Calculus, 9e
Chapter 1: Limits and Continuity

Chapter 1  Limits and Continuity

1.1  Examples of Velocity, Growth Rate, and Area

1) An object moves along the x-axis so that at time t seconds (where t ≥ 0) it is x = [image: image1.jpg]N[



 m to the right of the origin. By calculating the average velocity of the object over time intervals [4, 4 + h] for 

h = 0.1, h = 0.01, h = 0.001, and h = 0.0001, determine the velocity of the particle at time t = 4s.

A) 0.2499 m/s

B) 0.2498 m/s

C) 0.2485 m/s

D) 0.2000 m/s

E) 0.2501 m/s

Answer:  A

Diff: 1

2) An object moves along the x-axis so that its velocity at time t seconds is v(t) = [image: image2.jpg]


 m/s. What is the average acceleration (i.e., average rate of change of the velocity) of the object over the time interval 

[2, 2 + h]? What is the acceleration of the object at time t = 2s?

A) - [image: image3.jpg]6 +3h



 m/[image: image4.jpg]


,  - [image: image5.jpg]


 m/[image: image6.jpg]



B) [image: image7.jpg]


 m/[image: image8.jpg]


,  [image: image9.jpg]


 m/[image: image10.jpg]



C) [image: image11.jpg]2+3h



 m/[image: image12.jpg]


,  [image: image13.jpg]


 m/[image: image14.jpg]



D) - [image: image15.jpg]


 m/[image: image16.jpg]


,  - [image: image17.jpg]


 m/[image: image18.jpg]



E) [image: image19.jpg]6 +3h



 m/[image: image20.jpg]


,  [image: image21.jpg]


 m/[image: image22.jpg]



Answer:  A

Diff: 1

3) The temperature of an object at time t minutes is [image: image23.jpg]10
1+t2




 degrees. What is the rate of change of the temperature over the time interval [t, t + h]? How fast is the temperature changing at t = 1?

A) 10 [image: image24.jpg]2t+h
1+t +h)2)1+82)



 degrees/minute, increasing at 5 degrees/minute

B) -10 [image: image25.jpg]2t+h
1+(t+hp2)f1+ 1)



 degrees/minute, decreasing at 5 degrees/minute

C) [image: image26.jpg]


 degrees/minute, increasing at 5 degrees/minute

D) -10 [image: image27.jpg]2t + h2
(1+t+n21+82)



 degrees/minute, decreasing at 5 degrees/minute

E) 10 [image: image28.jpg]2t + h2
(1+t+n21+82)



 degrees/minute, decreasing at 5 degrees/minute

Answer:  B

Diff: 1

4) In the following figure the curve is the graph of a quantity y that is a function of time t. Also shown is its tangent line at t = 100. What is the average rate of change of y from t = 20 to t = 160? What is the approximate rate of change of y with respect to t at t = 100?

[image: image29.jpg](100, 18)
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A) [image: image30.jpg]


, [image: image31.jpg]



B) [image: image32.jpg]


, [image: image33.jpg]



C) [image: image34.jpg]


, [image: image35.jpg]



D) [image: image36.jpg]


, [image: image37.jpg]



E) none of the above

Answer:  B

Diff: 3
1.2  Limits of Functions

1) Evaluate the following limits:

(i) [image: image38.jpg]t—-3



[image: image39.jpg]N

N




(ii) [image: image40.jpg]x— -3



[image: image41.jpg]



A) (i) [image: image42.jpg]


  (ii) -6

B) (i) [image: image43.jpg]-1



  (ii) 6

C) (i) 1  (ii) 1

D) (i) [image: image44.jpg]


  (ii) does not exist

E) (i) [image: image45.jpg]


  (ii) does not exist

Answer:  A

Diff: 1

2) Find the limit of f(x) as x approaches 2 if f is defined by

f(x) = [image: image46.jpg]1ifx=2
‘LO ifx=2




A) 1

B) 2

C) 3

D) 0

E) does not exist

Answer:  A

Diff: 1

3) Evaluate [image: image47.jpg]lim
x—2



[image: image48.jpg]2x-13 +

36

X+2



.

A) [image: image49.jpg]



B) 0

C) [image: image50.jpg]



D) - [image: image51.jpg]



E) - ∞

Answer:  A

Diff: 2
4) Evaluate [image: image52.jpg]lim
X— -2



[image: image53.jpg]\4x2 - 3



.

A) [image: image54.jpg]



B) 2 [image: image55.jpg]



C) [image: image56.jpg]



D) 4

E) does not exist

Answer:  A

Diff: 1

5) Evaluate [image: image57.jpg]lim
x—0



[image: image58.jpg]


.

A) 1

B) 0

C) -1

D) -2

E) does not exist

Answer:  C

Diff: 1

6) Evaluate [image: image59.jpg]t—-3



[image: image60.jpg]t2+2t-3
2t2+5t-3



.

A) 4/7

B) 2/5

C) 0

D) 1/2

E) does not exist

Answer:  A

Diff: 2

7) Evaluate [image: image61.jpg]lim
x—0



[image: image62.jpg]


.

A) [image: image63.jpg]



B) [image: image64.jpg]



C) [image: image65.jpg]



D) 0

E) does not exist

Answer:  A

Diff: 2

8) Evaluate [image: image66.jpg]lim
x—=3



[image: image67.jpg]x-3
e e - B



.

A) [image: image68.jpg]



B) 0

C) [image: image69.jpg]



D) - [image: image70.jpg]



E) does not exist

Answer:  A

Diff: 2

9) If [image: image71.jpg]lim
X —2



 [image: image72.jpg]f(x)+7x
x=2



 = - 5, find [image: image73.jpg]lim
X —2



 f(x).

A) 14

B) - 14

C) 0

D) ∞

E) - 19

Answer:  B

Diff: 2

10) Evaluate [image: image74.jpg]lim
x— 3"



[image: image75.jpg]


.

A) -1

B) -2

C) 1

D) 0

E) does not exist

Answer:  A

Diff: 2

11) Let  f(x) = [image: image76.jpg]2-x



  and  g(x) =[image: image77.jpg]


 - 2. Which of the following is true?

A) [image: image78.jpg]lim
X—==-2



f [image: image79.jpg](g(x)



 = 0

B) [image: image80.jpg]lim
X —2



g [image: image81.jpg](%))



 = -2

C) [image: image82.jpg]lim
x — 2%



f [image: image83.jpg](g(x)



 = 0

D) [image: image84.jpg]lim
x — 2%



g [image: image85.jpg](%))



 = -2

E) [image: image86.jpg]lim
X— 2"



g [image: image87.jpg](%))



 = -2

Answer:  E

Diff: 2

12) Evaluate [image: image88.jpg]lim
X— 2"



[image: image89.jpg]x2 +4x - 12

x2 +10x - 24



.

A) - [image: image90.jpg]



B) -2

C) 1

D) [image: image91.jpg]



E) [image: image92.jpg]



Answer:  A

Diff: 2

13) Evaluate [image: image93.jpg]lim
X—>2



 [image: image94.jpg]


.

A) 3

B) 1

C) 4

D) 0

E) does not exist

Answer:  A

Diff: 2

14) Evaluate [image: image95.jpg]lim
x— 3



[image: image96.jpg]


. 

A) [image: image97.jpg]



B) [image: image98.jpg]



C) [image: image99.jpg]



D) ∞

E) does not exist

Answer:  A

Diff: 1

15) Find the following limit:

[image: image100.jpg]lim
X— -3



[image: image101.jpg]|

5

+
X+3

30
x2-9




.

A) - [image: image102.jpg]



B) [image: image103.jpg]



C) [image: image104.jpg]



D) - [image: image105.jpg]



E) does not exist

Answer:  A

Diff: 3

16) Evaluate [image: image106.jpg]lim
t—2



[image: image107.jpg]3t-7[-3-2¢

t-2



.

A) - 5

B) 2

C) 5

D) - ∞

E) - 3

Answer:  A

Diff: 2

17) Evaluate [image: image108.jpg]lim
x—-4



[image: image109.jpg]x+4|



.

A) -1

B) 1

C) 4

D) ±1

E) does not exist

Answer:  E

Diff: 2

18) Evaluate [image: image110.jpg]lim
X —2



[image: image111.jpg]’\/x2+5—3

x2 — 2x



.

A) [image: image112.jpg]



B) [image: image113.jpg]



C) 1

D) [image: image114.jpg]



E) does not exist

Answer:  A

Diff: 3

19) Let  f(x) = [image: image115.jpg]AJx + 11



  and  g(x) = 14 - [image: image116.jpg]


. Compute [image: image117.jpg]lim
x—=3



[image: image118.jpg]1-T=g(x)
g ° f(x)



.

A) - [image: image119.jpg]



B) [image: image120.jpg]



C) - [image: image121.jpg]



D) [image: image122.jpg]



E) [image: image123.jpg]



Answer:  A

Diff: 3

20) If [image: image124.jpg]x =k



[image: image125.jpg]


 = -32, find k.

Answer:  First observe that  [image: image126.jpg]


 - [image: image127.jpg]14



 = ([image: image128.jpg]


 -[image: image129.jpg]K2



 )([image: image130.jpg]


 +[image: image131.jpg]K2



 ) = (x - k)(x + k)([image: image132.jpg]


 +[image: image133.jpg]K2



 )

Hence,[image: image134.jpg]x =k



[image: image135.jpg]A4



 = [image: image136.jpg]x =k



[image: image137.jpg](x-K)x+k)x2+k2)
x -k



  = [image: image138.jpg]x =k



(x + k)([image: image139.jpg]


 +[image: image140.jpg]K2



 ) = (2k)(2[image: image141.jpg]2



) = 4[image: image142.jpg]13




Now  4[image: image143.jpg]13



 = -32  ⇒  [image: image144.jpg]13



 = -8 , therefore  k = [image: image145.jpg]


 = -2.

Diff: 3

21) Evaluate [image: image146.jpg]x =2



[image: image147.jpg]2x2 _9x +10
16- x4



.

A) - ∞

B) - [image: image148.jpg]



C) [image: image149.jpg]



D) [image: image150.jpg]



E) 0

Answer:  D

Diff: 2

22) Evaluate [image: image151.jpg]x =2



[image: image152.jpg]x2 — 7x +10
X2 - 5x+6



.

A) 3

B) -3

C) [image: image153.jpg]



D) 1 

E) does not exist

Answer:  A

Diff: 2

23) Evaluate the following limit:

[image: image154.jpg]


x + [image: image155.jpg]


.

A) 0

B) 1

C) 2 

D) -1

E) does not exist

Answer:  E

Diff: 2

24) Evaluate the following limit:

[image: image156.jpg]lim
x— 0~



x [image: image157.jpg]


.

A) -2

B) 0

C) 2 

D) -1

E) does not exist

Answer:  A

Diff: 3

25) Compute the following limit:[image: image158.jpg]lim
x—>a



[image: image159.jpg]


.

A) [image: image160.jpg]


a

B) [image: image161.jpg]


a

C) - [image: image162.jpg]


a

D) [image: image163.jpg]



E) does not exist

Answer:  A

Diff: 2

26) True or False: If [image: image164.jpg]lim
x —=0*



f(x) = A  and [image: image165.jpg]lim
x—=>0"~



f(x) = B, where A ≠ B, 
then [image: image166.jpg]lim
x—=>0"~



f [image: image167.jpg]


 = B.

Answer:  FALSE

Diff: 2

27) True or False: If [image: image168.jpg]lim
X—a



[image: image169.jpg]|£(x)|



 = [image: image170.jpg]


, then [image: image171.jpg]lim
X—a



f(x) = L.

Answer:  FALSE

Diff: 2

28) True or False: If [image: image172.jpg]lim
X—a



f(x) = L, then [image: image173.jpg]lim
X—a



[image: image174.jpg][f( x))l?’



 = [image: image175.jpg]1.3



.

Answer:  TRUE

Diff: 2

29) True or False: If [image: image176.jpg]lim
X—a



f(x) = L, then [image: image177.jpg]lim
X—a



[image: image178.jpg](f(x))3



 = [image: image179.jpg]


.

Answer:  FALSE

Diff: 2

1.3  Limits at Infinity and Infinite Limits

1) Evaluate [image: image180.jpg]lim

t— »



[image: image181.jpg]t3-5t24+t+8
483324+ 7t+3



.

A) [image: image182.jpg]



B) - [image: image183.jpg]



C) - [image: image184.jpg]



D) [image: image185.jpg]



E) does not exist

Answer:  A

Diff: 1

2) Evaluate [image: image186.jpg]lim

X —> +x



([image: image187.jpg]X

+ X



 - x).

A) [image: image188.jpg]



B) [image: image189.jpg]



C) - [image: image190.jpg]



D) - [image: image191.jpg]



E) does not exist 

Answer:  A

Diff: 2

3) Evaluate [image: image192.jpg]lim
X —2



[image: image193.jpg]


.

A) +∞

B) 14

C) -∞

D) -14

E) 0

Answer:  C

Diff: 1

4)  Let  g(x) = [image: image194.jpg]w x|o

I\)|"'>

if —o<x<0

if x=0

if D<x<w



 .

Evaluate [image: image195.jpg]lim
x—0



g(x).

A) ∞

B) -3

C) -∞

D) 1

E) none of the above

Answer:  A

Diff: 1

5) Evaluate [image: image196.jpg]lim

X —



[image: image197.jpg]3x2 + 27
x3 - 27



.

A) 0

B) 1

C) ∞

D) -1

E) 3

Answer:  A

Diff: 2

6) Evaluate [image: image198.jpg]lim

X —> —x



(3[image: image199.jpg]


 -[image: image200.jpg]


 + x - 7).

A) -∞

B) 0

C) 1

D) ∞

E) none of the above

Answer:  D

Diff: 2

7) True or False: If f and g are functions such that[image: image201.jpg]lim
X —C



f(x) = - ∞  and [image: image202.jpg]lim
X —C



g(x) = - ∞, then 

 [image: image203.jpg]lim
X —C



[f(x) - g(x)] = 0.

Answer:  FALSE

Diff: 1

8) Evaluate [image: image204.jpg]lim
X —2



[image: image205.jpg]


.

A) ∞

B) -∞

C) 1

D) 0

E) does not exist

Answer:  E

Diff: 2

9) Find all values of the real number  k  so  that [image: image206.jpg]lim

X =



[image: image207.jpg]’\H<2x2 -3x-5

k-12x



 = [image: image208.jpg]


.

A) 0

B) - [image: image209.jpg]



C) ± [image: image210.jpg]



D) ± 3

E) -3

Answer:  D

Diff: 2

10) Evaluate [image: image211.jpg]lim

X —> —x



[image: image212.jpg]By B2 + 16

35x



.

A) [image: image213.jpg]



B) 0

C) +∞

D) - [image: image214.jpg]



E) -∞

Answer:  A

Diff: 3

11) Find [image: image215.jpg]lim

X —



[image: image216.jpg]3x+9
252 - 8x -1



.

A) 0

B) ∞ 

C) [image: image217.jpg]



D) 2

E) does not exist

Answer:  A

Diff: 2

12) Evaluate [image: image218.jpg]lim
x =1~



[image: image219.jpg]


.

A) 0

B) 1

C) -1

D) ∞

E) -∞

Answer:  D

Diff: 2

13) Let f(x) = [image: image220.jpg]


. Find [image: image221.jpg]lim
x— 1"



f(x).

A) +∞

B) 0

C) 1

D) -∞

E) -1

Answer:  D

Diff: 2

14) Find the limit[image: image222.jpg]lim

X —



[image: image223.jpg]5x3- 4x + 2
11x3+5



.

A) - [image: image224.jpg]



B) [image: image225.jpg]



C) [image: image226.jpg]



D) [image: image227.jpg]



E) does not exist

Answer:  D

Diff: 2

15) Evaluate [image: image228.jpg]lim
x— 1"



[image: image229.jpg]


.

A) 1

B) -∞

C) ∞

D) 0

E) none of the above

Answer:  C

Diff: 3

16) Evaluate [image: image230.jpg]lim

t— »



[image: image231.jpg]241



.

A) 1

B) 0

C) -1

D) 2

E) does not exist

Answer:  B

Diff: 3

17) Evaluate [image: image232.jpg]lim
0—=0



[image: image233.jpg]tanZ 0
1-secO



.

A) -2

B) -1

C) 0

D) 2

E) does not exist

Answer:  A

Diff: 3

18) Evaluate [image: image234.jpg]lim

X —> —x



[image: image235.jpg]


.

A) -4

B) 2[image: image236.jpg]



C) 4

D) -2[image: image237.jpg]



E) does not exist

Answer:  A

Diff: 3

19) Evaluate [image: image238.jpg]lim
x — 0%



[image: image239.jpg]X+2




.

A) ∞

B) -∞

C) 1

D) -1

E) 2

Answer:  A

Diff: 3

20) Evaluate [image: image240.jpg]lim

X —>ox



[image: image241.jpg]’\’1+x6



.

A) ∞

B) 0

C) 1

D) -1

E) [image: image242.jpg]



Answer:  C

Diff: 3

21) Evaluate [image: image243.jpg]lim

X—>



[image: image244.jpg]


 sin x.

A) ∞

B) -∞

C) 0

D) 1

E) does not exist

Answer:  E

Diff: 3

22) Evaluate [image: image245.jpg]lim
x— 0~



[image: image246.jpg]X+2




.

A) ∞

B) 1

C) -∞

D) -1

E) 2

Answer:  A

Diff: 2

23) Evaluate [image: image247.jpg]lim
x—0



[image: image248.jpg]X+2




.

A) ∞

B) 1 

C) 0

D) -∞

E) 2

Answer:  A

Diff: 2

24) Evaluate [image: image249.jpg]lim

X —> —x



[image: image250.jpg]—4x3+ 7x
2x2 - 3x-10



.

A) ∞

B) -∞

C) 0

D) -1

E) -2

Answer:  A

Diff: 3

25) Evaluate [image: image251.jpg]lim
x—2%



[image: image252.jpg]2x-5
x-2




.

A) ∞

B) -∞

C) 2

D) - [image: image253.jpg]



E) none of the above

Answer:  B

Diff: 3

26) Evaluate [image: image254.jpg]lim

X —-x



[image: image255.jpg]3
’\’x2+4—'\/8x3+x—15

4x-5



.

A) - [image: image256.jpg]



B) +∞

C) - [image: image257.jpg]



D) 0

E) - [image: image258.jpg]



Answer:  A

Diff: 3

27) Evaluate [image: image259.jpg]lim
x— 1"



[image: image260.jpg]5 s 1
cot Ttx




.

A) ∞

B) -2

C) 0

D) -∞

E) π

Answer:  D

Diff: 2

28) Evaluate [image: image261.jpg]lim

X—>=x



[image: image262.jpg]’\/4x2 +1



.

A) -2

B) [image: image263.jpg]



C) 0

D) - [image: image264.jpg]



E) does not exist

Answer:  D

Diff: 2

29) Evaluate [image: image265.jpg]lim

X —-x



[image: image266.jpg]3x2+1
24




.

A) -3

B) 3

C) 1

D) -1

E) does not exist

Answer:  B

Diff: 2

30) Evaluate [image: image267.jpg]lim
x — 0*



(2 tan x + 3 cot x).

A) 3

B) 2

C) ∞

D) -∞

E) 5

Answer:  C

Diff: 3

31) Given that [image: image268.jpg]t—0



 [image: image269.jpg]sin t




 = 1, evaluate [image: image270.jpg]lim

X —>ox



(5[image: image271.jpg]


 + 7x - 3) sin [image: image272.jpg]


. 

A) 5

B) 7

C) 0

D) -3

E) does not exist

Answer:  A

Diff: 3

32) Given that [image: image273.jpg]lim
t—0



[image: image274.jpg]sin t




 = 1, evaluate [image: image275.jpg]lim
x—0



[image: image276.jpg]x sin(2x) csc(4x)
sin(3x)



.

A) [image: image277.jpg]



B) 0

C) [image: image278.jpg]



D) [image: image279.jpg]



E) does not exist

Answer:  A

Diff: 3

33) True or False: If [image: image280.jpg]lim
X—a



f(x) = ∞, then [image: image281.jpg]lim
X—a



f(x) does not exist.

Answer:  TRUE

Diff: 3

34) True or False: If [image: image282.jpg]lim
X—a



f(x) = 0, then [image: image283.jpg]lim
X—a



[image: image284.jpg]()



 = ∞

Answer:  FALSE

Diff: 3

35) True or False: If [image: image285.jpg]lim
X —> a+



f(x) = 0, then [image: image286.jpg]lim
X—a



[image: image287.jpg][



 = ∞

Answer:  FALSE

Diff: 3

1.4  Continuity

1) Courier rates for delivery of mail up to 200 g are given in the following chart:

[image: image288.jpg]Up to and including 30g 50g 100 g 200 g
Mailing cost $0.38 $0.59 $0.76 $1.14




Draw the graph of the cost (in dollars) of mailing a letter as a function of its mass (in grams). Where are the discontinuities of this function? Is the cost function right or left continuous at these points?

A) discontinuous at 30, 50, 100; left but not right continuous there

B) discontinuous at 30, 50, 100; right but not left continuous there

C) discontinuous at 30, 50, 100; neither left nor right continuous there

D) There are no discontinuities.

E) discontinuous at 30, 50, 100; right continuous at 30 and 50, left continuous at 100

Answer:  A

Diff: 1

2) Let g(x) = [image: image289.jpg]k2- 2x

3-x
12 ifx=2
4x+ k if2<x<w

if-w<x<?2





where k is a constant real number. If g has a removable discontinuity at x = 2, then k is equal to: 

A) -3 

B) 4

C) ±4

D) 3

E) -4 or 3

Answer:  A

Diff: 3

3) Let f(x) be defined by 

f(x) = [image: image290.jpg]X -

1 6 ifx=3



  Where, if anywhere, is f discontinuous? 

A) at x = 0

B) at x = 3

C) nowhere

D) at x = -3

E) at x = 6

Answer:  C

Diff: 2

4) Is the function f(x) = [image: image291.jpg]


 discontinuous at any point of its domain? Would your answer change if we also define f(3) = 6?

A) no, yes

B) yes, yes

C) no, no

D) yes, no

E) none of the above

Answer:  B

Diff: 2

5) True or False: If h(x) = [image: image292.jpg]x2 +2x -3
x-1



 if x ≠ 1 and h(1) = 4, then h is continuous at every x.

Answer:  TRUE

Diff: 2

6) Let f(x) have values
 [image: image293.jpg]-2 ifx=-5

%x if-5<x=<b

2 ifx>5




Where is f discontinuous?

A) nowhere

B) at x = -5 only

C) at x = 5 only

D) at both x = -5 and x = 5

E) none of the above

Answer:  A

Diff: 2

7) True or False: If [image: image294.jpg]lim
X—C



f(x) exists and is finite, then either f is continuous at x = c or f has a continuous extension to x = c.

Answer:  TRUE

Diff: 1

8) True or False: The polynomial function  P(x) = [image: image295.jpg]


 + [image: image296.jpg]


 - 7[image: image297.jpg]


 - 2x + 10  has a zero in the closed interval  [1 , 2].

Answer:  TRUE

Diff: 2

9) In which of the intervals (-2, -1), (-1, 0), (0, 1), and (1, 2) does the intermediate value theorem imply that f(x) = 2[image: image298.jpg]


 - 4[image: image299.jpg]


 + 5x - 4 must have a zero?

A) (1, 2)

B) (0, 1)

C) (-1, 0)

D) (-2, -1)

E) none of the above

Answer:  A

Diff: 2

10) For what value of the constant c is the function f(x) = [image: image300.jpg]x+c ifx<?2
ox2 41 ifx=2



 

continuous everywhere?

A) [image: image301.jpg]



B) [image: image302.jpg]



C) 1

D) 0

E) none of the above

Answer:  A

Diff: 3

11) Given f(x) =[image: image303.jpg]IlZ—kx ifx<k
3 ifx=k
lx2_2k if x>k



 

find the value of the constant real number k such that f is continuous at x = k.

A) - 1

B) -3

C) 3

D) -2

E) 1

Answer:  C

Diff: 2

12) Let f(x) = [image: image304.jpg]x2 ifx=1
4 ifx=1




Which of the following statements, I, II, or III, are true?

I.
[image: image305.jpg]lim
x—1



f(x) exists


II.
f(1) exists



III.
f is continuous at x = 1.

A) only I

B) only II

C) only I and II

D) only II and III

E) I, II, and III

Answer:  C

Diff: 3

13) If f(x) is a function defined on the closed interval [a , b] such that f(a) < 0 and  f(b) > 0 , then the function f must have at least one zero in the interval [a , b].

Answer:  FALSE

Diff: 1

14) Let f and g be continuous functions on the interval ( -∞ , ∞ ) such that  f  has a zero on the closed interval I, and g has a zero on the closed interval. 

Which of the following functions must have at least one zero on the closed interval I ?

A) f ∘ g , g ∘ f

B) f + g , f - g

C) f g , g f 

D) [image: image306.jpg]


 , [image: image307.jpg]



E) none of the above.

Answer:  C

Diff: 3

15) Let f(x) = [image: image308.jpg][_4121 Bl
X

-1 ifx=0

x2+1 ifx>0




Which of the following statements is true?

A) The function f is continuous at x = 0.

B) The function f is continuous from the left at x = 0.

C) The function f is continuous from the right at x = 0.

D) The function f has continuous extension to x = 0.                                                                                         

E) The function f has a removable discontinuity at x = 0.

Answer:  B

Diff: 2

16) A function is continuous on the interval [3, 5] and takes the values f(3) = 0 and f(5) = π - 2. Which of the numbers 1, 2, 3, 4, or 5 must belong to the range of f?

A) only 1

B) only 4

C) only 1 and 2

D) only 3, 4, and 5

E) only 3 and 5

Answer:  A

Diff: 2

17) For what values of the constants c and k is the function


f(x) = [image: image309.jpg]x3 +k

cX



 
[image: image310.jpg]if-1=x<3
ifx<-lorx>3



  

continuous at all x? 

A) c = 7, k = -6

B) c = -6, k = 7

C) c = 6, k = 7 

D) c = -6, k = -7

E) c = -7, k = 6 

Answer:  A

Diff: 2

1.5  The Formal Definition of Limit

1) To the nearest 1/1,000, how close need x be chosen to 1 to ensure that |[image: image311.jpg]


 - 1| < [image: image312.jpg]


?

A) within distance 0.032

B) within distance 0.033

C) within distance 0.034

D) within distance 0.040

E) within distance 0.031

Answer:  A

Diff: 1

2) Given f(x) = 4x + 7 and a number ε > 0, find the largest value of δ for which 0 < [image: image313.jpg]


 < δ will imply that [image: image314.jpg]|f(x) - £(2)| < €



.

A) δ = [image: image315.jpg]



B) δ = [image: image316.jpg]



C) δ = 4ε

D) δ = [image: image317.jpg]



E) δ = ε

Answer:  A

Diff: 1

3) In order to prove that [image: image318.jpg]lim
X—>2



[image: image319.jpg]


 = 4, we need to find, for any given ε > 0, a corresponding number [image: image320.jpg]0=>0



 such that if [image: image321.jpg]O<Ix-21<d



, then |[image: image322.jpg]


 - 4| < ε. Which of the following values of δ will do that for a given ε?

A) δ = [image: image323.jpg]



B) δ = [image: image324.jpg]



C) δ = [image: image325.jpg]



D) δ = min{1, ε}

E) δ = [image: image326.jpg]e+ 4



 - 2

Answer:  E

Diff: 2

4) Which of the following conditions will guarantee that [image: image327.jpg]X | =

I\)|>—\



  < [image: image328.jpg]


?

A) - [image: image329.jpg]


 < x - 2 < [image: image330.jpg]



B) |x - 2| < [image: image331.jpg]



C) |x - 2| < [image: image332.jpg]



D) all of the above

E) none of the above

Answer:  A

Diff: 2

5) Use the formal definition of the limit to verify the addition property of limits: 

If [image: image333.jpg]lim
X —a



f(x) = L and [image: image334.jpg]lim
X —a



g(x) = K, then [image: image335.jpg]lim
X —a



[f(x) + g(x)] = L + K.

Answer:  Let ε > 0. Since [image: image336.jpg]lim
X —a



f(x) = L, there exists [image: image337.jpg]01



 such that if 0 < |x - a| < [image: image338.jpg]01



, then 

|f(x) - L| < [image: image339.jpg]


. Since [image: image340.jpg]lim
X —a



g(x) = K, there exists [image: image341.jpg]02



 such that if 0 < |x - a| < [image: image342.jpg]02



, then 

|g(x) - K| < [image: image343.jpg]


. If 0 < |x - a| < δ = min{[image: image344.jpg]01



, [image: image345.jpg]02



}, then 

|(f(x) + g(x)) - (L + K)| ≤ |f(x) - L| + |g(x) - K| < [image: image346.jpg]


 + [image: image347.jpg]


 = ε. Thus [image: image348.jpg]lim
X—a



(f(x) + g(x)) = L + K.

Diff: 3

6) Complete the following definition: We say [image: image349.jpg]lim
X —> a-



 f(x) = L if for every ε > 0 there exists δ > 0 depending on ε such that 

A) if a - δ < x < a, then |f(x) - L| < ε

B) if |x - a| < δ, then |f(x) - L| < ε

C) if |x - a| < δ, then f(x) - L < ε

D) if a < x < a + δ, then |f(x) - L| < ε

E) none of the above

Answer:  A

Diff: 3

7) Use the formal definition of limit to verify that [image: image350.jpg]lim
X—a



(x-a) = 0.

Answer:  Let  ε >  0 be given. We must find  δ > 0  so that:

  0 <  [image: image351.jpg]x - a|



 < δ  implies  [image: image352.jpg]|(x -a) -0



 <ε  

That is to say: we must find δ > 0 so that 

  0 <  [image: image353.jpg]x - a|



 < δ  implies  [image: image354.jpg]x - a|



 <ε 

We can simply take δ = ε, and the statement above will be true.

Diff: 1
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