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Unit One: Chemistry 
 
Lesson 1: Atomic Structure 
	
Atoms	are	the	smallest	particles	of	matter	that	still	have	the	
properties	of	that	element.	
	
Elements	can	be	found	alone	as	elements	(eg	He)	or	they	can	
join	together	into	molecules	to	form	compounds	(eg	H2O)	
	
Chemical	reactions	occur	when	atoms	rearrange	and	form	new	
partnerships	
	
Atoms	contain	subatomic	particles	
	
Name	 Symbol	 Charge	 Location	in	atom	 Mass	(amu)	
proton	 p	 +1	 nucleus	 1	
neutron	 n	 0	 nucleus	 1	
electron	 e	 -1	 outside	the	nucleus	 0	
	

• The	nucleus	is	at	the	centre	of	an	atom.	

• The	nucleus	is	composed	of	protons	and	neutrons.	

• Electrons	exist	in	the	space	surrounding	the	nucleus.	

• #	of	protons	=	#	of	electrons	in	every	atom	

• Nuclear	charge	=	charge	on	the	nucleus	=	#	of	

protons	

• Atomic	number	=	#	of	protons	=	#	of	electrons	
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Element	 Atomic	

number	
#	Protons	 #	Electrons	 #	Neutrons	 Atomic	Mass	

Na	 11	 11	 11	 12	 23	

P	 15	 15	 15	 16	 31	

C	 6	 6	 6	 6	 12	

Ca	 20	 20	 20	 20	 40	

S	 16	 16	 16	 16	 32	

F	 9	 9	 9	 10	 19	

Fe	 26	 26	 26	 30	 56	

I	 53	 53	 53	 74	 127	

Lu	 71	 71	 71	 104	 175	

V	 23	 23	 23	 28	 51	

Ba	 56	 56	 56	 81	 137	

Co	 27	 27	 27	 32	 59	

N	 7	 7	 7	 7	 14	

Metals	lose	electrons	and	become	positive	ions	(cations).	

Non-metals	gain	electrons	and	become	negative	ions	(anions).	

Ion	 Atomic	
number	

#	Protons	 #	Electrons	 #	Neutrons	 Atomic	Mass	

F-1	 9	 9	 10	 10	 19	

Ca2+	 20	 20	 18	 20	 40	

O-2	 8	 8	 10	 8	 16	

N-3	 7	 7	 10	 7	 14	

H+1	 1	 1	 0	 0	 1	

Fe3+	 26	 26	 23	 30	 56	
2



Additional Practice 
 

Symbol	 Element	name	 Atomic	
Number	

#	Protons	 #	Neutrons	 #	Electrons	 Atomic	Mass	

C	 	 	 	 	 	 	

N	 	 	 	 	 	 	

	 Oxygen	 	 	 	 	 	

Sr	 	 	 	 	 	 	

	 Selenium	 	 	 	 	 	

O-2	 	 	 	 	 	 	

	 Magnesium	 	 	 	 	 	

Li+1	 	 	 	 	 	 	

Cs	 	 	 	 	 	 	

K	 	 	 	 	 	 	

	 Bromine	 	 	 	 	 	

	 Fluorine	 	 	 	 	 	

Co+3	 	 	 	 	 	 	

	 Neon	 	 	 	 	 	

	 Radon	 	 	 	 	 	

	 	 47	 	 	 46	 	

	 	 74	 	 	 	 	

	 	 	 13	 	 	 	

	 	 	 92	 	 	 	

Al+3	 	 	 	 	 	 	

Cu+2	 	 	 	 	 	 	

	 Calcium	 	 	 	 18	 	

	 	 	 	 	 	 	

	 	 	 24	 	 21	 	

	 Selenium	 	 	 	 36	 	

	 	 	 	 	 76	 197	
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Lesson 2: The Bohr Model of the 
Atom	
	
Niels	Bohr	introduced	the	Bohr	model	in	1913.	
It	depicts	the	atom	as	a	small,	positively	
charged	nucleus	surrounded	by	electrons	that	
travel	in	orbitals	around	the	nucleus.	
	

Bohr’s	model	was	based	on	observations	and	
calculations	at	the	time	that	showed	the	energy	
associated	with	the	transitions	of	electrons	moving	
from	one	energy	level	or	orbital	to	another.		
	
	
	
	
	
These	different	transitions	correspond	to	the	
different	orbitals,	which	are	at	different	distances	
from	the	nucleus	and	thus	have	specific	energies.	
	
	

	
In	the	Bohr	model	the	first	orbital	holds	2	electrons,	the	next	two	hold	8	electrons	each	
and	the	next	orbital	holds	18	electrons.	
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Additional Practice 
 
Draw	Bohr	diagrams	for	the	following	atoms	or	ions:	
	
	
1.	a)	Li		 	 	 	 	 b)	Na	 	 	 	 	 c)	K	
	
	
	
	
	
	
	
	
	
	
2.	a)	N		 	 	 	 	 b)	O	 	 	 	 	 c)	F	
	
	
	
	
	
	
	
	
	
	
3	a)	Li+1	 	 	 	 	 b)	Na+1	 	 	 	 c)	K+1	 	 	
	

	

	

	

	

	

	

	

	

	

4.	a)	N-3	 	 	 	 	 b)	O-2	 	 	 	 	 c)	F-1	 	 	

	

	

	

	

	

	

	

d)	Ne	
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Niels	Bohr’s	Flight	From	the	Nazis	Was	a	Science	Drama	

Danish	physicist	Niels	Bohr	was	a	scientific	genius	
who	also	displayed	a	coincidental	penchant	for	
espionage	and	intrigue.	He	employed	these	skills,	
along	with	a	bit	of	science,	to	foil	the	Nazi	at	several	
turns.	
His	small	crusade	began	in	1933	after	the	Nazis	came	
to	power	in	Germany.	Over	the	next	few	years	several	
scientists	fled	Germany	with	Bohr’s	help.	Many	
escapees	went	on	to	work	on	the	Manhattan	Project,	including	Edward	Teller,	James	Franck	and	Otto	Frisch.	Some	of	them	
stayed	with	Bohr	in	Denmark,	working	at	the	Bohr	Institute	until	moving	elsewhere.	In	April	1940	the	Nazis	crossed	the	
border	into	Denmark.	Bohr	stayed	despite	the	danger.	As	the	Germans	marched	into	Copenhagen,	he	even	deprived	them	of	
a	bit	of	the	loot	they	intended	to	claim.	

Max	Von	Laue	and	James	Franck,	both	Germans,	won	the	Nobel	Prize	in	physics	in	1914	and	1925,	respectively.	Von	
Laue	openly	opposed	the	Nazis	and	Franck	was	Jewish.	The	Nobel	Prize	included	a	large	gold	medal	with	the	winner’s	name	
plainly	inscribed.	Both	men	previously	left	their	medals	at	Bohr’s	Institute	for	safekeeping,	but	with	the	Nazi	occupation,	the	
medals	seemed	as	good	as	gone.	

Bohr	considered	burying	them	but	feared	the	Germans	would	find	them.	A	Hungarian	chemist,	Georgy	de	Hevesy,	
worked	at	the	Institute	and	realized	he	could	dissolve	them.	Gold	is	difficult	to	dissolve	but	one	substance	known	as	“aqua	
regia”	can	do	it.	A	few	hours	later	the	two	medals	were	rendered	into	a	liquid	state,	placed	into	a	beaker	and	stored	on	a	high	
shelf.	

The	Nazis	arrived	and	searched	the	entire	building,	but	ignored	the	orange-tinted	beaker,	literally	full	of	liquid	gold.	
Later,	after	Bohr	fled	the	country,	Hevesy	left	for	Sweden.	He	returned	to	Denmark	after	the	war	and	found	the	beaker	intact	
and	undisturbed.	The	chemist	reversed	the	process,	extracted	the	gold	and	in	1950	shipped	it	back	to	the	Nobel	Foundation.	
They	recast	new	medals	using	the	original	gold	and	reissued	them	to	Von	Laue	and	Franck.	
Bohr’s	wartime	adventures	didn’t	end	with	a	pair	of	gold	medals.	His	knowledge	of	physics	and	atomic	theory	brought	the	
attention	of	the	Nazi’s	head	nuclear	scientist,	Werner	Heisenberg.	In	September	1941	Heisenberg	and	Bohr	met	for	a	stroll	in	
a	park	in	occupied	Copenhagen.	

What	they	discussed	is	still	unclear.	Heisenberg	later	wrote	he	suggested	
that	nuclear	scientists	in	Europe	suppress	knowledge	of	atomic	weapons	to	
prevent	their	creation	during	the	war.	Bohr	claimed	Heisenberg	boasted	of	
Germany’s	eventual	victory	and	talked	about	the	creation	of	the	bomb.	At	the	time,	
Bohr	didn’t	consider	an	atomic	weapon	feasible	in	the	near	future.	
Whatever	the	case,	Bohr’s	opposition	to	the	Nazis	and	his	mother’s	Jewish	heritage	
made	him	a	marked	man	in	the	eyes	of	the	Third	Reich.	He	also	came	under	the	
scrutiny	of	the	Allies,	who	knew	Germany	had	an	atomic	bomb	project.	Bohr’s	
presence	in	occupied	Europe	meant	he	could	be	forced	to	help	the	German	

development	effort.	Bohr	was	contacted	and	agreed	to	be	extracted	from	Denmark	in	late	September	1943.	
The	operation	was	carried	out	with	great	secrecy	but	at	the	last	minute	the	Nazis	learned	of	the	plan	and	went	after	

Bohr	at	his	home.	As	they	entered	the	house	through	the	front	door,	the	58-year-old	Bohr	ran	out	the	back,	pausing	at	his	

 
	

 
Heisenberg	and	Bohr	
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icebox	to	grab	a	beer	bottle	filled	with	heavy	water.	A	few	Danish	resistance	fighters	laid	down	covering	fire,	allowing	Bohr	
to	escape.	

Soon	he	boarded	a	fishing	boat	that	took	him	to	Sweden.	Safely	ashore,	he	traveled	to	Stockholm.	The	British	
arranged	to	secretly	fly	him	out	of	Sweden,	but	Bohr	had	an	appointment	first.	He	reportedly	met	with	Swedish	leaders	and	
implored	them	to	help	Danish	Jews.	While	there	is	controversy	over	how	much	Bohr’s	efforts	effected	the	decision,	Sweden	
did	offer	asylum	and	thousands	of	Jewish	Danes	took	refuge	there.	

The	British	sent	a	De	Havilland	Mosquito	fighter	bomber	to	retrieve	the	
scientist.	A	modified	version	of	the	Mosquito	served	as	a	fast	transport	for	special	
cargoes	during	the	war.	Bohr	met	the	definition.	On	Oct.	7,	1943	the	plane	took	
off	from	a	clandestine	airstrip	with	Bohr	laying	on	his	back	in	the	converted	
bomb	bay.	

The	aircraft	flew	high	and	fast	to	avoid	Nazi	fighters.	This	required	pilot	
and	passenger	to	wear	oxygen	masks	due	to	the	altitude.	Bohr	didn’t	put	his	on	
and	soon	passed	out	from	oxygen	deprivation.	When	the	pilot	couldn’t	talk	to	the	

unconscious	Dane,	he	realized	what	must	have	happened	and	descended,	saving	the	man’s	life.	
Bohr	didn’t	regain	consciousness	until	after	the	plane	landed.	He	went	to	the	hospital	still	clutching	his	precious	bottle	of	
heavy	water.	

After	recovering,	Bohr	went	to	the	United	States	to	join	the	Manhattan	Project.	His	contribution,	even	by	his	own	
admission,	was	minimal.	By	the	time	he	arrived	the	scientists	already	at	work	on	the	bomb	had	surpassed	his	knowledge.	
Still,	the	rescue	mission	likely	saved	Bohr	from	a	concentration	camp	or	outright	execution.	
He	returned	to	Denmark	after	the	war	and	died	there	in	1962.	

Bohr’s	time	adventures	read	like	a	spy	novel	even	though	he	provided	little	help	to	the	development	of	the	atomic	
bomb.	There	was	one	final,	amusing	indignity.	The	bottle	of	heavy	water	Bohr	grabbed	during	his	escape	and	so	carefully	
smuggled	to	England	turned	out	to	be	the	wrong	one.	It	contained	only	beer.	
	
	
	 	

 
De	Havilland	Mosquito	
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Lesson 3: The Periodic Table 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
In	the	periodic	table,	elements	are	listed	in	order	by	their	
atomic	number.	
Metals	are	on	the	left	(the	transition	metals	range	from	group	
3	to	group	12),	non-metals	are	on	the	right,	and	the	metalloids	
form	a	“staircase”	toward	the	right	side.	

	
Rows	of	elements	(across)	are	
called	periods.	
	
Columns	of	elements	are	called	groups,	or	families.	
	

	Group	1	=	alkali	metals	
	

	 					Group	2	=	alkaline	earth	metals	
	

						Group	17	=	the	halogens	
	

						Group	18	=	noble	gases	
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All	elements	in	a	family	have	similar	properties	and	bond	with	other	elements	in	similar	
ways.	
	
This	is	because	all	the	members	of	a	family	have	the	same	number	of	electrons	in	their	
outermost	electron	orbital.		
	
These	electrons	are	called	valence	electrons.	
	
	

	
	
Li,	Na	and	K	react	in	the	same	way	and	will	form	+1	charged	ions.	
F	and	Cl	will	react	the	same	and	form	-1	ions.	
	
	
This	is	because	all	elements	want	to	have	a	full	outer	orbital	of	electrons.		

	
	
	
	
	
	
Atoms	form	bonds	so	that	they	can	have	full	outer	orbitals.	
	
	
This	is	called	the	Octet	Rule	
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Lesson 4: Ionic and Covalent Bonds	
	
	
1)	Ionic	Bonds	
	
	
Metal	atoms	will	lose	valence	electrons	
and	non-metal	atoms	will	gain	these	
valence	electrons.	This	process	creates	a	
positive	metal	ion	and	a	negative	non-
metal	ion.	Their	mutual	attraction	is	called	an	Ionic	Bond.	
	
	
	
	
	
	
	
	
	
Metal	plus	Non-metal	makes	an	Ionic	Compound	that	is	held	together	by	an	Ionic	Bond.	
	
2)	Covalent	Bonds	
	
Non-metal	atoms	can	share	electrons	to	form	Covalent	Bonds	
	
	
	
	

	
	
	
	
	
	
	
Non-Metal	plus	Non-metal	makes	a	Covalent	Compound	that	is	
held	together	by	an	Covalent	Bond.	
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Lesson 5: Writing Ionic Formulae	
	
When	writing	the	formula	for	an	ionic	compound,	the	positive	charges	balance	out	the	
negative	charges.	
	
The	ratio	of	positive:negative	charges	gives	the	proper	formula.	
	
The	ratio	is	always	written	in	reduced	form.	
	
Eg.	1:	What	is	the	formula	for	magnesium	phosphide?	
	
-magnesium	is	Mg2+	and	phosphorous	is	P3–	
	
-lowest	common	multiple	of	2	and	3	is	6	
	
-need	3	Mg2+	ions	to	combine	with	2	P3–	ions	
	

-Which	gives	a	formula	of:	Mg3P2	
	
Eg.	2:	Complete	the	following	table	of	ionic	compounds		
	

	 Cl-1	 O-2	 N-3	 OH-1	 SO4-2	 PO4-3	

Na+1	 NaCl	 Na2O	 Na3N	 NaOH	 Na2SO4	 Na3PO4	

Ag+1	 AgCl	 Ag2O	 Ag3N	 AgOH	 Ag2SO4	 Ag3PO4	

Mg+2	 MgCl2	 MgO	 Mg3N2	 Mg(OH)2	 MgSO4	 Mg3(PO4)2	

Fe+3	 FeCl3	 Fe2O3	 FeN	 Fe(OH)3	 Fe2(SO4)3	 FePO4	

Pb+4	 PbCl4	 PbO2	 Pb3N4	 Pb(OH)4	 Pb(SO4)2	 Pb3(PO4)4	

V+5	 VCl5	 V2O5	 V3N5	 V(OH)5	 V2(SO4)5	 V3(PO4)5	

Cr+6	 CrCl6	 CrO3	 CrN2	 Cr(OH)6	 Cr(SO4)3	 Cr(PO4)2	

Mn+7	 MnCl7	 Mn2O7	 Mn3N7	 Mn(OH)7	 Mn2(SO4)7	 Mn3(PO4)7	
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Additional Practice 
	

	 F-1	 Br-1	 S-2	 O-2	 P-3	 MnO4-1	 N-3	 SO42-	 OH-1	 PO4-3	

Na+	 	 	 	 	 	 	 	 	 	 	

Ca2+	 	 	 	 	 	 	 	 	 	 	

Fe3+	 	 	 	 	 	 	 	 	 	 	

K+	 	 	 	 	 	 	 	 	 	 	

Sr2+	 	 	 	 	 	 	 	 	 	 	

Al3+	 	 	 	 	 	 	 	 	 	 	

Cs+	 	 	 	 	 	 	 	 	 	 	

Cu2+	 	 	 	 	 	 	 	 	 	 	

V5+	 	 	 	 	 	 	 	 	 	 	

Ag+	 	 	 	 	 	 	 	 	 	 	

Mg2+	 	 	 	 	 	 	 	 	 	 	

Co3+	 	 	 	 	 	 	 	 	 	 	

Cr3+	 	 	 	 	 	 	 	 	 	 	

Mn6+	 	 	 	 	 	 	 	 	 	 	
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Lesson 6: Naming Ionic Compounds 	
	
When	naming	ionic	compounds	we	need	to	first	identify	
whether	the	metal	ion	is	multivalent.	Multivalent	means	
that	the	ion	can	have	different	combining	capacities	or	
charges	in	different	compounds.	
	
	
The	metal	ions	in	the	first	two	columns	on	the	left	(Alkali	
metals	and	Alkaline	Earth	metals)	have	only	a	+1	or	+2	charge.	
	
	
		

1	 LiO	 	

2	 NaCl	 	

3	 MgF2	 	

4	 BeBr2	 	

5	 SrI2	 	

6	 Rb2O	 	

7	 Cs3N	 	

8	 K3P	 	

9	 Ca3N2	 	

10	 BaS	 	

11	 SrS	 	

12	 Na3N	 	

13	 KCl	 	

14	 MgCl2	 	

15	 BaI2	 	

16	 Rb3P	 	

17	 Sr3P2	 	

18	 MgSe	 	

19	 LiI	 	

20	 RaTe	 	
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Nearly	all	other	metals	on	the	chart	are	capable	of	being	multivalent.		
	
	

If	the	compound	contains	a	metal	that	is	multivalent	your	name	must	include	brackets	
with	the	Roman	numeral	that	represents	the	value	of	the	charge	on	the	metal	ion.	
	

1	 NiCl2	 	

2	 FeBr2	 	

3	 FeBr3	 	

4	 CuI	 	

5	 CuI2	 	

6	 Au2O3	 	

7	 V2O5	 	

8	 MnO3	 	

9	 Zr3N2	 	

10	 CrS	 	

11	 TiO2	 	

12	 TiO3	 	

13	 ScF3	 	

14	 CoBr3	 	

15	 MoP	 	

16	 WAt2	 	

17	 OsO2	 	

18	 HgCl	 	

19	 ZnCl2	 	

20	 SnCl4	 	
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Some	ions	are	made	up	of	groups	of	atoms	that	join	together	and	then	are	called	
something	unique.	These	are	called	polyatomic	ions.		
	
When	we	named	ions	of	single	non-metal	elements	their	names	ended	in	–ide.	If	we	have	
a	polyatomic	ion	in	the	compound	the	name	does	not	change.	(see	the	table	of	
polyatomic	ions)	
	

1	 LiOH	 	

2	 NaMnO4	 	

3	 MgSO4	 	

4	 Be(ClO)2	 	

5	 SrCr2O7	 	

6	 Rb2CO3	 	

7	 Cs3PO4	 	

8	 K2SO3	 	

9	 Ca3(PO4)2	 	

10	 Ba(NO3)2	 	

11	 Sr(NO2)2	 	

12	 Na3PO4	 	

13	 KCN	 	

14	 MgCrO4	 	

15	 Ba(CN)2	 	

16	 RbClO2	 	

17	 Sr(CH3COO)2	 	

18	 Mg(HSO4)2	 	

19	 LiHS	 	

20	 Ra(HCO3)2	 	
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1	 	 Sodium	nitrate	

2	 	 Aluminum	phosphate	
3	 	 Chromium	(IV)	iodide	

4	 	 Ammonium	bromide	
5	 	 Strontium	hypochlorite	

6	 	 Manganese	(II)	sulphate	
7	 	 Iron	(II)	carbonate	

8	 	 Nickel	(II)	hydroxide	

9	 	 Copper	(II)	sulphate	
10	 	 Calcium	permanganate	

11	 	 Lithium	cyanide	
12	 	 Barium	iodide	

13	 	 Ammonium	nitrite	

14	 	 Sodium	bromide	
15	 	 Tungsten	(IV)	oxide	

16	 	 Magnesium	hydroxide	
17	 	 Titanium	(IV)	sulphide	

18	 	 Chromium	(IV)	phosphate	

19	 	 Silver	(I)	carbonate	
20	 	 Beryllium	chlorite	
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Additional Practice 
	
											Name	the	following	 										Provide	the	formula	for	the	following	
1	 NaI	 Sodium	Iodide	 21	 Calcium	Iodide	 CaI2	

2	 CaS	 Calcium	Sulphide	 22	 Sodium	Sulphide	 Na2S	

3	 SrCl2	 Strontium	Chloride	 23	 Potassium	Cyanide	 KCN	

4	 KNO3	 Potassium	Nitrate	 24	 Rubidium	Phosphate	 Rb3PO4	

5	 Ba(CN)2	 Barium	Cyanide	 25	 Vanadium	(V)	Oxide	 V2O5	

6	 TiCl4	 Titanium	(IV)	Chloride	 26	 Iron	(III)	Hydroxide	 Fe(OH)3	

7	 Fe(OH)3	 Iron	(III)	Hydroxide	 27	 Sodium	Dichromate	 Na2Cr2O7	

8	 Mn2O3	 Manganese	(III)	Oxide	 28	 Aluminum	(III)	Chloride	 AlCl3	

9	 VPO4	 Vanadium	(III)	Phosphate	 29	 Manganese	(IV)	Cyanide	 Mn(CN)4	

10	 K2Cr2O7	 Potassium	Dichromate	 30	 Lead	(IV)	Oxide	 PbO2	

11	 ZnSO3	 Zinc	(II)	Sulfite	(Zinc	Sulphite)	 31	 Lithium	Sulfite	 Li2SO3	

12	 NaCH3COO	 Sodium	Acetate	 32	 Iridium	(II)	Nitride	 Ir3N2	

13	 AgNO2	 Silver	(I)	Nitrite	(Silver	Nitrite)	 33	 Tungsten	(IV)	Carbide	 WC2	

14	 Ni(ClO4)2	 Nickel	(II)	Hypochlorite	 34	 Strontium	Nitrite	 Sr(NO2)2	

15	 Cr(HS)3	 Chromium	(III)	Bisulfite	 35	 Iron	(II)	Bicarbonate	 Fe(HCO3)2	

16	 Cu(MnO4)2	 Copper	(II)	Permanganate	 36	 Magnesium	Acetate	 Mg(CH3COO)2	

17	 CaCO3	 Calcium	Carbonate	 37	 Cobalt	(III)	Hypochlorite	 Co(ClO4)3	

18	 OsO4	 Osmium	(VIII)	Oxide	 38	 Tin	(IV)	Nitrite	 Sn(NO2)4	

19	 Ti3(PO3)4	 Titanium	(IV)	Phosphite	 39	 Chromium	(IV)	
Chromate	

Cr(CrO4)2	

20	 MoP	 Molybdenum	(III)	Phosphide	 40	 Yttrium	(II)	Phosphite	 Y3(PO3)2	
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1	 LiO	 	 21	 NiCl2	 	

2	 NaCl	 	 22	 FeBr2	 	

3	 MgF2	 	 23	 FeBr3	 	

4	 BeBr2	 	 24	 CuI	 	

5	 SrI2	 	 25	 CuI2	 	

6	 Rb2O	 	 26	 Au2O3	 	

7	 Cs3N	 	 27	 V2O5	 	

8	 K3P	 	 28	 MnO3	 	

9	 Ca3N2	 	 29	 Zr3N2	 	

10	 	 Barium	sulphide	 30	 	 Chromium	(II)	sulphide	

11	 	 Strontium	sulphide		 31	 	 Titanium	(IV)	oxide	

12	 	 Sodium	nitride	 32	 	 Titanium	(VI)	oxide	

13	 	 Potassium	chloride	 33	 	 Scandium	(III)	fluoride	

14	 	 Magnesium	chloride	 34	 	 Cobalt	(III)	bromide	

15	 	 Barium	iodide	 35	 	 Molybdenum	(III)	phosphide	

16	 	 Rubidium	phosphide	 36	 	 Tungsten	(II)	astinide	

17	 	 Strontium	nitride	 37	 	 Osmium	(IV)	oxide	

18	 	 Magnesium	selenide	 38	 	 Mercury	(I)	chloride	

19	 	 Lithium	iodide	 39	 	 Zinc	(II)	chloride	

20	 	 Radium	telluride	 40	 	 Tin	(IV)	chloride	
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1	 LiOH	 	 21	 NaNO3	 	

2	 NaMnO4	 	 22	 AlPO4	 	

3	 MgSO4	 	 23	 CrI4	 	

4	 Be(ClO)2	 	 24	 NH4Br	 	

5	 SrCr2O7	 	 25	 Sr(ClO)2	 	

6	 Rb2CO3	 	 26	 MnSO4	 	

7	 Cs3PO4	 	 27	 FeCO3	 	

8	 K2C2O4	 	 28	 Ni(OH)2	 	

9	 Ca3(PO4)2	 	 29	 CuSO4	 	

10	 	 Barium	nitrate	 30	 	 Iron	(III)	manganate	

11	 	 Strontium	nitrite	 31	 	 Chromium	(III)	cyanide	

12	 	 Sodium	phosphate	 32	 	 Barium	iodide	

13	 	 Potassium	cyanide	 33	 	 Ammonium	nitrite	

14	 	 Manganese	(II)	chromate	 34	 	 Tantalum	(I)	bromide	

15	 	 Barium	thiocyanate	 35	 	 Rhodium	(I)	fluoride	

16	 	 Silver	(I)	chlorite	 36	 	 Magnesium	hydroxide	

17	 	 Titanium	(IV)	acetate	 37	 	 Titanium	(II)	oxide	

18	 	 Iron	(III)	sulphite	 38	 	 Niobium	(II)	oxalate	

19	 	 Iridium	(II)	hypochlorite	 39	 	 Nickel	(II)	carbonate	

20	 	 Potassium	dichromate	 40	 	 Berrylium	oxide	
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Lesson 7: Naming Covalent Compounds 	
	
Covalent	compounds	are	made	up	of	non-metal	atoms	only.	
	
Eg.	1:	What	is	the	name	of	CCl4?	
	
As	we	did	with	ionic	compounds	we	start	by	writing	the	names	of	
both	elements	and	then	change	the	second	element’s	name	to	end	with	–ide.	
	
	
We	then	use	the	prefixes	to	indicate	how	many	of	each	atom	are	within	the	molecule.	
	
	 	Which	give	us:		carbon	tetrachloride	
	
One	rule	to	remember	is	to	never	start	a	name	with	the	mono-	prefix.	
	
Eg.	2:	What	is	the	name	for	P2O4?	
	
	
	
	
Eg.	3:	What	is	the	name	for	OF2?	
	
	
	
	
Eg.	4:	What	is	the	name	for	CO2?	
	
	
	
	
	
	
Eg.	5:	What	is	the	name	for	CS2?	
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Additional Practice 
	
											Name	the	following	 										Provide	the	formula	for	the	following	

1	 PI3	 Phosphorous	triiodide	 21	 Nitrogen	dioxide	 NO2	

2	 CBr4	 Carbon	tetrabromide	 22	 Sulphur	hexafluoride	 SF6	

3	 N2O	 Dinitrogen	monoxide	 23	 Dinitrogen	tetrasulphide	 N2S4	

4	 NO	 Nitrogen	monoxide	 24	 Sulphur	dioxide	 SO2	

5	 N2O4	 Dinitrogen	tetraoxide	 25	 Bromine	trifluoride	 BrF3	

6	 P4S10	 Tetraphosphorous	decasulphide	 26	 Phosphorus	trichloride	 PCl3	

7	 S2F8	 Disulphur	octafluoride	 27	 Disulphur	hexaoxide	 S2O6	

8	 H2O	 Dihydrogen	monoxide	(water)	 28	 Diiodine	hexafluoride	 I2F6	

9	 NI3	 Nitrogen	triiodide	 29	 Carbon	monoxide	 CO	

10	 PCl5	 Phosphorous	pentachloride	 30	 Iodine	difluoride	 IF2	

11	 SI3	 Phosphorous	pentachloride	 31	 Phosphorous	
pentabromide	

IF2	

12	 N2O5	 Phosphorous	pentachloride	 32	 Sulphur	trioxide	 IF2	

13	 SF2	 Phosphorous	pentachloride	 33	 Oxygen	difluoride	 IF2	

14	 CH4	 Phosphorous	pentachloride	 34	 Nitrogen	monoxide	 IF2	

15	 CS2	 Phosphorous	pentachloride	 35	 Dihydrogen	monosulphide	 IF2	

16	 SeCl2	 Phosphorous	pentachloride	 36	 Chlorine	trifluoride	 IF2	

17	 NH3	 Phosphorous	pentachloride	 37	 Xenon	hexafluoride	 IF2	

18	 CO	 Phosphorous	pentachloride	 38	 Sulphur	tetrabromide	 IF2	

19	 CO2	 Phosphorous	pentachloride	 39	 Iodine	phosphide	 IF2	

20	 N2O	 Phosphorous	pentachloride	 40	 Tribromine	nitride	 IF2	
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Lesson 8: Chemical Equations 	
	
In	chemical	reactions	reactants	turn	into	new	substances	
with	new	properties	called	products.	
	
	
We	need	to	write	chemical	reaction	in	two	different	ways:	
	
1)	A	word	equation	
	
Copper	metal	+	nitric	acid	à	aqueous	copper	(II)	nitrate	+	nitrogen	dioxide	gas	+	water	
	
2)	A	symbolic	equation	
	
Cu(s)		+		4HNO3(aq)		à		Cu(NO3)2(aq)		+		2NO2(g)		+		2H2O(l)	
	
	
Coefficients	are	the	whole	numbers	found	at	the	front	of	
molecules	in	a	balanced	chemical	equation.	
	
	
	
	
	
The	law	of	conservation	of	mass.	
	
In	a	chemical	reaction	matter	is	neither	created	nor	destroyed,	just	rearranged.	The	total	
mass	of	the	reactants	equals	the	total	mass	of	the	products.		
	
	
The	number	of	atoms	in	the	reactants	is	the	same	as	the	number	of	atoms	in	the	
products.	
	
	
	
Because	of	this	we	when	we	write	equations	
we	must	acknowledge	this	by	accounting	for	
the	conservation	of	matter.	
	

	

State	of	matter	
	
-	Letters	indicate	the	state	of	each	
compound.	
	
(aq)	=	aqueous/dissolved	in	water	
	
(s)	=	solid	
	
(	l	)	=	liquid	
	
(g)	=	gas	
	

	
							Antoine	and	Marie-Anne	Lavoisier	
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Balancing	chemical	reactions	
	
We	balance	chemical	equations	to	make	the	total	mass	of	
reactants	and	products	equal.		
	
Starting	with	an	unbalanced	or	skeletal	equation	we	can	
only	add	or	change	the	whole	number	coefficients	found	
in	front	of	the	molecules.	
	
	
Eg.	1:	Balance	the	following	skeletal	equations	
	
______	K	+	______	O2	à	______	K2O	 	 	 ______	H2	+	______	O2	à	______	H2O	
	
	
______	Fe	+	______	Br2	à	______	FeBr3	 	 	 ______	N2	+	______	H2	à	______	NH3	
	
	
There	are	some	special	elements	that	when	they	are	alone	form	into	pairs	or	other	
arrangements.	They	are:	
	

I2,	Br2,	Cl2,	F2,	O2,	N2,	H2,	S8,	P4	
	
Balancing	equations	from	word	equations	
	
Write	the	balanced	equation	for	the	reaction	between	tin	(IV)	nitrate	and	potassium	
phosphate	that	produces	tin	(IV)	phosphate	and	potassium	nitrate	
	
Start	by	writing	the	skeletal	equation:	
	
	

Sn(NO3)4	+	K3PO4	à	Sn3(PO4)4	+	KNO3	
	
	
Then	balance	by	adding	the	required	coefficients:	
	
	
	 ______	Sn(NO3)4	+	______	K3PO4	à	______	Sn3(PO4)4	+	______	KNO3	
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Balance	the	following:		
	
1)	______	Li	+	______	Cl2	à	_____	LiCl	
	
2)	______	NaI	+	______	AlCl3	à	______	NaCl	+	______	AlI3	
	
3)	______	CH4	+	______	O2	à	______		CO2	+	______	H2O	
	
4)	______	MgO	à	______	Mg	+	______	O2	
	
5)	______	NaN3	à	______	Na	+	______	N2	
	
6)	______	Mg(ClO4)	+	______	Na	à	______	NaClO4	+	______	Mg	
	
7)	______	C3H8	+	______	O2	à	______	CO2	+	______	H2O	
	
8)	______	H2O2	à	______	H2O	+	______	O2	
	
9)	______	Se(NO3)2	+	______	Na2SO4	à	______	SeSO4	+	______	NaNO3	
	
10)	______	Fe	+	______	CuCl2	à	______	Cu	+	______	FeCl3	
	
11)	Lithium	phosphate	+	magnesium	sulphate	à	lithium	sulphate	+	magnesium	phosphate	
	
	
	
	
12)	Barium	hydroxide	+	hydrochloric	acid	à	water	+	barium	chloride	
	
	
	
13)	Copper	(II)	nitrate	+	aluminum	à	copper	+	aluminum	nitrate	
	
	
	
	
14)	Sulphur	(S8)	+	fluorine	(F2)	à	sulphur	hexafluoride	
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Additional Practice 
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Lesson 9: Types of Chemical Reactions 	
	
1)	Synthesis	Reactions	
	
A	synthesis	reaction	is	where	two	or	more	atoms	or	molecules	
combine	to	form	a	single	larger	molecule.	 	
	
	 	 				A		+		B		à		AB	
	

2H2(g)		+		O2(g)	à	2H2O(g)	
	
	 	 2Na(s)	+	Cl2(g)	à	2NaCl(s)	
	
	
2)	Decomposition	Reactions	
	
A	decomposition	reaction	is	where	a	single	
larger	molecule	breaks	apart	to	form	two	or	
more	atoms	or	molecules.	 	
	
	 	 AB			à		A		+		B	
	

2H2O(g)		à	2H2(g)		+		O2(g)		
	
	 	 2NaCl(s)à	2Na(s)	+	Cl2(g)		
	
	
	
3)	Combustion	Reactions	
	
A	combustion	reaction	is	where	O2	combines	with	a	hydrocarbon	compound	to	produce	
CO2	and	H2O.	
	
	 	 C3H8(g)		+	5O2(g)	à		3CO2(g)		+		4H2O(g)	
	
	 	 C6H12O6(g)	+	6O2(g)	à	6CO2(g)	+	6H2O(g)	
	
	

	

	

	

	

26



4)	Single	Replacement	Reactions	
	
A	single	replacement	reaction	occurs	
when	a	single	metal	or	non-metal	
takes	the	place	of	a	similar	metal	or	
non-metal	in	a	compound.	
	
	
	 	

AX		+		Y			à		AY		+		X	
	
	 	 ZnF2(s)		+		K(s)		à	KF(s)		+		Zn(s)	
	

CuBr2(s)		+		Cl2(g)		à	CuCl2(s)		+	Br2(l)	
	
Eg.	1:	Predict	the	products	of	the	following	single	replacement	reactions.		
	
AgNO3		+		Al	à	____________		+		______________	
	
CaCO3		+		Li	à	____________		+		______________	
	
MgCl2	+	F2	à	____________		+		______________	
	
PbBr2		+		Cl2	à	____________		+		______________	
	
	
5)	Double	Replacement	Reactions	
	
A	double	replacement	reaction	is	
when	the	ions	on	an	ionic	compound	
switch	places	and	form	two	new	
combinations.	
	
	

AX	+	BY	à	AY	+	BX	
	

Pb(NO3)2(aq)	+	MgCl2(aq)		à		PbCl2(aq)		+		Mg(NO3)2(aq)	
	

CuBr2(aq)		+		KCl(aq)		à	CuCl2(aq)		+	KBr(aq)	
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Eg.	2:	Predict	the	products	of	the	following	double	replacement	reactions.		
	
AgNO3		+		KCl	à	____________		+		______________	
	
(NH4)2CO3		+		SrSO4	à	____________		+		______________	
	
SrBr2		+		MgSO4	à	____________		+		______________	
	
Cs3PO4		+		Sr(OH)2	à	____________		+		______________	
	
6)	Acid	Base	Neutralization	Reactions	
	
An	acid	and	a	base	react	together	to	form	a	salt	and	water.	Acids	are	compounds	that	
start	with	H	and	release	H+	ions	into	the	water.	Bases	are	compounds	that	end	with	OH-	
	
HY		+		XOH		à		H2O		+		XY	
	
HCl		+		NaOH	à	H2O		+		NaCl	
	
	
	
Eg.	3:	Predict	the	products	of	the	following	acid	base	reactions.	
	
HCl		+		Sr(OH)2	à	____________		+		______________	
	
H2SO4		+		LiOH	à	____________		+		______________	
	
H3PO4		+		Ca(OH)2	à	____________		+		______________	
	
HF		+		Al(OH)3	à	____________		+		______________	
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Additional	Practice:	Identify	the	reaction	type,	then	predict	the	products	and	balance	the	equations.	
	
a.		Combustion:	 	 	 ____C6H12	 +	 ____O2	 ®	

b.		Combustion:	 	 	 ____C4H6		 +	 ____O2	 ®	

c.		Combustion:	 	 	 ____C6H10O3	 +	 ____O2	 ®	

1.		Synthesis:	 	 	 ____Mg	 	 +	 ____I2	 ®	

2.		Double	replacement:	 	 ____CuCl2	 +	 ____H2S	 ®	

3.		Double	replacement:	 	 ____NaOH	 +	 ____HClO4®	

4.		Decomposition:	 	 ____CaCO3	 					®	

5.		Single	replacement:	 	 ____HCl	 	 +	 ____Zn	 ®	

6.		________________		 	 ____Na	 	 +	 ____MgCl2®	

7.		________________		 	 ____CaCl2	 +	 ____K2CO3®	

8.		________________		 	 ____K	 	 +	 ____Cl2	 ®	

9.		________________		 	 ____BaCl2	 +	 ____K3PO4®	

10.		________________	 	 ____H2SO4	 +	 ____KOH	®	

11.		________________	 	 ____KClO3					®	

12.		________________	 	 ____Al	 	 +	 ____O2	 ®	

13.		________________	 	 ____Pb(NO3)2	 +	 ____KOH	®	

14.		________________	 	 ____H2SO4	 +	 ____BaCl2	 ®	
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15.		________________	 	 ____Ca	 	 +	 ____AgCl	®	

16.		________________	 	 ____H3PO4	 +	 ____FeBr3	 ®	

17.		________________	 	 ____Li	 	 +	 ____N2	 ®	

18.		________________	 	 ____HCl	 	 +	 ____Mg(OH)2					®	

19.		________________	 	 ____Ag2O	®	

20.		________________	 	 ____Al2O3			®				

	
	

Predicting	Products		Possible	Quiz	
	
For	each	of	the	following	reactions,	identify	what	type	of	reaction	each	is	and	then	determine	what	the	products	of	each	will	
be.	When	you	have	predicted	the	products,	balance	the	equation		
	
Type:______	 	 1)	 ____	C8H18	+	____	O2	à		
	
	
	
Type:______	 	 2)	 ____	Pb(NO3)2	+	____	K2CrO4	à	
	
	
	
Type:______	 	 3)	 ____	H2	+	____	S8	à	
	
	
	
Type:______	 	 4)	 ____	Cu(OH)2	+	____	H3PO4	à	
	
	
	
Type:______	 	 5)	 ____	AgNO3	+	____	Na2CO3	à	
	
	
	
Type:______	 	 6)	 ____	Zn	+	____	CuCO3	à	
	
	
	
Type:______	 	 7)	 ____	NaCl		à	
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Lesson 10: Acids and Bases 	
	
Definitions	of	Acid	&	Base	
	
Acids	and	bases	are	very	common.	Acids	are	compounds	whose	
formulae	start	with	a	H	and	when	dissolved	in	water	they	
produce	H+1	ions.	
	
Some	common	acids	include	HCl,	HNO3,	H2SO4,	H3PO4	
	

	
Acids	are	found	in	many	cleaning	products,	car	batteries,	and	in	soft	
drinks.	
	
	
	
	

	
Bases	are	compounds	whose	formulae	end	in	OH	and	when	dissolved	in	water	will	
produce	OH-1	ions.	
	
Some	common	bases	include	NaOH,	Ca(OH)2,	NH4OH	
	
Bases	are	ingredients	in	oven	and	drain	cleaner,	antacids	and	
laxatives.	They	are	also	used	in	the	manufacture	of	soaps.	
	
The	pH	scale	
	
The	pH	scale	is	used	to	measure	the	relative	amounts	of	acid	or	base	in	a	solution.	When	
the	pH	is	7	the	solution	is	neutral.		
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The	pH	scale	is	mathematically	like	the	Richter	scale	for	measuring	the	magnitude	of	
earthquakes.		For	instance,	a	solution	that	has	a	pH	of	3	is	10	times	as	acidic	as	a	solution	
with	a	pH	of	4.	A	solution	that	has	a	ph	of	12	is	1000	times	as	basic	as	a	solution	that	has	
a	ph	of	9.	
	
Acid	Base	Indicators	
	
An	acid	base	indicator	is	a	chemical	that	changes	colour	in	the	presence	of	acid	or	base,	
thus	making	it	easy	to	see	if	a	solution	is	acidic	or	basic.	
	
Different	indicators	will	change	colour	at	different	parts	of	the	pH	scale.	This	can	be	
useful	to	estimate	the	exact	pH	of	a	solution.	
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Properties	of	acids	and	Bases	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Metals	from	the	Alkali	metal	and	Alkaline	Earth	metal	families	will	react	with	acids	to	
produce	hydrogen	gas,	H2(g).	
	
	
	
Acids	react	with	compounds	that	contain	the	carbonate	ion	to	
produce	water	and	carbon	dioxide.	
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Lesson 11: Organic Compounds 	
	
What	does	organic	mean?	
	
In	chemistry	an	organic	compound	is	one	that	is	
made	of	primarily	carbon,	hydrogen,	oxygen	and	
possibly	a	few	other	elements.	
	
	
Carbon	forms	four	strong	covalent	bonds	with	other	carbon	atoms	to	create	large	
molecules	that	are	the	building	blocks	of	all	living	things,	plastics,	medicines	and	fuels.		
	
Hydrocarbons	
	
Hydrocarbons	contain	only	carbon	and	hydrogen.	An	example	is	methane	(CH4)	and	
ethane	(C2H6)	which	together	are	the	components	of	natural	gas.	
	
	
All	hydrocarbons	are	combustible,	with	the	smallest	molecules	being	gasses	at	room	
temperature.	Medium	sized	molecules	are	liquids	and	large	molecules	are	solids.	
	
Propane	(C3H8)	 	 	 Octane	(C8H18)	 	 	 Paraffin	wax	(C31H64)	
								gas	 	 	 	 							liquid	 	 	 	 										solid	
	
Alcohols	
	
Alcohols	are	an	example	of	a	hydrocarbon	that	
contains	an	oxygen	atom.		
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Lesson 12: Factors Affecting the Rate of Chemical Reactions 	
	
Controlling	the	rate	of	a	chemical	reaction	is	vital	to	chemistry.	There	
are	several	factors	that	affect	the	rate	of	chemical	reactions.	
	
1)	Temperature	
	
Temperature	is	a	measure	of	the	average	speed	or	kinetic	energy	of	molecules.		

	
The	faster	(or	hotter)	that	molecules	are,	the	faster	they	will	react.	
The	colder	a	reaction	is	the	slower	it	will	react.		
	
Putting	food	in	a	fridge	slows	the	chemical	reactions	that	spoil	food,	
extending	the	safe	lifespan	of	food.	

	
	
2)	Concentration	
	
Concentration	is	a	measure	of	how	much	of	a	chemical	is	present	in	a	given	volume.	
Concentration	can	be	measured	in	grams	per	liter.	(g/L)	
	
Increasing	the	concentration	increases	the	rate	of	the	reaction	and	vice	versa.	
	
	
Natural	gas	will	not	explode	if	the	concentration	of	oxygen	gas	is	less	than	12%.	Most	
things	burn	due	to	the	relatively	high	percentage	of	O2	in	the	atmosphere	(21%)	
	
	

	
In	World	War	II	American	aircraft	carriers	
routinely	purged	their	aircraft	refueling	lines	with	
CO2	so	that	in	the	event	of	enemy	fire	the	aircraft	
fuel	being	carried	would	not	explode.	The	
Imperial	Japanese	aircraft	carriers	did	not	employ	
this	technique	and	when	attacked	exploded	and	
were	more	easily	destroyed.		
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3)	Surface	Area	
	
Chemical	reactions	occur	when	reactant	molecules	come	into	contact	through	collisions.	
Increasing	the	surface	area	will	increase	the	rate	of	the	reaction.		
	
Surface	area	can	be	increased	by	chopping	the	reactant	into	small	pieces	or	by	grinding	it	
into	a	powder.		
	
Some	examples	of	this	principle	include:	
	

• Fuel	injectors	spray	gas	into	the	combustion	chamber	
of	an	engine	as	a	fine	mist	to	speed	the	rate	at	which	it	
burns	as	well	as	to	help	it	burn	evenly.		

• It’s	easier	to	start	a	fire	with	kindling	as	it	has	a	
greater	surface	area.	

• Flour	will	burn	poorly	but	finely	ground	flour	
dispersed	in	air	can	burn	very	quickly.		

	
4)	Catalysts	
	
A	Catalyst	is	a	chemical	that	that	allows	a	reaction	to	proceed	faster	but	is	not	consumed	
in	the	reaction.	
	
Catalysts	will	lower	the	amount	of	energy	required	to	break	the	bonds	of	reactant	
molecules.		
	
	
	
Some	examples	of	catalysts	include:	
	
	

• Biological	catalysts	are	called	enzymes.	Saliva	has	enzymes	
that	start	the	digestion	of	starches	into	sugars	

• Automobiles	have	catalysts	that	convert	harmful	products	
of	combustion	into	less	harmful	compounds.		

• Platinum	metal	act	as	a	catalyst	in	many	reactions	involving	
organic	compounds.	
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A	catalytic	converter	is	a	device	installed	in	cars	to	decrease	pollution.	
Car	exhaust	passes	through	the	catalytic	converter	before	leaving	the	car.	
	
Catalysts	found	in	the	honeycomb-shaped	filters	in	the	converter	help	to	change	many	of	
the	pollutants	into	less	harmful	substances.	
	

• Poisonous	carbon	monoxide	is	changed	into	CO2.	
• Hydrocarbons	are	converted	into	CO2	and	H2O.	
• Nitrogen	oxides	are	changed	into	N2	and	O2.	

eg.	2N2O3	®	2N2	+	3O2	
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Bonus	Unit:	Radiation	
 
Lesson	1:	Atomic	Theory	and	Isotopes	
	
The	discovery	of	Radiation	
	
In	1895	German	physicist	Wilhelm	Roentgen	observed	that	
certain	materials	emitted	an	unknown	kind	of	energy	when	he	
bombarded	them	with	electrons.		
	
These	mysterious	rays	darkened	photographic	plates	just	like	visible	light	did	

	
French	physicist	Henry	Becquerel	found	that	a	rock	containing	
uranium	salts	emitted	these	X-rays	naturally	(did	not	have	to	
bombard	them	with	electrons)	
	
	
Chemists	Marie	and	Pierre	Curie	were	able	to	

isolate	the	minerals	emitting	the	X-rays	and	found	it	to	be	from	the	
uranium	atoms	in	the	rock	sample.		
	
They	called	this	process	radioactivity	
	
Radioactivity	
	
Radioactivity	is	the	release	of	high-energy	particles	and	rays	of	energy	from	a	substance	
as	a	result	of	changes	in	the	nuclei	of	atoms.		
	
	
	
Radiation	is	the	general	term	for	these	high-
energy	particles	and	rays	of	energy.	
	
	
	
These	processes	occurs	all	around	us	and	are	
known	as	Natural	Background	Radiation.	
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The	electromagnetic	spectrum	covers	all	of	the	different	types	of	energy	rays.		
	
	
	
	
	
	
	
	
	
	
	
	
	
Note	that,	regardless	of	the	type	of	radiation	(microwave,	gamma	rays,	etc),	the	amount	
of	energy	contained	in	one	wavelength	is	constant	but	because	gamma	rays	hit	an	object	
more	frequently,	it	imparts	more	energy	to	that	object	
	
Isotopes	
	
Recall	from	the	periodic	table	that	some	
elements	have	different	atomic	masses.		
	
Where	does	the	change	in	masses	come	
from?	
	
All	of	the	mass	in	an	atom	is	located	in	the	
nucleus.	Atomic	number	has	to	stay	the	same	or	you	change	the	element.	The	only	thing	
that	can	change	is	the	number	of	neutrons.	
	
	
Isotopes	are	atoms	of	the	same	element	with	different	atomic	masses	(different	number	
of	neutrons).	This	can	make	some	nuclei	unstable	
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Eg.1		Carbon	occurs	naturally	in	3	forms:			
	
	
	
	
	
	

Isotope	 #	Protons	 #	Electrons	 #	Neutrons	
	 6	 6	 6	

	 6	 6	 7	

	 6	 6	 8	
	
	
Carbon	12	()		and	Carbon	13	()	are	the	stable	isotopes		
	
Carbon	14	()	is	the	unstable	form	
	
Radiation	is	the	result	of	unstable	nuclei	of	some	atoms	giving	off	energy	as	they	become	
a	more	stable	nuclei.	
	

C126
C136
C146

	

called	standard	
atomic	notation	or	
the	nuclear	symbol	

	CC, C, 14
6

13
6

12
6
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Lesson	2:	Radioactive	Decay	
	
Radioactivity	
	
Radioactivity	is	the	release	of	energy	as	a	result	of	changes	
in	the	nuclei	of	an	atom.	
	
Scientists	discovered	that	when	radioactive	energy	was	given	off,	the	atoms	of	one	type	
of	element	were	changed	into	the	atoms	of	another	type	of	element.	
	
Isotopes	that	are	unstable	become	stable	by	losing	energy	by	emitting	radiation	
	

• This	process	of	giving	off	radiation	is	called	radioactive	decay	
• When	an	the	atom	of	an	element	decays,	it	usually	turns	into	a	different	type	of	
atom	

	
Types	of	Radiation	
	
While	working	at	McGill	University	in	Montreal,	
Ernest	Rutherford	discovered	that	there	are	three	
common	types	of	radiation:	
	
1.	Alpha	Radiation	
	
A	stream	of	alpha	particles	is	called	alpha	decay.	
The	Alpha	particle	is	the	same	as	the	nucleus	of	a	helium	atom	(or).	
	
Because	there	is	only	2	protons	and	2	neutrons	present,	an	alpha	particle	has	a	charge	of	
+2.	

	
Alpha	particles	are	the	largest	and	most	massive	type	
of	radiation.	They	are	relatively	slow	moving	and	they	
do	not	penetrate	through	other	objects.	Alpha	
particles	can	be	stopped	by	a	sheet	of	paper.	
	
Since	2	protons	are	given	off,	a	different	type	of	atom	

is	formed	with	an	atomic	number	2	less	than	the	parent	atom	
	
Example:	 	
	
	
	

a42
204
82

208
84   Pb  Po +®

Parent	Isotope	

Daughter	Isotope	

	He Rn   Ra 4
2

222
86

226
88 +®
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2.	Beta	Radiation	
	
A	beta	particle	is	equal	to	a	high	energy	electron	which	
is	called	beta	decay	
	

• Written	as		or		
	

• Has	a	charge	of	-1	
	

• Lightweight	and	fast	moving		
	

• Can	penetrate	more	than	an	alpha	particle	
	

• Can	be	stopped	by	a	sheet	of	aluminum	foil	
	
The	electron	comes	from	the	breakdown	of	a	neutron	which	forms	an	electron	and	a	
proton	which	increases	the	atomic	number	by	1	
	

Example:	 	

	

	
3.	Gamma	Radiation	
	
Gamma	radiation	is	a	ray	of	high-energy,	short	wavelength	energy.	When	an	atom	emits	
a	gamma	ray	this	is	called	gamma	decay.	
	
Results	when	the	nucleus	of	an	atom	has	too	much	energy	
	
Gamma	decay	can	be	written	as		
	

	
	

	

b01-
14
7

14
6   N  C +®

e01-
131
54

131
53   Xe  I +®
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Gamma	rays	have	almost	no	mass	and	no	charge	and	have	
the	greatest	penetrating	power.	Thick	blocks	of	dense	
material	(lead	or	concrete)	are	required	to	stop	them.	
	
Does	not	result	in	the	formation	of	a	new	atom		
	
	

Example:	 	 the	*	means	extra	energy	
	
Gamma	decay	can	happen	when	other	types	of	radioactive	decay	produce	a	new	atom	
with	too	much	energy	in	the	nucleus.	
	
	
Example: 	 	
	
	
	
	
	
	

g00
60
28

60
28   Ni  *Ni +®

	
	

	

a42
234

90
238
92   *Th  U +®

g0
0

234
90

234
90 2 Th   *Th +®
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Lesson	3:	Half	Life	Decay	
	
Half	Life	
	
The	amount	of	time	required	for	half	of	the	radioactive	
atoms	in	a	sample	to	decay	
	
Strontium-90	has	a	half-life	of	29	years	which	means	if	
10	g	of	strontium-90	was	started	with,	there	would	only	be	5	g	of	strontium-90	after	29	
years	had	passed	
	
This	is	a	useful	tool	because	it	can	be	used	to	date	things	
	

Carbon	Dating	
	
Uses	Carbon-14	to	date	the	remains	of	organic	
materials.	
	
Carbon-14	has	a	half-life	of	5730	years	
	
All	organic	materials	contain	the	same	percentage	
of	carbon-14	(1	in	a	trillion	carbon)	atoms.	As	
carbon	atoms	decay	in	a	living	organism,	they	are	
constantly	replaced	so	the	total	number	of	
carbon-14	atoms	is	almost	constant.	

	
When	an	organism	dies,	it	no	longer	takes	in	carbon-14	atoms	so	the	total	number	starts	
to	decrease.	
	
By	measuring	the	amount	of	carbon-14	left	in	a	sample,	the	length	of	time	it	has	been	
dead	can	be	determined.	
	
Only	useful	for	samples	up	to	50	000	years	old.	After	this,	there	is	not	enough	carbon-14	
left	to	measure	
	
Radioactive	Dating	
	
Other	elements	with	different	half-lives	can	
be	used	to	age	older	samples	
	

	

	

Radioactive	
Element	

Half-Life	

Radon-222	 3.8	days	
Potassium-40	 1.3	billion	years	
Uranium-238	 4.5	billion	years	
Rubidium-87	 49	billion	years	
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Decay	Curve	
	
A	decay	curve	is	a	graph	that	shows	
the	quantity	of	a	radioactive	isotope	
left	after	a	given	period	of	time.	

	
	
	
	
	
The	shape	of	a	decay	curve	for	
different	radioactive	isotopes	does	
not	change,	only	the	time	frame	
changes.	
	
	
Half-Life	Calculations	
	
Eg.	1.	 Iodine-131	has	a	half-life	of	8	days.		If	you	started	with	50	grams	of	iodine-131,	
how	much	would	be	left	after:	
	
a)	8	days?	
	

	à	1	half-life	has	passed			
	
	
	
	

	
	

188 =÷

	

b)		32	days?	
	

	à	4	half-lives	
	
50g	÷	2	÷	2÷	2	÷	2	=	3.125g	
	

4832 =÷
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Lesson	4:	Nuclear	Reactions	
	
Nuclear	Fission	
	
Nuclear	reaction	in	which	the	nucleus	of	a	massive	atom	
is	split	into	two	smaller	nuclei,	subatomic	particles	and	
energy	
	
This	results	in	the	production	of	a	large	amount	of	energy	
	
Example:	fission	of	1	g	of	uranium-235	=	energy	from	burning	2	tonnes	of	coal	
	

Or,		explosion	is	1	million	times	greater	than	TNT	by	mass.	
	
	
Advantage	
	
Allows	the	use	of	a	small	amount	of	nuclear	material	to	
produce	large	amounts	of	electricity	
	
Disadvantage	
	
Results	in	the	production	of	radioactive	waste	material	with	a	long	half-life	
	
Waste	materials	must	be	stored	
	
Life	span	of	nuclear	reactors	is	approximately	40	years	
	
Fission	reactions	can	be	induced	(caused	to	occur)	by	bombarding	certain	atoms	with	
neutrons	
	
Nuclear	Fission	of	Uranium	

	
	
	
	
	
	
Rules:	
The	sum	of	the	atomic	mass	on	each	side	must	equal	
The	sum	of	the	charges	must	equal	(count	atomic	numbers)	
This	is	the	reaction	used	in	the	Canadian-built	CANDU	(Canadian	Deuterium	Uranium)	
reactors	

energy  3   Ba Kr   U  1
0

141
56

92
36

235
92

1
0 +++®+ nn

	

Uranium	atom	
combined	with	
a	neutron	

Two	new	elements	formed	
plus	3	neutrons	and	energy	
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Chain	Reactions	
	
The	above	reaction	was	started	by	a	neutron	hitting	a	stable	atom	of	uranium	to	create	
an	unstable	uranium	nucleus.		
	
Note	that	on	the	products	side	are	three	new	neutrons.	These	neutrons	are	free	to	collide	
with	three	other	uranium	atoms	to	create	three	new	fission	reactions	each	of	which	will	
result	in	3	more	neutrons	and	so	it	continues.	
	
Chain	Reaction	is	a	self-driving	reaction	
	
This	reaction	is	slowed	down	using	a	
cooling	system	
	
If	the	reaction	gets	out	of	control,	it	
results	in	a	nuclear	reactor	
meltdown.		
	
The	reaction	produces	so	much	
energy	that	it	literally	destroys	the	
power	plant	and	releases	all	of	the	
radioactive	waste	material	into	the	
environment.	
	
Nuclear	Fusion	
	
Nuclear	fusion	is	the	process	of	combining	two	nuclei	into	one	more	massive	nucleus.	
This	is	the	process	that	drives	solar	reactions	in	our	Sun	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	

	

Hydrogen-2	and	Hydrogen-3	
isotopes	
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Advantages	of	Fusion	vs.	Fission	
	
Produces	approximately	4.5	times	the	amount	of	energy	per	equivalent	mass	of	starting	
material.	
	
Product	is	helium,	a	non-hazardous	material	
	
	
Disadvantages	
	
Need	extreme	temperatures	and	pressures	(10	million	Kelvin	in	sun	=	100	million	Kelvin	
on	Earth	due	to	less	pressure)	
	
Have	no	way	to	contain	the	energy	and	heat	from	a	nuclear	fusion	reaction	
	
Only	way	to	start	a	fusion	reaction	at	present	is	with	a	fission	reaction	(ex:	Hydrogen	
bomb	
	
 
 
 

 
On	March	1,	1954,	a	deliverable	
hydrogen	bomb	using	solid	lithium	
deuteride	was	tested	by	the	United	
States	on	Bikini	Atoll	in	the	Marshall	
Islands.	By	missing	an	important	fusion	
reaction,	the	scientists	had	grossly	
underestimated	the	size	of	the	
explosion.	
The	predicted	yield	was	5	megatons,	
but,	in	fact,	"BRAVO"	yielded	14.8	
megatons,	making	it	the	largest	U.S.	
nuclear	test	ever	exploded.	

The	blast	gouged	a	crater	more	than	½	
mile	wide	and	several	hundred	feet	
deep	and	ejected	several	million	tons	of	
radioactive	debris	into	the	air.	Within	
seconds	the	fireball	was	nearly	3	miles	
in	diameter.	
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Unit Two: DNA and Heredity 
 
Lesson 1: What is DNA?	 
	
The	DNA	Molecule	
	
Deoxyribonucleic	Acid	is	the	molecule	that	encodes	the	genetic	instructions	used	in	the	
development	and	functioning	of	all	known	living	organisms.		
	

The	structure	of	DNA	was	first	described	by	
Nobel	Prize	winners	James	Watson	and	
Francis	Crick		in	1953.		
	
	
The	information	in	DNA	is	stored	as	a	code	
made	up	of	four	chemical	bases:	adenine	(A),	
guanine	(G),	cytosine	(C),	and	thymine	(T).		
	
	
The	DNA	bases	pair	up	with	each	other,	A	
with	T	and	C	with	G,	to	form	units	called	base	
pairs.		
	
	
	
	
	
	
	

	
Each	base	is	also	attached	to	a	sugar	molecule	and	
a	phosphate	molecule.		
	
	
	
Together,	a	base,	sugar,	and	phosphate	are	called	a	
nucleotide.	Nucleotides	are	arranged	in	two	long	
strands	that	form	a	spiral	called	a	double	helix.		
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The	structure	of	the	double	helix	is	like	a	twisted	ladder,	with	the	base	pairs	forming	the	
ladder’s	rungs	and	the	sugar	and	phosphate	molecules	forming	the	vertical	sidepieces	of	
the	ladder.	
	
Written	out	the	base	pairs	in	DNA	make	a	sequence,	e.g.	A	T	A	T	C	T	C	T	T	G	A	T	G	C	G.		

	
More	than	99.9%	of	those	bases	are	the	same	in	all	
people.		
	
	
The	order,	or	sequence,	of	the	letters	determines	
the	information	available	for	building	and	
maintaining	an	organism,	similar	to	the	way	in	
which	letters	of	the	alphabet	appear	in	a	certain	
order	to	form	words	and	sentences.	

	
Chromosomes:	
	
In	the	nucleus	of	each	
cell,	the	DNA	
molecule	is	packaged	
into	thread-like	
structures	called	
chromatin.	
Chromatin	is	
condensed	
further	to	form	
structures	called	
chromosomes.		
	
	
	
	
	
Humans	have	a	total	of	23	pairs	of	chromosomes.		
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Genes:	
	
Genes	are	formed	from	segments	of	DNA	that	range	in	size	from	27,000	base	pairs	to	
2,000,000	base	pairs.	Every	human	has	the	same	set	of	
genes	-	about	20,000	in	all.	The	differences	between	
people	come	from	slight	variations	in	these	genes.		
	
	
For	example,	a	person	with	red	hair	doesn't	have	the	
"red	hair	gene"	while	a	person	with	brown	hair	has	
the	"brown	hair	gene."	Instead,	all	people	have	genes	
for	hair	color,	and	different	versions	of	these	genes,	
called	alleles,	dictate	whether	someone	will	be	a	
redhead	or	a	brunette.	
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Lesson 2: The DNA Molecule 
Amino Acids, Proteins and Codons?	 
	
	
Proteins	are	the	building	blocks	of	all	living	things	and	responsible	for	nearly	all	aspects	
of	normal	biological	function.		
	
	
The	proteins	found	in	humans	are	made	from	varying	combinations	of	20	amino	acids,	9	
of	which	are	called	essential	because	they	cannot	be	made	in	our	bodies	and	must	be	
derived	from	our	diet.		
	
	
The	order	in	which	proteins	are	assembled	from	
their	amino	acids	is	determined	by	the	order	of	the	
bases	found	in	the	RNA	that	is	created	for	the	
purpose	of	protein	synthesis.		
	
	
	
RNA	is	Ribonucleic	Acid.	It	differs	from	DNA	in	that	
it	is	only	made	of	a	single	strand	and	the	Thymine	
(T)	in	DNA	is	replaced	by	Uracil	(U)	in	RNA.		
	
	
	
	

Amino	acids	are	coded	for	according	to	the	
following	chart:	
Which	amino	acids	would	be	coded	for	by:	

	
CGAUCACUCAAACAGUGA	
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Lesson 3: Mutations	 
	
A	mutation	is	a	permanent	alteration	in	the	DNA	
sequence	that	makes	up	a	gene.		
	
Mutations	range	in	size;	they	can	affect	anywhere	from	a	
single	DNA	base	pair	to	an	entire	chromosome	that	includes	multiple	genes.	
	
Types	of	Mutations	
	
There	are	many	different	ways	that	DNA	can	be	changed,	resulting	in	different	types	of	
mutation.	Here	is	a	quick	summary	of	a	few	of	these:	
	

Substitution	
	
A	substitution	is	a	mutation	that	exchanges	one	base	for	another	
(i.e.,	a	change	in	a	single	"chemical	letter"	such	as	switching	an	A	to	
a	G).		

	
Sickle	cell	anemia	is	caused	by	a	substitution	in	the	beta-hemoglobin	gene,	which	alters	a	
single	amino	acid	in	the	protein	produced.	
	
Insertion	
	
Insertions	are	mutations	in	which	extra	base	pairs	are	inserted	
into	a	new	place	in	the	DNA.	
	 	

Deletion	
	
Deletions	are	mutations	in	which	a	section	of	DNA	is	lost,	or	
deleted.	

	
Frameshift		
	
Since	protein-coding	DNA	is	divided	into	codons	three	bases	
long,	insertions	and	deletions	can	alter	a	gene	so	that	its	
message	is	no	longer	correctly	read.	These	changes	are	called	
frameshifts.	
	
For	example,	consider	the	sentence,	"The	fat	cat	sat."	Each	word	represents	a	codon.	If	
we	delete	the	first	letter	and	decode	the	sentence	in	the	same	way,	it	doesn't	make	sense.	
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There	are	several	types	of	mutation:	
																DELETION	(a	base	is	lost)	
																INSERTION	(an	extra	base	is	inserted)				
																													Deletion	and	insertion	may	cause	what’s	called	a	FRAMESHIFT,	meaning	the	reading	“frame”		
																													changes,	changing	the	amino	acid	sequence.	
																SUBSTITUTION	(one	base	is	substituted	for	another)	
																													If	a	substitution	changes	the	amino	acid,	it’s	called	a	MISSENSE	mutation.	
																													If	a	substitution	does	not	change	the	amino	acid,	it’s	called	a	SILENT	mutation.	
																													If	a	substitution	changes	the	amino	acid	to	a	“stop,”	it’s	called	a	NONSENSE	mutation.	
	
							Complete	the	boxes	below.		Classify	each	as	either	Deletion,	Insertion,	or	Substitution	AND	as	either				
									frameshift,	missense,	silent	or	nonsense	(hint:	deletion	or	insertion	will	always	be	frameshift).																																																														
	
Original	DNA	Sequence:	 T		A		C		A		C		C		T		T		G		G		C		G		A		C		G		A		C		T	

mRNA	Sequence:		 A		U		G		U		G		G		A		A		C		C		G		C		U		G		C		U		G		A	 		

Amino	Acid	Sequence:		 	METHIONINE		-TRYPTOPHAN	-			ASPARAGINE		-	ARGININE-	CYSTEINE		-	(STOP)	
	
Mutated	DNA	Sequence	#1:	 T		A		C		A		T		C		T		T		G		G		C		G		A		C		G		A		C		T		

What’s	the	mRNA	sequence?		A		U		G		U		A		G		A		A		C		C		G		C		U		G		C		U		G		A			(Circle	the	change)			

What	will	be	the	amino	acid	sequence?			METHIONINE	-(STOP)			 		

Will	there	likely	be	effects?					YES																	What	kind	of	mutation	is	this?		SUBSTITUTION	-	NONSENSE	

	
Mutated	DNA	Sequence	#2:	 T		A		C		G		A		C		C		T		T		G		G		C		G		A		C		G		A		C		T		

What’s	the	mRNA	sequence?				A		U		G		C		U		G		G		A		A		C		C		G		C		U		G		C		U		G		A	 (Circle	the	change)			

What	will	be	the	amino	acid	sequence?	METHIONINE	-	LEUCINE	-GLUTAMIC	ACID	–	PROLINE			 		

Will	there	likely	be	effects?						YES																				What	kind	of	mutation	is	this?	INSERTION	-	FRAME	SHIFT	

	
Mutated	DNA	Sequence	#3:	 T		A		C		A		C		C		T		T		A		G		C		G		A		C		G		A		C		T		

What’s	the	mRNA	sequence?				A		U		G		U		G		G		A		A		U		C		G		C		U	G		C		U		G		A	 (Circle	the	change)			

What	will	be	the	amino	acid	sequence?	METHIONINE-TRYPTOPHAN-ASPARAGINE-	ARGININE-		(STOP)	

Will	there	likely	be	effects?													NO													What	kind	of	mutation	is	this?	SUBSTITUTION	–	SILENT	

MUTATION	

	
Mutated	DNA	Sequence	#4:	 T		A		C		A		C		C		T		T		G		G		C		G		A		C		T		A		C		T		

What’s	the	mRNA	sequence?					A		U		G		U		G		G		A		A		C		C		G		C		U		G		A		U		G		A											(Circle	the	change)			

What	will	be	the	amino	acid	sequence?			METHIONINE-TRYPTOPHAN-ASPARAGINE-	(STOP)						

Will	there	likely	be	effects?						YES																						What	kind	of	mutation	is	this?			SUBSITUTION	-	NONSENSE	

	
Mutated	DNA	Sequence	#5:	 T		A		C		A		C		C		T		T		G		G		G		A		C		G		A		C		T		

What	will	be	the	corresponding	mRNA	sequence?			A		U		G		U		G		G		A		A		C		C		C		U		G		C		U		G		A	 		

What	will	be	the	amino	acid	sequence?	METHIONINE-TRYPTOPHAN-ASPARAGINE-	PROLINE	-	ALANINE		

Will	there	likely	be	effects?						YES																								What	kind	of	mutation	is	this?	DELETION	–	FRAME	SHIFT	
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Lesson 4: Causes of Mutations	 
	
	
	
	
Mutations	can	happen	for	a	variety	of	
reasons.	
	
Errors	made	during	the	copying	of	DNA	
		
When	a	cell	divides,	it	must	copy	its	entire	DNA.	Sometimes	the	copy	is	not	quite	perfect.	
That	small	difference	from	the	original	DNA	sequence	is	a	mutation.		
	
	
	
Environmental	factors	
	

Mutations	can	also	be	
caused	by	exposure	to	
specific	chemicals	or	
radiation.		
	
	
	
	
	
	
	
These	are	called	
mutagens.		
	
	
	
	
	

	
When	the	cell	repairs	the	DNA,	it	might	not	do	a	perfect	job	of	the	repair.	So	the	cell	
would	end	up	with	DNA	slightly	different	than	the	original	DNA	and	hence,	a	mutation	
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Neutral	Mutations	
	
Also	called	silent	mutations.	These	have	little	or	no	effect	on	
the	organism’s	ability	to	survive	and	reproduce.		
	
	

	
Positive	Mutations	
	
	
A	positive	mutation	offers	an	
advantage	to	an	organism	that	
may	be	passed	on.	
	
Examples	include	drug	
resistance	in	bacteria	and	
disease	resistance	in	humans	
	
	

	
	
Negative	Mutations	
	
A	mutation	that	causes	disease	or	
otherwise	makes	it	difficult	for	the	
organism	to	survive.	
	
	
	
	
	
	
	
	
CF is caused by a mutation in the	gene	cystic	fibrosis	transmembrane	conductance	regulator	(CFTR). The 
most common mutation,	ΔF508, is a deletion (Δ	signifying deletion) of three nucleotides	that results in a loss 
of the amino acid	phenylalanine	 at the 508th position on the protein. This mutation accounts for two-thirds 
of CF cases worldwide and 90% of cases in the	United	States; however, there are over 1500 other mutations 
that can produce CF. 	Although most people have two working copies (alleles) of the CFTR gene, only one is 
needed to prevent cystic fibrosis. CF develops when neither allele can produce a functional CFTR protein. 
Thus, CF is considered an	autosomal	recessive	disease.  
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Lesson 5: Evolution	 
	
	
Evolution	is	the	study	of	the	natural	forces	and	biological	
mechanisms	that	have	shaped	all	living	things	on	Earth.	
	
Some	of	the	main	mechanisms	of	evolution	include	Genetic	
Drift	and	Natural	Selection:	
	
Genetic	Drift	
	
Genetic	drift	refers	to	the	change	in	the	types	of	genes	in	a	population	because	of	the	
random	nature	of	reproduction	or	in	response	to	random	events.		
	
In	other	words,	when	people	who	have	the	gene	causing	a	specific	genetic	trait	
reproduce	with	people	who	do	not	have	the	gene,	the	gene	can	become	more	prevalent	
or	totally	disappear	from	the	population.	
	
Eg.	1:	A	man	steps	on	a	group	of	beetles,	randomly	
killing	most	of	the	green	ones	but	leaving	most	of	
the	brown	ones	alive,	which	results	in	fewer	green	
alleles	and	thus	green	beetles	being	produced	in	
the	population.	
	

	
Eg.	2:	Due	to	random	successions	of	births,	a	town	has	an	
unusually	high	population	of	people	with	strawberry	
blonde	hair,	a	trait	that	increases	over	time	and	leaves	very	
few	people	with	different	hair	colors.	
	
	
	

	
Natural	Selection	
	
The	process	whereby	organisms	become	better	adapted	to	their	
environment	allowing	them	to	survive	and	produce	more	offspring.		
	
This	can	be	seen	with	an	example:	
	
There	is	variation	in	traits.	For	example,	some	beetles	are	green	and	some	are	brown.	
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Green	beetles	tend	to	get	eaten	by	birds	and	survive	to	reproduce	
less	often	than	brown	beetles	do.	
	
The	surviving	brown	beetles	have	brown	baby	
beetles	because	this	trait	has	a	genetic	basis.	

	
	
The	more	advantageous	trait,	brown	
coloration,	which	allows	the	beetle	to	have	more	offspring,	
becomes	more	common	in	the	population.	If	this	process	
continues,	eventually,	all	individuals	in	the	population	will	be	
brown.	

	

What	are	the	4	main	principles	of	natural	selection?	

The	five	principles	of	natural	selection	are	typically	described	as	follows:	

1.	Most	characteristics	in	the	population	must	be	inherited.	

2.	More	offspring	must	be	produced	than	can	survive.	

3.	The	fittest	offspring	must	be	more	likely	to	survive	and	reproduce.	

4.	There	must	be	genetic	variation	that	allows	for	the	best	traits	to	be	selected.	

	

	
Artificial	Selection	
The	intentional	reproduction	of	individuals	in	a	
population	that	have	desirable	traits.	In	organisms	
that	reproduce	sexually,	two	adults	that	possess	a	
desired	trait	—	such	as	two	parent	plants	that	are	tall	
—	are	bred	together.	
	
Invasive	Species	
An	invasive	species	is	a	plant,	fungus,	or	
animal	species	that	is	not	native	to	a	specific	location	(an	introduced	species),	that	has	a	
trait	that	provides	an	advantage	over	local	species.	This	causes	harm	to	local	species.	

	
	
	
	
	
	

	
Eastern	Grey	Squirrel		 	 	 Scotch	Broom	 	 									Giant	Hogweed	
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Worksheet: Darwin’s Natural Selection 

 
Read the following situations below and identify the 4 points of Darwin’s natural selection. 

  
1)    There are 2 types of worms:   worms that eat at night (nocturnal) and 
worms that eat during the day (diurnal).  The birds eat during the day and 
seem to be eating ONLY the diurnal worms.  The nocturnal worms are in their 
burrows during this time. Each spring when the worms reproduce, they have 
about 500 babies but only 100 of these 500 ever become old enough to 
reproduce. 

 
a. What worm has natural selection selected AGAINST? _____________ FOR? ________________ 
b. What is the selective pressure? __________ 
 
c.  Darwin's 4 points: Identify the 4 points in the scenario above. 
 
Populations have variations. ________________________________________ 

More offspring are produced than survive. ______________________________ 

Those that survive have favourable traits. ________________________________________________ 

A population will change over time. __________________________________________________ 

 

 
2) There are 3 types of polar bears: ones with thick coats, ones with thin  
coats and ones with medium coats.  It is fall, soon to be winter.  The  
temperatures are dropping rapidly and the bears must be kept warm,  
or they will freeze to death.  Many of the bears have had ~2 cubs each 
 but due to the extreme temperatures, many mothers only have one  
cub left. 
 
a. What bear will natural selection select AGAINST? __________FOR? __________ 
b. What is the selective pressure? __________ 
 
c.  Darwin's 4 points: Identify the 4 points in the scenario above. 
 
Populations have variations. ________________________________________ 

More offspring are produced than survive ________________________________________ 

Those that survive have favourable traits. ________________________________________ 

A population will change over time. 
____________________________________________________________

66



3)  In ostriches, there are 2 types: ones that run fast and those that 
run slowly.  The fast birds can reach up to 40 miles an hour.  
Jackals love to eat ostrich, and they can reach speeds of up to  35-
40 miles per hour.  A flock of ostrich will lay ~ 10 eggs (each 
mother only lays but many rodents break into the eggs and eat the 
fetus before they  hatch. 

a. What ostrich will natural selection select AGAINST? __________ FOR?  __________ 
b. What is the selective pressure?  __________ 
 
c.  Darwin's 4 points: Identify the 4 points in the scenario above. 
 
Populations have variations. ________________________________________ 

More offspring are produced than survive. _________________________________________________ 

Those that survive have favourable traits. ________________________________________ 

A population will change over time. __________________________________________________ 

 
4) There are two types of rabbits: those that strictly eat grass and those  
that strictly eat berries and flowers.  A drought occurs one year,  and the  
plants have difficulty producing any extras (flowers, berries, etc.). 
They can only try and keep themselves green.  The rabbits have  
had babies all year long but many are eaten by foxes or hawks  
Due to the drought, many have starved to death. 
 
a. What rabbit will natural selection select AGAINST? __________FOR? __________ 
b. What is the selective pressure?  __________ 
c.  Darwin's 4 points: Identify the 4 points in the scenario above. 
 
Populations have variations. ________________________________________ 

More offspring are produced than survive ________________________________________ 

Those that survive have favourable traits. ________________________________________ 

A population will change over time. __________________________________________________ 

 5) Bob believes that giraffes have long necks because they have stretched their 
 necks to try and reach food that is high in trees.  Since the parent had stretched its 
 neck, it passed the long neck on to its offspring. 
 

b.  Ryan believes that giraffes have long necks because the ones with long necks  
were  able to reach the food, and those with short necks could not and died. The 
long necked giraffes  reproduced, and soon all of the giraffes had long necks. 

 
  a. Who thinks like Lamarck? Bob 

  b. Who thinks like Darwin? Ryan  
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Lesson 6: Heredity	 
	
Mendelian	Genetics	
 
Gregor	Johann	Mendel	(20	July	1822	–	6	January	1884)	was	a	
German	scientist	and	Augustinian	friar	who	gained	posthumous	
fame	as	the	founder	of	modern	genetics.		
	
Mendel	grew	pea	plants	and	observed	several	traits	often	
associated	with	pea	plants	such	as	height	and	colour.	He	bred	plants	with	different	traits	
together	and	made	careful	measurements	of	the	traits	found	in	the	offspring.		
	
Mendel	coined	the	terms	“recessive”	and	“dominant”	in	reference	to	certain	traits.	We	
now	use	these	terms	to	describe	genes.		
	
Colour	in	pea	plants	is	controlled	by	a	gene	that	occurs	in	two	
varieties	or	alleles.	They	are	represented	by	the	letters	Y	(yellow)	
and	y	(green).	Each	parent	contributes	only	a	single	copy	of	this	
gene	to	its	offspring	which	gives	rise	to	the	following	
probabilities:			
	
Y	(yellow)	is	the	dominant	allele,	which	means	that	all	offspring	
that	get	this	allele	will	be	yellow	in	colour,	even	if	the	other	allele	is	the	recessive	y	
(green).	
	
This	is	known	as	complete	dominance.	
	
	
	

Genotype	refers	to	the	letters	or	alleles	present.	ie.	Yy		
	
Phenotype	refers	the	physical	expression	of	the	alleles.	
ie.	Yellow	plants	
	
Homozygous	means	both	alleles	are	the	same	for	that	
particular	gene.	ie.	Homozygous	dominant	(YY)	or	
homozygous	recessive	(yy)	
	
Heterozygous	means	different	alleles	are	present	for	
that	particular	gene.	(Yy)	
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Sample	problems	involving	Complete	Dominance:	
	
1)	In	seals,	the	gene	for	the	length	of	the	whiskers	has	two	alleles.		The	dominant	allele	
(W)	codes	long	whiskers	&	the	recessive	allele	(w)	codes	for	short	whiskers.	
	
a) What	percentage	of	offspring	would	be	expected	
to	have	short	whiskers	from	the	cross	of	two	long-
whiskered	seals,	one	that	is	homozygous	
dominant	(WW)	and	one	that	is	
heterozygous?	(Ww)	
	

b) 	If	one	parent	seal	is	pure	long-whiskered	and	the	
other	is	short-whiskered,	what	percent	of	
offspring	would	have	short	whiskers?	

	
	
2)	Tail	length	in	cats	is	caused	by	a	dominant	allele	(T)	which	gives	a	cat	a	long	tail.	If	a	
long	tailed	homozygous	dominant	male	cat	mates	with	a	short	tailed	female	cat	what	will	
all	their	kittens	look	like?	What	if	two	of	their	kittens	mature	and	mate	with	one	another,	
what	will	be	their	offspring	look	like	with	respect	to	tail	length?		

	
	
	
	
	
	
	
	
	
	
	

	
	
3)	If	two	short	tailed	cats	mated	and	all	of	their	offspring	had	short	tails	what	can	you	say	
about	the	genotype	of	the	two	parents?		
	
	
	
	
4)	Could	a	long	tailed	cat	ever	have	an	offspring	that	had	a	short	tail?	
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1. Define	Genetics	and	Heredity?	
	
	
	
	

2. What	is	the	difference	between	the	dominant	and	recessive	forms	of	alleles?	
	
	
	
	

3. Define	the	terms	homozygous,	heterozygous,	genotype	and	phenotype.	
	
	
	

4. Draw	Punnett	squares	for	the	crosses	below.		State	the	ratio	of	the	genotype	produced.	
	

AA	x	aa														 	 Rr	x	Rr															 	 	 	TT	x	Tt	
	 A	 A	 	 	 R	 r	 	 	 T	 T	
a	 	 	 	 R	 	 	 	 T	 	 	
a	 	 	 	 r	 	 	 	 t	 	 	

	
	
	
	

5. In	humans,	the	allele	that	codes	for	an	ability	to	taste	PTC	is	dominant	(T),	and	the	allele	that	
codes	for	an	inability	to	taste	this	chemical	is	recessive	(t).		A	male	who	is	heterozygous	for	this	
trait	marries	a	female	who	cannot	taste	PTC.	

a. What	are	the	genotypes	of	the	male	and	female?		
	

b. Draw	a	Punnett	square	to	show	the	possible	genotypes	of	their	
offspring.	
	

c. What	is	the	predicted	percentage	of	their	offspring	that	will	be	
able	to	taste	PTC?	
	
	

																						d.	What	is	the	percentage	that	will	not	be	able	to	taste	PTC?		
	 	

	 T	 t	
t	 	 	
t	 	 	
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6. Human	eye	color	is	inherited	as	brown	eyes	are	dominant	and	blue	eyes	are	recessive.		Use	

Punnett	squares	to	solve	the	following	problems.		Pick	your	own	letters	to	represent	eye	color	
traits.	
	

a. A	man	with	blue	eyes	marries	a	woman	with	brown	eyes,	whose	mother	had	blue	eyes.		
What	proportion	of	the	children	would	be	expected	to	have	blue	eyes?	

	
	
	
	

b. A	brown	eyed	man	marries	a	blue	eyed	woman.	The	first	child	is	blue	eyed.		What	is	the	
man’s	genotype?	

	
7. A	father	is	who	is	homozygous	dimpled,	and	a	mother	who	is	heterozygous	dimpled	have	

children.	
	
	 a)	 Show	the	two	alleles	carried	by	the	father.		(Use	"D"	for	dimpled	and	"d"	for	
	 		 smooth)		
	
	 b)	 Show	the	two	alleles	carried	by	the	mother.		(Use	"D"	for	dimpled	and	"d"	for	
	 		 smooth)			
	

c) Fill	in	the	following	Punnett	Square	showing	the	cross	and	show	the	combinations	of		genes	possible	in	
the	children.	

	
	
	
	
	
	
	
	
	
	
	
	
	 d)	 According	to	chance,	what	fraction	of	their	children	will	have	dimples?		
	
	 e)	 What	fraction	of	the	children	should	be	homozygous	smooth?	(if	any)		
	
	 f)	 What	fraction	of	the	children	should	be	heterozygous	dimpled?	(if	any)		
	
	 g)	 What	fraction	of	the	children	should	be	homozygous	dimpled?	(if	any)		
	
	
	 	

Possible	gametes	from	
Female	Parent	

Possible	
gametes	
from	
Male	
Parent	

D	 d	

D	

D	
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Lesson 7: Non-Mendelian Inheritance	 
	
Incomplete	Dominance	
	
	
	
Incomplete	dominance	is	when	one	allele	is	only	slightly	dominant	over	the	other.	This	
results	in	the	heterozygous	genotype	having	a	phenotype	that	is	a	blend	of	the	two	
different	homozygous	types.	
	
A	good	example	of	this	is	colour	in	
Carnations.	
	
The	letters	used	to	represent	the	
alleles	that	show	incomplete	
dominance	are	often	represented	with	
only	capital	letters	because	neither	
trait	is	dominant	over	the	other.	
	
	
	
	
Eg.	1:	In	roses,	petal	colour	is	controlled	by	a	gene	with	two	alleles,	W	for	white	and	w	for	
red.	W	shows	incomplete	dominance	over	w.	What	will	be	the	percentages	of	each	colour	
offspring	produced	if	two	pink	roses	are	crossed?	
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Codominance	
	
Codominance	is	when	each	allele	is	equally	dominant.		
This	results	in	the	heterozygous	genotype	displaying	
both	phenotypes	at	the	same	time.			
	
	
	
	
	
	

	
An	example	of	codominance:	Inheritance	of	A,	B,	AB	and	O	blood	group.	
	
In	humans,	there	are	4	blood	types	(phenotypes):	A,	B,	AB,	and	O.	Blood	type	is	
controlled	by	3	alleles:	IA,	IB,	IO	(the	base	letter	=	I	stands	for	immunoglobulin)	
	

§ IO	is	recessive,	two	IO	alleles	must	be	
present	for	the	person	to	have	type	
O	blood	

§ IA	and	IB	are	codominant	but	both	are	
dominant	to	Io.	If	a	person	receives	
an	IA	allele	and	a	IB	allele,	their	blood	type	
is	type	AB,	in	which	characteristics	of	
both	A	and	B	antigens	are	expressed.		

§ Because	IO	is	dominant	to	both	IA	and	IB	alleles,	a	person	with	blood	group	A	
could	have	the	genotype	IA	IO	or	IA	IA.	This	has	implication	when	having	children	
because,	if	both	parents	carry	the	IO	allele,	a	child	could	be	born	with	the	
genotype	IOIO	(blood	group	O),	even	though	neither	of	the	parents	have	this	
phonotype.	
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Sex	Linked	Inheritance	
	
If	a	gene	is	found	only	on	the	X	chromosome	and	not	the	Y	
chromosome,	it	is	said	to	be	a	sex-linked	trait.	Diseases	
caused	by	defective	genes	of	the	X	chromosome	tend	to	
afflict	males	more	than	females.		
	
Why?	
	
Hemophilia	is	a	bleeding	disorder	that	slows	the	blood	clotting	process.	People	with	this	
condition	experience	prolonged	bleeding	or	oozing	following	an	injury,	surgery,	or	
having	a	tooth	pulled.	In	severe	cases	of	hemophilia,	continuous	bleeding	occurs	after	
minor	trauma	or	even	in	the	absence	of	injury	(spontaneous	bleeding).	Serious	
complications	can	result	from	bleeding	into	the	joints,	muscles,	brain,	or	other	internal	
organs.	Milder	forms	of	hemophilia	do	not	necessarily	involve	spontaneous	bleeding,	and	
the	condition	may	not	become	apparent	until	abnormal	bleeding	occurs	following	
surgery	or	a	serious	injury.	
	
Hemophilia	is	caused	by	a	faulty	gene	located	on	the	X	chromosome	and	as	a	result,	
males	typically	are	most	commonly	afflicted.	Females	tend	to	be	carriers	of	the	disease.	
	
Other	Sex	
linked	
conditions	
include	
red-green	
color	
blindness	
and	male	
pattern	
baldness.	
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Human	blood	types	are	determined	by	genes	that	follow	the	CODOMINANCE	pattern	of	inheritance.		
There	are	two	dominant	alleles	(A	&	B)	and	one	recessive	allele	(O).			
	

Blood	Type	
(Phenotype)	

Genotype	 Can	donate	blood	to:	 Can	receive	blood	from:	

	
O	

	
ii	(OO)	

	
A,B,AB	and	O	

(universal	donor)	

	
O	

	
AB	

	
IAIB	

	
AB	

	
A,B,AB	and	O	

(universal	receiver)	
	
A	

	
IAIA	or		IAi	
(IAO)	

	
AB,	A	

	
O,A	
	

	
B	

	
IBIB	or		IBi	
(IBO)	

	
AB,B	

	
O,B	
	

	
1. Write	the	genotype	for	each	person	based	on	the	description:	

a. Homozygous	for	the	“B”	allele	 	 	 _________	
b. Heterozygous	for	the	“A”	allele	 	 	 _________	
c. Type	O	 	 	 	 	 	 _________	
d. Type	“A”	and	had	a	type	“O”	parent		 	 _________	
e. Type	“AB”	 	 	 	 	 	 _________	
f. Blood	can	be	donated	to	anybody	 	 	 _________	
g. Can	only	get	blood	from	a	type	“O”	donor	 	 _________	

	
2. Complete	the	punnett	square	showing	all	the	possible	blood	types	for	the	

offspring	produced	by	a	type	“O”	mother	and	an	a	Type	“AB”	father.		What	are	
percentages	of	each	offspring?	
	 	

	
	
	
3. Mrs.	Essy	is	type	“A”	and	Mr.	Essy	is	type	“O.”	They	have	three	children	named	Matthew,	Mark,	

and	Luke.	Mark	is	type	“O,”	Matthew	is	type	“A,”	and	Luke	is	type	“AB.”	Based	on	this	
information:	
	
a. Mr.	Essy	must	have	the	genotype	______		

	
b. Mrs.	Essy	must	have	the	genotype	______	because	___________	has	blood	type	______	

	
c. Luke	cannot	be	the	child	of		these	parents	because	neither	parent	has	the	allele	_____.	
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4. Two	parents	think		their	baby	was	switched	at	the	hospital.	Its	1968,	so	DNA	fingerprinting	

technology	does	not	exist	yet.		The	mother	has	blood	type	“O,”	the	father	has	blood	type	“AB,”		
and	the	baby	has	blood	type	“B.”	

	
a. Mother’s	genotype:	_______	

	
b. Father’s	genotype:	_______	

	
c. Baby’s	genotype:		______	or	________	

	
d. Punnett	square	showing	all	possible	genotypes	for	children	produced	by	this	couple.	

	
e. Was	the	baby	switched?		_______________________	

	
5. Based	on	the	information	in	this	table,	which	men	could	not	be	the	father	of	the	baby?		

	
(hint…	look	at	the	baby’s	blood	type	only…)____________________________________	
You	can	use	the	Punnett	square	if	you	need	help	figuring	it	out.	
	

Name	 Blood	Type	

Mother	 Type	A	

Baby	 Type	B	

The	mailman	 Type	O	

The	butcher	 Type	AB	

The	waiter	 Type	A	

The	cable	guy	 Type	B	

	
6. A	women	went	on	a	daytime	TV	show	to	identify	the	father	of	her	child.	She	had	the	show	give	blood	

tests	of	potential	fathers.		Based	on	the	information	in	this	table,	why	was	the	baby	taken	away	by	
government	officials	after	the	episode	aired?		
	
(hint…	look	at	the	baby’s	blood	type	only…)_______________________________________________________	
	

Name	 Blood	Type	

Mother	 Type	O	

Baby	 Type	AB	

Bartender	 Type	O	

Guy	at	the	club	 Type	AB	

Cab	driver	 Type	A	

Waiter	 Type	B	
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7.		In	humans,	hemophilia	is	a	sex	linked	trait.			Females	can	be	normal,	carriers,	or	have	the	disease.		
Males	will	either	have	the	disease	or	not	(but	they	won’t	ever	be	carriers)	
 

 = female, normal 
 

= female, carrier 
 

 = female, hemophiliac 

 

= male, normal 
 

= male, hemophiliac 

 
Show	the	cross	of	a	man	who	has	hemophilia	with	a	woman	who	is	a	carrier.			
 

		 		

		 		
 
What	is	the	probability	that	their	children	will	have	the	disease?		__________	
	
A	woman	who	is	a	carrier	marries	a	normal	man.		Show	the	cross.		What	is	the	probability	that	their	
children	will	have	hemophilia?			What	sex	will	a	child	in	the	family	with	hemophilia	be?	
 
 
 

		 		

		 		
 
 
A	woman	who	has	hemophilia	marries	a	normal	man.			How	many	of	their	children	will	have	hemophilia,	
and	what	is	their	sex?	
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Lesson 8: Applications of Genetics	 
	
	
	
Modern	genetic	science	has	transformed	how	we	grow	
crops,	treat	disease	and	understand	the	very	nature	of	life.	
	
But	it	also	comes	with	some	concerns	that	must	be	weighed	carefully.	
	
Embryo	Screening	

PGD,	Pre-Implanted	Genetic	Diagnosis	is	a	process	that	
allows	doctors	to	screen	multi-cellular	embryos	for	a	
multitude	of	genetic	disorders	and	diseases.		In	theory,	if	
the	genetic	cause	of	either	a	disease	or	undesirable	trait	can	
be	identified	it	can	be	removed	or	changed.		
Eg.	Huntington’s	disease.	
	
Concerns	about	this	technology	include	the	possibility	that	

someone	will	create	babies	with	specific	traits	and	or	gender.		
	
	
Genetically	Modified	
Organisms		(GMOs)	
	
A	genetically	modified	
organism	(GMO)	is	any	
organism	
whose	genetic	material	has	been	
altered	using	genetic	
engineering.		
	
	
	
	
GMOs	are	used	to	produce	many	
medications	and	genetically	
modified	foods.		
	
	
	
	
They	are	widely	used	in	scientific	research	and	the	production	of	other	goods.		
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However,	many	people	have	concerns	about	the	use	of	GMO’s	because	of:		
	

§ General	distaste	for	what	is	considered	manufactured	food	rather	then	
natural	food.		

§ Because	the	companies	that	manufacture	GMOS	have	been	associated	
with	chemical	weapons	and	globalization.	

§ Concern	regarding	biodiversity	and	the	fear	that	a	single	disease	could	
wipe	out	the	vast	majority	of	a	crop.	

§ People	love	a	good	conspiracy	theory.		
§ The	perception	of	bias	of	those	paying	for	studies	that	support	or	refute	

the	safety	of	GMO’s.	
§ Concern	regarding	the	development	of	super	pests.	Reliance	on	single	

herbicides	or	insecticides	(such	as	Roundup)	results	in	rapid	pest	
evolution	to	be	tolerant	to	it.		

	
Gene	Therapy	
	
Gene	therapy	is	an	experimental	technique	that	uses	genes	to	treat	or	prevent	disease.	In	
the	future,	this	technique	may	allow	doctors	to	treat	a	disorder	by	replacing	a	missing	or	
defective	gene	in	a	patient’s	cells	instead	of	using	drugs	or	surgery.	Researchers	are	
testing	several	approaches	to	gene	therapy,	including:	
	

§ Replacing	a	mutated	gene	that	causes	disease	with	a	healthy	copy	of	the	gene.	
§ Inactivating,	or	“knocking	out”,	a	mutated	gene	that	is	functioning	improperly.	
§ Introducing	a	new	gene	into	the	body	to	help	fight	disease.	

	
	
A	gene	that	is	inserted	directly	into	a	
cell	usually	does	not	function	because	
it	hasn’t	been	integrated	into	the	cells	
DNA.	In	order	for	the	gene	to	be	
integrated,	a	carrier	called	a	vector	is	
used	to	deliver	the	gene.	Certain	
viruses	are	often	used	as	vectors	
because	they	can	deliver	the	new	gene	
by	infecting	the	cells.	The	viruses	are	
modified	they	can’t	cause	disease	
when	used	in	people.	The	vector	can	
be	injected	or	given	intravenously	(by	
IV)	directly	into	a	specific	tissue	in	the	
body,	where	it	is	taken	up	by	
individual	cells.		
	
Alternatively,	a	sample	of	the	patient’s	cells	van	be	removed	and	exposed	to	the	vector	in	
a	laboratory	setting.	The	cells	containing	the	vector	are	then	returned	to	the	patient.	If	
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the	treatment	is	successful,	the	new	gene	delivered	by	the	vector	will	make	a	functioning	
protein.		
	

Although	gene	therapy	is	a	
promising	treatment	option	for	a	
number	of	diseases	(including	
inherited	disorders,	some	types	of	
cancer,	and	certain	viral	
infections),	the	technique	remains	
risky	and	is	still	under	study	to	
make	sure	that	it	will	be	safe	and	
effective.	As	such,	gene	therapy	is	
currently	only	being	tested	for	the	
treatment	of	diseases	that	have	no	
other	cures.		
	
	
	

	
Because	gene	therapy	involves	making	changes	to	the	body’s	set	of	basic	instructions,	it	
raises	many	unique	ethical	concerns.		
	
What	do	you	think	are	some	ethical	questions	that	surround	gene	therapy?	
	

§ How	can	we	distinguish	between	“good”	and	“bad”	uses	of	gene	therapy?	
§ Who	decides	which	traits	are	normal	and	which	constitute	a	disability	or	disorder?	
§ Considering	the	high	costs	of	gene	therapy,	will	it	be	available	to	everyone?	Or	only	those	who	

can	afford	it?	
§ Could	the	widespread	use	of	gene	therapy	make	society	less	accepting	of	people	who	are	

different?	
§ Should	people	be	allowed	to	use	gene	therapy	to	enhance	basic	human	traits	such	as	height,	

intelligence,	or	athletic	ability?	
	
	
	
	
How	would	you	answer	these	difficult	questions?		
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CRISPR-Cas9	
	
CRISPR-Cas9	is	a	genome-editing	tool	that	is	creating	a	buzz	in	the	science	world.	It	is	
faster,	cheaper	and	more	accurate	than	previous	techniques	of	editing	DNA	and	has	a	
wide	range	of	potential	applications.	

	
	
	
CRISPR-Cas9	is	a	unique	
technology	that	enables	
geneticists	and	medical	
researchers	to	edit	parts	of	
the	genome	by	cutting	out,	
replacing	or	adding	parts	to	
the	DNA	sequence.		
It	is	currently	the	simplest,	
most	versatile	and	precise	
method	of	genetic	
manipulation	and	is	
therefore	causing	a	buzz	in	
the	science	world.	
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Unit	Three:	Energy	
 
Lesson	1:	Forces	
	
What	is	a	Force?	
	
A	force	is	any	interaction	that,	when	unopposed,	will	change	the	motion	of	
an	object.		
	
Forces	can	be	measured	in	Newtons	(N).	
	
Physicists	think	that	there	are	only	four	fundamental	forces	in	the	universe.	All	of	the	forces	you	can	
think	of	can	be	classified	into	one	of	the	four	fundamental	forces.	
	
	

	
The	four	fundamental	forces	are:		
	
	
	
1)	Gravity		
	
2)	Electromagnetic	force	
	
3)	Strong	nuclear	force	
	
4)	Weak	nuclear	force	
	
	
	
	
	
	
	
	
	

	
1)	Gravity	
	
Gravity	is	a	natural	phenomenon	by	which	all	things	with	mass	are	brought	together.	This	includes	all	
objects	smaller	than	electrons	and	larger	than	stars	and	galaxies.		
	
Your	weight	is	the	result	of	the	force	due	to	gravity	on	your	body.	Your	mass	is	a	measure	of	the	amount	
of	material	in	an	object	and	is	measured	in	kilograms.	
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Here	on	the	surface	of	the	Earth	there	is	a	mutual	force	of	attraction	between	any	mass	and	the	mass	of	
the	Earth.	The	amount	of	force	is	9.8N	of	force	for	every	kilogram	of	mass	or	9.8N/kg.		

	
	
	
The	9.8N/kg	value	is	known	as	the	
gravitational	field	strength	g.	
	
	
	
	
	

	
	

	
The	gravitational	field	strength	results	in	you	having	a	weight	
and	can	be	calculated	by:		
	

Fg	=	mg		
	
Or	
	

w	=	gm	
	
	
	

	
	
Fg	or	w,	is	the	force	due	to	gravity	or	weight	(w)	measured	in	
Newtons	
	
	
m	is	the	mass	of	the	object	in	kilograms	(kg)	
	
	
g	is	the	gravitational	field	strength	in	N/kg	
	

	
In	addition	to	producing	your	weight,	the	gravitational	field	
strength	accelerates	objects	at	a	predictable	rate	of	9.8m/s2	
close	to	the	surface	of	the	Earth.	
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2)	Electromagnetic	Force	
	
Electromagnetic	force	is	the	force	of	
attraction	or	repulsion	between	two	
charged	particles	or	two	magnetic	poles.	
	
	
	
	
	
	
	
3)	The	Strong	Nuclear	Force	
	
	The	Strong	Nuclear	force	is	the	strongest	force	of	the	four	fundamental	forces.	It	is	responsible	for	
binding	together	the	fundamental	particles	of	matter	to	form	larger	particles	like	atoms.	

	
	
	
	
This	force	is	strong	enough	that	it	overcomes	the	repulsive	force	
between	the	two	positively	charged	protons,	allowing	protons	and	
neutrons	to	stick	together	in	an	unimaginably	small	space.	The	strong	
force	dies	off	with	distance	much	faster	than	gravity	or	
the	electromagnetic	force,	so	fast	that	it's	almost	impossible	to	detect	the	
strong	force	outside	of	a	nucleus.		
	
	

	
	
4)	The	Weak	Nuclear	Force	
	
While	the	other	three	forces	hold	things	together,	the	weak	force	plays	a	greater	role	in	things	falling	
apart,	or	decaying.		
	
	
The	weak	force,	or	weak	interaction,	is	stronger	than	gravity,	but	it	is	only	
effective	at	very	short	distances.	It	acts	on	the	subatomic	level	and	plays	a	
crucial	role	in	powering	stars	and	creating	elements.	It	is	also	responsible	
for	much	of	the	natural	radiation	present	in	the	universe,	
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Additional	Practice 
 

1. Complete	the	following	table.	
	
	 Variable	used	 Units	measure	in	 Unit	symbol	
	
Force	
	

	 	 	

	
Mass	
	

	 	 	

Gravitational	Field	
Strength	
	

	 	 	

	
2. What	is	the	force	of	gravity	on	a	1050	kg	cow?	
	
	
	
	
	
	
	
	
3. The	gravitational	field	on	the	surface	of	Mars	is	3.7	N/kg.		What	is	the	weight	of	a	12	kg	chunk	of	ice	

on	the	Mars?	
	
	
	
	
	
	
	
	
4. A	450	kg	probe	travels	from	the	surface	of	the	Earth	to	the	surface	of	the	Moon.		What	is	the	

difference	in	the	force	of	gravity	on	the	probe	between	these	two	locations?	
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5. A	5.4	kg	space	probe	is	moved	to	different	parts	of	the	solar	system.	
a) What	is	the	force	of	gravity	on	the	probe	on	the	surface	of	the	Earth?	

	
	
	
	
	
	
	
	

b) What	is	the	weight	of	the	probe	on	the	surface	of	the	Moon?	
	
	
	
	
	
	
	
	

c) What	is	the	mass	of	the	probe	on	the	surface	of	Mars?	
	
	
	
	
6. A	dog	has	a	weight	of	230	N.		What	is	its	weight?	
	
	
	
	
	
	
	
	
7. A	space	probe	lands	on	the	surface	of	a	small	asteroid.		The	force	of	gravity	pulling	down	on	the	

probe	is	150	N	and	its	mass	is	102	kg.		What	is	the	gravitational	field	strength	on	the	surface	of	the	
asteroid?	
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Lesson	2:	Work	and	Power	
	
What	is	work?	
	
Work	is	done	whenever	a	force	makes	
something	move.	Work	is	measured	in	joules	(J).	
		
	
	
Work	(J)	is	calculated	by	finding	the	product	between	the	applied	force	(N)	and	the	distance	moved	(m).	
	

Work	=	force	(N)	x	distance	(m)	
	

W	=	F	x	d	
	
The	force	must	be	parallel	to	the	distance	moved	otherwise	no	work	is	done.	
	
If	no	distance	is	moved	then	no	work	is	done.		
	
Example:	How	much	work	is	done	by	a	boy	pushing	a	car	with	a	force	of	800N	for	a	distance	of	200m?	
	

W	=	F	x	d	
W	=	800	N	x	200m	
W	=	160000	Nm		
160000	J	

	
	
	
	
Additional	Practice	
	
1.	Work	is	done	whenever	a	____________	makes	an	object	____________.	
	
2.	Calculate	the	work	done	by	a	100N	force	applied	to	a	10kg	object	and	the	object	moves	a	distance	of	
10	m.	
	

	

3.	If	20J	of	work	is	done	on	a	5	kg	object	moving	it	a	distance	of	20m,	what	is	the	applied	force	on			the	
object?	
	

	

4.	A	200N	force	moves	a	15kg	object	and	as	a	result	does	5000J	of	work	on	the	object.	What	distance	
does	the	object	move	as	a	result	of	the	work	done	on	it?	
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5.	A	10kg	object	is	lifted	a	distance	of	3	m.	How	much	work	was	done	on	the	object?	(the	acceleration	
due	to	gravity	is	9.8m/s22)	
	
	

	

6.	How	much	energy	did	the	object	gain?	
	

	

	

7.	Calculate	the	work	done	when	a	student	exerts	a	force	of	400N	to	push	a	stalled	motorcycle	from	a	
busy	highway	to	a	quiet	street,	a	distance	of	500m.	There	is	a	200N	friction	force	acting	on	the	
motorcycle.	
	

	

	

8.	A	Physiotherapist	exerts	18N	of	force	to	move	a	patient’s	arm	a	distance	of	0.6m.	Calculate	the	work	
done	on	the	arm.	
	

	

	

9.	A	100W	immersion	heater	is	used	to	warm	water	in	a	beaker	for	3.0	minutes.	How	much	energy	is	
transferred	to	the	water?	
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What	is	Power?	
	
Power	is	the	rate	at	which	work	is	done.	
	
	
Power	=	work/time	
	
	
P	=	W	/	t	

	
Power	is	measured	in	watts	(W),	which	is	a	joule	per	second.	
	
	
Example:	What	is	the	power	of	a	bulldozer	that	does	5.5	x	104	J	of	work	in	1.1s?	

P	=	W	/	t	
P	=	5.5	x	104	J	/	1.1s	
	
P=	5.0	x	104	W	

	
1. Complete	the	following	table.	

	
	 Variable	used	 Units	measure	in	 Unit	symbol	
	
Power	
	

	 	 	

	
Work	
	

	 	 	

	
Time	
	

	 	 	

	
2. A	water	pump	does	250	000	Joules	of	work	to	remove	water	from	a	swimming	pool	in	one	hour	

(3600	seconds).		Determine	the	power	rating	of	the	pump.	
	
	
	
	
	
	

3. A	winch	lifts	a	12	kg	rock	vertically	upward	from	a	height	of	1.0	metre	to	12	metres	in	15	
seconds.	

a)	Determine	the	work	done	by	the	winch.	
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b)	Determine	the	power	rating	of	the	winch.	

	
	
	
	
	
	
	
	

4. A	1200	Watt	blow-dryer	for	10	minutes	(600	seconds).		Determine	the	amount	of	energy	that	is	
used.	

	
	
	
	
	
	
	

5. An	alkaline	AA	1.5	V	battery	holds	around	13	000	Joules.		A	small	toy	car	is	rated	at	0.50	W.		
How	many	seconds	will	the	toy	car	be	able	to	operate	continuously?	

	
	
	
	
	
	
6.				Determine	the	power	for	each	of	the	following	electrical	appliances:	
	

a)	The	output	of	a	laser	is	0.05J	every	second.	
	

b)	A	curling	iron	uses	48000	J	of	energy	per	minute.	
	

c)	An	electric	light	bulb	uses	2.16	x	105	J	of	energy	in	one	hour.	
	
	
7.				Determine	the	amount	of	energy	transformed	or	used	in	each	case:	
	

a)	A	2000W	electric	pencil	sharpener	operates	for	3.0s	
	

b)	A	1200W	kettle	heats	water	for	5	minutes.	
	

c)	A	100W	stereo	is	operated	for	one	hour.	
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Lab:	Stair	Power	
	
Purpose:	To	determine	the	power	produced	when	climbing	a	flight	of	
stairs.	
	
Procedure:	

1.	Measure	the	vertical	height	of	the	set	of	stairs	(or	a	portion	that’s	easily	
measured),	in	metres	(m).	The	vertical	height	refers	to	the	height	from	the	bottom	to	the	top	(straight	
down),	not	the	slope.		
2.	Record	all	values	in	the	provided	table.	
3.	Determine	your	body	mass,	in	kilograms	(kg)	by	getting	on	the	scale.		
4.	Time	the	number	of	seconds	(s)	it	takes	you	to	run	up	the	stairs.	
5.	The	amount	of	power	used	is	equal	to	the	amount	of	work	done	divided	by	a	given	amount	of	time	
(P	=	W/t).	To	determine	the	amount	of	work	done,	you	calculate	the	amount	of	force	that	is	exerted	
over	a	given	distance	(W	=	F	x	d).	The	force	in	this	case	is	calculated	by	multiplying	the	downward	
acceleration	due	to	gravity	(9.8	m/s2)	by	your	mass	(in	kg).	
6.	Keep	quiet	in	the	hallway	and	stay	on	task.	

	
Questions:		
	
1.	Using	the	above	average	
values,	how	much	work	does	it	
take	to	get	up	the	stairs?		
W=	F	x	d	=		(mass	(kg)	x	(9.8	
m/s2)	x	(height	of	the	stairs))	
	
2.	Calculate	the	power	
required	to	climb	the	staircase.		
Power=	W/t	
	
	

	

3.	Compare	the	power	the	person	developed	going	up	the	stairs	to	a	100W	lightbulb.	Could	the	person	
sustain	the	power	output	they	exerted	in	this	experiment?	

	
	

4.	The	CN	tower	has	1776	steps	and	the	record	time	to	climb	is	7:52.	Assume	the	height	of	one	stair	is	
the	same	as	the	stairs	you	climbed.	Determine	the	power	developed	by	the	person	who	holds	the	
record.	Assume	their	mass	is	the	same	as	yours.	
	

	

Trial	 Time	(s)	 Mass	(kg)	 Vertical	distance	(m)	

1	 	 	 	

2	 	 	 	

3	 	 	 	

Average	
values	
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Lesson	3:	Work	and	Types	of	Energy	
	
What	is	Energy?	
	
Energy	is	the	ability	to	do	work.	Each	time	work	is	done	energy	is	
transferred	from	the	object	doing	work	to	the	object	being	worked	
on.	
	
	
Work	done	on	an	object	is	equal	to	the	change	in	energy	of	the	object.	
	

W	=	ΔE	
	
Work	and	Energy	are	both	measured	in	Joules.		
	
	
	

There	are	many	different	types	of	energy.	All	of	the	types	can	be	
classified	into	two	categories,	potential	or	kinetic.		
	
	
Types	of	energy	can	be	further	classified	into:	gravitational	potential,	
kinetic,	heat,	chemical	potential,	elastic,	light,	electrical	and	nuclear	
energy.	
	
	

	
	
Gravitational	Potential	Energy	
	
Gravitational	potential	energy	is	energy	due	to	its	position	above	the	earth.	
	

	
	
	
A	paratrooper	prior	to	jumping	has	considerable	
gravitational	potential	energy.	Once	they	jump	they	have	
considerable	gravitational	kinetic	energy.	
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Another	example	to	consider	is	that	of	a	
hydroelectric	dam.	Prior	to	the	water	
being	released	to	flow	through	the	dam	it	
has	gravitational	potential	energy.		
	
	
Once	the	water	flows	through	the	dam	
because	of	gravity	it	has	considerable	
gravitational	kinetic	energy.	This	kinetic	
energy	is	converted	to	electrical	energy.	
	
	
	
	
	
Kinetic	Energy	
	
Kinetic	Energy	is	the	energy	of	a	
moving	object.		
	
	
	
Kinetic	energy	is	calculated	by:	
	
	
	
	
	
	
	
	
	
	
	
	
Heat	Energy	
	
Heat	energy	is	the	kinetic	energy	of	the	molecules	in	an	object	or	a	system.		
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Chemical	Potential	Energy	
	
Chemical	potential	energy	is	stored	energy	within	
the	chemical	bonds	of	a	compound.	
	

	
	
	
	
	
Elastic	Potential	Energy	
	
Elastic	energy	is	stored	(potential)	energy	
that	can	do	work	once	it	is	released.	
	
	
	
	

	
	

	
Light	Energy	
	
	
	
	
Light	energy	is	energy	that	the	photons	
have	as	they	move	through	space.	
	
	
	
	
	
	
	
	

	
	
Electrical	Potential	Energy	
	
Electrical	energy	is	electric	potential	energy	
of	the	charge	(electron)	due	to	its	position	
away	from	its	paired	proton.	Electric	
potential	energy	is	measured	in	Volts.	
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Nuclear	Energy	
	
Nuclear	energy	is	energy	stored	in	the	
nucleus	of	every	atom.	Nuclear	fission	
and	fusion	release	huge	amounts	of	
energy	as	a	result	of	a	very	small	mass	
loss	according	to	Einstein’s	equation.	
	
	
	

E	=	mc2	
	
Nuclear	power	plant	
	
Nuclear	energy	originates	from	the	splitting	of	uranium	atoms	–	a	process	called	fission.	This	generates	
heat	to	produce	steam,	which	is	used	by	a	turbine	generator	to	generate	electricity.	Because	nuclear	
power	plants	do	not	burn	fuel,	they	do	not	produce	greenhouse	gas	emissions.	
	
By	reliably	providing	power	24	hours	a	day,	nuclear	energy	is	an	important	part	of	the	energy	mix	
necessary	to	meet	electricity	demand.	And,	with	no	carbon	emissions,	it	will	remain	an	important	clean	
energy	resource	for	the	future.	
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Additional	Practice		 	
	
Force	Practice	Problems:			(hint:	try	writing	out	the	equations	here	first)	
	
	
1.	A	force	of	20	N	acts	upon	a	5	kg	block.		Calculate	the	acceleration	of	the	object.		
	
	
	
	
	
2.	An	object	of	mass	300	kg	is	observed	to	accelerate	at	the	rate	of	4	m/s2.		Calculate	the	force	required	
to	produce	this	acceleration.	
	
	
	
	
	
3.	An	object	of	mass	30	kg	is	in	freefall	in	a	vacuum	on	earth	where	there	is	no	air	resistance.	Determine	
the	acceleration	of	the	object.			
	
	
	
	
	
4.	A	force	of	200	N	is	exerted	on	an	object	of	mass	40	kg	that	is	located	on	a	sheet	of	perfectly	smooth	
ice.	

a. Calculate	the	acceleration	of	the	object.		
	
	
	
	

	
b.	If	a	second	object	identical	to	the	first	object	is	placed	on	top	of	the	first	object,	what	
acceleration	would	the	200	N	force	produce?	

	
	
	
	
5.		An	object	of	mass	10	kg	is	accelerated	upward	at	2	m/s2.		What	force	is	required?	
	
	
	
	
	
6.	A	5	kg	block	is	pulled	across	a	table	by	a	horizontal	force	of	40	N	with	a	frictional	force	of	8	N	
opposing	the	motion.		Calculate	the	acceleration	of	the	object.		Hint:	Try	drawing	what	this	would	
look	like	first	(We	will	do	this	one	as	a	class)	
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Work	Practice	Problems:	(hint:	try	writing	out	the	equations	here	first)	
	
	

1.					Mr.	Ewan	uses	20N	of	force	to	push	a	lawn	mower	10	meters.	How	much	work	does	he	do?	
	
	
	
	
2.					How	much	work	does	an	elephant	do	while	moving	a	circus	wagon	20	meters	with	a	pulling	force	of	
200N?	
	
	
	
	
3.					How	much	work	is	done	when	a	force	of	33N	pulls	a	wagon	13	meters?	
	
	
	
4.					Taylor	does	15	Joules	of	work	to	push	Cody	6	meters.		How	much	force	did	he	use?	
	
	
	
	
5.					Matthew	uses	a	force	of	25	Newtons	to	lift	Leo	while	doing	50	Joules	of	work.		How	far	did	he	lift	
Leo?		
	
	
	
	
6.				Maddy	throws	a	ball	with	1237	Joules	of	work	and	the	ball	landed	40m	away,	how	much	force	did	
she	use	to	throw	the	ball?	
	

	

	

	

7.	A	30kg	mass	is	lifted	and	accelerates	at	4m/s2.		What	are	the	total	amount	of	Joules	gained	by	this	
mass	if	it	travels	a	distance	of	36m?	
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Power	Practice	Problems:	(hint:	write	out	the	equations	first)

Watt	are	the	units	for	Power?	___________	

1. If	4500	joules	of	work	are	done	to	lift	an	object	in	5	seconds,	what	is	the	power?

2. How	much	work	does	a	30W	engine	do	if	it	operates		for	40	seconds?

3. During	the	staircase	lab,	Tigger	runs	up	the	stairs,	elevating	his	102	kg	body	a	vertical	distance	of
2.29	meters	in	a	time	of	1.32	seconds	at	a	constant	speed.	

a. Determine	the	work	done	by	Tigger	in	climbing	the	staircase.

b. Determine	the	power	generated	by	Tigger.

4. Hannah	pushes	a	box	across	the	floor	a	distance	of	50	meters.	Pushing	the	box	required	a	force	of	20
N	and	took	the	person	40	seconds.	

a. What	is	the	work?

b. What	is	the	power?

5. A	new	conveyor	system	at	the	local	packaging	plan	will	utilize	a	motor-powered	mechanical	arm	to
exert	an	average	force	of	890	N	to	push	large	crates	a	distance	of	12	meters	in	22	seconds.	Determine	
the	power	output	required	of	such	a	motor.
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Lesson	4:	The	Kwh,	Another	Measure	of	
Energy	

How	do	we	measure	Energy?	

Energy	can	be	measured	in	Joules	(J)	or	the	kilowatt-hour.	The	
relationship	between	the	kwh	and	J	is	shown	below	through	an	
example.	

The	scenario	is	that	a	1000	W	light	bulb	is	on	for	an	hour.	How	much	energy	does	it	use	in	that	time?	
Two	separate	calculations	will	be	done	below	

1000	W			=		1kw	
3600	seconds	in	one	hour	

P	=	W/t	

Or	

W	=	P	x	t	

W	=	P	x	t	 W	=	P	x	t	

W	=	1000W	x	3600s	 W	=	1Kw	x	1h	

Work	(energy)	=	3.6	x	106	J	 Work	(energy)	=	1kwh	

3.6	x	106	J	=	1kwh	
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Additional	Practice	
	
1.		Convert	the	following	into	kilowatts:	
	

a)	1500	W	
	
	

b)	25.0	W		
	
	

c)	1670000	W	
	
	
2.		Determine	the	total	kilowatt	hours	for	the	following:	
	

a)	3000W	heater	on	for	3	hours.	
	
	
	

b)	1500W	water	pump	on	for	5	hours	a	day	7	days	a	week	for	2	weeks.	
	
	

	

3.		Determine	the	total	cost	of	operating	a	2000W	heater	for	4	hours	a	day,	5	days	a	week	for	8	weeks.	
The	cost	of	one	kilowatt	hour	is	$0.14.	

	
	
	

	
	
	

4.		If	operating	a	2000W	stove	for	2	months	is	$10.50	and	the	cost	per	kwh	is	$0.14,	how	long	was	the	
stove	on	during	those	2	months?	

	
	
	
	
	
5.	An	LED		lightbulb	is	rated	at	14	Watts	and	is	left	on	for	eight	hours	in	a	day.		Determine	how	much	it	
would	cost	to	keep	the	light	on	for	one	month	(30	days)	if	the	cost	of	electricity	is	14	cents	per	
kiloWatt	hour.	
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6.	An	electric	car	charger	is	rated	for	7,700W	and	runs	for	90	minutes	each	night	after	a	typical	day	of	
driving.	If	electricity	costs	$0.14	per	Kwhr	what	is	the	cost	of	charging	nightly?	
	
	
	
	
	
	
	
	
	
	
7.	(BONUS)	Compare	the	cost	for	driving	my	car	over	the	course	of	two	years	(35,679	km	and	6,783	
Kwhr)	given	that	electricity	costs	$0.14	per	Kwhr	and	my	previous	car	averaged	12L/100	km	on	
premium	gas.	Use	the	average	price	for	premium	gas	today	in	your	calculations.		
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Lesson	5:	Gravitational	Potential	Energy	
	
Does	Height	affect	Potential	Energy?	
	
The	gravitational	potential	energy	of	an	object	is	the	energy	an	
object	has	due	to	its	position.	Gravitational	potential	energy	has	
the	symbol	PE	and	is	measured	in	joules.	

 
 
 

The	equation	for	the	gravitational	potential	energy	is	PE	=	mgh,	where	m	is	the	mass	of	the	object	in	kg,	
h	is	the	height	of	the	object	in	meters	and	g	is	the	acceleration	due	to	gravity	9.8m/s2.		
	
	
	

Example:	How	much	gravitational	potential	energy	does	a	
75kg	rock	have	if	it	is	lifted	4m?	
	

PE	=	mgh	
	

PE	=	75kg	x	9.8N/kg	x	4m	
	

PE	=	2940J	
	
	
	
	

	
	
	
Relative	potential	energy	assumes	the	lowest	point	in	a	scenario	to	have	a	zero	height	value.	It	can	be	
calculated	by:	
	

PE	=	mgh,	where	h	is	the	the	height	above	a	certain	point.	
	

 
Eg.	1:	A	10.0kg	rock	is	on	top	of	a	house	3.00m	high.	What	is	the	gravitational	potential	energy	of	the	
rock:	
	
	

PE	=	mgh	
PE	=	10.0kg	x	9.80N/kg	x	3.0	m	

PE	=	294J	
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Eg.	2:	A	1500Kg	car	is	lifted	on	a	hoist	until	it	gains	37,000J	of	potential	energy.	How	high	
was	the	car	lifted?	
	

PE	=	mgh		
PE/mg	=	h	

h	=	37,000J	/	(1500	kg	x	9.80N/kg)		
h	=	2.6	m	

	
Eg.	3:	A	bird	flying	at	a	height	of	120m	has	4600J	of	GPE.	What	is	its	mass?		
	

PE	=	mgh	
PE/gh	=	m	

m	=	4600J	/	(9.8N/kg	x	120	m)	
m	=	3.9	Kg	

 
Additional	Practice:	
	

Write	the	formula	for	potential	energy	here:	_____________	
	
1.	Determine	the	gain	in	the	potential	energy	when	a	4.0	kg	rock	is	raised	18.000	m.		
	
	

	

2.	A	leopard	with	a	mass	of	55.00	kg	climbs	12.0	m	up	a	tree.	What	is	its	gain	in	PE?		
	

	
	

3.	An	aircraft	is	taking	a	group	of	skydivers	up	into	the	air.	Mr.	Vucko	is	dressed	in	his	parachuting	
outfit,	which	brings	his	mass	to	a	total	of	120.0	kg.	The	aircraft	takes	the	group	to	a	height	of	5000.00	m	
before	the	jump.	How	much	PE	does	Mr.	Vucko	gain	before	jumping?		
	
	

	

4.	An	owl	has	a	mass	of	4.00	kg.	It	dives	to	catch	a	mouse,	losing	800.00	J	of	its	GPE.	What	was	the	
starting	height	of	the	owl,	in	meters?		
	

	

	

5.	An	astronaut	with	a	mass	of	110.0	kg	visits	the	moon	(which	has	a	different	gravitational	force	than	
Earth).	The	astronaut	climbs	5.0	m	up	the	ladder	into	his	spacecraft	and	gains	880.0	J	in	GPE.	What	is	
the	strength	of	gravity	on	the	moon?		
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6.	One	of	the	tallest	radio	towers	on	Victoria	island	is	629.9	m	tall.	If	a	bird	lands	on	top	of	the	tower,	so	
that	the	gravitational	potential	energy	associated	with	the	bird	is	2033.76	J,	what	is	its	mass,	in	
kilograms?	
	

	

7.	The	largest	sea	turtle	found	in	North	America	had	a	mass	of	860.24	kg.	If	the	gravitational	potential	
energy	associated	with	the	turtle	as	it	was	being	lifted	onto	a	ship	was	20,320.7	J,	how	high	above	the	
water	was	the	turtle	when	it	was	lifted?	
	

	

8.	Which	of	the	following	has	the	most	potential	energy?	
a.	car	at	the	top	of	a	hill	
	
b.	A	car	speeding	down	the	hill	
	
c.	A	person	at	the	top	of	a	hill	

	
	
9.	One	of	Mr.	Ewan’s	students	went	bungee	jumping	off	of	a	building	in	China	last	summer.	After	several	
heart-pounding	seconds,	he	leapt	from	a	height	of	233	meters.	If	his	weight	is	104	kilograms,	what	
would	his	potential	energy	be	just	prior	to	jumping?		
	
	

	

10.	He	almost	hit	the	ground	but	luckily	he	snapped	back	up	towards	the	top	of	the	building.	What	was	
his	potential	energy	just	before	hitting	the	ground?	
	
	

	

11.	An	owl	has	a	mass	of	4	kg.	It	dives	to	catch	a	mouse	losing	800	J	of	PE.	How	high	was	the	bird	to	
begin	with?	
	
	

	

104



12.	In	the	following	image	of	a	roller	coaster.	Label	the	point	where	you	would	have	the	highest	amount	
of	potential	energy.	Using	the	formula	PE=	mgh,	explain	how	you	came	to	that	conclusion.	

	
13.		A	marble	is	on	a	table	2.4	m	above	the	ground.				What	is	the	mass	of	the	marble	if	it	has	a	GPE	of	
568	J.	
	
	
	

14.		A	cart	at	the	top	of	a	300	m	hill	has	a	mass	of		40	kg.		What	is	the	cart’s	gravitational	potential	
energy?	
	
	

	

15.	Find	the	gravitational	potential	energy	of	a	light	that	has	a	mass	of	13.0	kg	and	is	4.8	m	above	the	
ground.	
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Lesson	6:	Kinetic	Energy	
	
What	is	Kinetic	Energy?	
	
	
Kinetic	energy	is	the	energy	of	motion.	KE	is	the	symbol	for	kinetic	energy.	
	
Kinetic	energy	can	be	calculated	by:	
	

KE	=	½	mv2	
	

Where	m	is	the	mass	of	an	object	measured	in	kg	
	

v	is	the	velocity	of	the	object	measured	in	m/s	
	

KE	has	the	unit	of	measure	of	Joules	(J)	
	

Example:	What	is	the	kinetic	energy	of	a	6.0kg	curling	stone	sliding	at	4.0m/s?	
	

Ek	=	½	mv2	
	

Ek	=	½	6.0kg	x	(4.0m/s)2	
	

Ek	=	48J	
	
	
Example:	The	kinetic	energy	of	a	boat	is	calculated	at	52,000	J.	If	the	boat	has	a	mass	of	39,000	kg,	with	
what	velocity	is	it	moving?	
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Looking	at	the	kinetic	energy	equations	reveals	the	dominance	
of	velocity	on	the	kinetic	energy.	If	the	velocity	is	doubled	or	
tripled	then	the	kinetic	energy	increases	four	or	nine	times,	
respectively.	
	
	
	
The	total	mechanical	energy	(TME)	of	a	system	is	KE	+	PE.	
When	energy	is	transferred	or	transformed	in	our	Universe,	
TME	remains	constant.	
	
	
	
	
Additional	Practice	
	
Write	the	formula	for	Kinetic	energy	here:	
	

1. What	is	the	Kinetic	Energy	of	a	150	kg	
object	that	is	moving	with	a	speed	of	15	
m/s?	

	
	
	
	

	

2. An	object	has	a	kinetic	energy	of	25	J	and	a	
mass	of	34	kg	,	how	fast	is	the	object	moving?	

	
	
	

	
	

3. An	object	moving	with	a	speed	of	35	m/s	and	has	a	kinetic	energy	of	1500	J,	what	is	the	mass	of	
the	object.	
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4. What	is	the	Kinetic	Energy	of	a	1200	kg	object	that	is	moving	with	a	speed	of	24	m/s?	
	

	
	

	

5. An	object	has	a	kinetic	energy	of	14	J	and	a	mass	of	17	kg	,	how	fast	is	the	object	moving?	
	
	

	
	
	

6. An	object	moving	with	a	speed	of	67	m/s	and	has	a	kinetic	energy	of	500	J,	what	is	the	mass	of	
the	object.	

	
	
	

	

	

7. What	is	the	Kinetic	Energy	of	a	478	kg	object	that	is	moving	with	a	speed	of	15	m/s?	
	

	

	
	
	

8. An	object	has	a	kinetic	energy	of	88	J	and	a	mass	of	45	kg	,	how	fast	is	the	object	moving?	
	

	

	
	
	
	

9. An	object	moving	with	a	speed	of	21	m/s	and	has	a	kinetic	energy	of	140	J,	what	is	the	mass	of	
the	object.	

	
	

	
	
	
	

10. What	is	the	Kinetic	Energy	of	a	100	kg	object	that	is	moving	with	a	speed	of	12.5	m/s? 
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Lesson	7:	Conservation	of	Energy	
	

In	any	closed	system	the	TME	(Total	Mechanical	Energy)	
remains	constant.	When	energy	is	transferred	or	transformed	
the	TME	remains	constant.	This	is	the	law	of	conservation	of	
energy.	

	
	
	
	

	
	
	

The	Law	of	conservation	of	energy	can	also	be	stated	as	ΔKE	+	ΔPE	=	0.	Where	ΔKE	means	change	in	
kinetic	energy,		KE	final	-	KE	initial.	ΔPE	means	change	in	potential	energy,	PE	final	-	PE	initial.		

	
	
	

Example:	As	10	kg	rock	falls	from	a	height	of	10m	to	the	ground	it	loses	gravitational	potential	
energy.	Determine	the	change	in	gravitational	potential	energy.	

	
ΔPE	=	PE	final	-	PE	initial	

	
mghfinal	-	mghinitial	

	
10kg	x	9.8m/s2	x	0m	-	10kg	x	9.8m/s2	x	10m	

	
-980	J	

Note	the	negative	sign	indicates	a	loss	in	energy.	
	
	

What	is	the	gain	in	kinetic	energy	of	this	rock?		 The	rock	must	gain	980J	of	kinetic	energy.	
	

The	final	velocity	of	the	falling	rock	can	now	be	found	using		 ΔKE	=	980	J.	
	

KE	final	-	KE	initial	=	980	
	

1/2mv2final	=	980	
	

mv2final	=	2	x	980	
	

10	x	v2final	=	1960	
	

v2final	=	196	
	
	

Vfinal	=	14m/s	
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Remember…	
PE=KE	

	
mgh=1/2mv2	

	

mgh=1/2mv2	
	

gh=1/2v2	
	

2gh=	v2	
	

!2𝑔ℎ	=	v	

1.	Complete	the	following	table.	
	
	 Variable	used	 Units	measure	in	 Unit	symbol	
	
Kinetic	Energy	
	

	 	 	

	
Potential	Energy	
	

	 	 	

	
Mass	
	

	 	 	

Gravitational	Field	
Strength	
	

	 	 	

	
Velocity	
	

	 	 	

	
Height	
	

	 	 	

	
2.	A	20.0	kg	boulder	is	at	a	height	of	152	metres	above	the	ground.	

a) Determine	its	potential	energy.	
	
	
	
	
	
	

b) Determine	its	kinetic	energy.	
	
	
	
	
	

c) It	releases	from	the	cliff	and	falls	to	the	ground.		What	is	the	boulder’s	impact	velocity	
(how	fast	it	hits	the	ground)?	

	
	
	
	
	
	
3.		A	180	kg	boulder	falls	off	a	cliff	and	hits	the	ground	at	45	m/s.	

What	height	is	the	cliff?	
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4.	What	is	the	initial	potential	energy	of	the	boulder?	

	
	
	
	
	
	
	
	
5.	What	is	the	final	potential	energy	of	the	boulder?	
	
	
	
	
	
	
6.	A	cannon	launches	a	3.5	kg	cannonball	vertically	upwards	at	89	m/s.	
What	maximum	height	will	the	cannonball	reach?	
	
	
	
	
	
	
	
	
7.	What	is	the	initial	kinetic	energy	of	the	cannonball?	
	
	
	
	
	
	
	
	
8.	What	is	the	final	kinetic	energy	of	the	cannonball?	
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Additional	Practice:	
	
1.		According	to	the	Law	of	Conservation	of	Energy,	the	total	amount	of	energy	in	the	universe	__________.	

a) Remains	constant	
b) Decreases	
c) Increases	
d) Changes	constantly	

	

2.		A	basketball	is	dropped	outside	of	the	school.	If	it	reaches	the	floor	at	a	speed	of	3.2	m/s,	from	what	
height	did	it	fall?	

	
	
	
	
	
	

3.		A	safe	is	hurled	down	from	the	top	of	a	130	m	building.		What	is	its	velocity	as	it	hits	the	ground?			
	
	
	
	
	
	
	

4.		A	2.5	kg	object	is	dropped	from	a	height	of	10.0	m	above	the	ground.	Calculate	the	speed	of	the	object	
as	it	hits	the	ground.			

	
	
	
	
	

5.		A	200-kg	boulder	is	1000-m	above	the	ground.	

a) What	is	its	potential	energy	when	it	is	1000-m	above	the	ground?	
	
	
	
	
b) What	is	its	kinetic	energy	when	it	is	1000-m	above	the	ground?	
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c) The	boulder	begins	to	fall.		What	is	its	potential	energy	when	it	is	
500-m	above	the	ground?		Where	did	the	“lost”	potential	energy	
go?	

	

	

d) What	is	the	kinetic	energy	of	the	boulder	when	it	has	fallen	500-
m?	

	

	

e) What	is	the	kinetic	energy	of	the	boulder	just	before	it	hits	the	ground?	

	
	

6.		A	boulder	sits	atop	a	steep	cliff	and	someone	pushes	it	off	the	edge.	If	the	cliff	is	45	metres	high	and	
the	boulder	is	200kg,	what	speed	will	the	boulder	hit	the	ground	with?	Ignore	air	friction	in	this	case.	

	
	
	
	
	
	
	
	
	

7.		A	child	with	a	mass	of	25.5	kg	starts	at	rest	and	goes	down	a	slide	with	a	height	of	3.50	m	
	
	
	
	
	
	
	
	
	
	

8.	Challenge…	Silverstar,	a	Roller	Coaster	in	Germany	is	78m	high	at	its	tallest	point.	The	total	mass	of	
the	carts	is	537	kg.	With	what	speed	would	the	cart	be	travelling	at	the	bottom	of	the	roller	coaster	if	
the	cart	had	a	speed	of	5	m/s	at	the	top	of	the	roller	coaster?	
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Lesson	8:	Heat	Energy	
	
What	is	Thermal	Energy?	
	
Thermal	energy	is	the	total	energy	stored	in	an	object.	
It	is	the	sum	total	of	all	the	kinetic	and	potential	energy	
of	the	molecules	within	an	object.		
	
	
Heat	energy	is	the	energy	that	is	transferred	from	one	object	to	another	because	of	a	difference	in	
temperature.	
	
How	Heat	Pumps	Work	

	
Heat	pumps	do	not	generate	heat	
but	extract	it	from	one	body	of	air	
and	transfer	it	to	another.	They	use	
the	same	principle	as	your	fridge,	
compressing	gas	and	then	allowing	
it	to	expand,	extracting	heat	as	it	
does	so.	
Even	if	the	air	outside	is	freezing,	
heat	pumps	can	extract	heat	energy	
and	transfer	it	inside	to	keep	you	
warm.	In	summer	the	system	works	
in	reverse,	extracting	heat	from	
indoors	and	transferring	it	outside	

leaving	you	comfortable	and	cool.	
During	The	Summer,	a	heat	pump	pulls	heat	from	inside	your	home	and	moves	it	outside,	just	like	an	air	
conditioner.	During	Winter,	a	heat	pump	pulls	heat	from	outside	and	moves	it	into	your	home.	During	
extreme	cold	weather,	the	heat	pump	will	use	a	backup	heat	source.	
	
	
	
	
Temperature	is	a	measure	of	the	average	energy	
per	molecule.	
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The	total	amount	of	heat	needed	to	raise	the	temperature	of	an	object	depends	on	three	quantities:		
	

1. mass	of	the	object	
	

2. desired	temperature	change	
	

3. the	specific	heat	capacity.	

	
	
The	specific	heat	capacity	(c)	is	a	measure	of	how	much	energy	(J)	is	needed	to	change	the	temperature	
of	1kg	of	mass	by	one	!C.	The	specific	heat	capacity	for	water	is	4200J/kg!C.	

 
 
	
The	total	amount	of	heat	energy	needed	to	raise	the	temperature	of	an	object	can	be	calculated	using:	
	

∆Eh	=	mc∆T	
	

∆Eh	is	the	heat	energy	added	or	lost	in	joules	(J)	
m	is	the	mass	of	the	object	(kg)	

c	is	the	specific	heat	capacity	(J/kg!C)	
∆T	is	the	change	in	temperature	(!C)	

	
Example:	How	much	heat	energy	does	it	take	to	raise	the	temperature	of	100g	of	lead	shot	from	20!C	
to	33!C?	The	specific	heat	capacity	of	lead	is	130J/kg!C.	
	

∆Eh	=	mc∆T	
	

∆Eh	=	0.100kg	x	130	J/kg!C	x	(33	–	20)!C	
	

∆Eh	=	1.7	x	102J	
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Additional	Practice:	
Use	the	following	table	to	help	you	answer	questions	1-8	
	

	
1.			What	are	the	units	for	specific	heat	capacity?		
	
	

2.			What	is	the	unit	for	energy?		
	
	
	

3.			How	much	energy	is	needed	to	heat	up	1kg	of	water	by	15!C?	
	
	
	
	

4.			How	much	energy	would	be	needed	to	raise	the	temperature	of	a	5kg	block	of	concrete	by	10!C?		
	
	

5.			Can	you	calculate	the	energy	needed	to	increase	the	temperature	of	100kg	of	iron	by	40!C?	
	
	
	

6.			A	20kg	concrete	block	is	at	20!C	and	is	heated	to	65!C.	What	is	the	energy	used	to	heat	this	block?	
	
	
	
	

7.			A	250g	copper	pipe	is	heated	from	10!C	to	31!C.	What	is	the	energy	needed	to	heat	the	pipe?	
	
	
	

8.			Can	you	rearrange	the	equation	to	calculate	the	temperature	difference?	
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Lesson	9:	Efficiency	
	
What	is	Thermal	Energy?	
	
The	law	of	conservation	of	Energy	states	that	in	any	
transfer	or	transformation	of	energy,	the	total	amount	
of	energy	remains	constant.	Unfortunately	the	energy	
may	not	be	in	the	form	that	we	desired.	
	
	
	
	
	
	
People	use	machines	to	transform	or	transfer	energy.	Unfortunately	they	will	never	be	100%	efficient.	
The	efficiency	of	any	machine	can	be	determined	by	the	following:	

	
	
	

Efficiency	=			useful	energy	output										x		100%	
	energy	input	

	
	
	
	
	
	
	

	
	
	

A	typical	light	bulb	is	very	inefficient	
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Example:		 A	1500W	kettle	heats	1.5kg	of	water	from	18!C	to	59!C	in	3.0	minutes.		
	
A)	How	much	electrical	energy	did	the	kettle	use?		
	
P	=	W/t			or	W	=	P	x	t	
	
W	=	1500W	x	180s	
	
Work	done	by	kettle	=	2.7	x	105J	
	
B)	How	much	heat	energy	was	delivered	to	the	water?	
	
∆Eh	=	mc∆T	
	
∆Eh	=	1.5kg	x	4200J/kg!C	x	(59	–	18)	!C	
	
∆Eh	=	2.6	x	105J	
	
C)	What	is	the	efficiency	of	the	kettle?	
	
Efficiency	=	useful	energy	output	x	100%	
																															energy	input	
	
Efficiency	=	2.6	x	105J	x	100%	
																								2.7	x	105J	
	
Efficiency	=	96%	
	
Example:	A	rocket	engine	takes	in	800J	of	chemical	energy	and	changes	this	into	480J	of	kinetic	energy	
and	320J	of	heat	energy.	
	
	
	
	
	
Example:	A	jet	engine	gas	turbine	takes	in	1200J	of	chemical	energy	and	
gives	out	960J	of	kinetic,	180J	of	heat	and	60J	of	sound	energy.	
	
	
	
	
	
Example:	A	TV	takes	in	600J	of	electrical	energy	and	gives	out	300J	of	light,	240J	of	sound	and	60J	of	
heat	energy	
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Additional	Practice:	
	
1.		What	is	the	law	of	conservation	of	energy?	

	
	

	

	
	
	
	

2.		What	is	the	formula	for	calculating	the	efficiency	of	a	system?	
	
	
	

	

	
	
	

3.		What	does	most	of	the	energy	of	a	system	usually	transform	into?	
	
	

	

	
	
	
	

4.		What	is	the	efficiency	of	a	car	if	the	car	uses	1000	J	of	chemical	potential	energy	and	only	100J	of	
kinetic	energy	is	produced?	

	
	
	

	
	
	

5.		If	an	electric	car	is	80%	efficient	then	how	much	electric	potential	energy	is	used	by	the	car	when	
333	J	of	kinetic	energy	is	produced?	
	
	

119



Lesson	10:	Alternate	Energy	Sources	
	
In	the	early	1970’s	the	realisation	that	fossil	fuels	were	not	going	
to	last	forever	resulted	in	the	search	for	alternate	energy	sources.		
	
	
	
	
Some	of	the	alternate	energy	sources	are:	biomass	fuels,	wind	
turbine,	hydroelectric,	solar,	tidal,	geothermal,	nuclear	fission	and	nuclear	fusion.	
	
1.		Biofuels	

	
Biofuels	use	a	process	called	pyrolysis.	Pyrolysis	
occurs	when	certain	materials	are	heated	strongly	
in	an	air-free	environment	to	form	burnable	
methane	gas.	
	
	
	
	
	
	
Fermentation	is	also	used	to	extract	combustible	
methane	and	ethanol.	Fermentation	uses	
microscopic	organisms	to	break	down	the	biomass.	

 
 
	
	
	

	
	
2.		Wind	Turbines	
	
Wind	turbines	use	the	air	passing	over	the	blades	to	
create	lift.	The	blades	turn	which	in	turn	powers	an	
electric	generator.		
	
The	generator	produces	the	electricity.	
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3.		Hydroelectric		
	
Hydroelectric	is	very	similar	to	wind	turbine	in	the	
sense	that	instead	of	air	moving	a	turbine,	water	
turns	the	turbine	which	in	turn	turns	an	electric	
generator.	
	
	
	
	
	

	
	
	
	
4.		Solar	Water	Heating	
	
Solar	energy	can	be	captured	using	two	methods,	one	is	passive	
capture	and	the	other	is	active.		
	
	
The	passive	capture	simply	uses	the	sun’s	energy	to	heat	water	
and	the	water	is	then	used	directly	or	turns	into	steam,	which	
turns	a	turbine	to	produce	electricity.	

	
	
	
	
	
	
5.		Photovoltaics	
	
Active	solar	capture	uses	the	light	energy	of	the	sun	when	the	
photons	in	the	sunlight	produce	a	charge	separation	in	the	
materials	that	make	up	the	solar	panel.	This	produces	
electricity	directly.	
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6.		Tidal	and	Wave	Energy	
	
	

Tidal	and	wave	energy	are	captured	through	the	repeated	
motion	of	waves	or	tidal	movement	of	water.		
	
	
	
	

	
	
The	motion	is	used	to	turn	a	turbine,	which	in	turn	produces	the	
electric	energy.	

	
7.		Geothermal	Energy	
	
Geothermal	energy	can	be	harnessed	to	produce	electricity.	The	
thermal	energy	of	the	Earth	can	be	captured	for	direct	heating	or	for	
steam	production	that	turns	a	turbine	that	in	turn	turns	an	electric	
generator.	
	
	

8.		Nuclear	Energy	
	
In	a	nuclear	reaction	there	is	a	small	amount	of	mass	lost	in	the	form	of	energy	based	on	Einstein’s	
famous	equation:	
	
E	=	mc2	
	
E	is	the	energy	produced	in	joules	(J)	
m	is	the	mass	loss	measured	in	kg	
C	is	the	speed	of	light	3		x	108	m/s	
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Which	form	of	alternate	energy	is	safest?	
	
	
	
	
Which	is	most	cost	effective?	
	
	
	
	
Which	is	the	‘cleanest’?	
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Unit Four: Astronomy 
 
Lesson 1: The Big Bang 
	
What	is	the	Big	Bang?	
	
The	Big	Bang	is	one	of	the	greatest	
scientific	theories	of	all	time.	It	is	
about	how	the	universe	started,	and	
then	made	the	stars	and	galaxies	we	
see	today.	
	
	
	
	
	
	
The	universe	began	as	a	very	hot,	small,	and	dense	superforce.	This	is	a	mix	of	the	4	cosmic	forces,	with	
no	stars,	atoms,	form,	or	structure.		This	is	referred	to	as	a	“singularity”		
	
	
Then	about	13.7	billion	years	ago,	space	expanded	very	quickly,	thus	the	name	"Big	Bang".	This	started	
the	formation	of	atoms,	which	eventually	led	to	the	formation	of	stars	and	galaxies.		
	
It	was	first	noted	in	1927	that	an	expanding	universe	could	be	traced	back	in	time	to	an	originating	
single	point.	The	universe	is	still	expanding	today,	but	getting	colder	as	well.	
	
Evidence	for	the	Big	Bang	
	
1)	Background	Microwave	Radiation	
	
Very	early	in	its	history,	the	whole	Universe	was	very	hot.	As	it	expanded,	this	heat	left	behind	a	"glow"	
that	fills	the	entire	Universe.	The	Big	Bang	theory	not	only	predicts	that	this	glow	should	exist,	but	that	
it	should	be	visible	as	microwaves	-	part	of	the	Electromagnetic	Spectrum.	
	

	
	
	
This	is	the	Cosmic	Microwave	Background	which	has	been	
accurately	measured	by	orbiting	detectors,	and	is	very	
good	evidence	that	the	Big	Bang	theory	is	correct.	
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2)	Redshift	of	Galaxies	
	
The	Redshift	of	distant	galaxies	means	that	the	Universe	is	probably	expanding.	If	we	then	go	back	far	
enough	in	time,	everything	must	have	been	squashed	together	into	a	tiny	dot.	The	rapid	eruption	from	
this	tiny	dot	was	the	Big	Bang.	
	
What	is	Redshift?	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Most	galaxies	appear	to	be	moving	away	from	us.	This	means	that	the	light	from	them	is	"stretched"	
slightly	and	appears	a	bit	redder	that	it	would	otherwise	do.	
	
This	is	similar	to	what	happens	to	sound.	Imagine	that	a	fire	engine	is	driving	past	you	with	its	siren	on.	
When	it	is	moving	towards	you,	the	siren	it	quite	high	pitched.	When	it	is	moving	away	from	you,	the	
pitch	drops	and	it	sounds	lower.	With	light,	"lower"	means	more	red	and	"higher"	means	more	blue.	
	
3)	Mixture	of	Elements	around	the	Universe	
	
As	the	Universe	expanded	and	cooled	down,	the	hydrogen	and	helium	that	we	see	today	were	created.	
The	Big	Bang	theory	predicts	how	much	of	each	element	should	have	been	made	in	the	early	universe,	
and	what	we	see	in	very	distant	galaxies	and	old	stars	is	just	right.	
	

	
You	cannot	look	in	new	stars,	like	the	Sun,	for	this	evidence,	
because	they	contain	elements	that	were	created	in	previous	
generations	of	stars.	As	such,	the	composition	of	new	stars	will	be	
very	different	from	the	composition	of	stars	that	existed	billions	
of	years	ago,	shortly	after	the	Big	Bang.	
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Lesson 2: Galaxies and the Vastness 
of Space 
	
What	are	Galaxies?	
	
Galaxies	are	vast	collections	of	stars,	stellar	remnants,	
dust	and	gas	that	are	bound	together	by	gravity.	
	
	
	
	
Our	galaxy,	the	Milky	Way,	contains	between	100	and	400	billion	stars	and	is	approximately	180,000	
light	years	across.		It	has	been	estimated	that	there	are	hundreds	of	billions	of	planets	in	the	Milky	Way	
galaxy.	
	
	
	
How	many	galaxies	are	there	in	the	Universe?	
	
In	2004	the	Hubble	Space	Telescope	focused	on	a	region	of	space	the	relative	size	of	a	tennis	ball	at	
100m	for	a	period	of	10	days.	The	image	revealed	more	than	10,000	galaxies.	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
The	most	recent	estimates	have	put	the	number	of	galaxies	in	the	known	universe	to	be	as	high	as	10	
trillion.	(10,000,000,000,000).		This	estimate	means	that	there	are	more	stars	in	the	universe	than	there	
are	grains	of	sand	on	all	the	beaches	and	deserts	on	planet	Earth!	
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Galaxy	Shapes	
	
The	main	types	of	galaxies	are:	
	
Spiral,	Elliptical	and	Irregular.	
	
	
	
	
	
	
	
	
	
Galaxies	are	Vast	
	
The	Milky	Way	galaxy	is	approximately	180,000	light	years	across.	A	light	year	is	the	distance	traveled	
by	light	in	one	year.	
	
	 	 	 	 1	light	year	=	9,460,000,000,000	km	
	

	
If	you	imagined	that	our	solar	system	was	
the	size	of	your	hand	(it	takes	light	almost	3	
years	to	reach	the	outermost	edge)	then	the	
Milky	Way	galaxy	would	the	size	of	North	
America.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
If	you	imagined	that	the	Milky	Way	galaxy	was	the	size	of	your	hand,	a	current	estimate	of	the	size	of	
the	known	universe	would	be	planet	Earth.		
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Lesson 3: Stars 
	
A	Star	is	born	
	
The	universe	is	not	just	empty	space;	it	has	hydrogen	
and	other	dust	particles.		
	
	
Interstellar	matter	is	the	material	in	between	stars	and	
galaxies.	
	
	
Gravity	pulls	all	this	matter	together	compressing	it	to	
the	point	of	fusion	(10,000,000!C)	releasing	large	
amounts	of	energy.	
	
Regions	of	space	with	high	amounts	of	dust	and	hydrogen	are	called	Nebulae.	These	are	called	the	
birthplace	of	stars.	
	
The	life	of	a	Star	
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Stars	have	a	life	cycle	depending	on	the	mass	of	the	star	–
low	mass,	intermediate	mass,	and	high	mass	stars.		
	
	
	
	
	
Low	mass	stars	start	small,	burn	their	fuel	slowly,	last	for	
as	long	as	100	billion	years,	change	into	very	hot	but	small	
dim	white	dwarfs,	and	eventually	burn	out.	

	
	
	
	
	
	
	
	
	
Intermediate	mass	stars	
burn	hydrogen	faster	than	
low	mass	stars	and	live	for	
about	10	billion	years.		
	
	
They	eventually	grow	into	
red	giants	then	collapse	in	
on	themselves	to	form	a	
white	dwarf	and	eventually	
a	black	dwarf.		
	
	
	
	
	
	
	
	
	
	
High	mass	stars	are	at	least	
12X	more	massive	than	our	
sun,	burn	their	fuel	faster	
the	intermediate	stars,	
exist	for	about	7	billion	years,	end	in	a	nova	or	supernova	explosion	and	become	a	black	hole	or	a	
neutron	star.	
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The	death	of	a	Star	
	
During	the	natural	life	cycle	of	a	star	hydrogen	is	
fused	together	to	make	helium.	For	smaller	mass	
stars	once	they	run	out	of	hydrogen	the	end	is	
near.		
	
	
	
	
	
	
	
Larger	mass	stars	will	continue	to	fuse	helium	
into	successively	heavier	and	heavier	elements	
until	iron	is	produced.	Iron	is	the	largest	element	that	can	be	produced	in	a	star.		
	
	
	
	
Elements	that	are	larger	than	Iron	can	only	be	produced	from	a	supernova	explosion.	
	
	
	
	
	
	
The	Hertzsprung	Russell	(H-R)	
diagram	shows	the	relationship	
between	the	star’s	brightness	
(luminosity)	and	its	temperature	
or	color.		
	
	
90%	of	the	stars	fall	on	the	main	
sequence.	If	a	star	is	off	the	main	
sequence	it	is	in	the	process	of	
ending	its	life.	
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Lesson 4: Our Solar System 
	
Heliocentric	model	
	
Our	solar	system	formed	from	a	swirling	mass	of	
gas	and	dust	about	4.5	billion	years	ago.		
	
The	densest	part	of	this	mass	formed	the	Sun	while	
the	left	over	portion	formed	the	planets.	
	

	
	
The	Sun	contains	99%	of	the	mass	of	the	
solar	system.		
	
The	Sun	consists	mostly	of	hydrogen,	
helium,	and	other	heavier	elements.	
	
Some	features	of	the	Sun	are:		
• solar	prominences		
• sunspots		
• solar	flares.	
	
	
	
	

The	Sun	also	has	several	layers,	which	are:	the	corona,	chromosphere,	and	the	photosphere.	
	

• Photosphere:	The	innermost	part	of	the	sun's	atmosphere	and	the	only	part	we	can	see.	
• Chromosphere:	The	area	between	the	photosphere	and	the	corona;	hotter	than	the	

photosphere.	
• Corona:	The	extremely	hot	outermost	layer,	extending	outward	several	million	miles	from	the	

chromosphere.	
	
The	Sun	ejects	hot	gas	and	this	creates	the	solar	wind,	which	is	a	stream	of	charged	particles	released	
from	the	upper	atmosphere	of	the	Sun,	called	the	Corona.		
	
When	these	particles	collide	with	the	atmosphere	it	creates	the	Aurora.	
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Planets	
	
Our	solar	system	consists	of	a	star	
and	eight	planets.		
	
	
	
	
	
The	planets	are		

• Mercury	
• Venus	
• Earth	
• Mars	
• Jupiter	
• Saturn	
• Uranus	
• Neptune.	

	
	
Terrestrial	Planets	
	
	
The	terrestrial	(earth	like)	planets	are	Mercury,	Venus,	Earth,	and	mars.	
	
	
	
	
	
	
	
	
Jovian	Planets	
	
The	gas	giants	(or	Jovian)	planets	are	Jupiter,	Saturn,	Uranus,	and	Neptune.	

	
	
	
	
	
	
	
	
	
	
	
	
	

	

	

	
Mars	

	
Venus	

	
Mercury	 	

Earth	
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Space	Rocks	
	

	
Between	Mars	and	Jupiter	is	the	asteroid	belt	which	contains	
material	left	over	from	the	formation	of	the	solar	system.	
	
	
	
	
	

	
	
The	Oort	Cloud	is	between	50,000	to	100,000	
AU	from	the	Sun.	(An	AU	is	the	distance	from	
the	Earth	to	the	Sun)		
	
	
	
	
	
	
	
	
Other	objects	in	the	solar	system	would	include	satellites	(moons),	asteroids,	comets,	and	Trans-
Neptunian	objects	(orbit	beyond	Neptune).	
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Lesson 5: Measuring Distances in Space 
	
Direct	Measurement	
	
We	can	measure	relatively	close	distances	by	direct	measurement.	This	works	
for	objects	on	Earth	that	are	not	too	large.	However,	this	doesn’t	work	for	
objects	that	are	outside	of	the	Earth,	some	at	great	distances.	
	
Indirect	Measurement	
Indirect	techniques	can	also	be	used	to	measure	relatively	large	distances.	Triangulation	and	parallax	
can	be	used	to	indirectly	measure	distances	to	objects	
	
Triangulation	
	
	Triangulation	is	the	process	of	determining	the	location	of	a	
point	by	forming	triangles	to	it	from	known	points	and	
drawing	a	scale	diagram.	
	
	
	
	
	
Steps	for	performing	triangulation:	

	
1. Measure	a	straight	baseline	(line	S	on	the	diagram).	The	longer	the	baseline	the	more	accurate	

the	calculation.		
	

2. Use	a	protractor	to	measure	the	angles	at	each	end	of	the	
baseline	(angles	A	and	B	on	the	diagram).	Measure	the	angle	
between	the	baseline	and	the	line	leading	to	the	object	being	
observed.	

	
3. Use	the	two	angles	and	the	length	of	the	baseline	to	construct	a	scale	diagram.	

	
4. On	your	scale	diagram	mark	a	perpendicular	line	from	the	baseline	to	the	object	being	observed	

(line	D	on	the	diagram).	
	

5. Measure	the	length	of	this	perpendicular	line	and	use	
the	scale	of	your	diagram	to	determine	the	actual	
distance.	

	
Example:	

For	a	scale	of	1cm	=	10m,	and	if	the	diagram	has	a	line	D	of	
8.2cm	long	then	the	actual	length	is:	

	
10m/cm	x	8.2cm	=	82m	
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Parallax	
	
Parallax	is	the	apparent	shifting	of	an	object	compared	to	the	background.	Our	eyes	use	this	to	give	us	
depth	perception.	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
Since	we	know	the	diameter	of	Earth’s	orbit	very	precisely	we	can	work	out	distances	to	far	away	
objects	by	comparing	the	angles	seen	to	them	at	opposite	parts	of	the	year.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	

135



Lesson 6: Early Astronomy, Earth, 
Moon, and Sun Interactions. 
	
Geocentric	model	
	
Early	Astronomers	throughout	the	world	were	making	
observations	of	the	night	sky	as	early	as	4000	years	ago.		
	

	
	
	
Some	early	Astronomers	believed	that	the	Earth	was	the	centre	of	
the	Universe.	This	is	known	as	the	geocentric	model.	

	
	
	

The	geocentric	model	was	largely	based	on	
the	work	of	a	Greek	Astronomer	named	
Ptolemy	(second	century	AD).		

	
	
	
Heliocentric	model	
	
In	1543	Nicolaus	Copernicus	published	
findings	that	showed	the	planets	orbited	the	
Sun.	Copernicus’	findings	were	later	
confirmed	by	Galileo	Galilei.	
	
	
	
	
	
	
Johannes	Kepler	in	1595	discovered	that	the	orbits	of	the	planets	were	elliptical	and	not	circular.	
	
	
	
The	Moon	
	
Earth’s	only	natural	satellite	is	the	Moon.	
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The	origin	of	the	moon	has	several	theories.	The	one	most	accepted	is	the	giant	impact	theory.	
	
	
	
	
	
The	Giant	Impact	
Theory	states	that	
about	4.5	billion	years	
ago	a	planet	sized	
object	collided	with	the	
Earth.			
	
	
	
	
The	resulting	ejected	
material	formed	the	
Moon.		
	
	
	
	
This	theory	is	supported	by	the	fact	that	rocks	from	Earth	and	the	Moon	have	the	same	combinations	of	
isotopes	and	are	different	from	rocks	that	have	come	from	other	parts	of	our	solar	system.	
	
	
	
A	waxing	moon	is	increasing	and	a	waning	moon	is	decreasing.	
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Tides	
	
	
The	moon	is	mostly	
responsible	for	producing	
the	tides	on	Earth.	The	
Sun	also	plays	a	role.	
	
	
	
	
	
	
	
Days	and	Seasons	

	
The	Earth	rotates	from	west	to	east	about	its	axis	once	
every	23	hours,	56	minutes,	and	4	seconds	(one	sidereal	
day	in	relation	to	the	distant	stars).	A	solar	day	is	24	hours.		
	
A	solar	day	is	the	time	it	takes	for	the	Earth	to	rotate	about	
its	axis	so	that	the	Sun	appears	in	the	same	position	in	the	
sky.	The	sidereal	day	is	~4	minutes	shorter	than	the	solar	
day.	The	sidereal	day	is	the	time	it	takes	for	the	Earth	to	
complete	one	rotation	about	its	axis	with	respect	to	the	
'fixed'	stars.	
	

 
 
	
	

The	tilt	of	the	Earth	in	relation	to	
the	sun	is	23.5!.	Winter	solstice	
(shortest	day)	is	December	21	and	
the	summer	solstice	(longest	day)	
is	June	21.		
	
	
	
	

	
	
Vernal	equinox	is	around	March	20	and	the	Autumnal	equinox	is	September	23.	The	Sun	is	directly	
above	the	Earth’s	equator.	
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Eclipses	
	
An	Eclipse	is	the	total	or	
partial	overshadowing	of	
one	celestial	body	by	
another.		
	
A	lunar	eclipse	occurs	
when	the	moon	is	in	the	
Earth’s	shadow.	A	solar	
eclipse	occurs	when	the	
moon	blocks	the	sun.	

	
	
	
	
	
	
	

	
The	full	shadow	of	an	eclipse	is	known	as	the	umbra	(Latin	word	for	shadow)	and	the	partial	shadow	is	
the	penumbra	(pen	means	almost).	
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Constellations	
	
Groupings	of	stars	and	other	
celestial	objects	can	form	
distinctive	patterns	in	the	night	
sky.		
	
	
	
	
	
These	patterns	are	known	as	
constellations.	The	IAU	
(International	Astronomical	
Union)	has	88	official	
constellations.	

	
	
	
Meteor	vs	Meteoroid	vs	Meteorite	
	
Meteoroid:	A	small	particle	from	an	asteroid	or	comet	orbiting	the	Sun.		
	
Meteor:	A	meteoroid	that	is	observed	as	it	burns	up	in	the	Earth's	atmosphere	-	a	shooting	star.		
	
Meteorite:	A	meteoroid	that	survives	its	passage	through	the	Earth's	atmosphere	and	impacts	the	
Earth's	surface	
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Lesson 7: Exploring Space, Past, Present and 
Future 
 
Optical	Telescopes	
	
As	our	observational	technology	improves	so	does	our	knowledge	of	
the	Universe.	In	1608	Hans	Lippershey	invented	the	first	telescope.	
	
	
	
In	1993	the	Keck	telescopes	were	
completed	on	the	top	of	Mt.	Mauna	Kea	
on	the	Big	Island	of	Hawaii.	These	
telescopes	have	a	10m	wide	lens	for	
gathering	faint	light.	
	

	
A	30m	telescope	is	under	construction	
near	the	Keck	observatory.	It	will	be	able	
to	view	objects	150	times	fainter	than	
the	Hubble	space	telescope.	
	
	
Radio	Telescopes	
	
Radio	telescopes	are	designed	to	capture	a	different	part	of	the	electromagnetic	spectrum	from	optical	
telescopes.	Examples	include	the	VLA	(Very	Large	Array)	in	New	Mexico	and	Mount	Arecebo	in	Puerto	
Rico.	(which	was	destroyed	in	2020	by	a	hurricane)	
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Space	Telescopes	
	

Space	based	telescopes	do	not	have	to	contend	with	the	problem	of	the	Earth’s	
atmosphere	which	hinders	the	resolution	of	optical	telescopes.		
	
	
Currently	there	are	dozens	of	space-based	telescopes	focusing	on	many	different	
parts	of	the	electromagnetic	spectrum.		
	
The	Hubble	space	telescope	was	launched	in	1990	and	has	a	2.4m	wide	mirror.		
	

	
The	successor	to	the	Hubble	is	the	James	Webb	Telescope,	which	was	launched	in	2021.	It	has	a	6.5m	
wide	gold-covered	reflective	surface	and	has	100	times	the	resolution	of	the	Hubble.	It	is	so	powerful	
that	it	could	see	a	penny	from	a	distance	of	40km.	It	can	also	detect	the	body	heat	of	a	bumblebee	from	

as	far	away	as	the	moon.		It	will	
be	placed	at	the	Lagrange	point,	
which	is	4	times	further	from	
the	Earth	than	the	moon.	This	is	
to	avoid	interference	from	both	
the	Earth	and	the	moon.	
	
	
	

	
	

	
The	Kepler	Space	Observatory	is	a	telescope	that	searches	for	
planets	by	monitoring	the	slight	drop	in	light	output	from	distant	
stars	as	planets	pass	in	front	of	them.	Based	on	data	from	the	
Kepler,	NASA	estimates	that	there	may	be	as	many	as	11	billion	
planets	the	size	of	Earth	orbiting	a	star	the	size	of	our	sun	and	
within	a	region	around	the	star	that	could	support	life,	as	we	
know	it.	
	

	
	
Unmanned	Probes	
	
	
	
The	most	famous	unmanned	probe,	Voyager	1,	was	launched	in	
1977	and	is	currently	21	billion	Km	from	Earth.	It	has	left	our	
solar	system	and	is	now	in	interstellar	space.	
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Rovers	are	craft	sent	to	other	planets	and	satellites.	They	
are	robotic	devices	capable	of	conducting	experiments.		
	

	
As	a	part	of	the	Cassini	mission	to	Saturn	(1997-2017)	
the	Huygens	probe,	in	2005,	landed	on	Titan	and	sent	
back	images	of	the	surface.	
	

	
Getting	to	Space	
	
Rockets	work	on	the	Newton’s	
third	law	of	motion	–for	every	
action	force	there	is	an	equal	and	
opposite	reaction	force.	
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The	Space	Shuttle	
	
Space	Shuttle	was	an	earth	orbit	vehicle	that	was	first	
launched	in	1981	and	retired	in	2011.		
	
There	were	two	famous	lost	missions,	the	Challenger	
in	1986	and	the	Columbia	in	2003.	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Space	X	

	
	
Space	X	is	a	private	company	
founded	by	Elon	Musk.	Their	goals	
are	to	reduce	the	cost	of	space	
travel	by	reusing	rockets	and	the	
eventual	colonization	of	Mars	
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The	Space	Elevator	
	
	
	
	
A	space	elevator	is	a	proposed	type	of	space	transportation	system.	The	main	
component	would	be	a	cable	(also	called	a	tether)	anchored	to	the	surface	and	
extending	into	space.	The	design	would	permit	vehicles	to	travel	along	the	cable	
from	a	planetary	surface,	such	as	the	Earth's,	directly	into	space	or	orbit,	without	
the	use	of	large	rockets.	An	Earth-based	space	elevator	would	consist	of	a	cable	
with	one	end	attached	to	the	surface	near	the	equator	and	the	other	end	in	space	
beyond	geostationary	orbit	(35,786	km	altitude).	The	competing	forces	of	
gravity,	which	is	stronger	at	the	lower	end,	and	the	outward/upward	centrifugal	
force,	which	is	stronger	at	the	upper	end,	would	result	in	the	cable	being	held	up,	
under	tension,	and	stationary	over	a	single	position	on	Earth.	With	the	tether	
deployed,	climbers	could	repeatedly	climb	the	tether	to	space	by	mechanical	
means,	releasing	their	cargo	to	orbit.	Climbers	could	also	descend	the	tether	to	
return	cargo	to	the	surface	from	orbit	
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