


A

SERIES ©F

GEOMETRICAL PROBLEMS

!

SELECT OR ORICINAL.

FOR THE UYSE OF SCROOLS.

TORONTO.
PRINTED FOR THE AUTHOR.

[
1843.






GEOMETRICAL PROBLEMS.

1. What are the derivations of the terms geometry, point,
line, vrectilineal, angle, verter, obtuse, acute, circle, circum-
ference, pcrzplzen, centre, radius, diameter, semicircle, seg-
ment, triangle, trilateral, quadvilateral, mullzlale)al equilate-
ral, polygon, isosceles, Ilypothenuse, scalene, r/wmbu.s, trape-
zium, diagonal, parallel, “problem, i/leoreuz, proposition, lypo-
thesis, corollary, deduction, postulate, axiom, cowcide, lemina,
urea, perimeter?

Define, postulate, axiom, lemma, trapezium nd parallel
nlﬂzt lines.

3. Iftwo circles intersect each other baving a common radius,
the figure formed by joining the extremities of that radins with the
pomts of intersection, is a rhombus,

4. If the common radins be produced to meet both circles,
the figures formed by joining the points of intersection and the
. extremities of the diameters so formed, are equilateral triangles.

5. The equilateral triangle onthe common radius is one-third
of either of the former.

The figure formed by joining the points of intersection
with thr' extremities of either diameter is four times as great.asthe
equilateral triangle on the common radius,

7. The line joining the points of intersection divides that
figure into parts, \which are as three to one.

8. The rhombi, formed by joining the points of intersection
with the near and remote extremitics of the diameters, are as one
to. four.

9. Tire line joiting the poiits of intersection. cuts the com-
mon radius at right angles.

10. In drawing a right line equal to a given right line from a

given point, show that the problem aduits Sor udht different con-
sfructions.

11. The radmﬂ of the .second (uc]e, is equal to the siom or
difference of the given line, and the side of’ thecquilateral rizngle.
12. If two sides of a triangle be equal,the opposite angles ure
ulso crllml prove this without | producing-the.equal sides.

On what occasions is the lafter pmtof the fifth proposition
npphed thronghoat the elemenis of Euclid?
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14. In the construction for the sixth proposition of Euclid's
elements, what objection to measuring off the required portion
trom A. instead of B.

15. Explain the naturc of the ez absurdo or indirect processof
proof.

16. To what purpose is the seventh proposition applied, and
what is the form of argnment made use of'?

17. Prove the eighth proposition without an application of the
seventh.

18. If an isosceles and an equilateral triangle be constrneted
on a common base, under what circumstances, will the vertex of
the latter fall below, upon, or above that of the former?

19. In constructing for the bisection of a rectilineal angle,state
the advantage of the particular position of the equilateral triangle.

20. Were the vertex situated above instead of below the
base, in what case would that construction be inapplicable 2

21. In the bisection of a given finite right line, would the Jat-
ter bo admissible.

22. Theline bisecting the vertical angle of an isosceles triangle,
bisects the base at right angles.

23 The line drawn from the vertex to themiddle point of the
hase of an isosceles triangle, bisects the vertical angle and is per-
rendicuiar to the base.

24. If the perpendicular from the vertical angle of a triangle
bisects the base, the triangle 1s isosceles:

2. If two isosceles triangles be described upon opposite
<ides of a common base, the line joining their vertices bisects the
bage at right angles.

26. Determine a point within a triangle equi-distant from itg
angular points,

27. Write down the complements and supplements of 45,
50, §3, 60, 65, 70, 75, 80, 85, degrees.

28. Why is an obtuse or a right angle the greatest angle of
triangle ?

29. Prove the equal angles of an isosceles triangle necessarily
acute,

30. If two sides of atriangle be unequal, the opposite angles
are 2ls0 unequal, and the greater angle is opposite the greater side,
prove this by producing the shorter of the two sides.

31. To what propositions are the eighteenth and nineteenth
anzlagous ?
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32. The difference between any two sides of a triangle i
Jess than the third side.

33. To what propositions are the twenty-fourth and twenty-
fifth analagous? Include them all under one gencral enunciation.

34, If any number . of isosceles triangles be described on a
comuon base, the perpendicular from the middle of the base pas-
ses through all their vertices.

33. The same construction being made, the line joining the
vertices of any two, when produced,bisects the base at right ungles,

36. Determine that point in a right line, equally distant
from its extremity, and another point given in position.

7. Determine that point in a right line, at which a perpen-
dicalar of given length, subtends halt the angle which it subtends
atany other given point.

33, At what point of a right line does a given perpendicular
subtend an angle of 7° 30 minutes ?

39. Given the position at which a perpendicularto a rightline
i 1 r perpend! ]
at a given point, subtends an angle ot 3°, 45 minutes, required the
ag D ) D & ) ) req
height of the perpendicular.

40). Distinguish between the fourth, eighth, and twenty-sixth
prop

41. From a given point, draw the shortest line possible to a
given right line.

42, If a perpendicular be drawn biseeling a given right line,
any point in this perpendicular isat equal distances, and any point
without the perpendicular is at unequal distances from the ex-
tremities of the line.

43, If several right lines be drawn froma poiut to a given
rightline, then those equally inclined to the perpendicnlar are eqwal
and, vice versa.

44. Those which meet the right line at equal distances from
the perpendicular are equal and, vice versa.

45. Those which make greater angles with the perpendicular
are greater, and wvice versa.

46. Those which meet the line at greater distances from the
perpendicular are greater, and vice versa. -

47. It is required to erect a line of fence across the corner of
a rectangular plot of ground, which shall bisect the mouth of @
circular cistern situated near it, and make equal z2ngles with the
enclosures.

48. If the line drawn bisecting the verticalangle of a triangle..
bisects the base also, the triangle is isosceles.
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49. 1n general, a right line being drawn from the vertex of
triangle to the base; if’ any two of the five following equalities be
established, the others may be deduced :—

The equality of the sides.
. The equality of the angles at the base.
. The equality of the angles under the line drawnand the base.
. The equality of the angles under the line drawn and the sides.
The equality of the segments of the base.

¥ o

(S

If two triangles be comstructed on a-common base, the
dxﬂelence between their vertical angles is the sum of the angles
contained by the coterminous sides.

51.-1t is required to construct acistern on a concession line
which shall be equally distant from two dwelling houses in the vi-
cinity, situated on the same or opposite sides of the line.

52. The right line which bisects the vertical exterior angle of
an isosceles triangle, is parallel to the base.

3. Given the positien of a window, determine that of 2 mir-
ror on the opposite wall.which shall reflect the | nnages of external
ohjects to the eye of a person, the position of which is also given.

54. The right line drawn from the vertical angle of an isosce-
les triangle, bl‘SeC[ll]“‘ the base, is parallel to lines jeining the ex-
trewities of the base and of the sides, produced through the vertex
to their own length,

55. It is required to divide a quadranguiar field into threepor-
tions, by lines drawn fron the extremities Jof one to some point in
the opposite side, so that the length of fence may be as short us
possible.

5G. The right line drawn from the vertex of an isosceles tri-
angle parallel to the base, bisects the vertical exterior angle.

57, If the line drawn from the vertical angle of a triangle,
parallel to the base, bisects the vertical exterior angle, the triangle
15 isosceles

53. If two right lines which intersect each other be parallel
respectively to two others, the augles included by these pairs of
lines will be equal respectiveiy.

59. If a line be perpendicular to one of two parallel lines, it
will also be perpendicular to the other,

G0, If one of two lines containing a given angle be parallel
to one of two others contnining an equal ungle, the remaining lines
are also parallel.
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61. Through a given point to draw a straight line so that the
parts of it intercepted between that pointand perpendiculars drawn
from two other given pointe may have a given ratio.

62. T'o trisect a right angle.
o g

. T trisect a given finite right line.

64. To divide a given right line into any nminber of equal
parts.

65. 4 blank book of given magnitude is to be ruled, so that
each opening shall contain thirteen lines; equi-distant from rach
wther, with half an ineh of margin above and below.

66. Define a reentrant angle and explair the natare ot concare
and concez figures.

67. All the exterior angles of any rectilineal figure equal fonr
right angles, together with the excess of every reentraut angle
above two right angles.

53, A triangle cannot have a reentrant angle, a quadrilateral
may have one, and a figure of = sides must have at least three
ordinary angles.

69. The sum of the angles of every rectilineal fignre is equal
to an even number of right angles.

70. If one angle of a triangle contains 90° it is equal to the
sum of the other two, ammd vice versa.

71. If one angle of a triangle be greater than the snm ot the
other two, it is greater than a right angle, and vics versa.

72. 1f one angle of a triangle be less than a right angle. it is
less than the sum of the other two angles.

73. In_an isosceles triangle the vertical exterior angle is
double of either of the angles at the base.

74. In an equilateral triangle any exterior angle is dauble
of either of the interior.

75. Determive the maagnitude of the angle ol a regular peusa-
gon, hexagon, vetagon, and decagon.

76. What conditions are necesssry, that any particular, rege-
tar figure may coustilute lhe elements of a pavement?

77. Of what regular figures may a pavement be composed 7
78. When the angle of the constituent figure is.a-maximu,
what is the description of pavement ?

79. If a right line be drawn from the vertical angle of atri.
angle to the middle point of the base, show that the vertical angle
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is right, acute, or obtuse, according as thatline is equal to, greater
or less than half the base.
80. On the same supposition, the bisector of the base is

equal to, greater or less than half the base, according as the vertical
angle is right, aeute or obtuse.

81. Erect a perpendicular to the extremity of a line withont
producing it

&2. The diagonals of a parallelogram bisect each other.

83. If the diagonals of 2 quadrilateral figure bisect each other,
the figure is a parallelogram. :

84. If the ‘opposilc sides of a quadrilateral fignre are egual to
euch other, the fignre is a parallelogram.

85. If the diagonals of a quadvilatera] bisect the figure, itisa
parallelogram.

86, If the opposite angles of a quadrilateral figure are equai
1o each other, the figure is a parallelogram.

87. Ina right angled parallelogram, the diagonulsare equal.

38. If the diugonals of a parallelogram are equal to each oth-
er, it is a rectangle.

89. In general, if in a quadrilateral figure, the followiung pro”
perties be established, the others may be dedueed.

%, 2. The parallelism of either pair of oppesite sides.
3. 4. The eqnality of either pair of opposite sides.

5. 6. The equality of either pair of opposite angles.
7. 8. The bisection of either diagonal hy the other.

9, 10. The bisection of the area by either diagonal.

90. These ten data combined in pairs give forty-five different
combinations ; to establish, therefore, any of the eight remaining
properties, there will arise three hundred and sixty different ques-
tions respecling such quadrilaterals.

91. The right line drawn from the vertex of a triangle bisec-
ting the base, bisects the area.

92, If two triangles have two sides, of the one equal to twe
sides of the other and the included angles supplemental, they will
huve the same area.

93, What data are necessary to establish the cquality of two
triangles?

94, When two sides and an angle opposite one in each are
equal; show that the case admits of two solutions.

95. If. the base of a triangle be divided into any number of
equal parts, lines drawn from the vertex to the several points of
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division will divide the area of the triangle into as many equai
parts.

96. The line joining the peints of bisection of the sides of a
triangle is parallel to the base.

97. A parallel to the base of a triangle through the point of
bisection of one side, will bisect the other side.

. Y8. The line joining the points of bisection of the sides of a
triangle cuts off a triangle which is one fourtiy of the given triangle.

99. The lines which join the middle points of the three sides
of a triungle, divide the triangle inlo four equal parts,

100. The line joining the points of bisection of each pair of
sides, is equal to half the third side.

101. The area of a triangle is equal to one half of the basc
into the perpendicular ultitude.

102. Ifthe four sides of a quadrilatesal figure be bisected, and
e middle points of each pair of conterminous slde:]omed the
joining lines will form a parallelograi, whose area is equad to half
that of the parallelogram.

103. The area of a trapezinm having two parullel sides, is
equal to half the base into the suw of those parallel sides.

104. A parallelogram is equalto a triangle on the sanie base
and of twice the altitnde.

165, If a parallelogram and a triangle have equalaltitades, and
the buse of the triangle be double that of the parallelogram, they
will huve equal areas.

106. Describe a square which shall have the same area as a
given equilateral and equiangular octagon.

107. Determine the side of a square, which shall be equal to
the sum of two others, wh sides are given.

108. Fiuda right line whose square is equal to whe diffeyence
of two squares, whose sides are given.

109. The square of the base of a triangle is less than, equu
10, or greater than the sum of the squares of the sides, dr-undmu
as the \emnal angle is less than, equul to, or greater than a nwLL
nngle.

130. Through a given point within or withouta circle, todraw
a chord of given length.

111. The vertical angle of a triangle is less than, equal to, or
greater than a right anf'le according as the square of the base i§
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tess than, equel to, or greater than the sum of the squares of the
sides.

112, Determine a square which shall be equal to the sum of
any number of squares, whose sides are given.

113. The rectangle under any two lines, equals twice the rec-
tangle under either of them, and half the other, to three times the
rectangle under either of them and a third of the other, to » times
the rectangle under either of them, and an ath part of the other,

114. The square of the sum of any two lines equals the rec-
tangle under the sum and either of them.

115. Thesquare of the greater of two lines equalsthe rectangle
under those lines, together with the rectangle under the greater and
ditference.

116. The rectangle under the sum of two lines, and one of
them equals the square of that one, together with the rectangle
under the lines.

117. The rectangle under two lines equals the square of the
less, together with the rectangle under the less and diflerence.

118, The difference of the squares of two lines equals the
rectangle under their sum and difterence.

119. The difierence between the rectangle under two lines,
and the sqnare of one of them is the rectangle under thatone and
their difference.

120. The difference of the squares of two lines, exceeds the
square of their difference by twice the rectangle under the less and
ditferenee.

121. The square of a line is four times the square of its half.

122. Half the square of a line is double thesquare of half the
line.

123. The square of the sum of any two lines equals the snm
of their squares, together with twice the rectangle under them.

124, The square of a line equals the sum of the squares of all
the parts, together with twice the rectangle under every distinet
pair of them,

125. The srithmetic mean betweeu any two lines, is half the
sum of the extremes, and the common difference is half the dif-
ference of the extremes,

126. The square of the arithmetic mean equals the rectangly
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under the extremes, together with the square of the common dif-
ference.

127. The re(_)tan;zle under any two lines together with the
square of hall their difference, equals the squatre of halftheir sum.

128, The square of the sum of two lines equals the rectangle
tinder them, together with the square of half their difference.

129. The rectangle under the sum and difference of two lines,
together with the square of the less, equals the square of the
greater.

130. The rectangle under the parts of a line is the greatest
when the parts are equal.

. I31. The sum of the squares of the parts into which a line is
divided is a minimum, wheu the line is bisected and equals the
square of half the line.

132. Of all rectangles having the same perimeter, the square
eontains the greatest avea.

133. Of all rectangles equal in area. the ‘square is contained
by the least perimeter.

134. If a perpendicular be drawn from the vertex of a triangle
to the hase, the rectangle under the sum and difference of the sid
equals the rectangle under the sum and difference of the segments.

135. The difference between the sqnares of the sides of a
triangle equals twice the rectangle under thebase and the distance
ol the perpendicular from the middle point.

136 If aline be drawn from the vertex of an isosceles tri-
angle to the base or its production, the differenee between the
squares of this line and the side of the triangle is the rectangle
under the segments of the basc.

137. The square of the sum of two lines, the sum of their
squares and the square of their difference are in arithmetic pro-
gression, the common difference being twice the rectangle under
the lines.

138. The square of the sum of two lines equals four times
the rectangle under them, together with the square of’ their differ.
ence.

139, The sum of the sguares of any two lines equals twice the
puare of hulf their swm, and twice the square of half their dif-
ference,

. 140. Given the sum and difference of two magnitudes to find
the magnitudes themselves,
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2
141. In any rectangle, given two of the five following datai—

. The sum of the sides.

The difference of the sides.

. The area.

. The sum of the squares of the side .

The difference of the squares of the sides to determine the
rectangle.

NS Lo =

142. If a line be ctit in extreme and imean ratio, the rectangle
under its segments, equals the difference of their squares.

143. On the same supposition. If I, P, p, represent respec-
fively the given line, the greater and lesser part,

Then (1.) 1#-p?=3 r# (2) (I4-p)* =5P?
(") 1(P—p)=Pp  (+)p*=F. (P—p)

144. To divide 2 given right line into two such parts, that the
retangle contained by the whole line and one of the parts shall be
twcice thrice.. .. n times the square of the other part.

145. If a line be drawn from the angular point of a triangle
to the poiut of bisection of the epposite side, the sum of the squares
of the other sides equals twice ihe sum of the squares of the Di-
sector, and half the bisected side.

146. The sum of the squares of the sides of a qnadrilateral
figure equals the sum of the squares of the diagonals and four
times the square of the line joiing their points of bisection.

147. The sum of the squares of the sides of a parallelogram
equals that of the diagonals.

148. If the sum of the squares of the sides of a qnadrilateral
figure equals the sum of the sqnares of the diagounals, the quadyi-
lateral will be a parallelogram.

149. If from the three angles of a triangle lines he drawn te
the poiuts of bisection of the opposite sid three tinres the sum
of the squares of the sides, equals four thnes that of the bisectors.

150, On the same supposition the sum of the squares of the
sldes, equals three times the sum of the squarcs of the distances
between the angles aud the common intersection.

131, If with the middle point of a finite right line as centre
a cirele be described, the sums of the squares of the distances of
all points in this circle, from the extremities of the right line, is a
constant quantity, -

152. 1If from any point within or without a rectangle, linesbe
drawn to the angular points, the sums of those which are drawn
ty the opposite angles are _e(luql,
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153. If two sides of a trapezium be parallel to each other
the squares of its diagonals are together equal to the squares of its
two sides, which are not parallel, and twice the rectangle contained
by its parallel sides.

154. The squares of the diagonals ofa trapezinm, are together
double the squares of the two lines joining the bisections of the
opposite sides.

155. Of all straight lines which canbe drawn from two given
points to meet on the convex circinference ol a given circle, the
sium of those two will be the least which make equal angles with
the tangent at the point of concourse.

156. If a circle be described on the radits of another circle;
any straight line drawn from the point where they meet to the ou-
ter cireumference, is bisected by the interior one.

157. If two circles cut each other and from either point of
intersection, diameters be drawn ; the extremities of these dia_me~
ters and the other poiunts of intersectinn shall be in the same straight
line.

153. Draw a straight line which shall toueh two given circles.

159. If from a point in the circumference of a circle any
number of chords be drawn, the locus of their points of biscction
wil be a circle.

160. Determine the arithmetic, geometric, and harmonie
means between two given straight lines.

161. If from any two points in the circumfercnce of a circle,
there be drawn two siraight lines, to a point in a tangent to that
circle; they will make the greatest angle when drawn to the point
of contact.

162. If from any peint within an equilateral triangle perpen-
diculars be drawn to the sides, they are together equal to a per-
pendicular drawn from any of the angles to the opposite side.

163. If the points of bisection of the sides of a given triangle
be joined; the triangle so formed will be one fourth of the given
triangle.

164. Of all triangles upon the same base and betwecn the
same parallels, the isosceles triangle has the Jeast perimeter.

165. To bisect a triangle by a line drawn from a given point
in one of its sides.

166. To determine a point within a giveu triangle, from which
lines drawn to the several angles will divide the triangle into three
equal parts.

167. To trisect a triangle from a given point within jt.
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168. If from the three angles of a triangle lines be drawn to
the points of bisection of the opposite sides, these lines will inter-
sect eaeh other in the samne point.

169. To bisect a parallelogram by a line drawn from a given
point in one of its sides.

170. If the sides of an equilateral and eqniangular pentagon
be produced to meet, the angles formed by these lines are togetber
equal to two right angles.

171. If the sides of an equilateral and equiangujar hexagon
be produeed to meet, the angles formed by these lines are together
equal to four right angles.

172 Generally, if every pair of alternate sides of a convex
fignre be produced to wmeet the sum of the angles so formed, iy
2n—8 right angles, n being the number of the sides.

173, *The area of any two parallelograms deseribed on the
two sides of a triangle, is equal to that of a parallelogram on the
base whose side is equal and parallel to the line drawn from the
vertex of the triangle to the intersection of the two sides of the
former parallelograms produced to meet.

174. The perimeter of anisosceles triangle is greater than the
perimeter of a‘rectangular parallelogram, which is of the same al-
titude with, and equal to, the given triangle.

175, Determine a pointin a line given in position, to which
lines drawn from two given points, ihay have the greatest differ-
ence possible.

176. To divide a giveu right line.intotwo such parts, that the

sqnare of the one shall be equal to.the rectangle contiined by the
other and a given line.

177. To describe an isosceles triangle uwpon a given finite
right line,

178, To describe an equilateral triangle equalto a given isos-
celes triangle,

179. Having given the difference between the diameter and
side of @ square, to describe the square,

130, To divide a circle into any number of concentric equal
annuli,

121, In any qnadrilateral fignre circumseribing a eircle, the
opposite sides are equal to half the perimeter,

182, If an equilateral triangle be inscribed in-a circle, the .
square described on a side thereof, is equal te.three. times the.
synare described npon the radius,

*Pappue’s Theoesem. |
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183. To inscribe a square in a given right angled isosceles
triangle,

184. To inscribe a square in a given quadrant of a circle,

185, To inscribe a square in a given seini circle,

186, To inscribe a square in a given segment of a circle.

187. To describe three circles of equal diameters, which shall
touch each other,

188. To determine how many equal circles may be placed
rouind another circle of the same diameter, touching each other
and the interior circle,

189. Prove that the hexagonal form of the honey comb arises,
necessatily, from the pressure of the flnid and the elasticity of the
comb,

190. Of ail triangles on the same base and between the same
parallels, the isosceles has the greatest veriicle angle.

191, If an equilateral triangle be inscribed in a circle, and
through the angular points, another be circumscribed, to determine
the ratio which they bear to each other,

192. In any triangle, if perpendiculars be drawn from the
angles, to the opposite sxdes, they will all meet in a point.

193. Given one angle, a side adjacent to it and the difference
of the other two sides, to construct the triangle.

194, Given one angle, a side opposite to it and the difference
of the other two sides, to construet the triangle.

195. Given one angle a side opposite to it, and the sum of
ihe other two sides, to construct the triangle.

196. Given the vertical angle the line hisecting the base and
the angle which the bisecting line walkes with the base, to construct
the triangle.

197. Given the vertical angle, the perpendicular drawn from
it to the base, and the ratio of the segments of the base made by
it, to-construct the triangle,

198. Given the vertical angle, the difference of the two sides,
containing it and the difference of the segments of the base made
by a perpendicular from the vertex, to construct the triangle.

199. Given the vertical angle and the radit of the insertbed
and circumscribing circles, to construct the triangle.

200. What data are necessary  to establish the similitude of
two triangles?

201. In any trapezium, If two opposite sides be bisscted, the
smn of the squares of the. two bisected sides, together with the
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squares of the diagomals ie equal to the sum of the squares of the
bisected sides together with four times the square of the line joi-
ning those points of bisection.

202. If squares be described on the three sides of a right an-
gled triangle and the extremities of the adjacent sides be joined;
the trlaugles so formed are equal to the given triangle and to each
other.

203. The two triangles formed by draswing straight lines from
any point withina pa\allelovmm to the extremities of the two
opposite sides, are together half of the parallelogram.

204. If in the sides of a square at equal distances from the
four angles, four other points be takeu, onein each side; the
fignre eontained by the siraight lines which join them, shall also
be a square.

205. The sum of the diagonals of a trapezium, is less than
the sum of any four lines which ean he drawn to the four angles
from any point within the figure, except from the intersectiots of
the diagonals.

206. To determine the figure formed by joining the points of
bisection of the sides of a trapezium and its ratio, to the trape-
Zm.

207. If on the two sides of a right angled triangle squares he
described, the lines joining the acute alwles of the triangle and
the opposite angles of the squares, will cut oﬂ‘equalseamemsﬁom
the sides.

208. If squares be described on the hvpothenuse and sides ot
a right angled triangle, and the extremities of the sides of the
former and the adpcem sides of the others -be joined; the sum
of the squares of the lines joining them will be equal to five times
the square of the hypothenuse.

209. Two bodies starting from the same point, move in cir-
cles whose diameters are in the same rightline, and as two to one;
s0 as always to appear in a line passing through the starting point,
compare their distances from that point at any given time,






	9781459117167_0001
	9781459117167_0002
	9781459117167_0003
	9781459117167_0004
	9781459117167_0005
	9781459117167_0006
	9781459117167_0007
	9781459117167_0008
	9781459117167_0009
	9781459117167_0010
	9781459117167_0011
	9781459117167_0012
	9781459117167_0013
	9781459117167_0014
	9781459117167_0015
	9781459117167_0016
	9781459117167_0017
	9781459117167_0018

