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4.1 & 4.2 Properties of a Parallelogram

Definition A polygon is a closed figure whose sides are line segments that intersect only at endpoints.
2.5) (Polygon is a word of Greek origin that means many angles; hence, it implies many sides).

Note: 1. We will be working only with convex polygons, polygons in which a line segment joining two points in
the interior of the polygon has all its points in the interior of the polygon.

2. The angle measures of convex polygons are between 0° and 180°.

Examples of convex polygons
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Definition A diagonal of a polygon is a line segment that joins two nonconsecutive vertices.
2.5) : ,
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Definition A regular polygon is a polygon that has its sides and angles congruent.
(2.5)
Definition A quadrilateral is a polygon that has four sides.
“4.1)

Note: - We will work only with quadrilaterals whose sides are coplanar.
- Special quadrilaterals (squares, rectangles, thombuses, parallelograms, and trapezoids) occur in various

practical circumstances, such as architectural design, construction materials, fabric design, and urban
planning.

Important! ABCD is a quadrilateral iff all points are coplanar, no three of which are collinear, and each segment
intersects exactly two others, one at each endpoint.

Therefore, the following figures are nothuadrilaterals:
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Property The sum of the interior angles of a quadrilateral is 360°. —t =
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Definition A parallelogram is a quadrilateral whose opposite sides are parallel.
4.1)
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The defining property for a parallelogram is that it si a quadrilateral whose opposite sides are parallel. Many other
properties follow from this. The most significant feature of the figure is that for either pair of opposite sides, the
other two sides and the diagonals are transversals. Thus, the theory of parallel lines and transversals may be used to
prove properties of parallelograms. This theory and that for congruent triangles provide the needed tools for study
of parallelograms.

Theorem 1 A diagonal of a parallelogram separates it into two congruent triangles.
4.1-T4.1.1
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Prop_érties of Parallelograms

Corollaries 1. The opposite sides of a parallelogram are congruent (opp sides o =).

(41-C4.1.234,5

2. The opposite angles of a parallelogram are congruent (opp £'s o = ).
3. Any two consecutive angles of a parallelogram are supplementary ( consec £'s o supp).

4. The diagonals of a parallelogram bisect each other (diags o bisect each other).
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Deﬁnition

The distance between two parallel lines is the length of any perpendicular line segment joining

the lines.

Definition An altitude of a parallelogram is a line segment from one vertex that is perpendicular to the

“4.1) opposite side (or to an extension of that side).

Lemma If two sides of one triangle are congruent to two sides of a second triangle and the included angle

(4.1-L4.1.6] of the first triangle is greater than the included angle of the second, then the length of the side
opposite the included angle of the first triangle is greater than the length of the side opposite the
included angle of the second.
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In a parallelogram with unequal pairs of consecutive an

gles, the longer diagonal lies opposite the
obtuse angle.
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Problem #1
(4.1-#3)

MNPQ is a parallelogram. Suppose that MQ =5, MN = 8,and mZM =110°. Find: a) QP; b) NP;
) mZQ;d) mLP.
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When is a quadrilateral a parallelogram?

Theorem 3
(42 T 4.2.1)

If two sides of a quadrilateral are congruent and parallel, then the quadrilateral is a parallelogram.

V7sk 7!40 adry ba?t ro€

S Grven :
25 ) Vr
Vr :
%S = Condetron
A > Frove LTSR M’ﬁééﬁg@fw VR TS
f%wrz 25 Fro /émo//;
/. RS IVT; Ps =77 / 9”""”/

2. braw VS

A/A/QS\/ V 5% Vs
TVS )<= </
,0 x y7

7. RV ) ST
g V7SR 7 a /04/@&& @/wq

2. 2 )f(nu,me a Live
3. a({:/ /a7 ?:s (/?S// Vi ond Foviy VS)

7 r(’_VZ(/w:/f =
)
G e

5 S4s

HowdV. VS

%’//wd@///

|4 4/ & (&

cPc7 C =y ' ‘
; )il at?- it £ = ( £V and™ fwﬁ ‘

J



Theorem 4
42-T422)

If both pairs of opposite sides of a quadrilateral are congruent, then it is a parallelogram.
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;E‘lzlgoTr“e';g )5 If the diagonals of a quadrilateral bisect each other, then the quadrilateral is a parallelogram.
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T midpoint of MN
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Prove: aQMS =aNPT

MSPT is a parallelogram




Theorem 6
(42-T425)

The segment that joins the midpoints of two sides of a triangle is parallel to the third side and has
a length equal to one-half the length of the third side.
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