
Chapter 5 Problem 14 †
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Given
m = 3700 kg
T1 = T2 = 1100 N
θ1 = θ2 = 25◦

Solution
a) Find the force of the water if the velocity is constant.

Drawing the free-body diagram, we get something similar to the diagram above. Choose the coordinate
system so that the x-coordinate is to the right. Newton’s 2nd law gives the equation

Σ~F = m~a

~T1 + ~T2 + ~Fw = m~a (1)

Write out each of the forces in unit vector notation.

T1 cos θ1î+ T1 sin θ1ĵ + T2 cos θ2î− T2 sin θ2ĵ − Fw î = 0

Since the angles are the same and the tensions are the same we can drop the subscripts on these values.

T cos θî+ T sin θĵ + T cos θî− T sin θĵ − Fw î = 0

Notice that the acceleration term is set to zero because the barge is moving at constant velocity. The
x-component equation is

T cos θ + T cos θ − Fw = 0 (2)

and the y-component equation is

T sin θ − T sin θ = 0 (3)

Use equation (2) to solve for the force of the water.

Fw = T cos θ + T cos θ = 2T cos θ = 2(1100 N) cos(25◦)

Fw = 1990 N

b) Find the force of the water if the acceleration is 0.16 m/s2.

The free-body diagram still applies and all the work up to equation (1). When the forces are written out
in unit vector notation, the acceleration is in the positive x-direction. This leads to the equation

T1 cos θ1î+ T1 sin θ1ĵ + T2 cos θ2î− T2 sin θ2ĵ − Fw î = mâi
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Since the tensions and angles are the same, we get

T cos θî+ T sin θĵ + T cos θî− T sin θĵ − Fw î = mâi

The x-component equation is

T cos θ + T cos θ − Fw = ma (4)

and the y-component equation is

T sin θ − T sin θ = 0 (5)

Use equation (4) to solve for the force of the water.

Fw = T cos θ + T cos θ −ma = 2T cos θ −ma

Fw = 2(1100 N) cos(25◦) − (3700 kg)(0.16 m/s2)

Fw = 1400 N


