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MATH140	Final	Exam	(Review	of	Exams	1,	2,	&	3)	–	Sample	Test	Solutions	
	
Problem	1	
	

𝑨𝒏𝒔𝒘𝒆𝒓:	𝑽(𝒕) = .
𝟕𝟎, 𝟎𝟎𝟎 − 𝟔𝟎𝟎𝟎𝒕, 𝒕 ≤ 𝟓
𝟒𝟎, 𝟎𝟎𝟎(. 𝟗𝟑)𝒕"𝟓, 𝒕 > 𝟓	

	
	

First	5	years:		
Linear	Function	
𝑏 = 70,0000	
𝑚 = −6,000	

	
After	5	years:	
Exponential	Decay	 	
𝐴 = 70,000 − 6,000(5) = 40,000	
𝑏 = 1 − .07 = 0.93	

	
	
	
	
	
	
	 	



Problem	2	
	

𝑨𝒏𝒔𝒘𝒆𝒓:	𝑫(𝒕) = 𝟒 + 𝟐𝐜𝐨𝐬 L
𝝅
𝟔
(𝒕 − 𝟕)N	

	

𝑀 =
2 + 6
2

= 4	
	

𝐴 =
6 − 2
2

= 2	
	

𝑃 = 12	
	

𝐶 = 7	
	

Use	the	cosine	function	since	you	are	given	a	data	point	about	when	high-tide	(the	maximum)	occurs.	
	

𝐷(𝑡) = 𝑀 + 𝐴 cos L
2𝜋
𝑃
(𝑡 − 𝑐)N	

	

𝐷(𝑡) = 4 + 2 cos L
2𝜋
12
(𝑡 − 7)N	

	
	

	
	
	
	 	



Problem	3	
	
𝑨𝒏𝒔𝒘𝒆𝒓: 𝟏𝟕	𝒇𝒕/𝒔	
	
	

𝑠(𝑡$) − 𝑠(𝑡%)
𝑡$ − 𝑡%

=
𝑠(5) − 𝑠(2)
5 − 2

	

	
	

(3(5)$ − 5) − (3(2)$ − 2)
5 − 2

=
70 − 10
5 − 2

=
60
3
= 20	𝑓𝑡/𝑠	

	
	
	
	
	
Problem	4	
	
Answer:	−∞	
	
When	you	plug	in	you	get	0/0,	so	simplify	by	factoring	
	

lim
&→(!

25 − 𝑥$

(5 − 𝑥)$
= lim

&→(!
(5 − 𝑥)(5 + 𝑥)
(5 − 𝑥)(5 − 𝑥)

= lim
&→(!

(5 + 𝑥)
(5 − 𝑥)

	

	
Now	when	you	plug	in	you	get	#/0,	so	test	a	value	on	the	right	side	of	5	to	see	if	the	limit	approaches	positive	
infinity	or	negative	infinity…	
	

Try	5.1 → 		
5.1 + 5
5 − 5.1

=
+
−
= −∞	

	
	
	
	
	
Problem	5	
	
Answer:	𝟕/𝟒	
	
	
When	you	plug	in	you	get	0/0,	so	simplify	by	factoring	
	

lim
&→)

2𝑥$ − 5𝑥 − 3
𝑥$ − 𝑥 − 6

= lim
&→)

(2𝑥 + 1)(𝑥 − 3)
(𝑥 − 3)(𝑥 + 2)

= lim
&→)

(2𝑥 + 1)
(𝑥 + 2)

	

	
Now	when	you	plug	in	you	get…	
	

2(3) + 1
3 + 2

=
7
5
	

	
	
	
	
	
	



	
Problem	6	
	
𝑨𝒏𝒔𝒘𝒆𝒓:	 − 𝟏𝟒	
	
Since	this	is	an	absolute	value	limit,	start	by	determining	if	what’s	inside	the	absolute	value	will	be	positive	or	
negative	as	𝑥 → 7	from	the	right.			
	
|7 − 𝑥|	will	be	negative	as	𝑥 → 7	from	the	right,	so	to	remove	the	absolute	value	signs,	we	must	insert	a	negative…		
	

lim
&→*!

14𝑥 − 2𝑥$

−(7 − 𝑥)
= lim

&→*!
2𝑥(7 − 𝑥)
−(7 − 𝑥)

= lim
&→*!

−2𝑥 = −14	

	
	
	
	
	
Problem	7	
	
Answer:	1	
	
When	you	evaluate	the	limit	you	get:	
	

lim
&→)

(𝑓(𝑥) − 1)

0
= 5	

	
Since	this	limit	evaluates	to	a	number,	that	means	it	must	be	a	0/0	limit.		So	the	top	of	the	fraction	above	must	
equal	0.	
	

lim
&→)

(𝑓(𝑥) − 1) = 0	
	

lim
&→)

𝑓(𝑥) = 1	
	
	
	
	
Problem	8	
	
Answer:	0	
	
When	you	evaluate	the	limit	you	get:	
	

5
lim
&→$

𝑔(𝑥)
= ∞	

	
Since	this	limit	evaluates	to	∞,	that	means	it	must	be	a	#/0	limit.		So	the	bottom	of	the	fraction	must	equal	0.	
	

lim
&→$

𝑔(𝑥) = 0	
	
	
	
	
	



Problem	9	
	

𝑓(20) = 𝑓(15) + 10	
	
The	population	of	Happy	Valley	in	2020	is	10,000	people	more	than	the	population	of	Happy	Valley	in	
2015.	
	
	
	
	
𝑓"%(2) = 5	
	
The	population	of	Happy	Valley	in	2005	is	17,000	people.	
	
	
	
	
𝑓+(21) = 3	
	
In	2021,	the	population	of	Happy	Valley	is	increasing	by	approximately	3000	people/year.	

	
	
	
	
	
Problem	10	
	
Answer:		

	
a) − 7, 1	
	
	
b) − 7,−4, 1		
	

	
c) − 7,−4,−2, 1, 5	

	 	



Problem	11	
	

Point:	(0,2)	
Slope:	2	

	
To	find	the	slope,	take	the	derivative	and	plug	in	𝑥 = 0.	

	
𝑓+(𝑥) = 𝑒&(−6𝑥$) + (2 − 2𝑥))𝑒&	

	
𝑓+(0) = 0 + 2 = 2	

	
Equation	of	the	tangent	line:	

	
𝑦 − 2 = 2(𝑥 − 0)	

	
𝒚 = 𝟐𝒙 + 𝟐	

	
	
	
	
	
	
	
Problem	12	
Find	where	acceleration	is	7,	then	plug	that	into	the	velocity	equation.	
	

𝑣(𝑡) = 𝑡$ − 𝑡 + 1	
	

𝑎(𝑡) = 2𝑡 − 1	
	

7 = 2𝑡 − 1	
	

𝑡 = 4	
	

𝒗(𝟒) = (𝟒)𝟐 − 𝟒 + 𝟏 = 𝟏𝟑	𝐦/𝐬	
	
	 	



Problem	13	
Simplify	first	using	rules	of	logs,	then	take	the	derivative	using	implicit	differentiation.	
	

ln(𝑥) + ln(𝑦) + 𝑦) = 8	
	

1
𝑥
+
1
𝑦
𝑑𝑦
𝑑𝑥

+ 3𝑦$
𝑑𝑦
𝑑𝑥

= 0	

	
Now	plug	in	w%

$
, 2x.	

	
1
1/2

+
1
2
𝑑𝑦
𝑑𝑥

+ 3(2)$
𝑑𝑦
𝑑𝑥

= 0	

	

2 +
1
2
𝑑𝑦
𝑑𝑥

+ 12
𝑑𝑦
𝑑𝑥

= 0	
	

2 +
25
2
𝑑𝑦
𝑑𝑥

= 0	
	

25
2
𝑑𝑦
𝑑𝑥

= −2	
	

𝑑𝑦
𝑑𝑥

= −
4
25
	

	 	



Problem	14	
Use	logarithmic	differentiation.	

	
ln(𝑦) = ln(sin(𝑥))&" 		

	
ln(𝑦) = 𝑥$ ln(𝑠𝑖𝑛(𝑥))	

	
1
y
𝑑𝑦
𝑑𝑥

= 𝑥$
1

sin	(𝑥)
cos(𝑥) + ln(𝑠𝑖𝑛(𝑥)) (2𝑥)	

	
𝑑𝑦
𝑑𝑥

= (𝑥$ cot(𝑥) + 2𝑥 ln(𝑠𝑖𝑛 𝑥))𝑦	
	

𝑑𝑦
𝑑𝑥

= (𝑥$ cot(𝑥) + 2𝑥 ln(𝑠𝑖𝑛 𝑥))	(sin 𝑥)&" 	
	
	
	
Problem	15	

a. Use	product	rule	overall.	
	

𝑔+(𝑥) = 𝑓(𝑥)𝑒&"(2𝑥) + 𝑒&"𝑓′(𝑥)	
	

𝑔+(1) = 𝑓(1)𝑒%(2) + 𝑒%𝑓′(1)	
	

𝑔+(1) = 10(𝑒)(2) + 𝑒(−4) = 20𝑒 − 4𝑒 = 16𝑒	
	

b. Simplify	first	using	rules	of	logs,	then	take	the	derivative	using	log	rules	
	

𝑖(𝑥) = ln(𝑥) + ln}𝑓(𝑥)~	
	

𝑖+(𝑥) =
1
𝑥
+

1
𝑓(𝑥)

𝑓+(𝑥)	

	

𝑖+(2) =
1
2
+
𝑓+(2)
𝑓(2)

	

	

𝑖+(2) =
1
2
+
−5
12
	

	

𝑖+(2) =
1
12
	

	
c. Use	the	chain	rule	overall.	

	
𝑘+(𝑥) = 𝑓+(𝑒$&) ∙ (𝑒$&) ∙ (2)	

	
𝑘+(0) = 𝑓+(𝑒-) ∙ (𝑒-) ∙ (2)	

	
𝑘+(0) = 𝑓+(1) ∙ (1) ∙ (2)	

	
𝑘+(0) = −8	

	
	 	



Problem	16	
Related	Rates	
	

																																										 	
	
	 	



Problem	17	
Related	Rates	

										 	
	
	 	

	
	



Problem	18	
	
					𝑓(𝑥) = √𝑥, 𝑥 = 16	

	
Point:	(16,4)	
Slope:	1/8	
	

𝑓+(𝑥) =
1
2√𝑥

	

	

𝑓+(16) =
1

2√16
=
1
8
	

	

𝑦 − 4 =
1
8
(𝑥 − 16)	

	

𝑦 = 4 +
1
8
(𝑥 − 16)	

	

𝐿(𝑥) = 4 +
1
8
(𝑥 − 16)	

	

𝐿(15.8) = 4 +
1
8
(15.8 − 16)	

	

𝐿(15.8) = 4 +
1
8
(−0.2)	

	

𝐿(15.8) = 4 −
0.2
8
= 4 − 0.025 = 3.975	

	
	 	



Problem	19	
Note	that	𝑓	is	continuous	and	differentiable	so	the	MVT	can	be	applied.	
	

𝑓(2) − 𝑓(−1)
2 − (−1)

= 𝑓′(𝑥)	

	
(7 − (2)$) − (7 − (1)$)

2 + 1
= 𝑓′(𝑥)	

	
3 − 6
2 + 1

= 𝑓′(𝑥)	
	

𝑓+(𝑥) = −1	
	

−2𝑥 = −1	
	

𝑥 = 1/2	
Problem	20	
Find	the	critical	numbers	within	the	interval…	
	

𝑓+(𝑥) = 1 −
4
𝑥$
	

	

𝑓+(𝑥) =
𝑥$

𝑥$
−
4
𝑥$
	

	

𝑓+(𝑥) =
𝑥$ − 4
𝑥$

	
	

𝑥$ − 4 = 0, 𝑥$ = 0	
	

𝑥 = 2, 𝑥 = −2, 𝑥 = 0	
	

𝑥 = 2	is	the	only	critical	number	within	the	interval	
	

	 Take	𝑥 = 2,	and	the	endpoints	of	the	interval,	𝑥 = 1, 𝑥 = 8	and	plug	them	into	𝑓(𝑥).	
	

𝑓(1) = 1 +
4
1
= 5	

	

𝑓(2) = 2 +
4
2
= 4	

	

𝑓(8) = 8 +
4
8
= 8.5	

	
	 Absolute	maximum	value:		8.5	
	 Absolute	minimum	value:	4	
	
	 	



Problem	21	
a. Take	the	derivative	and	set	up	a	first	derivative	number	line…

	
Critical	Numbers:			
𝑥 = −4,	local	max	
𝑥 = 0,	local	min	
	

b. Take	the	second	derivative	and	set	up	a	second	derivative	number	line…	

	

	
	 Concave	up:		(2,∞)	
	
c. Inflection	Point:		𝑥 = 2	only	



Problem	22	
In	this	problem	we	are	trying	to	maximize	distance:	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Problem	23	
In	this	problem	we	are	trying	to	minimize	cost:	

	
	 	



Problem	24	

	
	
	


