Addition of vectors: Triangle and Parallelogram law of vectors-
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As vectors have both magnitude and direction they cannot be added by the method of
ordinary algebra.

Vectors can be added graphically or geometrically. We shall now discuss the addition
of two vectors graphically using head to tail method.

Consider two vectorsVec Pand Vec Q which are acting along the same line. To add
these two vectors, join the tail of Vec Q with the head of Vec P (Fig.).

Theresultant of VecPand VecQis VecR= VecP+ Vec Q. Thelength of the
line

AD givesthe magnitudeof VecR. Vec R actsin the same direction asthat of Vec
Pand VecQ.

In order to find the sum of two vectors, which are inclined to each other, triangle law
of vectors or parallelogram law of vectors, can be used.

(i) Triangle law of vectors-

If two vectors are represented in magnitude and direction by the two adjacent sides of
atriangle taken in order, then their resultant is the closing side of the triangle taken in
the reverse order.



To find the resultant of two vectors Vec Pand Vec Q which are acting at an angle 6,
the following procedure is adopted.

First draw O A = Vec P (Fig.) Then starting from the arrow head of Vec P, draw the
Vector AB =Vec Q. Finaly, draw avector OB = Vec R from the tail of vector Vec

P to the head of vector Vec Q. Vector OB = Vec R isthe sum of the vectors Vec P
and VecQ. Thus VecR= VecP + VecQ.

The magnitude of Vec P+ Vec Q isdetermined by measuring the length of Vec R
and direction by measuring the angle between Vec Pand VecR.
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The magnitude and direction of Vec R, can be obtained by using the sine law and
cosine law of triangles. Let o be the angle made by theresultant Vec Rwith Vec P.
The magnitude of Ris,

R?2=P? + Q2 - 2PQ cos (180° — 0)

R = -J'F'2 +0Q° +2PQ cos 8
The direction of R can be obtained by,
P Q R

sinf  sina sin (180° -#)

1) Parallelogram law of vectors-

If two vectors acting at a point are represented in magnitude and direction by the two
adjacent sides of a parallelogram, then their resultant is represented in magnitude and
direction by the diagonal passing through the common tail of the two vectors.

L et us consider two vectors Vec Pand Vec Q which areinclined to each other at an
angle 06 as shown in Fig.. Let the vectors Vec P and Vec Q be represented in
magnitude and direction by the two sides OA and OB of a parallelogram OACB. The
diagona OC passing through the common tail O, givesthe magnitude and direction of
theresultant Vec R.
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CD is drawn perpendicular to the extended OA, from C. Let COD made by Vec R
with Vec Pbea.

From right angled triangle OCD,
o = 0D? + CD?
= (OA + AD)F + CD?
= 0A2 + AD? + 2.0A.AD + CD? ...[1)

c In Fig. 2.15 |BOA = 6 = |CAD
I

| From right angled A CAD,

: AC? = AD? + CD?2 (2)
' Substituting (2) in (1)

OC? = OA? + AC? + 20A.AD ...(3)

Fig 2.15 Parallelogram
law of vectors From AACD,

CD = AC sin 8 4)

AD = AC cos @ ...[5)
Substituting (5) in (3) OC? = OA? + AC? + 2 OA.AC cos 0



Substituting OC = R, 0A = P.
OB = AC = @ in the above equation
R? = P2 + Q% + 2PQ cos @

(or) R:dF2 + Q% + 2P0 cos @ ...[6)
Equation (6) gives the magnitude of the resultant. From A OCD,
tan o = E = 52

0D DA+ AD

Substituting (4) and (5) in the above equation,

AR AC sin # _ Q sin &
OA+AC cos § P+Qcosé
- 1| Q sin &
= tan " | ——
(or) & [P+Q cos Ei':| A7)

Equation (7) gives the direction of the resultant.

Special Cases
(i) When two vectors act in the same direction
In this case, the angle between the two vectors 0 = 0°, cos0° =1, sin0°= 0

From (6) R=yP+0Q°+2PQ = (P+Q)

Q sin 0° }

From (7) g = tan™ =
P+Qcos 0

[i.e) =0

Thus, the resultant vector acts in the same direction as the individual vectors and is
equal to the sum of the magnitude of the two vectors.
(if) When two vectors act in the opposite direction

In this case, the angle between the two vectors 6 = 180°, cos 180° = -1, sin 180° = 0.

From (6) R={P +0°-2PQ = (P- Q)

' 0
From (7) @ = tan™ [m} =tan"'(0)=0

Thus, the resultant vector has a magnitude equal to the difference in magnitude of the
two vectors and acts in the direction of the bigger of the two vectors



(1ii) When two vectors are at right angles to each other
In thiscase, 6 =90°, cos90° =0, sin90° =1
From (6) R = P + Q*

From (7) -a = tan” [%]

= =
The resultant R vector acts at an angle o with vector P.



