
ANSWERS TO EXAMPLES AND PROBLEMS.

VOLUME I.

CHAPTER I

Page 12.1. 2. 4.5. Gradient at slope Slope at

square units.

Page 151. 2. 3.
Page 25.1. 3. 4. . Mass.6. Using paper ruled to 10ths and 5 inches to represent unity on each of 

the axes, the area= *78500. As this should be we have the 4
approximation π = 3,1400, the true value being 3,141592..., showing 
an error of about ,05 per cent.

Page 28.1. Harmonic oscillation. 2. 4. 5.
10. Mean by trapezoidal rule with unit increments = 23,78.

True result=23,026.... (Unit increments are, however, too large 
for a very exact result.)
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ANSWERS TO EXAMPLES AND PROBLEMS 87313. About 141,550 cubic yards.14. (1) (2)
Mom. In. Mom. In.

where M = mass, 
a ≡ length.

15. if density at the edge. Mom. In.17. About 213 tons. 20. 13,863 foot-lbs., 10,574 foot-lbs.25. Taking ordinates at 10° intervals and four figure tables, the 

trapezoidal rule gave ∙25O1π, the true value being29. Area

where

30. True values (1) =25π and (2) 100 + 25π. 33. 59 c.c., q.p.35. cubic inches. 34383 cubic inches.

36. Binomial Expansion to 3 terms gives -1204, q.p.
Graphically with 1/10= 1 linear inch, the trapezoidal rule gave 

,1178. When this was corrected for curvature of the arcs by the 
approximate addition of small squares, the approximation was 
,1203.40. 8465-7 41. Perimeter = 30,1026 cm., q.p.

42. The true value is This will appear later.

43. When t is large 1 becomes and Q becomes44. <2
45. In the ‘Otto Cycle’ of operations there is one explosion for two

revolutions. About 16 h.p.
46. Weddle’s rule gives -1,08873; true value — 1,08878.
48. 5 1/15 miles. 53. ,821, q.p.

CHAPTER II.

Page 51.1.
2.
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874 ANSWERS TO EXAMPLES AND PROBLEMS.

3.
4.5. 6. 832421 2/3.7. 8. In 5 seconds at a distance of 25 feet.9. 4001oge2. The integration is that of finding the work done in 

allowing a gas to expand according to Boyle’s law from v=10 to 
v=20. If p and v be in lbs.-wt. per sq. foot and in cubic feet 
respectively, the result is in foot-lbs.

10. 8 11/30, -19/30, 11/30, -19/30, 8 11/30. The portions are alternately above and 
below the x-axis.1112.13.14.
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ANSWERS TO EXAMPLES AND PROBLEMS. 8757. (i) (ii) (iii)

(iv) (v)8. (i) (ii) (iii)9. (i) (ii)11. (i) (ii) (iii) (iv)12. (i) 1. (ii) (iii) (iv)13. (i) (ii) (iii) (iv)14. (i) (ii)

(iii) (iv)

Page 56.1. (1)

(2) (3)

(4) (5)

(6) (7) (8)

(9) (lθ) (11)

(12) (13)
(14) (15)

(16)

(17) (18)

(19) (20)18. 19. 20.22. = the ordinate PQ ; tangent of angle the tangent at Q makes

with 0K; y=a23.24. Approx, value given by formula ,122422. True value ,122416.26. 27. True value of integral=π.
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876 ANSWERS TO EXAMPLES AND PROBLEMS.

28. (1)

29. 97.25 units. 33.35.
where37.38.42.

CHAPTER III.
Page 751. (i) (ii) (iii) (iv)

(V) (vi) (vii)2. (i) 3. (i) (ii)4. 5.6. 7.8. (i) (ii) (iii)

9. (i) (ii) (iii)

(iv) (v) (Vi)

(vii)10. (i) (ii) (iii)

(iv) (v)

Page 98.1.
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ANSWERS TO EXAMPLES AND PROBLEMS. 877
2.
3.
4.
5.6.

if c2<4d, with a similar result if c2>4d.7.

8.
9.

10.
13.

Page 99.2. 3.
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878 ANSWERS TO EXAMPLES AND PROBLEMS.4. (i) (ii)

(iii)

(iv) (v)7. (i) (ii)

9.
10. Mass where density = krn and a is the radius.

(i) Mass=4παk ;  (ii) 2π2k.11. a being BC and p the perpendicular from A upon BC.13.15. (i)

where R≡a cos2 θ+ 2b cos θ+c ;

(ii)

where R ≡ a sin2 θ + 2b sin θ+c;

(iii)

where R≡c tan20+2b tan θ+a ;

(iv)

where R≡acot20 + 2bcot θ+c;

(v)

if be +ve, and a modification (Art. 77) if be —

www.rcin.org.pl



ANSWERS TO EXAMPLES AND PROBLEMS. 87916. (i)

(ii) where θ

provided  be positive, with a modification (Art. 89, 17 and 18)
if negative.17. (i) (ii) (iii)22.

23. (i)

(ii)26. (i) (ii) 30.
CHAPTER IV.

Page 113.1.
2.

3.
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880 ANSWERS TO EXAMPLES AND PROBLEMS.

4.

5. +two similar terms

6.
Then apply rule for to each term.

Then Integral7.8.
Page 114.1.

2.
3.
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ANSWERS TO EXAMPLES AND PROBLEMS. 8814.5.
Page 130.1.

2.

3.4.5.

Page 131.2. (i) (ii)

(iii) (iv)

(v)

(vi)
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882 ANSWERS TO EXAMPLES AND PROBLEMS.

(vii)

(viii)

(ix)

(xi) (xii)3. (0 (ii)

(iii)4. (i) (ii)

(iii)

(iv)

(v)

where tan θ=x.5. 0)

(ii)

(iii)6. (i) (ii)

(iii)

(iv)

(V)

and
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ANSWERS TO EXAMPLES AND PROBLEMS. 883
(vi)

(vii) (viii) π sinh 1.7. (i) (ii) (iii)

(iv) (v)

(vi) (vii)8. (i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

where sin0=x 1/3.

9. (i)

(ii)
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884 ANSWERS TO EXAMPLES AND PROBLEMS.

12.13. 14.15. 20. 22.
27. 29.
33. 34.35. 39.

CHAPTER V.
Page 143.1. 2.3. 4.5.6.7.8.9.10.

11.
Page 161.1. (i) (ii)

(iii) (iv)

(v)

(vi)
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ANSWERS TO EXAMPLES AND PROBLEMS. 885
(vii)

where Σ refers to a cyclic interchange of a1, b1, c1 ;
(viii) (ix)

(x)2. (i)(ii)(iii)
(iv)

(vi)

(vii)3. (i)(ii)
(iii)

(iv)

(v)

(vi)4. (i) (ii)

(iii)

(iv)

5. (i)

(ii)
or , which is the same thing ;

www.rcin.org.pl



886 ANSWERS TO EXAMPLES AND PROBLEMS.

(iii) (iv) (v)

(vi)

(vii)

(viii)

6. (i)

(ii)
(iii)

(iv) (v)

(vi) (vii)(viii)
(ix)
(x)7. (i)

(ii)

(iii)

(iv)

8.
9. (i) 10. log4/3.
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ANSWERS TO EXAMPLES AND PROBLEMS. 88714. (i)
(H)

(iii)

(iv)

(v)17. (i)

(ii)

(Hi)19.20.21. (i)

(H)where
22. 23.
24.25.
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888 ANSWERS TO EXAMPLES AND PROBLEMS.26. If n be even, =2m,

If n be odd, = 2m+l,

27. 28.30.45.
and Q, Q'; R, R' similar expressions obtained by a cyclic inter
change of letters,

CHAPTER VI.
Page 200.1. (i)

(ii)

(iii)

or

(iv)

(v) (Vi)

(vii)

(viii) 

(ix)

(x)
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ANSWERS TO EXAMPLES AND PROBLEMS. 8892. (i) (ii) (iii) (iv)3.4. (i)

(ii)

(iii)5.6. (i)

(ii) , by Art. 173 ;

(iii)

(iv) where and then use (ii).

7. (iii)

(iv)8.9. (i) (ii)10. (i) (ii) (iii)

(iv) (v)11. 12. 13.16. (i)

(ii) (Art. 173) ;

(iii)

17. (i) (ii) π;

(iii) (iv)

www.rcin.org.pl



890 ANSWERS TO EXAMPLES AND PROBLEMS.18. (i)(H) (iii)19.20. 21.22. (i) (ii)(iii)
23.24. 25.26. (i) (ii)

(iii)27. where x=tan θ.

28.
29. (i) (ii)

30. (i)(ii) (Hi)
(iv)

unless n = l, 2 or 3, when a logarithmic term occurs from one of the integrations.32.
42.
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ANSWERS TO EXAMPLES AND PROBLEMS. 89143. (i)

(ii)

(iii)

44.46. (iii)48. (i) (ii)
CHAPTER VII.

Page 221.6. (i)

where and

(ii)

where

(iii)

7. (i)

where and if α, b be of like sign and

or if of unlike sign and

(ii)
and if

or if
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892 ANSWERS TO EXAMPLES AND PROBLEMS.

Page 267.
4. If Im,n denote the given integral,

6. With a similar notation,

(α)

(b)

(c)

(d)

(e)

(f)

7. where the integral ≡I2n+1.8.
11.
12. (1)

(2)

16.
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ANSWERS TO EXAMPLES AND PROBLEMS. 89318.
34. If and b2 > 4ac,

or

where a=ck4;
and where b2<4ac.

If b2=4αc, the integral

if b2 > 4ac,

[Bertrand, I. C., p. 36 ]36. (α)

(β)

(γ)40.43.44.
49. See Art. 202. CHAPTER VIII.

Page 286.1. (i) (ii)

(iii) (iv)
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894 ANSWERS TO EXAMPLES AND PROBLEMS

2. (i)

(ii)

(iii)

(iv)

3. (i) (ii)

(iii)

(iv)

5.
6.

7.
8.

9. (i)

(ii)

(iii)

(iv) (α) (b)

(c) (d)
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ANSWERS TO EXAMPLES AND PROBLEMS. 89510.
12. , if with a

modification if p2< q.13. (i) (ii) (iii)

14. (i) (ii)

15. (i)
(ii) (iii)

Page 314.

1. (i) (ii)

(iii) (iv)

(v) (vi)

(vii) (viii)

2. (i)

(ii)

6. (i)

(ii)

with similar results for other cases.7. (i)

(ii)

(iii)
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896 ANSWERS TO EXAMPLES AND PROBLEMS.

8. (i)

for the case cos a > cos β or cos γ, with modifications for other cases ;

(ii)

9.
10. (i)

(ii)

(iii)

(iv)

(v)11. (i) (ii)13. (i) where cos θ=x2;

(ii) (iii)14.
if b2>a2, with other forms for other cases.
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ANSWERS TO EXAMPLES AND PROBLEMS. 897
18.20.21. (i) (ii)25. If s1=s2,

If S2=S3,30.
31. (i)(ii)34. (ii)
35. (i) where x=cosθ;

(ii)
41. (i) (ii)45. (i) (ii)52. (i)

(ii) where
CHAPTER IX.

Page 326.1. (i) loge2; (ii) (iii) (iv)3. 2; 4. 5.
Page 353.1. (i) (H)3. (i)
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898 ANSWERS TO EXAMPLES AND PROBLEMS.

(ii)

4.
6.

where

and P', Q' are the corresponding expressions, with Capitals instead 
of Greek letters.8. 1/e 9.   3/2, 4/3e.9.  3/2,  4/e. 12. 2. 13. 1.15. If

Principal Value16. 2 32.
41. Principal Value [See Art. 347 (c).]

47. (i) (ii) (iii)

(iv)

(v) (vi)

(vii)

where

CHAPTER X.

Page 377.12. The integrand becomes ∞ at the limit θ=a, but remains real and 
finite from θ=0 to θ = a, and the rule of differentiation is not 
established for this case. But putting sin θ/2=sinα sin the diffi

culty disappears.
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ANSWERS TO EXAMPLES AND PROBLEMS. 899
14. where

16. the height of the centroid being of the height of the
segment.

17. A straight line through the origin.
19. The density at each point varies inversely as the square of the 

abscissa.

20. being constants. 21. If

38. The first The second The rule for the reversal of the

order of integration is not established when the subject of integra
tion becomes infinite at any point of the range of integration. For

is infinite.

39. The case reduces to

CHAPTER XII.
Page 415.

1.

2. (α) (b) (c)

(d)

(e) (i) (ii)

3. (1) (2) Area bisected in either case.

4. (1)

(2) If

the four regions are

5. 4α2. 6. 3πα2. 7. 11.
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900 ANSWERS TO EXAMPLES AND PROBLEMS.

13. (i) (ii) 16. 17∙ (i)19. 21. 24. 2/3.
Page 428.1. 2. 3.

4. n even, n odd, 5.
6. 7. 8.
9. (i) (ii)

10. 12.
14.
15. Area of lozenge17. 19. 20.

Page 429.1. 2.
3. 4.
7.8. 17. 18.19.

21.
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ANSWERS TO EXAMPLES AND PROBLEMS. 90122. 23. 24. 2:1.25. 26. 27. (i)30. 31. 33.35. where43.
where

52. πα2. 53. 54.55. 56. At the cusps.

57. Area of loop of first = 157 sq. cm., about,

Area of loop of second 222 sq. cm., about58. (π + l)α2.
CHAPTER XIII.

Page 466.

1. Double the area swept out by the portion of the tangent intercepted 
between the original curve and the first positive pedal.3.4.7. 13. and is least if h=a.14. 20. πc2, c being the constant.25. where c is the diameter of the circle.

31. The vertex. 34. A circle of radius a; πα2.

CHAPTER XIV.

Page 478.

1. (i) Density=μxy ; (ii) (iii) B=1/3 Mαa.
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902 ANSWERS TO EXAMPLES AND PROBLEMS.

2. (i)

(ii) (iii)

3. (i) (ii)

(iii) (iv)4. (i) (ii)5. (i) (ii)

(iii)

6. (i) Moment of Inertia about base h being the perpendicular
from the vertex to the base ;

(ii) where A is the angular point and L, Μ. N
the mid-points of the sides.

Page 484.1. (α) 2α being the angle of the sector, and a the 
radius;

(β)2. a being the diameter ;

(i) (ii)

(iii)

3. (b) If (p1, q1), (p2, q,2), (p3 q3} be the coordinates of A, B, C, viz.

etc.,

4.
7. Area =

(1) (2)
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ANSWERS TO EXAMPLES AND PROBLEMS. 9038. (i)(ii)9.
Page 492.1. (i) (ii)2. (i) (ii)7. 9.15. (i) ab. (ii) πab∣2.17. 21.25. 26.

CHAPTER XV.

Page 521.7. R being the radius of the circumcircle.
CHAPTER XVI.

Page 533.1. 2. A cycloid.
4.

Page. 538.1. (i) α(02-01); (ii)(iii)
(iv)

(v) (cf. Ex. 1, p. 533) ;

(vi)
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904 ANSWERS TO EXAMPLES AND PROBLEMS.

Page 541.1. (i) A circle; (ii) A catenary ;(iii) An involute of a circle ; (Iv) The tractrix;(v) An equiangular spiral; (vi) A cycloid;(vii)
Page 546.2.
Page 570.2.5. (i) — the area ;(ii) the area ;(iii) 0 or 2π, according as the origin lies within or without the area, there being one convolution about the pole ; or if there be n convolutions, 2nπ.10. Equiangular spirals. 12. 5α. 13. Involute of a circle.15. being the latus rectum.17. Epicycloid. 19. 4α,25. where

[E. T.]

27. 28.29. 30.31.
39. If c=0, the involute is y2 = 4α(x+2α),
40. CHAPTER XVII.

Page 600.2. square units.
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ANSWERS TO EXAMPLES AND PROBLEMS. 905
Page 636.2.

With notation 
in Diff. Calc.,

Art. 458,

10.
24. (i)(ii) where R=x4 + 2x3 - 3x2-ax+a;

(iii) (iv)(v) (vi)

(vii) (viii)

(ix) (x)
(xi) (xii)

CHAPTER XVIII.
Page 669.

4.
y2=4ax being the parabola, k2 the const, of inversion, and (h, 0) the 
pole.10.12.

14. 15.17. (i) (ii)
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906 ANSWERS TO EXAMPLES AND PROBLEMS.

19. 24.25. (i)

(ii) where 0 = tan-1x,

(iii)

CHAPTER XIX.

Page 723.3. (r1 = 0P1, r2= OP2).6. Evolute of roulette of the cusp is a four-cusped hypocycloid. 
Intrinsic equation of envelope of axis with notation of Ex. 2, Art.
670, is

20. See Art. 657.
25. The rolling of a catenary upon a straight line.30.

CHAPTER XX.

Page 772.6. Arc
where and θ is the azimuthal angle of a

point on the curve.

CHAPTER XXI.

Page 790.2. 3. 5.
6. For surface from θ = θ1 to θ = θ2, revolution about 

the y-axis,
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ANSWERS TO EXAMPLES AND PROBLEMS. 907
8. 10. About axis, about base, 

11. 14. 16. 22. A circular cylinder.

27.

29.

CHAPTER XXII.
Page 862.

1. In each case where h = height of frustum and
A, B the areas of the ends.

2. a being the radius of the sphere and E the spherical excess.

8. 9.

21. where Δ

29.

31.

39.

43. Envelope

50. 51.
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