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Problem 88

Vector
−→
B is 5.0 cm long and vector

−→
A is 4.0 cm long. Find the angle between these two vectors

when
∣∣∣−→A +

−→
B
∣∣∣ = 3.0 cm.

Solution

The length of each vector is given, so the magnitude of each is known.

A =
∣∣∣−→A∣∣∣ = 4.0 cm

B =
∣∣∣−→B∣∣∣ = 5.0 cm

Suppose the two vectors lie in the xy-plane and can be written as
−→
A = ⟨Ax, Ay⟩ and−→

B = ⟨Bx, By⟩. Let θ be the angle between them. Then

3.0 cm =
∣∣∣−→A +

−→
B
∣∣∣

= |⟨Ax, Ay⟩+ ⟨Bx, By⟩|

= |⟨Ax +Bx, Ay +By⟩|

=
√

(Ax +Bx)2 + (Ay +By)2.

Square both sides.

9.0 cm2 = (Ax +Bx)
2 + (Ay +By)

2

= (A2
x + 2AxBx +B2

x) + (A2
y + 2AyBy +B2

y)

= (A2
x +A2

y) + (B2
x +B2

y) + 2AxBx + 2AyBy

= A2 +B2 + 2(AxBx +AyBy)

= A2 +B2 + 2
−→
A ·

−→
B

= A2 +B2 + 2
∣∣∣−→A∣∣∣ ∣∣∣−→B∣∣∣ cos θ

= A2 +B2 + 2AB cos θ

Solve this equation for cos θ.

cos θ =
9.0 cm2 −A2 −B2

2AB
=

9.0 cm2 − (4.0 cm)2 − (5.0 cm)2

2(4.0 cm)(5.0 cm)
= −4

5

θ = cos−1

(
−4

5

)
≈ 143°
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