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The gravitational force, 𝐹௚ , is the force that the earth exerts on an object.

This force is directed toward the center of the earth (downward).

From Newton’s Second Law:

𝐹௚ = 𝑚𝑔⃗

• 𝑊𝑒𝑖𝑔ℎ𝑡 = 𝐹௚ = 𝑚𝑔

• SI units of weight are Newton
• Kilogram is NOT a unit of weight.

Its magnitude is called the 
weight of the object.
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• g, and therefore the weight, is less at higher 
altitudes.

• This can be extended to other planets.

Because it is dependent on 
g, the weight varies with 

location.

• The weight is a property of a system of items: 
the object and the Earth.

Weight is not an inherent 
property of the object.
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Whenever an object rests on a surface, 
the surface pushes on the object with a 
force called the normal force.

Normal means perpendicular.

The normal force is the force that 
prevents the object from falling 
through the surface.

It is always perpendicular to the 
surface.

It is NOT always equals the weight.

𝑛

𝑚𝑔
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Forces of Tension, 𝑻
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When a rope is attached to a body 
and pulled, the rope is said to be in 
tension.

The rope’s function is to transfer 
force between two bodies.

The tension in the rope is defined as 
the force that the rope exerts on the 
body. 

F
T T
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Parts A, B, and C of the figure show three situations in which one or two forces act on a puck that moves over frictionless 
ice along an x axis. The puck�s mass is 𝑚 = 0.2 𝑘𝑔 . Forces 𝐹⃗ଵ and 𝐹⃗ଶ  are directed along the axis and have magnitudes 𝐹ଵ

= 4 𝑁 and 𝐹ଶ = 2 𝑁 . Force 𝐹⃗ଷ is directed at angle 𝜃 = 30° and has magnitude 𝐹ଷ = 1 𝑁 . In each situation: 
what is the acceleration of the puck, ○

what is the normal force?○
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Solution
In each situation we can relate the acceleration to the net force acting on the puck with Newton�s second law ∑ 𝐹⃗   = 𝑚𝑎⃗. 
However, because the motion is along only the x axis, we can simplify each situation by writing the second law for x 
components only:
∑ 𝐹⃗௫

 
  = 𝑚𝑎⃗௫.

Also, because the normal force is along only the y axis, and there is NO motion along this axis, we can simplify each 
situation by writing the second law for y components only: 
∑ 𝐹⃗௬

 
  = 0.

Situation A

(1) 𝐹ଵ = 𝑚𝑎௫ ⇒  𝑎௫ =
𝐹ଵ

𝑚
⎯⎯ =

4.0𝑁

0.20𝑘𝑔
⎯⎯⎯⎯⎯⎯ = 20𝑚/𝑠ଶ

The positive answer indicates that the acceleration is in the positive direction of the x axis.
(2) 𝑛 − 𝑚𝑔 = 0 ⇒  𝑛 = 𝑚𝑔 = 0.2 × 9.8 = 1.96𝑁

Situation B
𝐹⃗ଵin the positive direction of x and 𝐹⃗ଶ in the negative direction. Thus:

(1) 𝐹ଵ − 𝐹ଶ = 𝑚𝑎௫ ⇒  𝑎௫ =
𝐹ଵ − 𝐹ଶ

𝑚
⎯⎯⎯⎯⎯⎯⎯=

4.0𝑁 − 2.0𝑁

0.20𝑘𝑔
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 10𝑚/𝑠ଶ

Thus, the net force accelerates the puck in the positive direction of the x axis.
(2) 𝑛 − 𝑚𝑔 = 0 ⇒  𝑛 = 𝑚𝑔 = 0.2 × 9.8 = 1.96𝑁

Situation C
Force 𝐹⃗ଷ is not directed along the direction of the puck�s acceleration; only x component 𝐹⃗ଷ,௫ is. (Force 𝐹⃗ଷ is two 
dimensional but the motion is only one dimensional). Thus:

One - and two - dimensional forces
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(1) 𝐹ଷ,௫ − 𝐹ଶ = 𝑚𝑎௫ ⇒  𝑎௫ =
𝐹ଷ,௫ − 𝐹ଶ

𝑚
⎯⎯⎯⎯⎯⎯⎯⎯=

𝐹ଷ 𝑐𝑜𝑠 𝜃 − 𝐹ଶ

𝑚
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

⇒  a௫ =
(ଵ.଴ே)(௖௢௦ ଷ଴°)ିଶ.଴ே

଴.ଶ଴௞௚
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= −5.7𝑚/𝑠ଶ

Thus, the net force accelerates the puck in the negative direction of the x axis.
(2) 𝑛 − 𝑚𝑔 − 𝐹ଷ 𝑠𝑖𝑛 𝜃 = 0 ⇒  𝑛 = 𝑚𝑔 + 𝐹ଷ 𝑠𝑖𝑛 𝜃 = (0.2 × 9.8) + (1 × 𝑠𝑖𝑛 3 0∘) = 2.46𝑁
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