Lever and moment of force (torque) S20

1. a) The distance between the axis of rotation and the line along which the force acts is the same
on both sides of the lever; thus the force must be the same on both sides: F=5.00 N

b) On the right side the distance between the axis of rotation and the line along which the force
acts is twice as large as on the left side; thus the force must be half on the right side:
F=5.00N

c) On the right side the magnitude of the force acting is a third of the force acting on the left
side. Thus the lever arm on the right must be three times greater than the lever arm on the left:
hole 6

d) On the right side, the lever arm (distance between the axis of rotation and the line along
which the force acts) is one quarter of the lever arm on the left side. Thus the force on the right
side must be four times greater: F= 16.0 N

e) The force pulling upwards turns the lever clockwise, while the force pulling down turns the
lever counterclockwise. For equilibrium we need Feiockwise * Iclockwise = Feounterclockwise * Fcounterclockwise

Fcounterclockwise ) rcounterclockwise — 100 N ’ 030 m = 5 E: N
rclockwise 050 m

Thus Felockwise =

f) The force pulling upwards turns the lever clockwise, while the force pulling down turns the
lever counterclockwise. For equilibrium we need Feiockwise * Iclockwise = Feounterclockwise * Feounterclockwise
Fcounterclockwise " Isounterclockwise — 1.00 N - 0.60 m = EEE N

Felockwise 0.20 m

Thus Felockwise =

2. axis of rotation: © point where the force is applied:i\( lever arm:—-

3. a) The piece of mass is moved along the lever arm until the lever is balanced. The mass of the
object to be weighed can be calculated from the given mass of the piece of mass and its
distance from the pivot (axis of rotation). A scale on the lever arm shows the mass of the object
to be weighed.

b) For equilibrium we have Mciockwise = Mcounterciockwise

which means Foiockwise * Felockwise = Feounterclockwise * foounterclockwise

We use Felockwise = FG(potatoes) = Mpotatoes * g and Feounterclockwise = FG(piece of mass) = Mpiece of mass * g
and substitute Mpotatoes * g * relockwise = Mpiece of mass * g * lcounterclockwise

mpiece of mass rcounterclockwise _ 200 kg i 060 m

rclockwise 0 - 1 O m

Thus Mpotatoes =

=12.0kg



4. a)M=r-F=0.18m-500N =90 Nm

M 90 Nm

b) F == =—— =1000 N
r 0.09m

c) same: 1'000 N

d)M=r-F=0.045m"-1'000 N =45 Nm

5. a) Moritz; the box is closer to the pivot and therefore the torque (moment of force) is smaller.

b) pivot: © force; —— lever arm: —
Max Moritz
12 kg 12 kg
! '_ !
: \le
IIIIIIIIIIIIIIlIIIIlIIIIl IIIIIIIIIIIIII|IIII|IIII|
0 1.0m 2.0m 0 1.0'm 2.0m

c) The weight of the box produces a counterclockwise rotation:
Mecounterclockwise = FG(box) " I'vox = Mbox * G * Ivox

Max: Mcounterciockwise = Mbox g " Ivox = 12 kg - 9.81 % -1.20m =141 Nm

Moritz: Mcounterclockwise = Mbox - g - fbox = 12 kg - 9.81 % +0.90 m =106 Nm

d) For equilibrium, Max and Moritz need to apply a clockwise torque of the same magnitude
(by lifting the wheelbarrow at its handle):

Mcounterclockwise = Mclockwise

Mcounterclockwise _ 141 Nm

Max: Fhand = = =71N
Thand 200m ——
- Mcounterclockwise 1 06 Nm N
Moritz: Fhand = = =534 N
Ihand 2.00m —
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b) M = rigert) - Fiett = riight) * Fright

Iy (righty Fright 8.00cm-7.25N
Fiett = = =

2.00 N
rl(|eﬂ) 29.0cm L
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