Current in Lamp

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Part 6. Unknown resistor

6.1         __________ volts            __________ amperes            __________ Calculated Resistance

6.2  

colors      _________     ___________      _________     ___________


           __________ Labeled Resistance


           __________ Labeled Tolerance


           __________ Measured Resistance with multimeter


           __________ Is resistor in tolerance?

Lab 9: CapacitancePRIVATE 

Rated capacitance of capacitor C1 : __________ microfarads
Rated capacitance of capacitor C2 : __________ microfarads
Rated resistance of resistor: __________ Ohms

Voltage of battery (while supplying charge in circuit):   ________ volts

	
	C1
	C2
	C1 & C2

In Series
	C1 & C2

In Parallel

	Calc/Rated Capacitance
	
	
	
	

	Calculated Time Constant
	
	
	
	

	Time (s)
	Current (μA)
	Current (μA)
	Current (μA)
	Current (μA)

	0 s
	
	
	
	

	5 s
	
	
	
	

	10 s
	
	
	
	

	15 s
	
	
	
	

	20 s
	
	
	
	

	25 s
	
	
	
	

	30 s
	
	
	
	

	35 s
	
	
	
	

	40 s
	
	
	
	

	45 s
	
	
	
	

	50 s
	
	
	
	

	55 s
	
	
	
	

	60 s
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Measured Time Constant
	
	
	
	

	Triang. Charge
	
	
	
	

	Triang. Capac.
	
	
	
	

	Trap. Charge
	
	
	
	

	Trap. Capac.
	
	
	
	

	Simps. Charge
	
	
	
	

	Simps. Capac.
	
	
	
	


Lab 10: Magnetism & InductionPRIVATE 

	Procedure 1 – Magnetic Poles – using magnets and a compass answer the following questions.

	Does the south pole of a bar magnet attract or repel the north-pointing needle of the compass?
	

	Does the north pole of a bar magnet attract or repel the north-pointing needle of the compass?
	

	What is the polarity of the north pole of the Earth?
	


  Procedure 2 – Magnetic Field Lines 
Include the sketches with your report.

	Procedure 3 – Electromagnetic Poles
	

	Use the right-hand rule to predict whether the north pole of the compass needle will be attracted or repelled when the knife switch is closed.
	

	Based on the deflection of the compass needle, what is the polarity of the electromagnet?
	

	Describe how the right-hand rule confirms the polarity observed with the compass needle.
	


Procedure 4 – Electromagnetic Induction – 

	Insert a bar magnet into a
	55 turn coil
	800 turn coil

	North pole quickly
	
	

	South pole quickly
	
	

	North pole slowly
	
	

	South pole slowly
	
	


Explain what effect the following factors have:

· magnetic polarity (north or south pole of magnet)

· number of turns of wire in coil

· speed of the magnet 
Describe how the results confirm the formula 
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Would it make any difference if the magnet remained stationary and the coil moved into the magnet?   Why?
Procedure 5 – Magnetic Pole Strength
Procedure 6 Magnetic Induction
Lab 11: Optics

Reflection

1) What type of mirrors cause all rays to converge at a point?

2) Pick one ray in your diagram of reflection with a plane mirror.  Draw a normal to the line representing the mirror at the point where the ray strikes the mirror.  Measure the angle between the “mirror” and incoming ray.  This is called the angle of incidence.  Now measure the angle between the mirror and the outgoing ray.  This is the angle of reflection.  What happened?

3) What is true about the angle of incidence and angle of reflection for the curved mirrors?

4) In your diagram of the semicircular concave mirror, measure the distance from the mirror to the point where the rays converge.  This is called the focal length.  The point where the rays converge is called the focal point.

5) In your diagram of the semicircular convex mirror, continue the lines representing the reflected rays back through the “mirror”.  Do they cross at a point?  What is the focal length?

Refraction

1) What type of lenses or prisms cause all rays to converge at a point?

2) Pick one ray in your diagram of refraction with the rectangular prism.  Measure the small angle between the “prism” and incoming ray.  This is called the angle of incidence.  Now measure the small angle between the “prism” and the outgoing ray.  This is the angle of refraction.  What happened?

3) What is true about the angle of incidence and angle of refraction for the curved lenses?

4) In your diagram of the convex lens, measure the distance from the lens to the point where the rays converge.  This is called the focal length.  The point where the rays converge is called the focal point.

5) In your diagram of the concave lens, continue the lines representing the refracted rays back through the “lens”.  Do they cross at a point?  What is the focal length?

Color Mixing

Fill in the table below from your color mixing experiments.  Report your findings from the three given combinations and three other combinations you created.

	Mix Color
	Mix Color
	Resulting Color

	Red
	Blue
	

	Red
	Yellow
	

	Blue
	Yellow
	

	
	
	

	
	
	

	
	
	


Lab 12: Spectroscopy


Incandescent light:

Draw the spectrograph.

What color is “bent” the most?

What color seems most intense? 

Mystery Gas 1 light:

Draw the spectrograph.

What is it?

Mystery Gas 2 light:

Draw the spectrograph.

What is it?

Mystery Gas 3 light:

Draw the spectrograph.

What is it?

Lights on ceiling:

Draw the spectrograph.

What is it?

1) Why is the spectrum of white (incandescent) light a continuous “rainbow”?

2) Why do different gasses have different “fingerprints” and what do the fingerprints tell us?

3) How can we tell what distant stars or planets are composed of?

4) Balmer developed the formula 
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 to predict the wavelengths of the emitted lines for Hydrogen when an electron falls from the nth shell to the 2nd shell.  Find the wavelengths of the first three bands by substituting 3, 4 and 5 for n.

5) Quantum Mechanics is a branch of Physics that deals with energy at the level of the atom.  It states that energy cannot be released in any amount but only in discrete amounts, similar to how a water droplet has to get to a certain size before it drips.  Since the bands of color represent energy releases, how do the discrete bands of color in the spectra support this idea?

c





d





b





a





.05 m3





.02 m3














� EMBED PBrush  ���





1       2       3       4       5       6       7       8








1       2       3       4       5       6       7       8




















1       2       3       4       5       6       7       8








1       2       3       4       5       6       7       8


























2x105 Pa





6x105 Pa





V





P























































































































1       2       3       4       5       6       7       8







































































































































































Graph Ohm’s Law data & find slope
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