
Last	class	of	Math	102!	



Review:	trig/inverse	trig	fns	

See	enlarged	diagram	

http://people.stfx.ca/rlukeman/web/Home.html	
	



Flocking	behaviour	
How	do	they	do	it?	



Enlarged	diagram	
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Preparing	for	final	exam	



Resources:	

•  See	wiki	
https://wiki.math.ubc.ca/mathbook/M102/Final_exam_information	

•  Try	out	all	the	quizzes	from	other	M102	
sections	

•  Go	back	over	all	your	own	misconceptions,	
errors	–	ensure	you	won’t	repeat	those	
mistakes!	

•  Free	exam	hints	and	solutions	(2011-2014)		



Availability	of	help	

•  These	sessions	will	be	time	to	work	together,	
with	instructors	around	to	ask	for	help	



Exam	Preparations	

•  Important	factors	in	your	ability	to	do	your	
best:	

•  Enough	sleep	
•  Eat	properly	
•  Take	breaks	to	have	some	fun	and	get	
refreshed	

•  Exercise	
•  Keep	it	in	perspective!	



At	the	exam:	Dec	15	

•  Come	to	the	right	place!		Section	110	
•  Be	sure	you	have	your	student	card	with	you	
•  No	calculators,	no	cell	phones	
•  (turn	off	anything	that	beeps,	rings,	buzzes)	
•  Put	your	backpack	under	your	seat	
•  READ	each	question	carefully	
•  Check	your	work	carefully	



Review	session/office	hrs	

•  Office	hrs:	sporadic		

•  Availability	of	help	while	you	review	and	work:	



A	few	loose	ends	



Law	of	Cosines	

Relation	between	side	lengths	I	a	triangle	and	an	
angle	
	
	
	
Special	case:	θ=π/2		à	Pythagoras	
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Multiple	Choice:	

•  Q:	In	the	triangle	shown	here,	if										,	the	rate	
of	change	of	side	length	c		at	the	instant	that	
c=1	is	given	by	
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Multiple	Choice:	

•  Q:	In	the	triangle	shown	here,	if										,	the	rate	
of	change	of	side	length	c		at	the	instant	that	
c=1	is	given	by	
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Problem	4	

Shown	in	the	figure	
is	the	graph	of	the	
function		
	
	From	the	graph,	
determine	the	
values	of	the	
constants	.	
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Multiple	Choice	Q	



Multiple	Choice	Q	

This	answer	was	corrected	after	
class	was	over.	





Trigonometric	functions		
in	Love,	War	and	Survival	



In	Love	

•  Helena		(Mid	Summer	Night’s	Dream):	
		“The	more	I	love,	the	more	he	hateth	me”	
	
	
	
	
	
•  (been	there..	done	that)					✔	



In	war	



Kaboom!	

•  			



It’s	all	about	the	angle,	buddy!	

•  			



Cannon	range	
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Nov	28,	2017	

•  		



In	the	news		

•  		



The	obvious	question:	

•  Can	such	a	missile	be	launched	to	target	this	
continent?	

•  To	hit	Washington	DC?	



The	obvious	question:	

•  Can	such	a	missile	be	launched	to	target	this	
continent?	

•  To	hit	Washington	DC?	
•  Vancouver	BC?	



Distance	from	Pyongyang	

•  		



Calculations	

•  See	Appendix!	



A	few	seconds	of	honesty..	

•  What	might	be	wrong	about	the	calculation?	



In	survival	
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When	should	I	react?	
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Reaction	distance	
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Basic	idea	

•  If	I	see	something	large,	coming	at	me	really	
fast,	I	should	get	away	quick!	

•  It’s	all	about	visual	angles!	



The	escape	response	
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Prof	Larry	Dill,	SFU	Biology	

Zebra	danio	



(2)	Hypothesis	for	the	Escape	response	

	

	
The	Escape	reponse	should	be	triggered	if:	
(A) The	angle	α	is	too	small	
(B)	The	angle	α	is	too	large	
(C)	dα/dt	is	too	small	
(D)	dα/dt	is	too	large	
	



(2)	Hypothesis	for	the	Escape	response	

	

	
The	Escape	reponse	should	be	triggered	if:	
(A) The	angle	α	is	too	small	
(B)	The	angle	α	is	too	large	
(C)	dα/dt	is	too	small	
(D)	dα/dt	is	too	large	
	



Rate	of	change	of	α		

•  Geometry:	

																																																	≥	threshold				
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Kcrit	



(3)	When	is	the	predator	detected?	

How	do	we	figure	this	out?	
(A) Set	dα/dt	=	0	and	solve	for	α.	
(B) Find	the	maximum	distance	of	the	predator	

from	the	prey	
(C) Set	dα/dt	=	Kcrit	and	solve	for	time	
(D) 	Set	dα/dt	=	Kcrit	and	solve	for	the	distance	

of	the	predator	
(E) Maximize	α	with	respect	to	distance.	

	



When	is	the	predator	detected?	

How	do	we	figure	this	out?	
(A) Set	dα/dt	=	0	and	solve	for	α.	
(B) Find	the	maximum	distance	of	the	predator	

from	the	prey	
(C) Set	dα/dt	=	Kcrit	and	solve	for	time	
(D) 	Set	dα/dt	=	Kcrit	and	solve	for	the	distance	

of	the	predator	
(E) Maximize	α	with	respect	to	distance.	

	



When	is	the	predator	detected?	

How	do	we	figure	this	out?	
(A) Set	dα/dt	=	0	and	solve	for	α.	
(B) Find	the	maximum	distance	of	the	predator	

from	the	prey	
(C) Set	dα/dt	=	Kcrit	and	solve	for	time	
(D) 	Set	dα/dt	=	Kcrit	and	solve	for	the	distance	

of	the	predator	when	it	is	first	deteted	
(E) Maximize	α	with	respect	to	distance.	

	

The	REACTION	DISTANCE	



When	should	I	react?	
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Reaction	distance	
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HELP!!	



The	reaction	distance	

Solve	for	x:	
	
	
The	reaction	distance	is:	
	

																											xreact	=	
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(4)	Reaction	distance	vs	predator	size	
We	interpret	this	graph	as	follows:	
(A) The	larger	the	predator,	the	faster	the	reaction	

of	the	prey	
(B) The	larger	the	predator,	the	larger	
The	reaction	distance	
(C)	Predators	that	are	very	small		
or	very	large		might	not	be	noticed.	
(D)	The	predator	has	an	optimal	
Size	if	it	is	to	catch	the	prey.	
(E)	None	of	the	above.		
	 Size	S	



(4)	Reaction	distance	vs	predator	size	
We	interpret	this	graph	as	follows:	
(A) The	larger	the	predator,	the	faster	the	reaction	

of	the	prey	
(B) The	larger	the	predator,	the	larger	
The	reaction	distance	
(C)	Predators	that	are	very	small		
or	very	large		might	not	be	noticed.	
(D)	The	predator	has	an	optimal	
Size	if	it	is	to	catch	the	prey.	
(E)	None	of	the	above.		
	 Size	S	



(5)	Reaction	distance	vs	velocity	

We	interpret	this	graph	as	follows:	
(A) If	the	prey	has	a	large	velocity,	it	can	get	

away	faster	
(B) 	The	faster	the	predator,	the		
further	away	it	is	detected	
(C)	If	the	predator	is	very	slow,	
the	prey	can	always	get	away.	
(D)	None	of	the	above	

Velocity	v	



(5)	Reaction	distance	vs	velocity	

We	interpret	this	graph	as	follows:	
(A) If	the	prey	has	a	large	velocity,	it	can	get	

away	faster	
(B) 	The	faster	the	predator,	the		
further	away	it	is	detected	
(C)	If	the	predator	is	very	slow,	
the	prey	can	always	get	away.	
(D)	None	of	the	above	

Velocity	v	



Optimization	Review	

We	may	not	have	time	to	do	this,	but	you	can	use	it	
as	a	review	of	optimization	in	your	studying..	



2001	December	Q9	

h	

A	
θ	

r	



Making	a	cone	from	a	circle	
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The	circle	

Cone	volume		V=	(1/3)	π	R2	h	

h	

A	
θ	

r	



(6)	What	is	the	objective	of	the	
problem?	

(A) Maximize	cone	volume	with	respect	to	circle	
radius,	r	

(B) Maximize	cone	volume	with	respect	to	the	
height	h	

(C) Minimize	cone	volume	with	respect	to	the	
wedge	angle	θ	

(D) Maximize	cone	volume	with	respect	to	the	
wedge	angle	θ.	
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(6)	What	is	the	objective	of	the	
problem?	

(A) Maximize	cone	volume	with	respect	to	circle	
radius,	r	

(B) Maximize	cone	volume	with	respect	to	the	
height	h	

(C) Minimize	cone	volume	with	respect	to	the	
wedge	angle	θ	

(D) Maximize	cone	volume	with	respect	to	the	
wedge	angle	θ.	
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Careful	observation:	

Look	carefully	at	the	circle	and	the	cone	
and	figure	out	how	their	radii	and	
perimeters	are	related.	
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θ	 r	

h	
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R	



(7)	The	perimeter	of	this	shape	is:	

•  (A)	2	π	r	
•  (B)	2	π	r	
•  (C)	(2	π	–	θ)	r	
•  (D)	(π-	θ)	r2	
•  (E)		π	r2	
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θ	 r	



(7)	The	perimeter	of	this	shape	is:	

•  (A)	2	π	r	
•  (B)	2	π	r	
•  (C)	(2	π	–	θ)	r	
•  (D)	(π-	θ)	r2	
•  (E)		π	r2	
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θ	 r	



(8)	The	perimeter	of	the	cone	base	is	

(A)	π	R2	
(B)	2	π	R	

(C)	h	R	
(D)	1/3	π	R2		h	
(E)	(R2		+	h2)1/2	
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(8)	The	perimeter	of	the	cone	base	is	

(A)	π	R2	
(B)	2	π	R	

(C)	h	R	
(D)	1/3	π	R2		h	
(E)	(R2		+	h2)1/2	
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(9)	Equating	the	perimeters:	
I	can	express	R	in	terms	of	r	and	θ	as		
(A)	R=(2	π	–	θ)	r	
(B)	R	=	(1	–	θ)	r	

(C)	R	=	(π	–	θ)	r	
(D)	R	=[1	–	(θ/2π)]	r	

(E)	Not	sure	
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(9)	Equating	the	perimeters:	
I	can	express	R	in	terms	of	r	and	θ	as		
(A)	R=(2	π	–	θ)	r	
(B)	R	=	(1	–	θ)	r	

(C)	R	=	(π	–	θ)	r	
(D)	R	=[1	–	(θ/2π)]	r	

(E)	Not	sure	
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Cone	volume	
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The	circle	

																														V=	(1/3)	π	R2	h	
	
WHAT	IS	THE	CONNECTION	BETWEEN		
																											h,	R,	and	r		????	

h	

A	
R	θ	 r	



(10)	Connection	between	h,	R	and	r	
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The	circle	

(A) h	=	r																				(B)		h	=	R																			(C)	h	=	r	θ	
																		(D)	h=(r2+R2)1/2									(E)	h=(r2-R2)1/2		

h	

A	
R	θ	 r	



(10)	Connection	between	h,	R	and	r	
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The	circle	

(A) h	=	r																				(B)		h	=	R																			(C)	h	=	r	θ	
																		(D)	h=(r2+R2)1/2									(E)	h=(r2-R2)1/2		

h	

A	
R	θ	 r	



Cone	volume	

We	have	found	that				V=	(1/3)	π	R2	h	
																																								V=	(1/3)	π	R2	(r2-R2)1/2		
	
Also,	we	found	that					R(θ)	=[1	–	(θ/2π)]	r	
	
	

How	will	we	maximize	volume	with	respect	to	
θ?		See	Appendix	for	hints	and	answer.	Try	this	
out	on	your	own	as	practive	and	review.	
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Farewell!	

•  Good	luck	on	all	your	final	exams!	
•  It	was	fun	having	you	as	my	Math	102	
audience!	

	

The	End	



Other	practice	
questions:	

•  See	our	Question	
Challenge	wiki	

http://wiki.ubc.ca/
Course:MATH102/
Question_Challenge	


