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é(\\P " %@ Torque - Mass on Plank with String
Example: A 0.300 kg mass rests on a 0.395 m long, 0.764 kg, uniform wooden
plank supported by a string as shown in the figure. If the mass is 0.274 m from [ 6
the wall and the angle between the string and the plank is 32.1°, (a) What is the
force of tension in the string? and (b) What is the normal force from the wall? «—0.274m—> |

The wood plank is at rest and not rotating, therefore it is in static equilibrium,

therefore the net force acting on the plank equals zero and the net torque r

acting on the plank equals zero about any axis of rotation. The first thing we
need to do is to draw the free body diagram of the forces acting on the plank.

Now that we have the free body diagram, we can sum the torques on the plank

with an axis of rotation about the left end of the plank. Notice both the force ' ~J @
normal and the force of static friction act at the axis of rotation and therefore AF F T
cause no torque on the plank. (This is why we chose the left end as our axis of sf N n o
rotation. Notice how two out of our three unknown forces cause no torque with . t

that axis of rotation. Helpful, eh?) We can make out counterclockwise, or out of :ﬁoIE *F

the board, positive, therefore the torque caused by the force of tension is N o F I
positive and the torques caused by the force of gravity of the plank and the e = g N
force of gravity of the mass are both negative. p /__T\ ™

~ 0.395m

Knowns: m = 0.764kg; m_= 0.300kg; r = — =0.1975m; r, =0.395m; r_ = 0.274m;

0=32.1°(a)F, =2 (b)F, =?
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m

=r,F,sing, =rF sing +r F_sin6 =r,F, sing, =r m gsin(90)+r, m gsin(90)

P m

g LI h Mg (0.1975)(0.764)(9.81)+(0.274)(0.300)(9.81)

T r,siné, (0.398)sin (32.1)

Next we are going to sum the forces in the x-direction, however, before we
can, we need to break the force of tension in to its components. Actually, all
we really need is the force of tension in the x-direciton.

T
X

cos¢9T:éz :>FT :FTCOSGT

T

=10.8937 =

10.9N

Y. F,=F,~F, =ma,=m(0)=0=F, =F, = F,cos6, =(10.8937)cos(32.1)

= F, =9.2283~9.23N

P.s. I know we did not solve for the force of static friction (or, for that matter, the minimum coefficient of
static friction to hold the plank on the wall), however, you are welcome to sum the forces in the y-
direction, or pick a different axis of rotation and sum the torques on the plank, and you will be able to

solve for that. Enjoy!
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