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ANSWERS TO EXERCISES 
Pages 6, 7 

1. X=½, -2, 

2. x = l, -5. 

3.x=-5 ±v'13_ 
6, 

4. ;¡;= -1±~. 
2 

9. X= -l±-vT7. \ 
4 

10. x= l±~. 
2 

11. X= ±1, 2. 

12. X = 1, - l ± ~. 
2 

r> 13. x = ±l, ± -v'"=T. 
14. X= ±V2 ± v=z. 

2 

J ' l/5. x = ±va± v=s. 
2 

Page 9 

l. x = l, -1, 

2. X = 2, 2, - 3. 

3. X= -3, !, t , 
4. X=!,!,¾, 
.'í. x = I, ½(3 ± V29). 

l. X = -0.53, 0.65, 2.88. 
2. X = 1.41, -0.7 ± 2.1 v=-i. 
3. X = 0.54, -0.8 ± 1.1 v=-i. 

Page 12 

l. x > l or x < - 2. 
'2. x > 1 or -1 < x < O. 
3. X< l. 
4. x < -1.53, or -0.35 < x < 1.88. 

rf,)"' 

6. X= -3,½(-1±~). 
7. X= -1, -1, ±½. 
8. x = -2, 3, !, -l 
, X= 2, i, 1 ± v=z. 

= 4, -½, ½ (3 ± V5). 

I, . 
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5. X> 2, 0 <X<~ V3, Or -2 <X< -i va. 
1. lxl < i va. 
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8. !xi> ✓2. 

l. X= 1, y= 2. 
2. X = 2, y = -1, Z = 3. 
3. X = 1, ~ = -1, Z = l. 
4. X= 1, y = ½, Z = t, 
5. X= j, y= -2, Z = t• 

• 6. x = - l, y = 1, and 
X=-¾, y=-!, 

11. X : y : Z = 3 : 1 : 2. 

12. X : y : Z = 2 : -3 : 4. 

l. (i, O). 
2. (3, 8). 
3. (G, 11), (t, 3). 

l. 5 + 3 V5 . 
7. (2 ± 2V3, 5). 
8. (-¼, O). 

7. (-2, 2). 
8. [-½, -¡J, [4, 1], [-1, i]. 
9. (-8, 5). 

2. (O, ½), (-4, 7). 
3. P (14, -13), Q (6, -5). 
4. (-10, 31). 
5. D (15, -3). 

Page 14 

· 7. h = 1, k = 2, r = ±5, and 
h = b, k = -V-, T = ±W, 

, 8. X= 1, -1, 2, -2. 
y= -1, 1, -½. ½. 

• 9. X= y= Z = ±V2, 
. 10. x = l, y= -l, z = 2, and 

X = tt, Y= - tt, Z = f!. 

Page 16 

13. X ; y ; Z = 2 : -1 : 1, 
or-1:2:1. 

14. x:y:z=l:±1:1, 
or -2: ±V -2: L 

Page 29 

4. AB :CD= 3 :-2. 
5. (5, 3), (-1, -5). 

Page 31 

9. (H, 3H). 

10. (ñ, ,h). 
11. (2t, }i). 

Page 34 
10. (5, -1). 
12. 24½. 

Page 38 

8. D (½, V-). 
9. P (1, 2l). 

12. (2¼, 4!). 



A8ww'1'0Jh:wli.lJIIIII 

l. l, -7, -2. 
2. tan-1 (-0.8) • 141º 3»'. 
9. 46° ól', 97° 8', 36° 2'. 

13. /r vi + /r. 
ló. (4.933, 4.966), 

(-6.933, -0.966). 
11. 7:5V2. 
12. 71° 34'. 

2. z-3,-5. 
4. ,-az+9. 
5. z+ór • 2. 
6. ,..8,-h-25. 

l. f + 3 • vi (z + 1). 
2. f •3:,; -7. 
3.:,; -2. . 
'-,-2. 
5. 2:i:+8, -11. 

8. f - 5 • :vi(:,; - 3). 

1-

14. '6°, 58° 19', 78° 4'. 
15. Ss-2,- 6. 
16.J•5z-'4, 
17., •z - 4. 
18. h+9r • 7. 
19. (11',, -ft). 
20. h+3r • 18. 

16. (-2f, -at). 

Pacea'8,'9 

7.3z-4r+6-o. 
9. zl + .-' •:,; + f + 14. 

11. zl+.-'-h-6r•l2. 

Papl8 

7. 6r-h+2-o. 
8. z-,+2-0. 
9. f•óz-3, length •2V26. 

10. z-2,+a-o,z-2,+8-0, 
2z+r-4•0, 2:i:+,-9-0. 

11. 2lz+l6r•6, llz+24J•9. 

Paces 19, 80 

21. 5, vio, -v'ñ. 
2'J. z - 5J + 8 • o. 
23. 12:,; - 15 f • 8. 
24. 4z - , + 9 • O. 
25. A straight line perpendicuJar 

to the line through their 
oentera. 

Paceall, N 
s. z +,>o, 2z - a, - 1 <o,, - 2 < o. 
9. f + 3z - 4 > O, 3z - 2, -1 > º· f - 6z + 14 > o. 

10. ,Jr-v'ñ. 
11.r,v'ia. 
12. f. 
13. :,; (2 V2 - 1) - . f (V2 + 3) • V2 - 2. 
14. (ff, /r). 
15. C.- 2:,:)1 •lb+ 18r - 56. 

L (O, O), r • 5. 
2. (2, O), r • 2. 
8. (0, t), r • 1 v'f. 
4. (-1, O), r • t V7. 

Alanrm'l'OEX■Btll .. 18'1 

Pl&elea.•. 
15. (O, 2), (t, -f). 
16. z1 +,,. -3z - a, - o. 
17. (z - 6)1 + C. - 2)1 • 2ó, 

(:,; + 1)1 + (11 + 5)1 .. 26. 

5. Cl, U, r - l v'2. 18. 2zl + 2.-' + 6z + 311 -10. 

6. (a, a), r • a V2. 
7. (1, -2), r • vi. 
8. 'llle locus is the point (1, O). 

11. zl+r,'-óz+411-46-0. 
12.zl+r,'-2z-2r•ll. 
13. zl + r,' - 2:,; - 211 + 1 • º· 

zl + .-'-10:,; - 1011+26-0. 
14. z1 + .,- ... 9 = 2 vs. 

19. zl+ .-' - 16:,; - 1211 • o, 
· zl + r,' + 4 f -o. 

20. 4zl+4.-'+z-J•3. 
21. {:,;-- 5)1 + (11 - 14)1 ... 4. 
2'J. zl + .-' + 26:,; + 16J • 32. 
23. zl + r,' - (2 vio - O) f 

. -2vio-6. 
24. z • 211. 

" 
PageaTI, 7'. 

l. (O, O), a - vii, b = vi. 6. The locus is the point (1, -1). 
2. (1, -2), 11 • l, b =-l. 7. 9zl+4r,'-18z+24r+9•0. 
a. (l, ¼), a = l v'6, b •] vi. s. 4zl +,,. + 16:i:- 811+ 16• 0. 
4. (1, -2), 11 • 2, b ... vii. 9. (z + f - 2)1 + 16 (z - J + 2)1 
5. ( -3, 1), a • v'ia, b • l v'39. • 32. 

l. Am f .. O, vertex (½, O). 
2. 11 • O, (l, O). · 
3. :,; • 1, (1, 2). 

4. z • -l, < -i, -t). 
~-, - t, (-f, 1). 

Page'l'l. 

6. z .. t, (ll, 31). 
7. 3 r,' • 16:i:. 
8. 5z1+20z+9r+2-o. 
9. y.v'2. 

10. 351 ft. 

Page81. 

l. Center (O, 2), 11 - Ya, b • 2. Aaymptotee, J - 2 • :!:f V8 z. 
2. Center (O, -1), 11 • i vTó, b • vi. Aaymptotea, r+l,.. :!:z v'[ 
3. Center (1, -1), 11..- b • 2. Aaymptotea, z • 1 and f .. -1. 

Axes, ;, + f • O and z - , - 2 • O. 

4. Centf!r (-1, 2),ia•'V3,b•V2. Aaymptotee, r-2•:fv'i(s+l). 
5. -ni,locua is two linea :e - f • 4 and z + r + 2 = o. · 
6. q.bter (O, t), 11 =- b • 2. Aaymptotee, z • O and f • f. 

,- l• :!:z. 
7 16 (:,; - 2)1- C. + 1)1 • :!:16. 
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8. 24 (x + 2)2 - 5 (y - 1)2 = 01. 
O. 4 (3x + 2y)2 - 25 (2x - 3y)2 = ±1300. 

Page 89. 

l. The circle circumscribed about the squarc. 
2. Two parabolas having the fixed diameter as common chord and with 

vertices at the middle points oí the perpendicular radii. 
3. A rectangular hyperbola pa'?8ing through A and B. 
4. A circle with center at the center oí the triangle. 
5. The circle passing through the vertices oí the base angles, and tan­

gent to the equal sides oí the triangle. 
6. A hyperbola. 
9. A rectangular hyperbola. 

10. Two circles passing through A and B with ccnters at the ends of 
the diameter perpendicular to AB. 

l. X= -2. 
2. y= 3. 

3. x -y= V2. 
4. y= X V3. 
5. J;2 + y2 = 3 x. 
6. J;2 + y2 = 4 y. 

7. x2 + y2 = V2 (y - x). 
8. z2 + y2 = X - y. 
9. x2 + y2 = 4. 

Page 120. 

17. xy = 2 y - 3 x. 
·18. x2 - y2 = y. 

10. r(2cosll-sinll) = l. 
20. r = 4cotllcscll. 
21. r = 2 cosll. 
22. r2 = 14csc211. 
23. r2 = scc20. 

24. r = 4 V2 cos ( O - ¡) · 
10. x2 + y2 -2x-2 V3y+3=0. 

25. r2 + 2 ar(± cosll ± sinll) 
+a2 = O. 

11. x2 + y2 - 2 X - 2 y+ 1 = 0. 
12. 3 x2 + 4 y2 - 4 X = 4. 
13. 4y2 - 5x2 - 36x = 36. 
14. y2 = 6x + 9. 
15. x2 = 4 y + 4. 

26. r [ 1 - cos ( 11 - i)] = 4. 

27. r (3 - 2sinll) = 3 - Y3. 
28. V2. 

16. xy=4x+4y-8. 

Pages 126, 127. 

35. 11 = - ;
4

, r = 3.285. 

36. ( a V2, ¡)-
37. (O, O), (±a,~), ( ±2-t a,¡), ( ±2-¼ a, l1r )· 
38. (O, O), (.785 a, ±25° 52'), (.409 a, ±102º 4'), (.898 a, ±148' 3'). 

39. (a,±~), ( a, ± ~1r). 

l. 

ANswERS TO E..URCISES 

Pages 128, 129. 
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l. r = acosll. 
2. r = a (secll + tanll). . 
3. r (r cosll - a) = k. O is the origin and LK is perpendicular to 

OX at (a, O). 
4. r = a sin 2 11. The length oí the segment is 2 a. . 
5. r = a+ b sec 11. The radius oí the circle is 2 a and the distance 

from the center to the fixed line is 2 b. 
6. r = 2 a tan II sin 11. OA is the initial line anda the radius of circle. 

- 7. r = a (1 + cosll), a cardioid. 
8. r = a (cscll - 1). 
9. r sin O 11) = a. 

10. r = a sec 11 + b. The distance from O to BC is a and thc constant 
distance is b. 

11. r = 2 a cos 11 + b·. The diameter through O is the initial line, the 
radius of thc circle is a, and the constant distance is b. 

12. r = a cos2 11, a being the length oí OA. 
• 13. r = a (1 - tan4 11) cosll. 

e sin (~o) 
14. r = b . Thc radii are a and b and the clistance between 

sin(~ O) . . 
centers is c. The origin is at the center of crrcle of radius a. 

Pages 131, 132. 

2. x = a (1 + tan</>), y= a tan</>, x - Y= a. 
3. x=a(1+2sin2 c/>),y=2atan4>sin2 <1>, y'(3a-x) =(x-a)3

• 

4. x = 1 + ½ cot cf,, y = l + tan e/>. 2 xy = x + 2 y. · 

5. r = a Vl +<1>2, 11 = e/> - tan-1 cf,. 11 = i Vr2 -a2 
- cm,1 (~)-

Pages 137, 138. 

3. :¡;2 - y2 = 4. 
4. (y - x)3 = 2 (x +y)2

• 

5. xy + X = 3 Y - l. 
6. 4 x2 - 4 v3 xy + 4 y2 = l. 
7. X2 - i = l. 
8. vx2 +y2 = tan-1

(;)· 

9. r = 1 - 2112. 

(
a -y) 12. x = a cos-1 -a-

- v2ay - y2• 

13. (f1 (1 + r2)3 = r2 (3 - r2)2• 

14. xi + yl = (4 a)l. 
16. r = 8 = t. 
17. x=f-cos (1 +t), y=t2sin (1 +t). 
21. (4, 4). 
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22. (3, 4), ( -4, -3). 
23. (±0.540ta, 0.8414a). 
24. (fa, ±ta V2). 
25. x=a{l+cos211), y=asin28. 

4 4 
26. X=- y=-• 

m1
' m 

27. x=aco:,,¡,,y ... bsin,¡,. 
28. x = a scc,¡,, y• b tan t/>. 
29. x = a sin•,¡,, y-= aco.'l',¡,. 
30. x = m1, y = m• - m - 2. 

Pages 140, 141. 

1. x = b tan ti> 'F a sin ti>, y = ±a co,; ti>, thc fixed point on the y-axis 
being (0, b). 

2. x = k (1 + COS1 t/>), y= k (tan,¡, +sinq,cos,¡,). 
3. x = 2 a cot ti>, y = 2 a sin1 ,¡,. (x' + 4 a') y = 8 a•. 

4. x = ;(l + COlit/>), y=; (sin,¡,+ tan!!/>). 

4xy2 = (a - x) (a+ 2x)2• 

5. x = (a- e tan ti>) sin1 ti>, y = (a - e tan,¡,) sin,¡, cos ,¡,, 
x (ay - ex)= y (x' +y'). r = (a - e cotll) cosll. 

6. x""atan,¡,, y=acos2,¡,. y(a2 +x2) =a•-ar. 
7. x•a(tan,¡,+sin,¡,cos,¡,), y=a(I+cos',¡,). 

Y (,r +y~)= a (,¡;2 + 2y2). T = a (C.~CO + sin O), 
8. x-= 2a cos1 ti>, y= 2ascc ,¡,. x¡/ = Sa•, x;¡§ 2a. 

O is the origin, OA the x-axis, and ,¡, = ,10C. 
9. r • asC'e'II. 

10. (z! + Y' - 2 a1
)

1 = a• (5 a± 4 y). The fixed dimneter is x-axis and 
the cmter oí circle is origin. 

11. x•ccoo2t/>-asin,¡,+bcos,¡,, y=csin2,¡,+acos,¡, +bsin,¡,. 
The radii are a and b and the distance bctwcen ccntcrs is 2 c. 
The x-axis pnsses through the ccnters and the ori11;in is midway 
bctwccn thcm. 

12. A rectangular hypcrbola. 

13. x "" -a sin(,¡, + B), y = b sin (ti> - A). The curve is an cllipsc. 

14. r -= a c,;c ti>, 11 "" ese ti> + cot ti> + ti> - i - l. 

Thc origin is at the center oí circle, the initial line passes through 
the intersection ofj curve and circlc, ancl ,¡, is the angle formed at 
the pC'ncil by the string. 

15. x • a,¡, - bsin,¡,, y= a - bcosq,. 

16. x•¡(3cos,¡,+cos3,¡,), y=¡{3sin,¡,-i;in3,¡,). xl+yl =a'. 

The raclius of the fixed circle is a. 
17. y+l =0. 

' 
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Pages 147-149. 
3. x1+4yt = 4. 
4. Y'+3zt+l6=0 . .., 
5. T = 2. • 
6. r = 4 p cote csce. 
7. 2x - 3y = O. 

8 (:z: - a)' + ?t = 1 
· a2 lr · 

9. (z! + 4 a2)y + 2 a:z:2 = O. 
10. xy2 = (x - a)2 (2 a - :z:). 

a 
12. X = 2 (2 COB8 + COB 28), 

y= i (2sinll + sin 28). 

13. :Z: + y = 0, 2 X - 3 y = 0. 
14. x' + yt • 11. 
20. 3:z:l+Y' = 2. 
21. r' co,; 211 = 2. 
22. x2 - y2 = 8. 
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11. x = a (,¡,' + sin,¡,'), 
y = a (cos ti>' - 1), wherc 

tl>'=t/>-r. 

23. :z:2 yt = l. 
4 (V2 - 1) 4 (V2 + 1) 

Page 164. 

4. Distancc from the x-axis ..,, ¡f + z!, distance from the origin 
v:,;2 +y' +z2. 

5. In the xy-plane (1, 2, O), on the x-axis {l, O, O). 
6. The projections on the y-axis are 1, -2, l. 
7. 76° 22', 76° 22', 19° 28'. 
8. 5, -4, and 3. 
9. (i, -!, f). 

Page 166. 
3. (1, 2, 3). 
4. (l/, 3, -2), (i, -1, u. 5. Thc projcction on thc :z:y-plane 

is [2, 2, O]. 

3. f, •. J. 
4. 45º and 135°. 

5. ½ V2, ½ V2, o. 
6. 54° 44'. 

7. (5, 2, 5). 

Pages 169, 160. 

1. ,. a, s. 
8. 70° 32', 48° 12', 48º 12'. 

9. 71 ° 34', 71 º 34', 36° 52'. 
11. 56° l'. 

Pages 166, 167. 

1 2 4 
l. cosa•--, oos{J = --, cos-y ... --· 

± v'2I ± v'2I ± v'2I 
The positive square roota correspond to one clirection along the 
normal, thc negative to thc othcr. Ir a particular dircction is 
desired, the proper sign is easily detcrmined. In the following 
answers only onc set of cosines is givcn. 
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, 

1 
2. cosa= vii' 

3 
COS-y = Vil. 

1 COS/3 =- - , 
Vil 

3. cosa= cos/3 = COS-y = l va. 
2 3 

4. cosa= vi3' cos/3 = - vi3' 
cos 'Y = o. 

5. cosa=!, COS/3 = o, COS-y=!. 
6. cosa= cos/3 = O, cos-y = l. 

7. X + y V2 + Z = 0. 
8. 3 X - 5 y+ 4 Z + 2 = 0. 

X y Z 
9· 1+ 2 + 3 = l. 

12. 70º 32'. 
13. 29º 40'. 

Page 170. 

17. x2+y2+z2=a2, r2+z2=a2, 
P =a. 

18. x2 + y2 + z2 = 2az, 
r2 + z2 = 2 az, p = 2 a cos q,. 

19. x2 + y2 = a2, r = a, p= acsc,t,. 
7r 20. x2 + y2 = z2, r = z, q, = :¡-

21. y2 + z2 = 2 az. 
22. x2 = az. 

a!- y2 
23. a2 + ¡;i = l. 

x2 y2+z2 
24. a2 + - b-2 - = 1. 

r ~-Y
2 +.z2 =1 or ::>. a2 b2 ' 

x2+z2 y2 
a2-¡;¡=l. 

26. y2 + z2 = ax. 
27. (v :¡;2 + z2 - b)2 + yz = a2, 

A circle with center on the 
x-axis is rotated about the 
y-axis. 

Pages 177, 178. 

l. There are two sets of direction cosines differing in algebraic sign. 
One set is: 

cosa= - i, cos/3 = t, cos-y = ½. 
1 1 

2. cosa= V6' COS/3 = - vf 
2 

COS-y = y¡¡° 

7 2 
3. cosa= - v7g' cos/3= v'7s' 

5 coa-y= - · 
v'78 

4. cosa= cosfJ = O, cos-y = l. 
x-2 y-3 z+l 5· - 1- = -1- = -3-· 

X y-1 z-2 
6· 3 =-1-= -5-· 

x-1 y-1 z-1 7· - 1- = - 2- = -=-r-· 
8. 60º. 
9. 58° 31'. 

Page 180. 
l. The projection on the xy-plane is 

:t2 + y2 + xy - X - y = 0, Z = 0. 
2. The projection on the yz-plane is 

Z = ±a, X =0. 

ÁNSWERS TO EXERCISES 

3. The projection on the xz-plane is 

z2 = 2x2 - 2x + 1, y= O. 

11. (-1, 1, 2), (-½, ¼, i). 

Pages 181, 182. 

l. The projection on the xy-plane is x + y = 3, z = O. 
2. The projection on the yz-plane is y = sin (½ z), x = O. 
3. The projection on the xz-plane is x = z sin z, y = O. 
5. x = a8cos8, y= aOsinO, z = kO. 
6. z = kO. 
7. y= :i; V2, z = :i; - .000064x2, z = .7071 y - .000032 y2. 
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