How to Pull
omething Heavy




fork Lift

strong man

tow truck



On April 4, 1974, John Massis of
- Belgium managed to move two train
passenger cars belonging to New

) @ York’s Long Island Railroad.

| = " He did so by clamping his teeth
down on a bit that was attached to

I the cars with a rope and then

R

. leaning backward while pressing his
% feet against the railway ties.

The cars together weighed ~80
tons.

Did Massis have to pull with superhuman force
to accelerate them?



Do now:
The car is pulling the green block to the right.
Assume that the system is in equilibrium (that is
that the block is so heavy that the car cannot
move it from its stationary position).

Draw a diagram showing and labeling all the forces
acting on the car and a block!
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FblockFriction

FwheelFriction

Whlock Wear
In y direction:
Mpiock * Apiock = Z External Forces = Npjper — Whiock My *Qegr = Z External Forces = N, — W,
Nptock = Whiock Near = Wear
In x direction:
Mpiock * @plock = Z External Forces =T — Fpioc kFriction Megr - Qear = z External Forces = =T — FypheelFriction + Fmotor
0 = =T — FyneetFriction t Fmotor

0 =T — Fyioc kFriction

Adding both equations:

T — Fbloc kFriction + (_T - theelFTiction + Fmotar ) =0

_Fbloc kFriction wheel Friction + Fmotor =0

Fmotor = Pwheel Friction + Fbloc kFriction




Now we know that [motr = Fwheetrriction + Fbiockrriction

Fmotor - theelFriction = FblockFriction
\ J
h 4
Fpull = Pmotor — theelFriction — Fmotor — HUkinetic ° VVcar

FYI: if you want the car to pull over a heavy object, just let Fpull > FblockFriction
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We just found out that:
» The pulling force of the car measured using a spring scale can be expressed as

Fpull = Fnotor — Hkinetic * Wear

* To move a block from rest, the pulling force must be greater than the force of
static friction on the block

Fmotor — Ukinetic ° VVcar > FblockFriction




