
 

 

 

 

APPENDIX C 

 
ACTIVITY HINTS AND ANSWERS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Activity 1.1 – Average Rate of Change           

 

1. (a)  Above zero on (–2.5, 3) and (3, 5).  Equal to or below zero on (–3, –2.5] and at x = 3. 
 

(b) Rising on (–3, –1) and (3, 5).  The average rate of change is positive.     
 

(c) Falling on (–1, 3).  The average rate of change is negative. 
 

(d) A peak at x = –1 means that on December 31, the temperature was higher than that of 

surrounding days.  A valley at x = 3 means that on January 4, the temperature was lower 

than that of surrounding days. 
 

(e) The x-intercepts are at x = –2.5 and at x = 3.  These are the inputs at which the temp. was 

zero.  The y-intercept is is at y = 10.  This means that the temp. on January 1 was 10°C. 
 

(f) (i)  
03

)0()3(



 ff
 = 

3

100
 =  –10/3;  

Between January 1 and January 4, the daily high  

temperature decreased by about 3.3°C per day.  
  

(ii)  
)2()1(

)2()1(



 ff
 = 

1

612
 = 6;  

Between December 30 and December 31, the  

daily high temperature increased by 6°C per day. 

  

2. (a)  












100

2.0

25125

50.530.5

25125

)25()125( TT
 –0.002 °C per meter 

   

(b) 














75

1.0

50125

20.530.5

50125

)50()125( TT

d

T
 0.001 °C per meter 

 

(c) 









75

70.0

125200

30.500.6

125200

)125()200( TT
 0.009 °C per meter 

 

(d) The correct answers are (iii) and (v). 

 

3. (a)  The shape of the graph is linear.                
 

(b) 
 

 

 

 

 

 

 (c)  70 mi/hr    
 

 (d)  The vehicle had a constant velocity of 70 mi/hr. 

Interval ΔD Δt ΔD/Δt 

[1, 2.5] 105 1.5 70 
[0, 2] 140 2 70 

[0.5, 3] 175 2.5 70 
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Activity 1.2 – Linear Functions                     

 

1. (a)  y – 5 = 2(x – 4)  or  f (x) – 5 = 2(x – 4) 
 

(b)  y = 2x – 3  or  f (x) = 2x – 3 
 

(c)  x = 3/2 
 

2. (a)  Between 1915 and 1920, the population changed by 3100 – 3250 = –150 people, and  

changed at a rate of 30
19151920

32503100





 people per year.  The negative answers represent  

a decrease in population. 
 

 (b)  P(t) = –30t + 3250 people, where t is years after 1915. 
 

 (c)  P(10) = –30(10) +3250 = 2950 people at the end of 1925.    
 

3. (a)   
   

 

 

 

 

 

 

 

 

 

 
 

 (b)  y = s(t) = 40t – 15  miles from Bill’s house. 
 

 (c)  Set 40t – 15 = 0 to get 40t = 15, or t = 15/40 = 0.375.  This is the time at which the  

  position from Bill’s house is zero.  That is, they pass Bill’s house after 0.375 hours. 
 

 (d)  Since s(0) = –15, we can conclude that the initial position was 15 miles west of Bill’s.   
 

 (e)  s'(t) = 40 miles per hour (eastward) 
 

4. (a)  y = s(t) = 40t + C  miles from Bill’s house                  40 
 

(b) s'(t) = 40  miles per hour (eastward) 
 

(c) Infinitely many, since any line of the form 40t + C has a slope of 40.  Examples include 

40t – 10, 4t, and 4t + 3.  The differences between these lines are their y-intercepts.   
 

(d) Since the distance traveled at the start of the trip is zero, the constant C = 0.  Therefore,  

s(t) = 40t  miles traveled. 

Time t Position s 

0 –15 

1 25 

2 65 

3 105 

4 145 
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Activity 1.3 – Derivatives of Linear Functions       

 

1. (a)  0)(  xf     
 

(b)  0)(  xg  
 

 (c)  0)(  xh  
 

 (d)  mxF  )(  
 

 (e)  9)(  xG  
 

 (f)  1)(  xH  
 

2. (a)  2)()(  tstv  ft/s 
 

(b)  2)10( v  ft/s 
 

(c)  0)()(  tvta  ft/s2 

 

3. (a)  The given point is (1, 22) and the slope is  –0.4.  Therefore, )1(4.022  tH , so 

 4.224.0)(  ttH  ft3. 
 

(b)  4.22)5(4.0)5( H  = 20.4 ft3 
 

4. (a)  The given point is (50, 150) and the slope  –0.1.  Therefore, )50(1.0150  xP , so 

 P(x) = –0.1x +155 dollars, where 40 ≤ x ≤ 60 is the number of shirts sold. 
 

  (b)       151                                               P                                  

 

      149                                                                  
                                                                                                                               

40                    60 
 

 (c)  The net change in P is  P(60) – P(40) = (149 dollars) – (151 dollars) =  –2 dollars.  The  

  negative shows a decrease in profit.   
 

 (d)  P'(x) = –0.1  dollars per shirt. 
 

(e)                         40                     60 

 

      –0.1 

                                                       P’ 
  

 (f)  Net area bounded by P' = length × height = (20 shirts) × (–0.1 dollars/shirt)  = –2 dollars       
 

 (g)  The answers are the same!  This result is called the Fundamental Theorem of Calculus… 

 



Activity 1.4 – Integrals of Constant Functions       

 

1. (a)   dx 3  3x + C       

(b)                  y = 3x + 6 

            y = 3x  

                          3                                            y = 3x – 3   

                                                                         

                                         1            2 
 

 (c)  15)1(3)4(33 3 
4

1

4

1


 xdx  

 (d)                                                                        y = 3 
 

 

                   
 

               –1                                                           4 
 

2.   (a)  Cxdx   1  

 (b)  Ctdt  4.5 4.5  

 (c)  Cudu  62 62  

 (d)  3)2()5()( 1 
5

2

5

2
 xdx  

 (e)  96.12)0(32.4)3(32.4)32.4( 32.4
3

0

3

0
 xdx  

 (f)  1.0))3(02.0())2(02.0()02.0( 02.0
2

3

2

3


 vdv  

 

3.   (a)  dttv  )(  = dt 45  =  –45t + C  miles from Bill’s at t hours 

 (b)      90)0(45)2(45)45( 45 )(
2

0

2

0

2

0
  tdtdttv  

Over the first 2 hours, Bill and Sally traveled a net distance of 90 miles westward. 
 

 (c)  No, we need to know the distance from Bill’s at the start of the trip. 
 

 (d)  Since s(t) = –45t + C and s(0) = 200, s(0) = C = 200. Therefore, the distance function is 

  s(t) = –45t + 200 and s(2) = –45∙2 + 200 = 110 miles east of Bill’s house. 
 

 (e)  Part (b) is the net distance traveled, but Part (d) is the distance from Bill’s.   
 

4.  2)1(2)0(2)2( 2
0

1

0

1


 xdx  

 

5.  dxx  )82(
1

1  =  – [area of trapezoid, or area of rectangle and triangle]  =  –16  

 

6.  If 2)(  xf , then Cxxf  2)(  and 72)1(  Cf .  Hence, C = 5 and 52)(  xxf . 



Activity 1.5 – Rectilinear Motion                    

 

1.   Position  s(t) = 35 – t  feet    Position  s(5) =30 ft 

 Velocity  v(t) = –1 ft/s     Velocity  v(5) = –1 ft/s  

 Speed  |v(t)| = 1 ft/s    Speed  |v(5)| = 1 ft/s 

 Acceleration  a(t) = 0 ft/s2    Acceleration  a(5) = 0 ft/s2 
 

2. (a)  s(t) = –20t + 100 m 
 

(b)  Setting –20t + 100 = 0 yields t = 5 s. 
 

(c)  60))5.9(20())5.12(20()20(20
5.12

5.9

5.12

5.9
 tdt m 

(d)  60)5.9(20)5.12(20)20(20
5.12

5.9

5.12

5.9
 tdt m 

 

3.  (a)   

 

 
 

 (b)  Setting 10 – 4t = 0 yields t = 10/4 = 2.5 s. 
 

 (c)  8)6)(5.1()10)(5.2()410(
2
1

2
1

4

0
 dtt m 

 (d)  17)6)(5.1()10)(5.2(|410|
2
1

2
14

0
 dtt m 

 

4.   (a)  Linear because for each unit change in t, there is a constant change of –30 in r.  The  

  slope is –30 and the initial value (y-int.) is 110.  Therefore, r(t) = –30t + 110 gal/min. 
  

 (b)  Setting  –30t + 110 = 0 yields t = 11/3 min. 
 

 (c)   

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 (e)  Quadratic 
 

 (f)  V(t) = –15t2 + 110t + 500 gallons, where t is minutes after the malfunction 

t  

(min) 

r(t) 

(gal/min) 

V(t) 

(gal) 

0 110 500 

1 80 595 

2 50 660 

3 20 695 

4 –10 700 

5 –40  675 
 

    

      

       

      

      

      

      

      

      

                 0          1          2          3         4             5 

  Rate is 0 at  

 t = 11/3 min 

t 

r 

100 
 

  80 
 

  60 
 

  40 
  

  20 
 

    0 
 

–20  
 

  

 

 

(1/2)(110 + 80) = 95 



Activity 2.1 – Derivatives of Quadratic Functions        

 

1. (a)  19.4 ft/s 

 

(b)  20.84 ft/s 

 

(c)  20.984 ft/s 

 

(d)  21 ft/s 

 

(e)  v(t) = 85 – 32t;  v(2) = 21 ft/s. 

 

(f)  a(t) = –32 ft/s2 

 

2.   (a)  104)(  xxf ; 4)(  xf  

 

 (b)  wwy  1)( ; 1)(  wy  

 

 (c)  2432)(  rrh ; 32)(  rh  

 

3.  348)(  ttP bacteria per hour;  50)2( P  bacteria per hour 

 

4.  (a)  f (4) = 5 

 

 (b)  f’(4) = –2 

 

 (c)  y – 5 = –2(x – 4) 

 

 

 

 

 

 

 

 

 

 

 

 

 



Activity 2.2 – Analyzing Quadratic Functions       

 

1.  (a)  x = –4, 4 
 

 (b)  x = –1, 0, 1 
 

 (c)  x = 0  (Factor as   022

2
12 xx , and note that 22

2
1 x  is never zero.) 

 

 (d)  x = 4/5, 1 
 

 (e)  x = –3, –1, 1, 3 

 

2.  (a)  5°F 
 

 (b)  1:00 a.m. and 2:30 a.m.  
 

 (c)  74)(  ttT ;  rising by 5°F per hour 
 

 (d)  The low temperature occurred at 1:45 a.m. and was approximately  –6°F.  
                                                  

 (e)  Falling on (0, 7/4);  rising on (7/4, 4)                     –                       +     T’ 

                                         0                 7/4                           4  

3.  (a)   

 

 

 

 

 

 

 

 

 

 

 

 

(b)  If Vʹ(t) = –30t + 110 = 0, then t = 11/3.  The maximum volume is V(11/3) = 701.67 gal.     

 

 (c)  V(t) = –15t2 + 110t + 500 = 0 when t = 
)15(2

500)15(42110110




 ≈ –3.17 or 10.5.  We cast  

  out the negative solution and find that it takes 10.5 minutes for the tank to empty. 

 

4.  Since C'(x) = 0.0004x + 7, we have  C'(1000) = 7.4.  The marginal cost is $7.40. 
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Activity 2.3 – Definition and Properties of the Derivative 

 

   

   

9

9lim

9
lim

29299
lim

29299
lim

292)(9
lim)(   (a)   .1

0

0

0

0

0



































x

x

x

x

x

x

x

x

xxx

x

xxx

x

xxx
xf

 

 

 (b)  xxf 4)(   
 

 (c)  26)(  xxf  
 

2

22

0

322

0

33223

0

33

0

3

)33(lim

33
lim

33
lim

)(
lim   .2

x

xxxx

x

xxxxx

x

xxxxxxx

x

xxx
y

x

x

x

x




























 

 

3.  (a)            cbxaxdcxbxaxdcxbxaxxf 














 23)( 22323  
 

(b)  (i)  xxxf 26)( 2  ;  212)(  xxf   
 

(ii)  6.06.46.3)( 2  xxxg ;  6.42.7)(  xxg  
 

 

4.   

 

 

 

 

 

 

 



Activity 2.4 – Analyzing Cubic Functions 

 

1.  (a) The graph is…………………….. Increasing Decreasing      

  The derivative (slope) is………… Positive Negative 

 The derivative (slope) is………… Increasing Decreasing 
 

(b)  The graph is…………………….. Increasing Decreasing      

 The derivative is………….…….. Positive Negative 

 The derivative is………………… Increasing Decreasing 
 

2.  (a) The graph is…………………….. Increasing Decreasing      

  The derivative is………………… Positive Negative 

 The derivative is………………… Increasing Decreasing 
 

(b)  The graph is…………………….. Increasing Decreasing      

 The derivative is………….…….. Positive Negative 

 The derivative is………………… Increasing Decreasing 

 

3.  543 2  xxy ;  046  xy  yields  x = 2/3.  A sign test shows that y is concave  

 up on (2/3, ∞) and concave down on (–∞, 2/3).  The inflection point is at x = 2/3 and the 

coordinates are (2/3, 56/27). 
 

4.  (a)  027183)( 2  ttts  yields t = 3.                        +                         +                s' 

                                                       3 

  0186)(  tts  yields t = 3.                                   –                         +                s'' 

                                                       3 

(b)  Speeding up on (3, ∞);  slowing down on (–∞, 3). 

 

5.  (a)  (x – 5)(x2 + 5x + 25);  x-intercept at x = 5. 

 

 (b)  (x + 4)(x2 – 4x + 16);  x-intercept at x = –4. 

 

6.  x3 + 2x2 – 5x – 6 = (x + 1)(x2 + x – 6) = (x + 1)(x + 3)(x – 2);  the solutions are x = –1, –3, 2. 

 

7.    1212)5()12)(5()5(12)5(60125 2223  xxxxxxxxxxx ;  

the solutions are x = 5, 12 , 12 . 

 

 

 

 



Activity 2.5 – Linear Approximation 

 

1. (a)  xx
dx

dy
26 2   

 

 212
2

2

 x
dx

yd
 

 

(b)    8)1(2)1(626 2

1

2

1


 xxdx

dy
xx  

 

   142)1(12212
1

1
2

2





x

xdx

yd
x  

 

2.  (a)  Δy = y(2.03) – y(2) = 2(2.03)3 – 2(2)3 = 0.731 
 

 (b)  dy = 6x2dx = 6(2)2(.03) = 0.720 
 

3.  (a)  f (2) = 4;  f '(2) = 12 
 

 (b)  y – 4 = 12(x – 2);  y = 12x – 20  
 

 (c)  f(2.01) ≈ 12(2.01) – 20 = 4.12 
 

 (d)  f(2.01) = 2(2.01)3 – 3(2.01)2 = 4.120902 
 

4.  (a)  dA = 10xdx = 10(36)(±0.125) = ±45 in2 
 

 (b)  %69.00069.0
)36(5

)125.0)(36(10

5

10
22





x

xdx

A

dA
 

 

5.  dV = 4πr2dr = 4π(19)2(±0.5) ≈ ±2268.23 cm3 
 

 %89.70789.0
)19()3/4(

 (±0.5)(19)4

)3/4(

4
3

2

3

2










r

drr

V

dV
 

 

6.  dA = 2πrdr = 2π(24)(±0.1) ≈±15.08 cm2 
 

 %83.00083.0
)24(

 (24)(±0.1)22
22










r

rdr

A

dA
 

 

7.  dV = 74πrdr = 74π(12)(±0.15) ≈ ±418.46 m3 
 

 %5.2025.0
)12(37

 )(12)(±0.1547

37

74
22










r

rdr

V

dV
 

 

 



Activity 2.6 – Integrals of Linear and Quadratic Functions 

 

1.  (a)  Cx 25  

 (b)  Ctt  42

2
3  

 (c)  Cuu  2

2
1  

 

2.  (a)    15)1(5)2(55 22
2

1

2 x  

 (b)       
2
112

2
32

2
3

1

0

2

2
3 )0(4)0()1(4)1(4  tt  

 (c)       
2
52

2
12

2
1

3

2

2

2
1 )2()2()3()3( 


uu  

 

3.  (a)    Cxxxdxxx  772 2

2
13

3
22

 

(b)    Cwwwdwww 
3

3
122 332632  

 

4.        186)5(4)5(10)8(4)8(10410)810( 22
8

5

28

5
 ttdtt cows 

 

5. (a)  1632)(  ttv  ft/s 

 (b)  1751616)( 2  ttts  ft 

 (c) Set  01751616 2  tt  and solve for t (using the quadratic formula) to get t = 3.84 s. 

 (d)  v(3.84) ≈ –107 ft/s 

 

6.         7.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

8.     
2222

4 75.65.05.225.11 L ;    75.105.035.225.1 2222
4 R . 

 That is,  6.75 ≤ dxx
3

1

2  ≤ 10.75. 

9.  Δx = (3 – 1)/8 = 0.25. 

 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

   f (x) = x2   

    

    

    

    

    

    

    

    

             0          1          2          3           

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

   f (x) = x2   

    

    

    

    

    

    

    

    

             0          1          2          3           
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Activity 3.1 – Power Functions 

 

1. (a)  0y  

(b)  1y  

(c)  
3
1y  

(d)  xy   

(e)  
47

6

xdx

dy
  

(f)  
930x

dx

dy
  

(g)  
55

8

xdx

dy
  

(h)  
3 53

8

x
dx

dy
  

 

2.  (a)  
x

y
2

1  

 (b)  
2

1

x
y   

 

3.  (a)  
23 2

1

3

8)(
rr

rf  ;  
24
11

)2(2

1

)2(3

8
23

)2( f  

 (b)  
3

2
2

3

3

1
2
25)(

t

ttg  ;  
6
73

3
1

2
25)1( g  

 

4.  (a)  Set 03)(
2

12 
x

xf  to get  x = 2, –2.                                +          –          –         +  

             –2          0         2 

     (b)  local minimum at (2, 12) 

 (c)  local maximum at (–2, –12) 
 

5.  (a)  The domain of  
2
11

xxdx
d 

 

is x ≠ 0, so xy   is not differentiable at x = 0.     

 (b)  The domain of  
xdx

d x
2

1

 

is x > 0, so xy   is not differentiable for x ≤ 0.   

 

 

6.  (a)               (b) 

    
  

 

 

 



 0)6)(3(183 23  xxxxxx

Activity 3.2 – Polynomial Functions 

 

1.  (a)  136108)( 47  xxxxf  

 (b)  364056)( 36  xxxf  

 (c)  
25 120336)( xxxf   

 

2.  (a)  203)( 2  ttv  m/s 

 (b)  tta 6)(   m/s2 

 (c)  8)2( v  m/s;  12)2( a  m/s2 

 (d)  Moving left (v < 0); slowing down (v and a have opposite signs) 
 

3.  (a)    


62 123lim xx
x

;    


62 123lim xx
x

 

 (b)    


25 513lim xx
x

;    


25 513lim xx
x

 

 

4.  (a)  Setting                                                                    yields  x = –3, 0, 6. 
 

 (b)  Setting 01863)( 2  xxxf  yields  71x  (using the quadratic formula).   

  Relative minimum at x = 71 ;  relative maximum at x = 71 . 

                    –                +                 – 

                         71           71     
 

(c)  Setting 066)(  xxf   yields x = 1.  Inflection point at x = 1. 

              +                          – 

1   

 (d)  


)(lim)183(lim 323 xxxx
xx

;  


)(lim)183(lim 323 xxxx
xx

 

 

5. (b)  yes;   
 

 (c)  f(x) = c;   
 

 (d)  continuity   
 

 (e)  Intermediate Value Theorem: 

If f is a       continuous       function defined on the  

closed interval [a, b], and c is any number between  

    f (a)    and     f (b)     , then there exists a number x  

between     a     and    b     such that      f (x) = c    .  
 

 (f)  an x-intercept 
a              x              b         

f (b) 
 
 

     c 
 

 

 

f (a) 



Activity 3.3 – Composite Functions 

 

1. (a)  06.0
dP
dL   ppm/h;     (b)  4

dt
dP   h/mo;     (c)  24.0)4)(06.0( 

dt
dP

dP
dL

dt
dL   ppm/mo 

 

2.  (a)  
910xy   

 (b)  
712  xy  

 (c)  
444 1215)3(153)3(5 xxxy   

 (d)     xxxxy 14378 2323   

 (e)       
 324

3

96

12423324 124962





xx

xx
xxxxy  

 (f)   
  5

4
5

4

525

2
5
1 252






x
xy  

 (g)     xxxy 62321
3

1
2

3
4   

 (h)   
 3101

1003
)10(10110

x
xy




  

 (i)   
  5

6
2

5
6

745

242

5
3 874






x

xxxy  

 

3.  (a)  
xxdx

dy

52

5

52

1 5   

 (b)   
xx

x

xx
dx

dy
x

102

2510

1022

5

22
)104(






  

 

4.  (a)  
22 )27(

7

)27(

1 7







xxdx

dy
 

 (b)  
25

4

25 )13(

1054

)13(

7 15







x

x

xdx

dy
x  

 
 

5.  (a)  2.0)(  tV , so the volume is decreasing by –0.2 liters per minute. 

 (b)  
tttV

nRT
tP

2.06

61125.264

2.06

)215)(08205.0)(15(

)(
)(





   atmospheres  

 (c)  
   22

2.06

92225.52
)2.0(

2.06

61125.264
)(

tt
tP





  atmospheres per minute 

 (d)  6.4)7(2.06)7( V  liters;    52418.57
)7(2.06

61125.264
)7( 


P   atmospheres 

 (e)  
 

50105.2
)7(2.06

92225.52
)7(

2



P  atmospheres per minute 



Activity 3.4 – Products of Functions 

 

1.  (a)       2276226)( 2  xxxxxf  
 

 (b)        21032252)32(5)(
524  xxxxxxg  

 (c)       
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282

1
283)( 32

t
tttts  

 

2.  (a)     321310
92  xxxy  

         2131032)32(1390
9282







 






  xxxxxxy  

 (b)     xxy 427
3

2
2

3
1 


 

           4274427
3

2
3

5
2

3
12

9
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xxxxy  

 

 

3.    

 

        

 

 

 

Horizontal tangents at  x = 9  and at  x = 45/19.  Vertical tangent at  x = 0. 

 

4.  (a)  )()()()()( tPtStPtStR    dollars per day 

 

 (b)  405)2)(1290()199)(15()60()60()60()60()60(  PSPSR  dollars per day; 

   That is, the revenue was decreasing by $405 per day. 

 

5.  (a)  )()()()())(( gfgfgfgfggff   
 

 (b)  )()()()())(()( gfgfgfgfggffgf     
 

 (c)  g
x

f

x

g
fg

x

f

x

gfgfgf

x

gf
























 )()()()(
   

 

 (d)  Since 
dx

df

 
exists (is finite), and Δg → 0 as Δx → 0, we have 00lim

0















 dx

df
g

x

f

x
. 

 

(e)   
dx

dg
fg

dx

df
g

x

f

x

g
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Activity 3.5 – Piecewise Functions 

 

1.  (a)  









1 if,

1 if,62
)(

xa

xx
xg    

 

 (b)  Set  2(–1) – 6 = a  to get a = –8;  set  (–1)2 – 6(–1)+5 = (–8)(–1) + b  to get b = 4. 
 

2.  a = 1/2;  b = 8 
 

3. (a)  6)3( f   (b)  2)1( f   (c)  1)0( f  

(d)  2)1( f   (e)  2)5( f  
 

4.  (a)  2)(lim
1




xf
x

        (b)  0)(lim
1




xf
x

  (c)  


)(lim
1

xf
x

 DNE  

(d) 2)(lim
1




xf
x

           (e)  2)(lim
1




xf
x

  (f)  2)(lim
1




xf
x

  

(g)  No  (h)  Yes 
 

5.  

















1  if,1

11  if,1  

1  if,2

)(

x

x

xx

xf  

 

6.  (a)  2)(lim
1




xf
x

        (b)  1)(lim
1




xf
x

  (c)  


)(lim
1

xf
x

 DNE  

(d)  1)(lim
1




xf
x

           (e)  1)(lim
1




xf
x

  (f)  


)(lim
1

xf
x

 DNE  

(g)  No  (h)  No 
 

7.  (a)  The function f is not continuous on [–3, 3].  
 

(b)   

 

 

 

 

 

 

 

 

 
 

 

(c)  
3

20
3
83

1

1

1

1

3

23

3
22)3()1()3()(   




dxxdxxdxxdxxf  



Activity 3.6 – Integrals of Polynomials 

 

1.  (a)  Ctttt  42

2
13

3
54

2
1  

 

 (b)  Cx
x
 7

5
9 3

5

 

 

 (c) Cx 2
3

3
2  

 

 (d)  Cxx  2
1

3
4

10
4
3  

 

 (e)        14463412923
1

1

231

1

21

1

2


  uuudxuudxu  

 

 (f)       
2
9

4

1

84

1

164

1 2

322
233

3

 1  


xxx

x xdxdx  

 

2.  (a)      CdxxxxF
xx 42 2

3

2

753 67)( ;  set 3)1(
2
3

2
7  CF  to get C = 5; 

  5)(
42 2

3

2

7 
xx

xF  

 

 (b)  Set 
32
41

32
3

8
7)2(  CF  to get C = 

2
1 ;  

2
1

2

3

2

7
42

)( 
xx

xF  

 

3.  Let xxf )(  and  let xxg )( . 
 

 The integral of the product is  3

3
12 )()( xdxxdxxgxf   , but 

 

 the product of the integrals is 
4

4
12

2
12

2
1 )(   )( xxxxdxxdxdxxgdxxf   . 

 

4.  (a)  (i)  Since   )()( xfkxFk
dx

d
 , it follows that )()( xFkdxxfk  . 

  (ii)  Since   )()( xfxF
dx

d
 , it follows that )()( xFdxxf  . 

  (iii)  From (ii), then (i), dxxfkxFkdxxfk   )()()( . 

(b)  (i)  Since   )()()()( xgxfxGxF
dx

d
 , we have )()())()(( xGxFdxxgxf  . 

 (ii)  Since   )()( xfxF
dx

d
 , we have   )()( xFdxxf . 

 (iii)  Since   )()( xgxG
dx

d
 , we have   )()( xGdxxg . 

 (iv)  From (ii) and (iii), then (i), dxxgxfxGxFdxxgdxxf   ))()(()()()()( . 



Activity 4.1 – Analyzing Rational Functions 

 

1.  (a)  N(1) = (1)3 – 5(1)2 + 7(1) – 3 = 0 
 

 (b)  g(x) = x2 – 4x + 3 
 

 (c)  N(x) = (x – 1)2(x – 3) 
 

 (d)  
)1)(1(

)3()1(
)(

2






xx

xx
xf  

 

 (e)  x = 1, –1 
 

 (f)  x = 3 
 

(g) y = 3 
 

 (h)  x = –1 
 

 (i)  x = 1 

 (j)  
1

88
)5()(

2 




x

x
xxf  

 

3.   (a)  
22 )32(

3

)32(

)2)(()32)(1(











xx

xx
y  

 (b)  
2

2

2

2

)4(

128

)4(

)1)(3()4)(32(











x

xx

x

xxxx
y  

 (c)  
22

2

22

22

)693(

18249

)693(

)96)(2()693)(2(











xx

xx

xx

xxxxx
y  

 (d)  

 
22

2

22

2

22

1

)9(22

983

)9(

)2(2)9()1(
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xx

x

xxx
y

x
 

 

4.  Set 0
)4(

)6)(2(

)4(

128
22

2












x

xx

x

xx
y  to get  x = –2, –6.  

 

5.  (a)  C(3) = 0.032 mg/cm3 

 (b)  
22

2

22

2

)6(

96.016.0

)6(

)2)(16.0()6)(16.0(
)(











t

t

t

ttt
tC  mg/cm3 per hour 

 (c)  002.0)3( C  mg/cm3 per hour  

 



Activity 4.2 – Horizontal and Vertical Asymptotes 

 

1.  Since 
2
9

2
9

2

9

172

269 limlimlim
4

4

4

34






 xx

x

xxx

xxx

x
,  the line y = 

2
9   is a horizontal asymptote.   

 Similarly for  x .   
 

2.  (a)  
4
1

4
1

446

5 limlimlim
2

2

2

2






 xx

x

xx

xx

x
 

 (b)  0limlimlim
3
1

313

10
6

5

46

25






 xxx

x

xxx

xx

x
 

 (c)  
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2 limlimlim

22 x

xx
x

xx
xx

x
 

 (d)  
3
1

3
1

3343

1 limlimlimlim
22

 









 xx
x

xx

x

xx

x

x
 

 

3.  (a)  Since f has a vertical asymptote at x = 2, the limit on either side will be +∞, or –∞.   

 We only need to check the signs: 

 If  2x , then 2x  and 0)2( x .  Therefore, 








  ))((

))((

)3)(2(

)2()1(

2
2

2

lim
xx

xx

x

. 

 If  2x , then 2x  and 0)2( x .  Therefore, 








  ))((

))((

)3)(2(

)2()1(

2
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2

lim
xx

xx

x
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 Hence, )(lim
2

xf
x

 DNE. 

 

 (b)  If  3x , then 0)3( x .  Therefore, 








  ))((

))((

)3)(2(

)2()1(

3
2

2

lim
xx

xx

x

.   

 If  3x , then 0)3( x .  Therefore, 








  ))((
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)3)(2(
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 Hence, 


)(lim
3

xf
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4.  (a) 
     

   2222

22

100

3000

100

21510030
)(










x

x

x

xxxx
xf ; f  is zero at x = 0 and undefined at x = 10, –10. 

 (b)  Increasing on (–∞,–10) and (–10, 0);             +         +        –         – 

  decreasing on (0, 10) and (10, +∞).                     –10       0        10 

 (c)  
  100

15

10
2

2

lim
x

x

x
; 

  100

15

10
2

2

lim
x

x

x
; 

  100

15

10
2

2

lim
x

x

x
; 

  100

15

10
2

2

lim
x

x

x
 

 

5.  (a)  +∞;     (b)  –∞;     (c)  DNE;     (d)  +∞;     (e)  +∞;     (f)  +∞;     (g)  1;     (h)  –2   
 

6.  (b)  y(2) must exist 

 (d)  existmust   )(lim
2

xy
x

 

 (f)  (2) equalmust   )(lim
2

yxy
x

 



Activity 4.3 – Continuity and L’Hôpital’s Rule 

 

1.  (a)  
3
4

3

62

11

56

1
23

2

limlim  





 x

x

x

LR

x

xx

x
   

(0/0) 

 (b)  
2
3

86
66

2483

63

244

43

2
limlimlim

2

2

23

23













 x
x

x

LR

xx

xx

x

LR

xxx

xx

x
 

 (0/0)                     (0/0) 

 (c)  
3

52

3

3

lim



 x
xx

x
 has the form –39/0, so L’Hôpital’s Rule does not apply here.  The limit is  

  either +∞, –∞, or DNE (vert. asymp. at x = 3).  We must check left- and right-hand limits: 









  )(

)(

3
52

3

3

lim
x

xx

x
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)(

3
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3

3
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xx

x
;  Therefore, 

3
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3

3

lim



 x
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x
DNE. 

 (d)  0lim
4
0
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0
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359






 xx
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x
 

 (e)  
4
1
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5
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205

4
223

limlim 




 xxx
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x

x
 

  (0/0) 

 (f)  0limlimlim
4

0
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1
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 x
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x
 

  (0/0)                        (0/0) 
 

2.  (a)  
15
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7411 limlimlim
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 x
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xx

x
 

   (+∞/+∞)                     (+∞/+∞) 

 (c)  (i)  
15
11

15

11

262215

10411
97
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125497

23397

limlim 
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x
 

  (ii)  4limlim
5

5

5

235 4

78

34 
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x
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x
 

 

3.  (a)  (i)  0limlimlim
30
12

615

412

235

46
223

2










 xx

LR

xx

x

x

LR

xx

xx

x
 

          (+∞/–∞)                     (–∞/+∞)                 (12/–∞) 

  (ii)   








 2
854

32
3827

3

2349 limlimlim
2

2

23 x

x

LR

x
xx

x

LR

xx

xxx

x
 

          (–∞/+∞)                            (+∞/–∞)                     (–∞/2) 

 (b)  (i)  0limlimlim
2171

50

123371

25950

5

6

5

6

166215

10376 




 xxx

x

xxxx

xxxx

x
 

  (ii)  




 1
99

94021

4102109 6

39

45

8153039

2101745

limlimlim x

xx

x

xxxxxx

xxxx

x
 

 

4.  Set  c(2)2 + 7(2) = (2)3 – c(2)  to get  4c + 14 = 8 – 2c.  Therefore, c = –1. 



Activity 5.1 – Exponential Growth and Decay 

 

1.  (a)  If M(t) = at + b, then M(0) = b = 500, M(2) = 2a + 500 = 245, and a = –127.5.   

  The model is M(t) = –127.5t + 500 mg, where t is hours after the injection. 

 (b)  If M(t) = A(1 – r)t, then M(0) = A = 500, M(2) = 500(1 – r)2 = 245, and 1 – r = 0.7. 

  The model is M(t) = 500(0.7)t mg, where t is hours after the injection. 
 

2.  (a)  m(0) = 90 grams 

 (b)  m(40) ≈ 27 grams 

 (c)  decay rate of 0.03 = 3% 
 

3.  P(t) = 77.2e0.016t million tons, where t is years since 2004 
 

4.   
   

 

 

 

 

 

 

 
 

 

  5.       

      METHOD 1:     1)0(
3
3

0


 RUN
RISE

x

x

dx
d ef  

 

METHOD 2:    1
1

lim)0(
00









 x

e
e

dx

d
f

x

xx

x  

 

. 

 

 
 

 

 

6.          
r

m

mm

r
m

mm

mr

mm

mr

mr
r

mr

n

n
r

n







 




 



111 1lim1lim1lim1lim1lim ; 

 The limit inside the outer parentheses is equivalent to   e
n

nn 
11lim , hence 

      rr
r

m

mm

n

n
r

n
ee 







 


11lim1lim . 

n compounding per yr  n
n
11 dollars after 1 yr 

1 (yearly)   00000000.2$1
1

1
1   

12 (monthly)   61303529.2$1
12

12
1   

365 (daily) 71456748.2$  

525,600 (every minute) 71827922.2$  

↓ ↓ 

+∞ $2.718281828459… 

Δx –0.1 –0.01 –0.001 → 0 ← 0.001 0.01 0.1 

x
e x


 1  0.9516 0.9950 0.9995 → 1 ← 1.0005 1.0050 1.0517 

         

         

         

         

         

         

        3 

         

      3   

         

 

y = ex 

(0, 1) 



Activity 5.2 – Derivative and Antiderivative of ex 

 

1.  (a)    xxx eee
dx

d 444 20455        

     

 (b)   222 32
33

tee
dt

d tttt 




      

  

 (c)            43234242 624241244621621 uuuueuueuueuue
du

d uuuu   

 

 (d)  
     

 22

222

2

2

19

18192

19 


















 x
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x
e

exex

e

x

dx

d
 

 

 (e)  
     

 222

222

22
4

8210410
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10

x

xxxx

x

x

ex

exeexe

ex

e

dx

d





















 

 

2.  Set       022)2(2)( 36626 222






 





  xxexexexxf xxx  to get x = –1, 0, 1. 

 

3.  (a)    Cexdxex xx 
2

2
5 5  

 

 (b)  Cedxe xx  


2

2
525  

 

 (c)        1101
1

0

1

0
 

 e

tt eeedte  

 

4.  (a)  +∞;     (b)  0;     (c)  0;     (d)  +∞;     (e)  0;     (f)  –5;   
 

 (g)
2
5

16

40

81

20

4

10
2

2

2

2

2

2

limlimlim 
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x

x

x
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LR
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e
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LR
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5.  Set         0102522)( 555   teetetD ttt
 to get t = 1/5 s. 

 

6.  (c)  
ttU )1289.1( 1496.0)(   million users, where t is months since 12/31/2003 

(d)  5.50)48( U  million users 

(e)  tt eetU  1213.0 1213.0 0181.01213.01496.0)(   million users per month, where t is  

months since 12/31/2003 

(f)  11.6)48( U  million users per month 



Activity 5.3 – Implicit Differentiation and Inverse Functions 

 

1.  (a)  
y

x
y   

 

 (b)  
x

y
y

2

3
  

 

 (c)  
42

3 22






xy

yx
y  or 

xy

yx

24

3 22




 

 

 (d)  
x

y
y   

 

 (e)  
xy

xy

xe

ye
y




5
 

 

2.  
82

22






y

x
y ;   

 Horizontal tangents:  Set 2 – 2x = 0 to get x = 1.  Substitute x = 1 into the original equation to  

 get a quadratic equation in y with solutions y = 0 and y = 8.  The points at which the circle  

 has horizontal tangents are (1, 0) and (1, 8).   

 Vertical tangents:  Set 2y – 8 = 0 to get y = 4.  Substitute y = 4 into the original equation to  

 get a quadratic equation in x with solutions x = –3 and x = 5.  The points at which the circle  

 has vertical tangents are (–3, 4) and (5, 4). 

 

3.  (a)  
6

1
)(1 
 x

xf  

 

 (b)  9)( 21  xxg  

 

 (c)  
2

4
)(1




x

x
xh  

 

4.  Since xxf 2)(  ,  
 xxf

x
dx

d

2

1

))((2

1
1




. 

 
 



Activity 5.4 – Logarithmic Functions 

 

1.  (a)  )10ln(
2
1x  

 

 (b)  35  ex  

 

2.  (a)   4ln)2ln(
4

)2(
ln 2

3
1

2
1

3 2



















xxx

x

xx
 

 

 (b)  )4(log)1(log 10
2

10 xx  , so (x + 1)2 = 4x.  Solve this quadratic equation to get x = 1. 

 

3.  (a)  Set  36.5b7 = 351.8  to get 3822.1
5.36

8.351 7
1









b  

 

 (b)  Set 73)3822.1(5.36 t
 to get 14.2

)3822.1ln(

)2ln(
t  years 

 

4.  Set 400400
2
11590 ke  to get  

 
1590

ln 2
1

k .  Therefore, 

 
t

etA















1590

ln 2
1

400)( , and so  

 

 

167400)2000(

)2000(
1590

ln 2
1
















eA  mg. 

 

5.  (a)  +∞ 

 

 (b)  –∞ 

 

 (c)  0 

 

 (d)  0 

 

6.  (a)  If )60()5580(5575)60( keT  , then  2025 60  ke , and   0.003719 ln
25
20

60
1 k . 

 

 (b)  Since 6.98)5580(55 0.003719   te , we have    55.149ln
25

6.43
0.003719

1 t .  This is  

  149.55 minutes before 11:00 p.m.  Therefore, the time of death was around 8:30 p.m. 

 
 



 

  J/mol  142.4526190.46
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Activity 5.5 – Derivatives and Antiderivatives of Exponentials and Logarithms 

 

1.  (a)   
xdx

d x 1)ln(  ;     (b)   
xbbdx

d x
)(ln

1)(log  ;     (c)   
5

1
102

2)102ln(



xxdx

d x  

 (d)      793)10(ln

962
10 2

793log



xx

x
dx
d xx ;     (e)      

12
223

)12ln(3)12ln(



tdt

d tt  

 (f)         
udu

d uuuuu 122 4)ln(8)ln(4   

2.  (a)  
xey  ;     (b)  

xbby  )(ln ;     (c)  
xxf 5)5(ln)(   

 (d)  12)03.1()03.1ln(1000)( 12  ttA ;     (e)  
     

 213

3101310)10(ln
)(






x

x xx

xg  

3.  (a)    Cedxe xxx x


5

5
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5ln
555  

 (b)    Cxxdxdx
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xx  
 4||ln34 131431
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4.  (a)  
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 (b)  
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)8ln(
lim 8
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x
 

5.  (a)  22)( xk is a constant function.  Its derivative is 0)(  xk . 

 (b)  2)( xxg  is a power function.  Its derivative is xxg 2)(  . 

 (c)  xxh 2)(  is an exponential function.  Its derivative is xxh 22ln)(  . 

6.  (a)  If 
xxy  , then xxxy x lnlnln  , and    xxy

dx
d

dx
d lnln   .  Therefore, 1ln 


x

y

y

,  

  and    1ln1ln  xxxyy x . 

 (b)  If 
nxy  , then xnxy n lnlnln  , and    xny

dx
d

dx
d lnln   .  Therefore, 

x
n

y

y



,  

  and     1 n

x
nn

x
n nxxyy . 

 (c)        2

2
1 1ln5114lnln3ln xxxy

dx
d

dx
d    yields   
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3

1

10
114

23

)1(

114

x

x
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xxy
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7.   

 
 

 

 

 

 

 

 

 



Activity 5.6 – Definite Integrals of Exponentials and Logarithms 

 

1. (a)  Δx = 0.4 

 

 (b)  390565.454.0333333 
222222 )8.1()4.1()1()6.0()2.0(2 

0 






  eeeeedxex

 

 

2.  (a)  86.34
2.52.52.5

 
2.52.5

1

1

2.5
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2.5 




















eee
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x
x

 

 

 (b)  91.3
10ln

1

10ln

10
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x
xdx  

 

3. (a)  The initial rate is a = 0.5, so R(t) = 0.5bt.  Also, R(120) = 0.5b120 = 0.25.  From this last  

  equation, b120 = 0.5, so 9942.05.0120 b .  The formula for R(t) is R(t) = 0.5(0.9942)t   

  million gallons per minute. 

 

 (b)  R(280) = 0.5(0.9942)280 ≈ 0.0981 million gallons per minute. 

 

 (c)  0938.69
)9942.0ln(

)9942.0(5.0
)9942.0(5.0

280

0

280
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t dt  million gallons 
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Activity 6.1 – The Cosine and Sine Functions 

 

1.      θ           x = cos θ       y = sin θ   
    

        00             1                  0  
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6
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2
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2
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           0             1  
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3.  (a)  4;     (b)  
3

2 ;     (c)  
3
2 ;     (d)  1y ;     

 (e)   

 

 

 

 

 

 
 

4.  (a)  A = (3.96–1.60)/2 = 1.18; B = 2π/11;  C = 0; D = (3.96+1.60)/2 = 2.78; the model is  

    78.2cos18.1)(
11
2  tth   meters, where t is hours after 9:00 a.m. on July 22. 

 (b)  01.2)18( h  meters;  61.2)47( h  meters 

 (c)  C/B = –3, so C = –6π/11;  the model is   78.2cos18.1)(
11
6

11
2   ttH  meters, where t is  

  hours after noon on July 22. 

θ cos θ sin θ tan θ 
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Activity 6.2 – Derivatives and Antiderivatives of Cosine and Sine 

 

1.  (a)    xx
dx
d cossin    

 (b)    xx
dx
d sincos   

 (c)    xxx
dx
d 10cos101010cos10sin   

 (d)    xxx
dx
d   sinsincos

22
1

2
1   

 (e)    32233 cos33cossin xxxxx
dx
d   

 (f)    xxxxx
dx
d 223 cossin3)sin(cos3cos   

 (g)                  222222 5cos105sin105cos5sin15sin ttttttttt
dt
d   
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)2(sin
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2.  (a)  Cxdxx  sin cos  

 (b)  Cxdxx  cos sin  

 (c)  Ctdtt  )3sin( )3cos(2
3
2  

 (d)      Cdx xx  44
sin2 cos5.0  

 (e)      
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0 2
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4.  (a)    77.378.2)23(cos18.1)23(
11
2  h  meters 

 (b)          ttth
11
2

11
36.2

11
2

11
2 sinsin18.1)(    meters per hour, where t is hours after  

  9:00 a.m. on July 22. 

 (c)    36.0)23(sin)23(
11
2

11
36.2  h  meters per hour; negative rate means tide is falling. 
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y
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Activity 6.3 – Other Trigonometric Functions 

 

1.  (a)  
x
xx

cos
sintan   

 (b)  
x

x
cos

1sec   

 (c)  
x
xx

sin
coscot   

 (d)  
x

x
sin

1csc   

2.  (a)    xx
dx
d 2sectan   

 (b)    xxx
dx
d tansecsec   

 (c)    xx
dx
d 2csccot   

 (d)    xxx
dx
d cotcsccsc   

3.  (a)    xxee xx

dx
d tansecsecsec   

 (b)   
tdt

d tt 12 )(lnsec)tan(ln   

 (c)         2)2(csc)2cot(1)2cot( 2  
d
d  

 (d)    xxx
dx
d 22 sectan2tan   

4.  (a)  Cxdxxx  sec tansec        

 (b)  Cxdxx  tan sec2
  

 (c)  Cxdxx  cot csc2
        

 (d)  Cxdxxx  csc cotcsc  

5.  (a)  Cxdx  )23tan( )2(3sec
3
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 ||lncossin 1sin
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Activity 6.4 – Inverse Trigonometric Functions 

 

1. (a)   
21

1arcsin
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dx
d x
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Activity 7.1 – Related Rates 

1.   Related Variables Equation:  
222 13 yx                                                               13         

y                                                                                                               

 Given:  1
dt
dx ;  Want:  

dt

dy
 when x = 12 and y = 5144169169 2  x               x                                                                                     

 Related Rates Equation:  4.2      0)5(2)1)(12(2      022 
dt

dy

dt

dy

dt

dy

dt
dx yx  

Answer:  When the bottom of the ladder is 12 feet from the wall, the top of the ladder is 

falling at a rate of 2.4 ft/s. 

2.  Related Variables Equation:  2rA                                                                                         

Given:  4
dt
dA ;  Want:  

dt

dy
 when x = 12 and y = 5144169169 2  x                 r                                                                                              

 Related Rates Equation:  36.0      24      2 10 
dt
dr

dt
dr

dt
dr

dt
dA r


                  A 

Answer:  When the area 10 mi2, the radius of the spill is increasing at a rate of 0.36 mi/h. 

3.  Related Variables Equation:  
5280

cot x                                                                        5280 

 Given:  400
dt
dx ;  Want:  

dt
d  when θ = 30° = 

6
                                                     x 

 Related Rates Equation:  
  02.0      400       csc

5280
1

6
2sin

1
5280

12 
dt
d

dt
d

dt
dx

dt
d 




 Answer:  When the angle of elevation  is 30°,  is decreasing at a rate of 0.02 rad/s. 

4.  Related Variables Equation:  
y

x 12
2

12 
 or 

y
x 12
2

6                       y 

 Given:  2.1
dt
dx

;  Want:  
dt

dy
 when x = 6 and 4

612
24 


y                 12 – x             x 

 Related Rates Equation:  8.0    )2.1(    
22 )4(

12
2
112

2
1 

dt

dy

dt

dy

dt

dy

ydt
dx

 

 Answer:  When the woman is 6 meters from the building, her shadow is decreasing at a rate  

 of  –0.8 m/s. 

5.  Related Variables Equation:  
222 50 zx                                                     z                   50 

 Given:  2
dt
dx

;  Want:  
dt
dz

 when θ = 
6
  and  

2

3

6
cos  

z
x

                               x 

 Related Rates Equation:  73.132        22
2

3 
dt
dx

z
x

dt
dz

dt
dz

dt
dx zx  

 Answer:  When the angle of elevation is π/6 radians, the string must be let out at a rate of  

 1.73 ft/s. 

6.  Related Variables Equation:  CVP  2.1
                                                                   

 Given:  10
dt
dP

;  Want:  
dt
dV

 when V = 330 and P = 90                             

 RRE:       0)330(2.1)90()330(10)(      02.1 2.02.12.02.1 
dt
dV

dt
dV

dt
dP VPV  

 Answer:  At this instant, the volume is increasing by 30.56 cm3/min. 

θ 

2 

θ 



Activity 7.2 – Graph Analysis Using First and Second Derivatives 

 

1.  (a)  
xexxf )28()(   

   (i)  x = 4;     (ii)   42 ,4 e ;     (iii)  none;     (iv)  (–∞, 4);     (v)  (4, ∞) 

 (b)  
xexxf )26()(   

   (i)   34 ,3 e ;     (ii)  (–∞, 3);     (iii)  (3, ∞)      

 (c)  
xexxf )210()(    

   (i)  x = 5;      (ii)  y = 10      

   (iii)  


))(()210(lim x

x
ex ;    0limlim 2210 

 








xx ex

LR

e

x

x
 

 

2.            3. 

 

 

 

 

 

 

 

 

 

 

 
  

4.  (a)  Moving to left:  (0, 1) U (5, 6)                         –                     +                    – 

 Moving to right:  (1, 5)    

 At rest:  t = 1, 5 

                   +                         – 

 (b)  Speeding up:  (1, 3) U (5, 6)                                       

 Slowing down:  (0, 1) U (3, 5) 

 
 

 

                                                                                          –                        + 

(c)  Left of origin:  (0, 2) 

 Right of origin:  (2, 6) 

 At origin:  t = 0, 2 

 

 

3 
(a) 

    

    

    

        –1            0           1             

    

    

 

      

      

      

      

    –2     –1        0       1       2        

 

3 
(s) 

3 
(v) 



Activity 7.3 Solutions – Graph Analysis with the TI-84    

 

1.  370.1778.3571.1169.0)(1Y 23  tttt  million barrels per day, where t is years after  

 2008, 0 ≤ t ≤ 6. 

 

2.  (a)  t = 0.55 years after 2008    →   in 2009 

  t = 3.10 years after 2008    →   in 2012 

  t = 5.67 years after 2008    →   in 2014 

 

(b)  75.3)1(1Y   million barrels per day 

 

(c)  14.1)1(1Y  ;  This is an increase of 1.14 million barrels per day per year. 

 

 (d)  At t = 1.63 (2010), the surplus was at a maximum of 08.41Y  million barrels per day. 

 

 (e)  At t = 4.59 (2013), the surplus was at a minimum of 91.11Y  million barrels per day. 

 

3.  778.3143.3506.0)(1Y 2  ttt  million barrels per day per year, where t is years after  

 2008, 0 ≤ t ≤ 6. 

 

 (a)  0)(1Y  t  when t = 1.63 and changes from positive to negative there.  This verifies the  

  local maximum at t = 1.63. 

 

0)(1Y  t  when t = 4.58 and changes from negative to positive there.  This verifies the 

local minimum at t = 4.58. 

 

 (b)  The point of most rapid decline corresponds to the minimum of the slope graph, which  

  occurs at t = 3.11.  This corresponds to the year 2012.  Algebraically, 

 

0143.3012.1)(1Y  tt  when t = 3.11. 

 

 (c)  10.1)11.3(1Y  ;  This is a decrease of 1.10 million barrels per day per year. 

 

 

 

 

 

 



Activity 7.4 – The Extreme Value Theorem and Optimization    
 

1.  Length:  L = 2x + 5y   (minimize)                                 

 Area:  
x

yxyA 3600      3600                               y                               

  
xx

xxxL 180003600 252)(                                                     x

 9000      9000      02)( 218000
2

 xxxL
x

                     –                       +            L' 

 Minimum length of fencing is   3799000 L  ft.      0                 9000  

2.  Area:  A = xy   (maximize) 

 Cost:  
3

54
30

10540      5403010 xxyy = x + C =                            y 

   2

3
1

3
54 18)( xxxxA x                                                                           x         

27      018)(
3
2  xxxA                       +                      –             A' 

Maximum area is 243)27( A  ft2.                                        0                      27                                                                       

3.  Volume:  V = x2y   (maximize)                                                                                      

Area:  
x

xyxyxA
4

14002 2

       14004                                                              y                                    

   3

4
1

4
14002 350)(

2

xxxxV
x

x                                                         x                 x 

 
3

1400
3

140022

4
3             0350)(  xxxxV                      +                       –           V' 

     Maximum volume is   5040
3

1400 V  cm3.                          0                  3
1400  

4.  Cost:  xyxC 3026 2     (minimize)                                  

 Volume:  
2

6.22       2.52
x

yyxV                                                                        y  

  
xx

xxxxC 7826.22 263026)(
2

                                                             x                2x 

 3378 5.1      5.1      052)(
2

 xxxxC
x

                            –                     +             C'                   

      Minimum cost is   50.110$5.13 C .                                     0                    3 5.1  

5.  Volume:  hrV 2    (maximize)                                            r 

 Area:  
r
rhrhrA
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Activity 7.5 – Differential Equations 

 

1.  (a)  
teCy 5

0  

(b)  
teCy 3

0
  

(c)  
tttt eCeCeCeCy 5

2
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1
   

(d)     tCtCy  15sin 15cos 21   
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7.       tkCktkCky  cos sin 21   

 

            kytkCtkCktkCktkCky   sin cos sin cos 2121  

 
 

8.  (a)  Ckt|y| kdtdy
y
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Activity 8.1 – Sigma Notation and Summations 

 

1.  (a)  16;     (b)  13 
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Activity 8.2 – The Definition of Net Area 

 

1.  a = 1;   b = 2;   Δx = 
nn
112  ;   kx

nk  1* 1 ;       2

2
3621 313 kkkxf
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Activity 8.3 – Rolle’s Theorem and the Mean Value Theorem 

 

1.  (a)  Set 313)(
4

)4(8

)2(2

)2()2(2 




 ff
ccf  to get 

3
4c  in the interval (–2, 2). 

 (b)  Set 
15
1

235

)3()5(1 3
1

5
1

2
)( 





gg

c
cg  to get 15c  , but only 15  is in (3, 5). 

  

2.  (a)  Since f  has a vertical asymptote at x = 0, it is not continuous on [0,4].  Since it is not 

  continuous at x = 0, it is not differentiable at x = 0.  
 

 (b)  Since g only has one discontinuity at x = 6, it is continuous on [0, 4].  Since g' is  

  undefined only at x = 6 (use the quotient rule), g is differentiable everywhere except at     

  x = 6. In particular, it is differentiable on [0, 4]. 
 

 (c)  Since h has a vertical asymptote at x = –3, it is not continuous on [–4 ,5].  Since it is not 

  continuous at x = –3, it is not differentiable at x = –3.  
 

 (d)  Since 
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  From the left of 3, F has a slope of –5, and from the right of 3, F has a slope of 5.   

  Therefore, F is not differentiable at  x = 3 (graph has a corner), and hence it is not  

  differentiable on [1, 4].  It is continuous everywhere, however, as is seen by substituting  

  x = 3 into the piecewise formulas for F. 
 

3.  (There are many possible correct answers.)      )(xf  

 

 

 

 

0   c1         c2              c3           5 
 

4.  (There are many possible correct answers.)    )(xg  

 

 

 

 

 

0                         c                   5 
 

5.  Your average velocity between 8:00 and 8:03 is mi/h 80
hour 1

minutes 60
minutes 3

miles 4
time

Δposition



. 

By the MVT, there exists a time between 8:00 and 8:03 at which your instantaneous velocity 

was equal to your average velocity.  In other words, you are guilty of traveling at a speed of   

80 mi/h during this time interval. 



Activity 8.4 – The Fundamental Theorem of Calculus (Part 1) 
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 (c)  
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0 3

4
dx

x
      The FTC cannot be used since the integrand is not continuous at x = 0. 

 

 (d)   

3

0 2

1
dx

x
     The FTC cannot be used since the integrand is not continuous at x = 2. 
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2.  (a)  NOTE THAT THE FOLLOWING COMPUTATION IS INCORRECT! 
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 (b)  The graph is above the x-axis on [–1, 1], so the net area is positive, not negative. 
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Activity 8.5 – The Fundamental Theorem of Calculus (Part 2) 
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  to get 012 2 x , or 
2
1x   (Note that 0

2

xe  and 012 x .)  A sign test shows  

  that these are the locations of the inflection points: 
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Activity 8.6 – Integration by Substitution 

 

1.  (a)  CeCedueduedxe xuuux  
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u = 4x + 5;  du = 4dx ;  dx = 
4
1 du 
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u = x3;  du = 3x2dx ;  x2dx = 
3
1 du 
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u = x2 + 12x + 10;  du = 2x + 12 = 2(x + 6);  (x + 6)dx = 
2
1 du 

(e)  CCuduud    6

6
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u = sin θ;  du = cos θ dθ    
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u = 1 + 2x4;  du = 8x3dx;  x3 dx = 
8
1 du 

x = 0 → u = 1 + 2(0)4  = 1;    x = 1 → u = 1 + 2(1)4  = 3 
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  u = 5 – x2;  du = –2xdx;  xdx = –
2
1 du 

x = 1 → u = 5 – (1)2  = 4;    x = 2 → u = 5 – (2)2  = 1 
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  u = sin(2x);  du = 2cos(2x)dx;  cos(2x)dx = 
2
1 du 

x = 0 → u = sin(0) = 0;    x = π/4 → u = sin(π/2) = 1 
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Activity 8.7 – Modeling Accumulated Change with the TI-84 

 

1.  50793332)( 2  tttr  ft3/min, where t is in minutes 

 

2.  t = 11.48 min 

 

3. t = 14.58 min;   r(14.58) = 7308 ft3/min 

 

4.    41053 50793332
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2  dttt  ft3 

 

5.    CtttdttttA   50750793332)( 2

2
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3
322 ;  since A(0) = 5000, C = 5000.   
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3
32  ttt to get  t = 27.55 min. 

 

 


