Section 3.9

Differentials
47. f) =38 -3 +3x -2 "
F@) =32 - 6x+3
40—+
Letx, = 12. 0+
NG T
n X x (x,;) f/(x") x, — f_’(le 1
AN BRI R i
1 | 12.0000| 7.0000 36.7500 | 0.1905 11.8095 . '
2| 11.8095| 0.2151 34,4912 | 0.0062 11.8033
3 | 11.8033| 0.0015 34.4186 | 0.0000 11.8033
Approiimation: x =~ 11.803
48. f(x) = /4 — x*sin(x — 2) "
Domain: [—2,2] '
x = —2 and x = 2 are both zeros.
fx) = V4 — x*cos(x — 2) — ﬁsin(x -2)
Letx, = —1.
3
i f&,) f&x,)
X xfl xﬂ /| xﬂ e /|
n n f( ) f( ) f(x,.) f(xn)
1 | —1.0000 | —0.2444 | —1.7962 | 0.1361 —1.1361
2 | —1.1361 | —0.0090 | —1.6498 | 0.0055 —1.1416
3 | —1.1416 0.0000 | —1.6422 | 0.0000 —1.1416
Zeros: x = £2,x = —1.142
Section 3.9  Differentials
1. f(x) = x* x 1.9 1.99 2 | 2.01 2.1
flx) = 2x flx) = x* 3.6100 | 3.9601 4.0401 | 4.4100
x) = 4x — . . .04 .4000
Tangent line at (2, 4): y — £(2) = F2)x — 2) T(x) x — 4 | 3.6000 | 3.9600 | 4 | 4.0400 | 4.4000
' y—4=4x-2)
y=4x—4
1
2. flx) = 2z
X 1.9 1.99 2 2.01 2.1
2
f) = s Fx) =% 0.2770 | 0.2525 | 0.2500 | 0.2475 | 0.2268
Tangent line at (2, }T): 1 3
T(x) = —zxt 7 0.2750 | 0.2525 | 0.2500 | 0.2475 | 0.2250

y—f@) =& -2
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3. fx) =x° x 1.9 1.99 2| 201 2.1
) = 5¢ fx) =15 247610 | 31.2080 | 32 | 32.8080 | 40.8410
Tangent line at (2, 32): y — £(2) = F2)(x — 2) T(x) = 80x — 128 | 24.0000 | 31.2000 | 32 | 32.8000 | 40.0000

y — 32 =80(x — 2)
y = 80x — 128
4. f)y = Vx x 19 199 |2 201 |21
gy =1 fx) =V 13784 | 1.4107 | 1.4142 | 14177 | 1.4491
fx)
2‘/; X 1
=—+ —= . E » g’ g
Tangent line at (2, /3): T(x) A AL 3789 | 1.4107 | 1.4142 | 1.4177 | 1.4496
y = f2) =& -2)
1
-2=—=kx-2
y- 2 S 5% 2
=L
T2 2
5. f(x) = sinx x 1.9 199 | 2 201 | 21
f®) = cosx fx) = sinx 0.9463 | 0.9134 | 0.9093 | 0.9051 | 0.8632
Tangent line at (2, sin 2): T(x) = (cos2)(x — 2) +sin2 | 0.9509 | 0.9135 | 0.9093 | 0.9051 | 0.8677
y = f(2) =f2)x - 2)

y — sin 2 = (cos 2)(x — 2)

y = (cos 2)(x — 2) + sin2

6. f(x) =cscx

Fx) = —cscxcotx

Tangent line at (2, esc2): y—f(2) =f(x - 2)

y —csc2 = (—csc 2 cot 2)(x — 2)
y = (—csc 2 cot 2)(x — 2)

+ csc 2
x 1.5 1.99 2 2.01 2.1
flx) = cscx 1.0567 | 1.0948 | 1.0998 | 1.1049 | 1.1585
T(x) = (—csc2cot2)(x — 2) + csc 2 | 1.0454

1.0947

1.0998 | 1.1048 | 1.1501

7. y =f(_x) = x3,f’(,x) = 3x2,x = I,A.x =dx=0.1

Ay =f(x + Ax) = f(z)

=711 - f(1)
= (L1 = (1p?
= 0331

8. y =

dy = f(x) dx
= f(1)(0.1)
=3(0.1)

(o)

3

fl)=1-22f() = —4x,x=0,Ax=dx = -01

Ay = flx + Ax) — f(%)
=f(=0.1) - f(0)
=[1 - 2(-0.1)"] = [1 — 2(0)¥] = —0.02

dy = f(x) dx
= f(0)(-0.1)
=(0)(-0.1) =0




Section 3.9 Differentials 263

9. y=f@=x*+1f(x) =453x=—-1,Ax=dx =001

Ay = flx + Ax) = f(x) dy = f'(x) dx
=f(=099) - f(-1) = f(=1)(0.01)
= [(-=0.99)* + 1] = [(-1)* + 1] = —0.0394 = (—4)(0.01) = —0.04

10. y =f(x) = 2x + 1,f(x) = 2,x = 2, Ax = dx = 0.01

Ay =flx+ Ax) = f(x) dy = f'(x) dx
= 7(2.01) - £(2) = F(2)(0.01)
=[2(2.01) + 1] - [2(2) + 1] = 0.02 =2(0.01) = 0.02
, ) x+ 1
1. y=32-4 12. y =202 B y=7— 14. y= /24
dy = 6xdx dy = 3V/x dx ;
- - X
dy (2x—1)2dx dy = x2_4dx
15 y=x/T-2 16. y= 3+ —=
X
— ] 2
d,:(x—li‘ﬁm)dx:—‘l/_l_z"xzdx d_<1 o ) _x-1,
N Y 2\/-; 2X\/-;/ 2xf
sec? x .
17. Y=z 18. y = xsinx

dy = (x cos x + sin x) dx

_ [(x + 1)2 sec? x tan x — sec? x(2x):| e
02+ 1)
{2 secz‘*(xztanx +tanx —x)] ,
= 2+ 17 ax
19. y=‘1'003(6m_ 1) 20. y=x—tan’x
3 \o2
_ dy = (1 — 2tanx sec?x) dx
dy = —'n'sin(émt 1)dx
\ 2
21, A=2x2 22. A=13bh,b=136,h=50
x=12 db = dh = £0.25
Ax = dx = =3 dA =3bdh + ihdb
dA = 2xdx AA = dA = 3(36)(£0.25) + 1(50)(x0.25)
AA ~ dA = 2(12)(zF) = £10.75 square centimeters

43
= =+j3 square inches

23. A= mr?
r=14
Ar=dr=i%

AA = dA = 27rdr = 77(28)(".-_%)

= 74 square inches
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24. x = 12inches 25. (a) x = 15 centimeter
Ax = dx = +0.03 inch Ax = dx = £0.05 centimeters
@ V=2x A=x
4V = 322 dx = 3(12)3(+0.03) dA = 2x dx = 2(15)(x0.05)
= +12.96 cubic inches = #+1.5 square centimeters
(b) §=6x2 Percentage error:
S =12 = +1.
ds = 12x dx = 12(12)(0.03) i:; - (15)52 — 0.00666. .. = é%
= +4.32 square inches
(o) A - Zdx 245 s
A X X
& < 002 _ 0.0125 = 1.25%
x 2
26. (a) C = 56 centimeters 27. r = 6inches

AC = dC = +1.2 centimeters Ar = dr = +£0.02 inches

C
C=27Tr=>r=§;—r (2) V___%,n_rz
A=t = W( Cye_1m~ 4V = 4mr2dr = 4m(6)2(0.02) = £2.88r cubic inches
27/ 4
(b) §=4nr?
1 1 33.6 )
dA = Z—TCa’C N 2—Tr(56)('—"1-7~) = dS = 8mrdr = 8m(6)(£0.02) = £0.967 square inches
i 3.6/ dv _ A4mridr _ 3dr
_ 28/ _ ~ (c) Relative error: 7 3T T
ea . = (.042857 = 4. Vv 4/3)mr
A = T @mIGor 0.042857 = 4.2857% (4/3) 7
3

A (1/2mCdC _ 2dC ==>(0.02) = 001 = 1%

e _ VL Tr o < 0. 6
® =i - ¢ =%

dC _ 0.03 : S _ 8mrdr_ 24

dC 003 _ ho15=1.5% Relative error: g Amr? ’

C 2

= 2(0.02) = 0.000666. .. = 2%
6 3
28. P = (500x — x?) — <%x2 - 77x + 3000), x changes from 115 to 120
dP = (500 —2x —x + 77)dx = (577 — 3x) dx = [577 — 3(115)](120 — 115) = 1160
. 4P, 1160 B
Approximate percentage change: 5 (100) = ——-———43517'50(100) =~ 2.7%
29. V= 7r2h = 407r%, r=5cm, h = 40cm,dr = 0.2cm 30. V= 457,'73, r=100cm,dr = 0.2cm

AV = dV = 807r dr = 807(5)(0.2) = 80 cm’ AV = dV = 47r? dr = 4m(100)%(0.2) = 80007 cm’
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3. @ T=2nVL/g
mw

g~vL/g

Relative error:

dr _ (wdL)/(e/L]g)
T 27</L/g

dT =

dL

BI&

(relative error in L)

W= -

(0.005) = 0.0025

Percentage error: -dFT(IOO) =0.25% = 211-%

() (0.0025)(3600)(24) = 216 seconds

= 3.6 minutes

3. E=IR
E
R=3
E
dR = —ﬁdl
dR _ —(E/1?dl _ _dI
R E/I I
ol- 14 -
R 1 1

35. 6=26°45"= 26.75°
dé = £15' = £0.25° 9.5

(a h=95csch b

dh = —9.5csc 6cot 6d6
dh

h

t8d8

—
CUL

i-‘%‘ = (cot 26.75°)(0.25°)

Converting to radians, (cot 0.4669)(0.0044)
~ 0.0087 = 0.87% (in radians).

32. T=2wJ/L/g

T2 — 47)'2(5)
8

_ 4m2L
g - T2

=2
T3

dg = 472L dT

Relative error in g:
dg _ (—872LdT)/T?
g (4m2L)/T?

=-2 éTZ = —2 (relative error in period)

—2(0.001) = —0.002

Percentage error in g: ‘%1(100) = %%

34, ¢ = 200% ., <100

100 — p
(@ p=40
Ap=dp=2
8,000,000
4C =00 - pr?
8,000,000 . _
~ (100 — 40)2(2) phasass
® p=75
Ap=dp=2
8,000,000
dC = m@) = $25,600.00

(b) {dTh =cot 6d6 < 0.02

do _ 002 _0.02tn 6
6 ~ 6(cot ) 0
d
0

A

de _ 0.02tan26.75° _ 0.02 tan 0.4669
26.75° 0.4669

IN

= 0.0216 = 2.16% (in radians)



