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Topics –

· Locard’s Exchange Principle

· Skeletal Structure

· Dental Examination 

· Com-fit (or Identikit)  

· Fingerprints  

· Footprints 

· Post-Mortem Examination 

· Blood Groups 

· DNA Profiling 

· Wound Types

· Bleeding Types

· Spoken Evidence 

· Time of Death

Activities -

1. Taking Fingerprints

2. Lifting Latent Fingerprints

3. Footprint Casts using Plaster of Paris

4. Comparative Microscopic Examination (e.g. hair types from head and eyebrow, skin)

5. Food Tests

6. Investigating Blood Marks

7. Oscilloscope demonstration for different sounds (e.g. speech)


When a crime is committed, the criminal always leaves something at the crime scene that was not there before, and takes away something from the crime scene that was not on him/her before the crime. For example, a break-and-enter thief may leave hair or fingerprints at the scene of the crime, or may carry away glass fragments in clothing.
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Skeletons vary in size and structure depending on body size, age, sex and ethnicity. 

The skeletons of males differ from females in three specific ways. Firstly, the pelvis of the adult female is much wider and shallower to allow for childbirth than is the male pelvis. Secondly, the bony ridge above the eye tends to be more pronounced in the male. Thirdly, the base of the skull at the back of the head is more pointed in the male.

There are many separate bones that make up the human skull. They are not fused or joined at birth to allow for the baby’s passage through the birth canal. In childhood, the bones of the front of the head join over a period of years. However some of the skull bones do not completely cement together until middle age or later. 

These features give the forensic scientist an approximate age of skeletal remains to aid in identification.

Fractures of bones can also give clues as to the cause of death. For example, a very small Y-shaped bone called the hyoid bone that lies across the front of the trachea (windpipe) is frequently fractured during strangulation.
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Adult humans have an upper and a lower set of teeth, each containing 16 teeth. 

There are several types of teeth - incisors for cutting, canines and premolars for grasping food, and molars for grinding.

These develop after birth and are fully formed in the jawbones at age 21. The sequence of their presence or absence is an indication of the age of the body.

Teeth also vary in size and structure according to body size, sex, ethnicity and dental treatments performed (e.g. amalgam fillings).

Dental records of victims are used to aid identification, but dental records of suspected criminals may be used if bitemarks have been found on a victim’s body.


This is a facial identification system used to produce composite likenesses of suspected criminals who were seen at the crime scene. Both male and female features for many races can be assembled by witnesses to form an image.  

However, the efficiency of the system itself depends on 2 factors - the witness’s ability to recollect and describe facial characteristics, and the police operator’s skill in interpreting the witness’ description without prompting him/her.


Fingerprints are classified according to shape and certain features of the print, in which direction they lean, and how many ridges there are.

There are 3 main shapes of fingerprints:

· Arch (an arch shape of ridges) 

· Loop (a rounded, inverted U-shape of ridges)

· Whorl (an almost circular pattern of ridges)

Variations and combinations (or compounds) of these do also occur.

The percentages of each print are approximately - Arches (5%), Loops (60%), and Whorls and Compounds (35%).

Prints may also be classified as to whether the shapes, such as loops, lean towards the thumb side of the hand (Radial) or the little finger side (Ulnar).

A Core is a small focal point or semicircular part of the fingerprint usually at its centre.

A Delta is a triangular pattern on one or both sides of a print. Some uncommon prints have up to five deltas.

Ridge-counting is the process of counting the ridges between the core and the delta of prints of the index and middle fingers.

ACTIVITY - TAKING FINGERPRINTS
Materials – 

· printer’s ink (preferably fast-drying and paste-like)

· a sheet of glass

· a soft rubber roller

· a sheet of paper

· a magnifying glass

Procedure - 

1.  Place a few drops of ink onto the glass inking plate and roll it to an even thin film on the surface.

2.  Ink the fingers individually by “rolling” the first joint of each finger over the inked surface.

3.  Now lightly press the inked part of the finger onto the paper, again by a slight rolling action.

4.  Continue until you have produced ridge patterns of all 10 fingers.

5.  Examine them with a magnifying glass.

ACTIVITY - DEVELOPING LATENT FINGERPRINTS
Fingerprints at the crime scene are likely to have been deposited in one of 3 ways:

· As an impression in a soft substance such as soap or wet paint

· A print made by a substance such as dirt deposited on the finger

· The sweat and oil deposit from the skin

In the first 2 cases, the print is obvious and can be photographed by angling against the light, or by “lifting” it with sticky tape. Lasers or UV light are now used also.

If the fingerprint is difficult to see, it may need to be “fixed” to make it visible before photographing. Two methods for fixing fingerprints can be simulated under school laboratory conditions.

Fixing Method 1
Materials –

· small sheet of paper containing the fingerprint

· iodine crystals

· a transparent airtight container

· a paperclip

· a small length of thread 
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Procedure -

1.  Set up the apparatus as shown.

2.  Allow some time to pass for the iodine crystals to evaporate. The print will soon become visible.

Fixing Method 2
Materials –

· fine dusting powder such as carbon 

· a camel hair brush

Procedure - After dipping the brush into the powder, dust the print until visible.
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Footprints can be photographed and a Plaster of Paris cast made. Measurements of the print can be used to determine whether the person was walking or running, and his/her weight depending on the depth of the impression in that soil type. From the weight approximation, a height approximation of the criminal can be made.

In order to make footprint casts, the Plaster of Paris should be thoroughly mixed with a small quantity of water, sufficient to make a firm paste. The plaster mixture is then poured into the foot impression and allowed to set.


“Post mortem” translates to “after death”. Post mortem examinations have been performed since the third century BC in Egypt as an analysis of death by disease, rather than murder most foul. A frequently quoted early example by a Roman physician who examined the body of Julius Caesar was his declaration that, although the Roman emperor was stabbed 23 times, only one was fatal - the stab wound that pierced his heart.

Post mortems begin by an examination of the clothed body, then an external examination for wounds, bruising, semen and so on, followed by cleaning of dirt and blood, and then dissection. The collection of specimens for further laboratory analysis is a main requirement of the autopsy. Some of the body fluids that undergo both chemical and microscopic examination are blood, urine, cerebro-spinal fluid, lung contents, stomach contents, intestinal contents, liver, and the vitreous humour at the back of the eyeball.

LUNG CONTENTS
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The lung contents of apparent drowning victims will contain microscopic organisms called diatoms if the drowning occurred in a lake or a river. Natural freshwater and tapwater are both more dilute than blood and drowning causes more water to enter the blood. Also a blood test is taken if the victim drowned in seawater as seawater is more concentrated than blood, so the blood will contain more chloride salt. 

STOMACH AND INTESTINAL CONTENTS
Chemical analysis of the digestive tract contents may reveal what a victim’s last meal was, whether food drugs or alcohol contributed to the death, and how long ago the last meal was consumed.

Enzymes in different parts of the digestive tract break down certain nutrients. For example, gastric juice containing hydrochloric acid and enzymes is very acidic. The presence of food makes the stomach contents less acidic.

Acids are chemicals which release hydrogen ions when in solution, and have a pH less than 7. Examples of acids are softdrink, citrus fruit, saliva, blood and urine.

Bases (or alkalis) release hydroxide ions in solution, have a pH greater than 7, and can neutralise acids. Some basic examples are bleach, baking soda, and toothpaste.

Neutral substances, such as distilled water and salt, have a pH of exactly 7.

ACTIVITY – FOOD TESTS

Test various samples of food to determine the nutrients they contain. Suggested foods include boiled egg white, potato, bread, regular softdrink or orange juice, and butter.

Write your results in a table.

	CHEMICAL
	TEST
	POSITIVE

RESULT

	Protein
	Add a few drops of copper sulphate solution to the food sample, then a few drops of sodium hydroxide solution and mix well. 
	Blue-purple

	Starch
	Add a few drops of iodine solution to the food sample.
	Blue-black

	Glucose
	Add an equal volume of Benedict's solution to the food sample and warm in a very hot water bath for a few minutes.
	Orange-red

	Lipid (Fats and Oils)
	Rub a food sample onto brown paper and allow to dry.
	Translucent spot
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QUESTIONS
1. Describe 2 differences between acids and bases.

2. Give 2 examples of each of acids and bases.

3. If the pH of stomach contents changed from 1 to 3, what natural activity would the person be doing? Explain.

4. What products are formed when an acid is added to an equally strong base?

5. What is the name of the process in Q4?

6. Refer to the table of Food Tests. Describe the tests for starch, the 2 types of sugar, protein, and fat and oil.

7. What would the results of these tests on an egg sandwich be? Why?

8. Immediately after a meal of steak potatoes cabbage and peas, a person was murdered. What would the results of tests done on the stomach contents be?

9. The stomach contents of a dead body had a pH of 13. How could you explain this? 


ABO BLOOD GROUPS

Each human being belongs to one of 4 major blood groups - A, B, AB, or O.

Blood group A contains an antigen A in their blood. Blood group B contains an antigen B in their blood group. Blood group AB contain both A and B antigens. Blood group O contains neither antigen A nor B.

The genotype (pair of genes) inherited by a person who has group A is IAIA or IAIO. The genotype inherited by a person who has group B is IBIB or IBIO.

The genotype inherited by a person who has group AB is IAIB.

A person who has group O blood has the genotype IOIO.

Example 1: If a woman with blood type AB married a man with type O blood, the possibilities of their children’s blood types are..

	
	I A
	I B

	I O
	I A I O
	I B I O

	I O
	I A I O
	I B I O


Half of their children may be type A, and half may be type B.

Example 2: What would be the possibilities of the children’s blood types be if the parents were both AB?

	
	I A
	I B

	I A
	I A I A
	I A I B

	I B
	I A I B
	I B I B


One quarter of their children could have type A, one quarter could have type B, and half could have type AB blood.

Blood group A contains antigen A, but also contains antibody B, which will cause it to coagulate (clot) if group A blood comes in contact with antigen B in either blood groups B or AB. This could occur if a transfusion took place by mistake.

Blood group B contains antigen B, but also contains antibody A, which will cause clotting if group B comes in contact with groups A or AB blood.

A person whose blood group is A can donate blood by transfusion to a person whose blood type is AB because the recipient already has the A antigen. Also a person whose blood group is B can donate blood by transfusion to a recipient whose blood type is AB because the recipient already has the B antigen. 

However AB blood cannot be transfused into a Type O, A or B recipient as his/her blood would coagulate (clot) and death could result, because the recipient does not have both A and B antigens.

People with Type AB blood can receive any of the 4 blood groups, and are called the Universal Recipient.

People whose blood group is O can donate blood to any of the blood groups, and are called the Universal Donor.

RHESUS FACTOR
Another sub-grouping of the 4 blood types depends on whether or not a person’s blood contains the Rhesus Factor. If a person does have the Rhesus Factor, the blood will be +  (e.g. A+, B+, AB+, O+). If he/she lacks the Rhesus Factor, the blood group is -  (e.g. A-, B-, AB- , O-  ).

The form of inheritance is dominant - recessive where R denotes having the Rhesus factor, and r denotes lacking the Rhesus factor. If a person has the genotype of RR (blood type +) or rr (blood type - ), they are said to be purebred or homozygous. If a person has the genotype of Rr (blood type +), they are said to be heterozygous.   

Example 1 -  If the father of a child is heterozygous for the Rhesus factor (Rr) and the mother is homozygous recessive (rr), what are the blood type possibilities of the children?

	
	R
	r

	r
	Rr
	rr

	r
	Rr
	rr


Half the children will be Rhesus + and the other half will be Rhesus -.

In Australia, the percentages of each blood group are approximately O+ (40%), O- (9%), A+ (31%), A- (7%), B+ (8%), B- (2%), AB+ (2%) and AB- (1%).
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QUESTIONS
1.  Draw punnet squares to show the possible blood type inheritance of children from these marriages where:

(a) the man and the woman are both type AB

(b) both parents are type O

(c) the man has blood type A and the woman has type O?

2.  Why is Type AB blood called the Universal Recipient?

3.  Why is Type O blood called the Universal Donor?

4.  How many chromosomes are in the nucleus of each human body cell (except sperm, eggs, and mature red blood cells)?

5.  What are the 2 sex chromosomes of human males and human females?

6.  Name a condition of a person who has more than 46 chromosomes.

7.  Would the percentages of each blood group be the same in Africa as they are in the USA? Explain.

8. What antigens are in the blood of a person whose blood type is AB+?

9.  Blood coagulates (clots) at temperatures higher than 50 C. A murderer washes his clothes in hot water to remove bloodstains. What effect would this have?

10. If a blood test was done of a living person, and the result showed a higher than normal white blood cell count, what can you deduce from this?


DNA (deoxyribonucleic acid) is a chemical that makes up all genes, the units of heredity, which are to be found on chromosomes in body cell nuclei. Within each DNA molecule is a sequence of information that is similar to the DNA sequence of other family members, but varies considerably from the sequence of unrelated individuals. 

This is because a child inherits half its chromosomes (and hence DNA) from each of its parents. When a DNA profile, which resembles a supermarket bar-code, is completed for a child and his/her parents, each band on the child’s chart must match up with one band on either its mother’s or its father’s chart.

Since each individual’s DNA profile differs from each other person’s to some extent, then DNA profiling is often called DNA “fingerprinting”. Identical twins, however, have identical DNA profiles, but different fingerprints due to changes that take place while in the womb.

DNA profiling is used to determine paternity in cases of disputed fatherhood, to identify body tissues and fluids found at crime scenes, and also to prove family relationships for immigration purposes.


The six types of wounds are:

1. Incised wound – A knife, razor or sharp edge of paper may cause an incised wound. This wound can bleed profusely.

2. Lacerated wound – The skin may be torn irregularly by comtact with barbed wire or an animal bite. Sometimes these wounds become contaminated.

3. Puncture wound – Sharp objects such as nails or needles cause these wounds. If they are deep, they can become infected.

4. Graze or Abrasion – Outer layers of skin may be scraped off in a sliding fall, leaving the skin raw.

5. Firearm injury – Where the bullet enters the body, the wound is small. Where the bullet exits the body, there is a larger wound. In addition to external bleeding, there may be internal bleeding from damage to major organs.

6. Contused wound – This can be caused by a blunt instrument where a bruise is produced.


There are 3 types of bleeding depending on the type of blood vessel damaged. 

1. Arterial bleeding – When an artery is cut, the blood squirts profusely in time with the heartbeat and is of a bright red colour.

2. Venous bleeding – Darker red blood flows at a slower rate than arterial bleeding.

3. Capillary bleeding – This is usually associated with minor wounds that ooze blood.


Just as fingerprint identification assumes that no two persons have identical ridges on their fingertips, voiceprint identification assumes that certain physical characteristics of the vocal organs (e.g. size of the mouth and nose cavities, movement of the muscles of articulation in the tongue) will not be the same in any two persons. Vocal sounds are converted to electrical impulses and recorded onto magnetic tape, before being converted to a pictorial record. Voiceprinting is often used to identify persons making threatening or obscene telephone calls.

A Polygraph (or Lie Detector) is a device that registers bodily responses when a person is being questioned. It simultaneously records changes in electrical conductivity on the surface of the skin due to change in perspiration rate, blood pressure, pulse, respiration and muscular movement. The polygraph is relatively unreliable because ordinary nervousness, sneezing and coughing, fatigue and indifference to a question can give false readings.
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QUESTIONS
1.  Where is DNA found in the human body?

2.  Why is DNA Profiling called DNA “fingerprinting”? 

3.  What type of wounds would be caused by: (a) a knife (b) a high velocity bullet (c) falling from a galloping horse (d) a snake bite (e) a hammer blow to the head?

4.  How could you tell if a person injured in a car accident has damage to an artery or a vein?

5.  Explain why both voiceprint identification and polygraph test results are considered unreliable in a court of law, and must be substantiated by further evidence.


Somatic Death is the death of the individual as a whole, and is marked by cessation of heartbeat, respiration and brain activity.

Algor mortis is the cooling of a body after death, and is influenced by the temperature of the surroundings (e.g. tropical climate, warm bath, deep-freeze cabinet). At first, cooling of the body is very rapid, but after a few hours, the skin temperature becomes similar to the surroundings. Cooling of the corpse is not even, as the extremities of the limbs cool more quickly than does the trunk which may take up to 20 to 30 hours to reach the same temperature as the external air. At the scene of a homicide, the forensic scientist immediately takes both the rectal temperature and the air temperature.

Rigor mortis begins with a complete muscular relaxation immediately following death.

 After 3 hours, the muscles of the eyelids begin to stiffen, followed by jaw muscles, and then progressive stiffening (or rigor) of muscles of the face and neck, chest, arms, trunk and legs. This stiffening process takes about 12 hours, but is influenced greatly by the environment, muscular condition of the individual during life, and cause of death.

After 36 hours, the stiffening begins to wear off, and the body is once again supple in about 48 hours.

Livor mortis is also called post-mortem lividity or hypostasis. 

When blood ceases to flow around the body, it follows the law of gravity and sinks to the blood vessels in the lowest part of the body. The bluish-pink discoloration becomes patchy after 1 to 3 hours. At around 6 to 8 hours, the patches join together into large purplish areas. Blood in the blood vessels coagulates after 10 to 12 hours, and the purplish discoloration becomes fixed. 

Where the body comes in contact with an object or firm surface (e.g. tight clothing, floor), white patches will show.

Bruises made before death occurred are difficult to determine because of the body’s discoloration. Forensic scientists take blood tests and perform a white blood cell count. Since white blood cells are part of the body’s immune system, any damage to the living person’s tissues would have stimulated release of white blood cells, giving a higher than normal white blood cell count.

Autolysis is the gradual death of the cells. Some organs continue living after the pronouncement of death, and are therefore suitable as transplant organs.

Putrefaction is the final tissue decomposition stage and is caused by the action of enzymes and bacteria. After 5 to 6 days, the corpse swells with gases, and there is the appearance of beetles and maggots. After 4 weeks, the soft tissues liquefy, hair fingernails and toenails fall out, and the face becomes unrecognisable. After 5 to 6 months, some flesh has disappeared, and there is a considerable stench of decay.

Decay occurs more rapidly in tropical climates, and is faster in air as opposed to in water and in earth, as is also accelerated if the corpse has more fatty tissue.

Analysis of the Vitreous Humour of the Eye is the most accurate means of estimating the time of death. After death, red blood cells break down, and the potassium contained in them leaks out into body fluids such as the eyeball’s jellylike vitreous humour at a predictable rate. Because of the eyeball’s thick protective covering, this leakage is unaffected  by temperature. Hence the forensic scientist at the scene of a crime also takes a sample of the vitreous humour with a syringe for subsequent laboratory analysis.


Topics – 

· Some Firearms Terms

· Interior Ballistics

· Exterior Ballistics (Momentum, Kinetic Energy)

· Terminal Ballistics

· Gunshot Wounds

Activity – 

1. Making Bulletproof Glass 


Cartridge - Complete round of ammunition comprising case, primer, propellant and bullet.

Bullet - Shaped projectile fired from a firearm. Generally made of lead alloy and often covered with a copper or steel coating for use in high velocity ammunition.

Primer - Impact sensitive percussion cap used in centrefire ammunition, which is inserted into the centre of the cartridge base. Ignites the main propellant charge when struck.

Propellant - Principal consumable component of ammunition. When ignited, propellants burn at a very high rate generating high pressure gas. The gas propels the bullet out of the cartridge case and up the barrel of the firearm.

Nitrocellulose - Base material for modern high pressure non-corrosive propellant.

Calibre - Measurement of the bore of a firearm made across the lands of the rifling. It is the bore of the barrel after subtracting the depth of the rifling grooves.

Rifling Marks – Spiral rifling grooves are cut into the barrels of guns to improve speed and accuracy. These make distinctive marks on the cartridge when fired to allow identification of the weapon.

Cartridge Marks – When the striking pin hits the back of the cartridge, it makes a distinctive impression allowing identification of the weapon.


Interior Ballistics deals with the motion of a projectile while it is still in the gun.

After the primer has ignited the propellant, the gas pressure inside the gun rises to a high level. Depending on the weight and therefore the inertia of the cartridge, and also on the friction inside the barrel, the bullet will shoot out of the gun at a high velocity.


Exterior Ballistics deals with the motion of the projectile from the time it emerges from the gun until it reaches its target. This depends on the shape, mass, calibre rotation and velocity of the projectile, and also air resistance and gravity.

The path of a projectile is not a straight line between gun and target. The projectile takes a slightly curved path called its parabolic trajectory because of the gravitational force pulling it down. The rifling grooves inside the barrel cause the projectile to spin in a spiralling motion, improving its accuracy.
Momentum is the product of the mass of the projectile and its velocity.

Momentum = mass  X  muzzle velocity.

Kinetic Energy (whose unit is Joules) is also a measure of mass in combination with velocity.

KE = 1/2  X mass X  (muzzle velocity)2
Calculate the momentum and the kinetic energy of the following projectiles.


Terminal Ballistics deals with the effect of the projectile on the target. This includes amount of fragmentation and depth of penetration and so on.


ENTRY AND EXIT WOUNDS

The entry wound is smaller than the exit wound.

TYPES OF GUNSHOT WOUNDS

Gunshot wounds are classified by distance of the fired gun from the victim.

There are 3 types of gunshot wounds:

1. Contact wound – If the muzzle is held hard against the skin, there will be burning of the skin by the combustion gases as well as the blackened deposition of soot which embeds in the skin. There will also be evidence of gunpowder and vaporised metals. If the gun is held more loosely, there will be less burning of the skin.

2. Intermediate-range wound – Soot will be sprayed onto the skin. If the gun is shot at right angles to the skin, a round blackened mark will be left. If shot at an angle, the soot will be more oval-shaped. If the victim was alive at the time of the gunshot, the tattooing effect will be orange-brown lesions at the entry site. If the victim was dead when shot, the tattooing effect will be grey-yellow in colour.

3. Long-range wound – No powder nor soot will be found on the victim.

ACTIVITY – MAKING BULLETPROOF GLASS
Materials – 

· several sheets of glass

· several sheets of perspex

· ether (Use with caution in a fume cupboard)

· glass cleaning materials

Procedure - 

1.  Thoroughly clean sheets of glass and perspex.

2.  Pour sufficient ether to form a thin layer over

the surface of the glass. Ensure that no bubbles

remain.

3.  Quickly place a layer of perspex on top of the 

glass. The ether acts as a solvent to help the 

perspex adhere to the glass.

4.  Repeat the procedure by alternately layering

sheets of glass and perspex, using the ether as

the solvent to adhere the surfaces.
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QUESTIONS
1.  Define : (a) calibre (b) rifling marks (c) cartridge marks (d) cartridge (e) bullet (f) primer (g) propellant (h) ballistics (i) trajectory.

2.  Explain what processes occur to fire the bullet out of a firearm. 

3.  What is the muzzle velocity?

4.  How do the rifling grooves inside the barrel give more accuracy for the bullet to hit its target?

5.  What is the momentum of a bullet whose mass is 10 grams which shoots out of a rifle at a velocity of 850 m/s?

6.  What is amount of kinetic energy of the bullet in Q5 as it leaves the rifle?

7.  How can a forensic scientist tell if a gun has been fired at point blank range to the victim? 

8.  What signs on the victim’s body would indicate that he was shot when the pistol was close to the skin at an angle?

9.  The absence of what substance on the body would indicate that the victim was at some distance from the shooter?

10. A murder has a large wound on his abdomen and a smaller wound in his back. Both were gunshot wounds. In what direction was the gun fired?  


Topics – 

· Reaction, Braking and Stopping Distances 

· Vehicle Vectors

· Drink Driving 

Activity –

1. Making Tyrecasts using Plaster of Paris
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Reaction distance is the distance that a car moves from the moment the driver observes the need for action, to the moment the muscles respond and the foot presses on the brake pedal.

Braking distance is the distance the car travels between when the brakes are applied and the car stops.

Stopping distance  = Reaction distance + Braking distance

 

A vector is an arrow that is drawn to indicate the size and direction of a moving object’s velocity. Vectors are used to calculate the resultant velocity of a vehicle when it has collided with another vehicle. All vectors are drawn to scale (e.g. 20 km/h is shown as 1 cm on the vector). We will assume that all cars in our calculations have the same mass.

For example, if a car travelling due east at 60 km/h collides with another car travelling due west at 80 km/h, the resultant vector of the first vehicle is 20 km/h due west.

Another example is of a car travelling due south at 100 km/h when it collides with another car travelling at 80 km/h due east. The resultant velocity of the first vehicle is measured from the vector using ruler and protractor.

ACTIVITY – MAKING TYRECASTS

Find a deep tyre impression. Fill it with plaster of Paris paste. Allow it to set.
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QUESTIONS
Draw vector diagrams   (using the scale of 20 km/h equivalent to 1 cm ) to find the resultant velocity of the first vehicle.

1. First vehicle travelling at 60 km/h due east collides with second vehicle travelling 100km/h due south.

2. First vehicle travelling at 70 km/h due east collides with second vehicle travelling north-west at 120 km/h.

3. First vehicle travelling south-west at 85 km/h collides with second vehicle travelling due west at 100 km/h.


Topics – 

· Glass 

· Refraction of Light 

· Specialised Laboratory Equipment 

Activities – 

1. Sketching simulated blood marks (e.g. when dropped from different heights, splashed) 

2. Refraction of light using prisms

3. Microscopic examination of samples (e.g. newspaper ransom notes, soil types, fibres, paint fragments)  

4. Fume cupboard demonstration of flame and smoke colours of some combustible substances (e.g. cooking oil, acetone, rubber)

5. Paper chromatography

6. Crime scene reconstruction in the classroom


GLASS FRACTURES

There are 3 types of glass fractures:

1. Cone fractures – When glass is hit by a high velocity object such as a bullet, the exit hole of the glass is larger and cone-shaped compared with the entry hole.

2. Radial fractures – When low velocity objects such as a stone hits glass, the fracture is star-shaped from a central point. There are many tiny fragments at the centre.

3. Spiral fractures – If the glass is almost intact and spirals from the centre, there is a strong likelihood that small glass fragments will have attached themselves to the criminal’s body.

REFRACTIVE INDEX OF GLASS
Refraction or “bending” of light occurs when light rays pass from one medium to another (e.g. from air to glass). This is because light travels more slowly through glass than it does through air.

Examples of the refraction of light through different materials is shown below. The more dense a material is, the greater is the refraction of the light ray towards the normal (a line at right angles to the surface of the material).

The Refractive Index of a material is an indication of the material’s density and its ability to refract or “bend” light rays passing through it. The greater the refractive index, the more dense it is.

More properly, the ratio of the speed of light travelling through a vacuum and through glass (or any other transparent material) is called the refractive index.

Substance


Index of Refraction
Glass



1.5 - 1.9

Diamond


2.42

Quartz 


1.54

Glycerin


1.47

Water


1.33

ACTIVITY - BLOOD MARKS

Using artificial ‘blood’ such as diluted tomato sauce. Investigate the marks produced when blood drips from different heights, splatters from different angles with different forces. 

(This activity is best performed outdoors where a hose is available for cleaning.)

ACTIVITY – MICROSCOPIC EXAMINATIONS

Using a microscope, examine different materials such as soil types, hair types, clothing fibres, glass fragments etc.


The equipment and instrumentation briefly described below are:

· microscope

· scanning electron microscope

· spectroscopy

· chromatography

· electrophoresis

· X-ray techniques

Microscopes are probably the most used piece of equipment to examine substances as diverse as chips of paint and headlight fragments from hit-and-run accidents, to soil particles, or even sperm.

Total magnification = Magnification of  X  Magnification of

                                  Eyepiece Lens          Objective Lens

Scanning Electron Microscopes can magnify up to 100 000 times. These are used to examine substances such as gunshot residue from a suspect’s hands, and scratches on lock tumblers.

Spectroscopy uses the principle that light (such as ultraviolet or infrared light) is analysed when it passes through a solid, liquid or gaseous sample, or when light is given out from a material that has been heated to a high temperature. Spectroscopy techniques can identify metals such as lead and arsenic, and explosives.

Chromatography is a separation technique to identify drugs, pesticides, explosives, ink dyes, and combustible substances used for arson, to name a few.

For example, in paper chromatography, a drop of a mixture of inks or dyes can be placed on a thin strip of filter paper. The paper strip is then placed into a container with a small amount of solvent such as methylated spirits in the bottom of the container. If left in place for an hour or so, the substances in the ink or dye mixture will separate. Substances that have a low attraction to the paper are carried much further up the paper by the solvent than substances that have a high attraction to the paper.

Electrophoresis is used to separate large molecules such as proteins, enzymes and DNA fragments. Forensic scientists can compare dried blood samples with blood from a suspect, or to carry out DNA profiling for a paternity investigation.

X-Ray Techniques  provide rapid analysis of many household chemicals, drugs and soils.
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QUESTIONS
1.  What form of blood marks would be found at the scene of a crime if:

(a) a body had been dragged across the floor following a stabbing

(b) a wounded victim brushed past a door whilst seeking help?

2.  What would indicate that blood was thrown at an oblique angle?

3.   If a stone is thrown through a window, what form of glass fracture occurs? 

4.  After what type of glass fracture would a forensic scientist expect to find glass fragments on the criminal’s clothing?

5.  Sketch the path of a light ray as it passes from:

(a) air to glass

(b) air to diamond.

6.  What is meant by the Refractive Index? What types of substances refract light rays more than others?

7. If 2 dead bodies were buried on the same day, one in clay soil and the other in sandy soil, which body would decay at the fastest rate? Explain.

8.  What is the total magnification of a microscope if the eyepiece lens magnifies 10X and the objective lens is 30X?

9. List one example of evidence that can be examined by: (a) a light microscope (b) a scanning electron microscope (c) spectroscopy (d) chromatography (e) X-rays (f) electrophoresis.

ACTIVITY - CRIME SCENE RECONSTRUCTION IN THE CLASSROOM
Suggested Materials -

· CPR mannequin

· women’s clothing (to hide absence of legs)

· wig

· broken necklace

· cigarette butts with lipstick stains

· makeup and tomato sauce (for bruises and blood on the body)

· heavy object with blood marks

· trail of blood on the floor

· blood on the doorhandle

· blood splashes across the floor

· broken glassware

· upturned furniture

· windows locked from within

· coloured cardboard markers indicating blood types or other information

Procedure - 

After setting up the “crime scene”, the students enter in small groups with instructions not to touch any evidence, and to record necessary information.

They are to complete a table listing the evidence and any forensic tests needed for further investigation. Then the students are to write a description of the possible sequence of events that occurred at the crime scene.

Since each individual’s report will be different, time in a following lesson should be used to discuss the students’ hypotheses, evidence and tests.


1.  In your own words, explain Locard’s Exchange Principle. Give examples.

2.  List the steps in the Scientific Method.

3.  Describe 2 differences between male and female skeletons.

4.  How do forensic scientists determine the age of skeletal remains?

5.  State 4 types of teeth and their function.

6.  In what ways are dental records used by forensic scientists?

7.  Draw a labelled cross-section of human skin.

8.  Sketch a fingerprint to show a core and a delta.

9.  Sketch examples of these fingerprints - arch, whorl, and loop.

10. Explain how to do ridge-counting of a fingerprint using a sketch.

11. Describe 2 methods of “fixing” a fingerprint.

12. Describe 3 pieces of information that can be deduced from a footprint.

13. State the 4 steps in a post mortem examination.

14. Name an indicator, and explain its function.

15. State whether these substances are acidic, basic or neutral - gastric juice, Coke, bleach, blood, urine, toothpaste.

16. Describe the chemical tests for starch, glucose, sucrose and protein.

17. What are the possible blood types of the children of:

(a) a woman with type O blood and a man who is heterozygous for B blood

(b) parents who both have AB blood

(c) a man who is homozygous for the Rhesus factor and a woman who has a negative blood type?

18. What would happen if a transfusion of type B was donated to a person of blood group AB? Explain.

19. An examination of skin found under the a victim’s fingernails contained the sex chromosomes XX. Was the skin from a male or a female?

20. Describe how a DNA profile of a child can be matched with his/her mother and father. Draw a sketch in your explanation.

21. Describe the 6 wound types and give examples of each.

22. If a person’s carotid artery was cut, how would the bleeding differ from the jugular vein being severed?

23. Describe a situation where a voiceprint may be used as evidence.

24. Describe 4 methods to determine the time of death of a corpse.

25. Which method in Q24 is the most accurate and why?

26. If a dead body had a rectal temperature of 34 C, the entire body was very rigid, and the lividity was fixed, what was the approximate time of death? 

27. Explain the steps involved in proving that a cartridge found at a crime scene came from a particular firearm.

28. What is the difference between rifling marks and cartridge marks?

29. What is the momentum and the kinetic energy of a bullet whose mass is 9 grams shooting out of a rifle at a velocity of 956 m/s?

30. A gunshot wound on a victim’s back is large and round, yet the smaller wound on the chest shows an oval patterning around the hole. What does this tell us about the direction of the shot?

31. Draw vectors to show the resultant velocity of two identical cars, one travelling at 60 km/h due east and another travelling at 100 km/h south.

32. If the BAC of a driver involved in a car crash was tested at 0.10, what is the amount of alcohol in a quantity of his blood, and how many standard drinks is this?

33. What can be deduced about these blood marks:

(a) Drops are large, round and show starlike streaks.

(b) There are many small bloodstains that are thin and teardrop-shaped. 

34.  Sketch a glass fracture that is the result of a high velocity bullet. Label the entry and exit.

35. Draw a labelled diagram showing the path of a ray of light as it passes from water to glass.

36. What is the total magnification of a microscope with an objective lens of 40X magnification and an ocular lens with a magnification of 5X?

37. Describe a situation where a forensic scientist would perform a paper chromatography test.

38. A skull washed up on a sandy beach was identified as probably belonging to a 50 year old male. What features enabled the scientist to make this judgement?

39. What is the probability that parents whose blood types are A and AB will have a child who has type A blood?

40. A body found in a storeroom had a large bruise on the head surrounding a split in the skin. Hypostasis was evident in the chest and face, but a white area was seen on the nose and left cheek. A pool of blood next to the head was dry and estimated to be about 2 litres of blood.  What can you deduce about the time and cause of death?


Select a media article that describes a crime. The media article may be from a magazine, a newspaper or the Internet, and must be at least 200 words in length. 

After your teacher has approved the article, write a report (of approximately 500 words) describing the evidence, the forensic tests that would have been performed and the possible results of these tests.

The media article is to be submitted with your assignment on the due date.

Marking Criteria (Scientific Process) - 

Selection of article



/1                          

Correct list of evidence



/2                   

Correct forensic tests listed 


/2            

Correct forensic tests described 

/2     

Correct results of test described

/2      

Clear presentation (preferably in      

tabular form)                               
/1

TOTAL                                         

/10


Select a crime-related topic for discussion. You may choose your own topic with teacher approval.

Suggested topics include:

· Should blood tests for alcohol and drugs be compulsory after all serious motor vehicle accidents?

· Should Australian householders be allowed to keep guns?

Write a report of about 500 words, discussing the question from the points of view of 3 different members of the community (such as a police officer, a civil rights campaigner, a politician, or a social worker). Use factual data where possible to support your views.

Marking Criteria (Complex Reasoning Processes) -

Appropriate selection of community members          
/3          

Logical viewpoints of the community members        
/6

Bibliography                                                           
/1

TOTAL                                                                  
/10


Time Allowed: 40 minutes

_________________________________________________

Q1. In murder cases, a positive identification of the body is of primary concern. The most useful means of identification is:

A. skeletal remains, fingerprints and unusual body characteristics

B. skeletal remains, dental records and fingerprints

C. positive identification by family and personal belongings

D. personal belongings and unusual body characteristics

Q2. Rigor mortis :

A. has been used to determine the time of death

B. causes muscle fibres to stiffen and shorten

C. affects small muscles such as the jawbone first, and then spreads to the larger muscles in the limbs, but is not maintained beyond 36 - 48 hours

D. all of the above

Q3. A few drops of iodine solution were added to a food sample in a test tube and the result was a dark purple/black colour. This indicates that the food sample contains:

A. glucose

B. sucrose

C. protein

D. starch

Q4. The first step in a scientific investigation is to:

A. form an hypothesis

B. design an experiment

C. control the variables

D. record observations

Q5. The cartridge marks on a cartridge are made by the:

A. lands inside the barrel

B. rifling grooves inside the barrel

C. striking pin which activates the primer

D. calibre of the cartridge

Q6. A small, neat, oval wound in a victim’s back combined with the presence of a large wound in the chest would indicate that a pistol has been fired:

A. from point blank range, from directly in front of the victim

B. from point blank range, from an oblique angle to the victim

C. from a distance greater than one metre, from directly in front of the victim

D. from a distance greater than one metre, from an oblique angle to the victim

Q7. Fingerprints are transferred to touched objects because:

A. there is dust on most objects

B. the skin has a slight oiliness

C. the finger surface is flat

D. every person has his/her own fingerprint

Q8. A young baby was kidnapped by a man. He moved house to a new area where he wasn’t known and pretended that the child was his. Some time later, the police tracked him down, but when interviewed, he still insisted that the child was his and claimed that his wife had walked out on him leaving the baby in his care. Genetic fingerprints of the man, the child, and the “true” parents were made and compared. From the DNA profiling patterns, we can conclude that :

A. the “kidnapper” was the father of the child

B. the “true” father was the father of the child

C. neither man was the father of the child

D. none of the above

Q9. A bullet with a mass of 0.01 kg has a momentum of 9 kg m/s.

Its muzzle velocity is:

A. 90 m/s

B. 900 m/s

C. 9000 m/s

D. 9000 cm/s

Q10. In a particular family, one child has the AB blood type, one has type B, one has type A, and the fourth has type O. The genotypes of the parents must be:

A. IAIO and IBIO 

B. IAIA and IBIB  

C. IAIB and IAIB
D. IOIO and IOIO.

Q11. In humans, which of the following are the possible blood types resulting from a cross between a heterozygous type A female and a heterozygous type B male?

A. AB and B only

B. A and B only

C. A, B and AB only

D. A, B, AB and O

Q12. A boiled egg contains protein. What is the test for protein and what would be the result if an egg was tested?

Q13. State Locard’s Exchange Principle.

Q14. Describe 2 methods that can be used to develop fingerprints left on an absorbent surface such as paper.   

Q15. A murder victim had type O blood. A blood stain found on the shirt of a suspect was analysed. The results showed clumping with both anti-A and anti-B serums. Was the blood that of the murder victim? Explain.

Q16. Draw a vector diagram showing the resultant velocity of a vehicle travelling at 100 km/h due east if it is hit by an identical vehicle travelling at 85 km/h south-west. Write the scale used also.

Q17. A body was found hanged by the neck in a bathroom at 4 p.m. The following factors were noted:

(i)   the body had a rectal temperature of 25.5 C

(ii)  rigor mortis was evident in the arms and legs

(iii) the blood had pooled in the lower portions of the body

Establish the time of death and explain how you deduced your answer. 

Q18. (CR)  The percentage of males in the population is approximately 50%, and the percentage of the population with Rh- negative blood type is 20% approximately. The following are the percentages for the ABO blood groups in a particular population - type A (40%), type B (9%), type AB (3%), and type O (48%). What is the percentage of male children born with Rh-negative, O type blood?                                                        
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