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Laboratory #1

Density of Glass

Objective:
Determine the density of the glass fragment(s) you have collected, and compare their densities to the density of the glass fragment(s) found at the crime scene.

Background Information:  The density of a material is defined as the ratio of the mass (m) of an object to its volume (V).  To calculate the density, you must make separate measurements of the mass of the glass fragment and determine its volume.

(Density = m/V)

Materials:

Glass fragment(s)


Triple Beam Balance

Water




250 ml beaker

100 ml Graduate Cylinder

Calculator

Determination of the Mass of the Glass Fragments:

You will conduct the following procedure for glass fragments found at the crime scene and glass fragments from the evidence bag.

You will use the triple beam balance to measure the mass of the glass fragments.  The procedure is as follows:

1. Calibrate the triple beam balance to zero.  (This is important because 9if it is not calibrated to zero initially, the mass reading will be incorrect.)  See diagram below.

a. Make sure the balance pan is empty.

b. Position the weights on the three beams so that each one reads zero.

c. Face the balance towards you so that the scale readings can be read.

d. Examine the balance line on the beam to see if it lines up with the balance line on the far right of the balance.

e. If the balance lines are aligned then the scale is properly calibrated.

f. If the balance lines do not align then the counterweight (calibration know) must be adjusted to make them line up.  Once  this is done, the balance is calibrated to zero.

2.
Place the glass fragment from the crime scene on the balance.

3. There are three scales that can be changed to bring the beam into balance (hence 

the name “triple beam” balance).  Position the slides so that the weights on the beams will balance it.  Note that on the two heaviest beams the weights will snugly sit in slots cut into the beams.  Make sure that the weights fit into the slots properly, ensuring an accurate measurement.

4. To read the scale on the beams look at the largest beam.  This reading gives you the 100’s digit of the mass in grams (say 200 grams).  To the reading add the middle beam which gives you the 10’s digit of the mass in grams (say it reads 40 grams, so that your mass is now 240 grams).  The smallest beam will give the 1’s digit of the mass in grams along with the tenths and hundredths.

Reading the Triple Beam Balance:
The result of your mass measurement will include a numerical value and units.  The numerical value is the degree of accuracy based on the smallest scale division on the measurement device.  For the balance you are using, the smallest scale division is 0.1 grams.  This means that you can estimate to a fraction of a tenth of a gram.  For instance, you should round your estimate to one-half of the smallest division on the balance.  For example:
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Reading:  4.45 g

Determination of the Volume of the Glass Fragments:

You will conduct the following procedure for glass fragments found at the crime scene and glass fragments from the evidence bag.

You will use a graduated cylinder to determine the volume of the glass fragments.

1. Pour water from the 250 ml beaker into the 100 ml graduated cylinder until there is exactly 50 ml of water in the cylinder.  Accuracy is important.  The water will form a curve inside the graduated cylinder because the water adheres to the inside of the cylinder.  This curve is called the meniscus.

2. When the bottom of the meniscus has reached the graduation marking 50 ml, there should be exactly 50 ml in the cylinder.  Read the cylinder by placing it on the lab table and viewing it from eye level.
3. Place the glass fragments from the crime scene into the graduated cylinder.  Remember to read the bottom of the meniscus and view it from eye level.
4. Record the level of the water.

5. Subtract 50 ml from the level after adding the glass fragments.  This will give you the volume of water displaced, and thus the volume of the glass fragments.

Determination of the Density of the Glass Fragments:

· To arrive at the density, you will divide the mass of the glass fragments from the crime scene by the volume of water they displaced.

· To arrive at the density, you will divide the mass of the glass fragments from the evidence bag by the volume of they water displaced.



Laboratory #2

Use of the Compound Light Microscope in the

Comparison of Hair Samples
Introduction:

First used by Renaissance scientists, the light microscope is a  powerful research tool.  Visible light is passed through the specimen and then through the glass lenses.  The lenses refract (bend) the light in such a way that the image of the specimen is magnified as it is projected into the eye.  (Campbell, 1993)

Two important factors in microscopy are magnification and resolving power, or resolution.  Magnification is how much larger the object appears compared to its real size.  Resolving power is a measure of the clarity of the image, or the minimum distance two points can be separated and still be distinguished as two separate points.  (Campbell, 1993)

The eye can be aided with a simple microscope, which is nothing more than a magnifying glass with one lens, or with a compound microscope, which has two lenses at the opposite ends of a tube.  The ocular lens is the one nearest the eye, and the objective lens is nearest the object or specimen.  The microscopes we will be using today are compound light microscopes.  (Eberhard, 1987)

How to Use the Compound Light Microscope:
Study the figure below as you locate each of the following parts:

_____
ARM

_____
BASE

_____
OCULAR LENS

_____
OBJECTIVE LENSES

_____
NOSEPIECE

_____
STAGE AND STAGE CLIPS

_____
DIAPHRAGM

_____
COARSE ADJUSTMENT

_____
FINE ADJUSTMENT

_____
ILLUMINATOR 


You should be able to answer the following questions regarding the use of the light microscope before you begin this laboratory:

1.
Explain how to carry the microscope.

2.
On which objective should each viewing begin and end?

3.
If the ocular lens is 10X and the objective lens is 40X, what is the total 

magnification of the object being viewed?
4.
If the stage clip is moved to the left, in what direction does the specimen move?

5.
What is a wet mount?

6.
What is the danger of not checking the appropriate objective before starting a 

viewing session?

7.
Why should the magnification always be stated when viewing a particular 

object?

8.
List in order the correct steps when finishing your session and storing your 

microscope.

SLIDE PREPARATION:

You will be using the compound light microscope today to view hair samples that were found at the crime scene.  Because the number of hairs is limited, each group of six students was given one or two hairs which are in ziplock bags in your evidence bags.  You will prepare the slides as if you were preparing a wet mount slide.  This preparation will allow you to view the qualities of hair, including pigment distribution, color, cuticle, ovoid bodies, cortical fusi, damage and treatment.

1. Obtain a slide, coverslip, disposable pipette and immersion oil from the common supply table.

2. Place one drop of the immersion oil on the slide.  Note: Immersion oil is used for this preparation because it has an index of refraction (1.515) which is very close to that of human hair (1.525).  This will decrease the amount of shadowing you will see once the hair is placed on the slide.

3. Place the hair just to one side of the drop of immersion oil.  Be careful not to lose the hair.

4. Touch the coverslip to one edge of the drop, and gently lower it as shown in the figure below.





*If you have been careful, the slide will not have any bubbles.  If not, you will see them as circles of various sizes with very dark edges when you look at your sample.

VIEWING THE PREPARED SLIDE

1. Begin viewing the hair sample with a magnification of 40X.  Use your coarse adjustment to focus.  After analysis at this level, increase the magnification, but do not magnify the specimen to 1000X!

2. The attached handout on the microscopy of hair will provide you with information regarding the qualities of hair that you should observe.

3. Sketch what you see and label the sketch with the appropriate magnification.

4. Do not throw your hair sample away.  You will need it later when you begin comparing the hair of the suspects with the hair found at the scene.
Storing the Microscope:
· Return to the low power objective (4X)

· Lower the stage with the coarse adjustment so the lenses can’t strike the stage accidentally.

· Clean all lenses with lens paper.

· Turn off the light.

· Cover the microscope if there is a cover for it.

· Return all supplies to the common supply table and clean off your workspace.

· Place the hair sample back into the ziplock bag.

· Rinse the coverslip and slide in the sink and place them into the beaker provided.

Laboratory #3

Blood Stain Pattern Interpretation

Introduction:
One of the most important aspects in bloodstain pattern interpretation is the ability to determine the location of a point of impact by the angles of a bloodstains’ pattern on a target surface.  To understand how this is accomplished it is necessary to understand the mathematical functions of right triangles.  Some of you might have heard of sine, cosine and tangent.  Some of you might know more about this than others, but it won’t prevent any of you from using the formulas involved and arriving at the proper conclusions.

Depending on the volume of blood, in a particular drop, it will assume the smallest size and area possible—a sphere.  This spherical shape allows that drop of blood to travel in one plane.  You could say it’s ballistically true.  It’s this round, spherical shape of a drop of blood that allows us to determine the angle of impact of a bloodstain of a target surface.

To better understand the relationship between the target and the spherical shape of a drop of blood, it is necessary to understand a little about right triangles and their functions.  Take a look at Figure 1.  Here the drop of blood takes the shape of a sphere.  The opposite sides of the sphere are designated as A and B.  As you can see from the diagram, the width of the spherical drop of blood (A to B) is equal to one side of the right triangle (C to D).









Now take a look at Figure 2.  Once the spherical drop hits the surface, it will make an ellipse.  The width of the ellipse will still be represented by the distance from C to D, but its length now becomes the hypotenuse of the right triangle (the distance between C and E).



Now that we know the length and width of the bloodstain and the corresponding sides of the triangle they are associated with, we need to learn about a function known as sine.

The sine of angle E can be used to determine the angle of  impact (or the angle from which the blood droplet was traveling).  This information would let us know the height at which the suspect was struck.  This can provide valuable information about the position of the victim when the fatal blow was made.

By measuring the width and the length of the bloodstain we can determine the sine of angle E which is:

Sine of angle E is   =  
side opposite (width of the bloodstain--  distance between A and B in mm)




hypotenuse (length of the bloodstain--  distance between C and E in mm)

Using this simple formula, we can apply it to determine the angle of impact of the bloodstain.

Sine of angle E is   =
Width

therefore,




Length

Example:
Let’s say the width of the bloodstain is 12 mm and the length is 24 mm.

Sine   = 12 mm ÷ 24 mm   =  0.500   =   30 Degrees

In order to do these calculations on the TI83, you will need to:

1. Before doing these calculations on the TI83, you need to change the mode function of your calculator from radians to degrees, since you will be needing to determine degrees in your final answer.

2. Press the "mode" key, and scroll down using the arrow keys to the radians and degrees line.

3. Use the arrow keys to move the cursor so that the word "degrees" is highlighted.

4. Press the "mode" key again.

5. Divide width by length and press enter.  Example:  12/24  = 0.500

6. Press 2nd function key and then the sin key. 


 sin-1(

7. Enter the decimal you got from the division in the #1 step.
sin-1(0.500

8. Press the end parenthesis key ")"



sin-1(0.500)

9. Press the "enter" key





30

10. Your answer for this calculation is 30 degrees.

Now, practice taking a few measurements on the next page and compare your results with the other groups.

Determining Angle of Impact


1.




W_____ / L_____

Degrees_________


2.




W_____ / L_____

Degrees_________


3.




W_____ / L_____

Degrees_________

4.




W_____ / L_____

Degrees_________


5.




W_____ / L_____

Degrees_________

Determining Point of Convergence

Introduction:
The point of convergence is the point from which the blood originated.  As in the last exercise, it is important that we not only know the angle of the impact by the point (where) the impact occurred.  This can give us a fairly precise location of where the crime to the victim took place.

Materials:
blood stain pattern


scissors

twine




meter stick

tape

Procedure:
1. Place the blood stain pattern on the floor, and secure it with two small pieces of tape.  Be sure that the 

blood stain pattern is not near a wall or other structure so that you have ample room to stretch the twine.

2. One person should hold one end of the twine on a blood stain splatter (as shown in Figure 2).  The other person should unroll the spool of twine until the distance is just a bit further than the distance from the victim to the blood stain found at the crime scene.

3. Once the twine is placed over the blood stain splatter as accurately as possible, cut it tape both ends down.

4. Continue this process with several droplets of blood until you have a point of convergence among the pieces of twine (as shown in Figure 2).

5. Measure the average distance from the blood stain pattern to the point of convergence and record this distance in your logbook.





At this point you should know two things from your measurements and calculations:

(1) The angle of impact

(2) The point of convergence (the place at which the blow took place)

The last piece of this puzzle can be solved using a little more geometry.  If you know the angle of impact and the length of one side of the right triangle, you can use another trigonometric function (tangent) to calculate the length of the unknown side.  See Figure 1 below for an example.

A =  
the distance from the point at which the victim was struck to where the blood stain pattern was left


The calculations used ASSUME a distance of 155 cm.  The distance you measure will be different.

B = 
the height at which the victim was struck

The calculations used ASSUME an angle of 30o.  The angle you calculated will be different.

The trig function of tangent gives us the following information:

Tangent of the angle of impact  =
Opposite Side



     

        
Adjacent Side

Since tangent is opposite over adjacent, we can calculate the length of the opposite side because we know the angle of impact and the length of the adjacent side.  Simple algebra.

· Now let’s practice with the measurements provided in Figure 1.


· Now let’s practice this using your TI83.

To calculate the unknown side using the tangent function, you

(1) Press the TAN button on your calculator.  Your screen should show tan(

(2) Enter the angle of impact 
Example:   tan(30o
(3) Close your parenthesis

Example:   tan(30o)

(4) Now you must multiply this by the length of the adjacent side (which is the distance you arrived at for the point of convergence).

Example: tan(30o) x 155 cm

(5) Press enter and the answer you receive will be the length of side B.  This number will give you an indication of the height at which the victim was struck.   Example:  89.49 cm

Laboratory #4

Ink Analysis Using Paper Chromatography
Introduction:
Paper chromatography is a method of separating mixtures by using a piece of absorbent paper and a solvent.  In this process the various inks will be placed on dry absorbent paper and we will use 15% acetic acid as the solvent.  A solvent is allowed to travel across the paper by capillary action.  As the solvent front moves, the components of the ink will separate.  The components of the mixture that are most soluble in the solvent and least attracted to the paper travel the farthest.  Each different brand of ink is a unique mixture of colored molecules.  Each pattern on the paper (or chromatogram), is characteristic of the brand of pen used.

Materials:
note found at crime scene


metric ruler

absorbent paper



pencil

goggles





tongue depressor

6 pens (one from each suspect)


tape

400 ml beaker




15% acetic acid solution

2 x 150 ml beakers

Procedures:
1.
Prepare the absorbent paper so that the dot on the "I" is all that is remaining.  See diagram below:






2. With a pencil and your metric ruler, draw a baseline across the bottom of the absorbent paper.

3. Using the pencil, make small evenly spaced tick marks across the baseline.  Label these marks to coordinate with the numbered suspects' pens.

4. Using the pen from suspect #1, place a small dot from the pen on the first tick mark.  Using the pen from suspect #2, place a small dot on the second tick mark.  Continue this for all of the pens.

5. Construct the apparatus shown below.




6.
Pour approximately 50 ml of 15% acetic acid solution into 400 ml beaker.

7. Tape the absorbent paper with the ink samples onto the center of the tongue depressor.

8. Suspend the absorbent paper so that its edge is just touching the acetic acid solution.

9. The acetic acid will migrate upward onto the absorbent paper through capillary action.

10. Allow the solvent front (the top edge of the acetic acid as it migrates) to migrate until the front is approximately on one inch from the top.

11. Remove the paper from the beaker and lay flat until dry.

12. Circle the component colors of each sample and calculate the extent of the migration (Rf) for each component color.

Rf = 
Distance of sample migration in millimeters

Distance of solvent front migration in millimeters

13. Compare the migration results (Rf values) of the sample found on the note with the pens collected from the suspects.

14. Record your observations.

Laboratory #5

Comparison and Analysis of Tire Tracks

Introduction:
In crimes where motor vehicles are involved, impressions or tire tracks left at the scene can be valuable evidence in narrowing the pool of suspects.  If conditions permit (i.e., loose or compressible soil) many times a mold of the impression left at the scene can be formed by pouring plaster of Paris or other hardening agent into the impression and allowing it to dry and harden.  But a three-dimensional mold is not required in order to make a case against someone.  For instance, recently the story of a three-year old girl who was a victim of a hit and run made headlines.  The little girl's mother took pictures of the injuries her daughter sustained due to the recklessness and negligence of the driver.  Investigators used those pictures of the girl's skin abrasions and bruises left by the driver's tires to convict one of the suspects.  In this laboratory, we will be conducting a similar analysis and comparison of two-dimensional representations of the tire track patterns left at the BCMS crime scene.

Objective:
The object of this lab is to examine the tire track exhibits collected at the crime scene and compare the tire track patterns left at the scene with digital photos of the tire treads on the suspects' automobiles.

Materials:

1 copy of tire track patterns (Exhibits A, B, C)

metric ruler

hand lens

digital camera

Procedures:
1. Study exhibits A, B, and C (tracks found at the crime scene), taking measurements and recording quantitative as well as qualitative observations in your logbook.

2. Compare and contrast digital photos taken of treads from each suspect's automobile with exhibits A, B and C.  Note any similarities and/or differences between the patterns of the tire tracks left at the scene (exhibits A, B, and C) and the digital photos from each automobile. Record quantitative as well as qualitative observations in your logbook.

3. Summarize your findings in your logbook.

Laboratory #6

Bite Impression Comparison

Historical Overview of Forensic Odontology:

Dentists have long been able to identify human remains by comparing a deceased's dentition to existing dental records. One of the most famous examples of forensic dentistry occurred during the Revolutionary War, when Dr. Joseph Warren, a general in Washington's army, had a Boston dentist construct a special silver-ivory dental bridge for him. When the general was later killed in the Battle of Bunker Hill and buried in an unmarked grave, that same Boston dentist was called upon to identify the general by the unusual bridgework he had constructed for him earlier. The dentist was none other than Paul Revere.


By the 1970's, dentists were being asked to compare bite marks on crime victims to the dentition of known suspects.  Despite a lack of uniform procedures and no recognized program to teach comparison techniques, some dentists were nevertheless willing to make bite mark comparisons and testify in court concerning their conclusions. Surprisingly, the evidence was declared admissible in every state court in which it was offered and led to many convictions.


Theory of Bite Mark Comparison:

The theory behind bite mark comparison is that no two dentitions are identical. Every adult has thirty-two teeth, each with five anatomic surfaces, for a total of one hundred and sixty combinations.  In addition, a person's teeth can have a number of individual characteristics, caused by restorations, prosthesis, decay, malposition, malrotation, spacing, arrangement, wear patterns, breakage, fillings, and bite relationship. These characteristics add a great number of additional variables to the comparison equation.  In a 1984 statistical study of human dentition, the uniqueness of human dentition was demonstrated.  The study found that the probability of finding two sets of dentition with six teeth in the same position is 1 in 1.4x1013.

Relevance to BCMS Crime Scene:

A fruit rollup was left at the crime scene with a bite impression left in it.  This bite impression could be used as one of the pieces of evidence to support your hypothesis about one of the suspects.

Objective:
This laboratory is a qualitative comparison between the bite impression in the fruit rollup found at the crime scene with the bite impressions of the six suspects.

Materials:

ziploc bag

latex gloves

bite wax

permanent marker

Procedure:
**Note-  You must obtain a search warrant from Judge Kuettel for the collection of a bite impression from the suspects before the collection process begins.  The search warrant must be presented at the time of the collection.

1. Don latex gloves

2. Have the suspect place the bite wax far enough into his/her mouth so that all of the teeth impressions will be made on the bite wax.

3. Have the suspect bite down firmly on the bite wax so that an easily detectable bite impression is made.

4. Place the bite wax with the impression into a ziploc bag and close the bag.

5. Label the ziploc bag with the suspect's name, the time and date the impression was taken, and the name of the person collecting the bite impression.

6. Once the bag is in the crime lab, visually compare the bite impressions taken from the suspect(s) with the impression left on the fruit rollup.

7. Record your observations in your logbook.

Laboratory #7

Measuring Stride Distance to Determine Relative Speed of Exit

Introduction:  By measuring the distance between footprints left at the crime scene, you should be able to determine if this distance increases, decreases or stays the same.  Depending on the results of your measurements, you can determine the relative speed of the suspect's exit from the crime scene.

Procedure:
1. Using a meter stick, measure the distance from heel to heel or toe to toe of the footprints left at the crime scene.

2. Record your measurements in your logbook as follows:

Stride #
Distance from Heel to Heel
Difference in Stride

Distance between Each Stride

3. If the stride distances increase with each stride, the relative speed of the suspect also increases.

[insert use of motion detector here]
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Side B = (Tan30o) x (155 cm)





Side B =  (.577) x (155 cm)





Side B =  89.49 cm	[This number is the height at which the victim was struck.]
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