Velocity and Tangents

p. 89: 8, 13-15
8. (a) Using P=(15,250) we construct the following table:
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(b) Using the values of ¢ that correspond to the points closest to P (= 10 and ¢ = 20), we have

—33.3+2(—27.3) a3

(c) From the graph, we can estimate the slope of the tangent line at P to be 33 3.
(d) The slope of the tangent line indicates that the volume of the water in the tank is decreasing at a
rate of 33.3 gallons per minute at time = 15 minutes.

13.(a) v=y(r)=10r—1.86¢". Atr=1,y=10(1)—1.86(1)" =8.14. The average velocity between times 1

andl+ 7 is
e h vl [10(1+7)—1.86(1+ ) ]-8.14 _1.86h2
y, =20+ y) _[100+h) 717814 628h-1.86h — 6.28—1.86h, i h#0.(i)
= (1+h)—1 h
[1.2): h=1,v,_ =442 ms (ii) [11.5]: h=0.5, v, =535 ms
(i) [L1.1]: 2=0.1, v,_ =6.094 m/s (iv) [L1.01]: k=0.01,%,_=6.2614 m/s

(v) [],l.l}l}l]: h=0.001,v,__=6.27814 m/s
(b) The instantaneous velocity when t= 1 (h approaches 0) is 6.28 m / s.

14. (a) (i) On the interval [2, 4], v, = “‘2‘;{2) _P2-208 _y93pys sl

(ii) On the interval [3, 4], v, = """(4;_":’; @) _ ?9'2146'5 ~32.7 fils, |

T 100+

5)— 8-79.

(iii) On the interval [4, 5, v, = SOV =s@) _1248-12_ 456 s, t

54 1 601

(iv) On the interval [4, 6], v,,_ = S(‘(’é‘i{‘” _76T=12 _4875fs. w0l
(b) Using the points (2, 16) and (5, 105) from the approximate tangent 0 !

105-16 89

line, the instantaneous velocity at + = 3 is about = 3 ~ 29.7fi/s.



15. (a) (i) s=s(¢)=2sinxt +3cos .

_s(2)=s() _3-(-3)

2-1 1

_s(L)—s(l) _-3.471-
1.1-1 0.1
_s(LOD—s() _-3.0613—(-3)

P Yes =T 010 0.11

_ s(1.001)—s(1) _ -3.00627 —(-3)

1.001-1 0.001
(b) The instantaneous velocity of the particle when ¢ =1 appears to be about — 6.3 cm/s.

On the interval [1, 2], v_ =6 cm/s.

(i) On the interval [1, 1.1], v,__ =3) =—4.71 ci/s.

(111) On the interval [1, 1.01], 1 =—6.13 cm/s.

=—6.27 cm/s.

(iv) On the interval [1, 1.001], v__

p.174: 30-33,63
30, Let s(r) = 40 — 16,

_ 40t —16t" )—16 162 _ —8(2¢* —5¢+2
1=(2}=1imM=—um( ) im O A016 ( )
=2 -2 132 r—2 =42 -2 32 t—2

—B(r=2)(2t-1
tim U D i (20 -1) = —83) =24

I—}; I'_ I—}r_
Thus, the instantaneous velocity when £ = 2 is —24 fi/s.
31.(a) Let H(r)=10r —1.86¢".

H(1+h)-H(1) [10(1+ 1) —1.86(1+ k)* |- (10-1.86)

v(1)=lim = lim
h—0 h h—0 h
1-:]+][]h—l.86(1+2}: + h? —lD+].86]
=lim
=0 }j
lim 10+10h—1.86—3.72h—1.86h* —10+1.86
n h—=0 h
i &:280—186R° im (6.28~1.861) = 6.28
k=0 h Fr—}l}

The velocity of the rock after one second is 6.28 m/s.
H W-H 10(a+h)-1.86(a+h)" |—(10a—1.86a"
(a+h)-H(a) .| (a+h)] )

®) v =l

h—0 Fj
10a +10h—1.86(1+2ah +h* ~10a +1.86a° )
=lim
h—i Fj
iy 10a+10h—1.86a° ~3.72ah ~1.86° —10a +1.86a> _,. 10h—3.72ah—1.861’
_h—m h _h—:»n:l h
h(10-3.72a—1.86h
jim ? )=Iim(]D—S.?Za—l.BGh]=][J—3.?2fr
h—i h h—0

The velocity of the rock when r=a is (10— 3.72a) m/s.
(¢) The rock will hit the surface when H = (.

This is when 10r—1.86" =0 <= 1t(10—-1.86¢) =0 < =0 or1.86¢ =10. The rock hits the surface
whens=10/1.86 =5.4 s.
(d) The velocity of the rock when it hits the surface is v(&)=10-3.72({%)=10-20=-10 m’s.



1 1 a —(a+h)
s(a+h)—s(a) (H+;I)2_ﬂ'2 a {a+h)q az_(az+2ak+;gz]
32. v(a)=lim =lim————=1i = lim > =
=0 I 0 i 0 h =0 hat(a+h)
_ —(2a}1+hl) . —h(2a+h) . —(2a+h) -2a 2
=lim——— = lim—; = =lim— —=———=—-— m/s.
=0 ha“(a+h)y " ha (a+h) 'a(a+h)y a -a a

33. (a) The average velocity between times rand ¢ + h is
stk —s(r)  3(r+h) =6(r+h)+23—=($7 =61+23) 124y 1P —6r—6h+23— 11 + 6123

(r+h)—t h h
_th+ih"—6h _ h(t+1h-6)
- h ok
(i) [4, 8]: t=4, h=8—4=4,s0 the average velocity is 4+1(4)-6=0 fi/s.
(1) [6, 8]: t=6,h =8 — 6 =2, so the average velocity is 6 ++(2)-6=1 fi/s.
(iii) [8, 10]: +=8, h=10—8 =2, so the average velocity is 8+1(2)—6=3 fi/s.
(1v) [8, 12]: t=8, h=12 -8 =4, so the average velocity is 8+3(4)-6=4 fi/s.
s(t+h)—s(r)
- -

=(r+%h—ﬁ] ft/s.

'

(b) v(t)= {iﬁ
(c)

. l . —f_ . —
lﬂ(thh 6)=r—6,50 v(8)=2 fs.

. [ 80(4+h)—6(4+h)* |-[80(4)—6(4)" |

63. v(4) = f’(4}=ﬁx§f “”?‘f @ _y

h—0 h
(320+80h—96—48h—61@3)—[320—96) 32k — 6h3
= lim =lim—
h—0 h h—0 h
. h(32—6h} ,
= lim—————= =1im (32— 6h) =32 m/s.
h—0 h—0

The speed when =4 is [32|=32 mys.



