
TodayToday’’s Lectures Lecture

Review of Newton’s 3rd Law 
&        Hook’s Law

Application of Newton’s Laws:
Friction

Lecture 9



Example: Using NewtonExample: Using Newton’’s Third Laws Third Law
A 12N force is applied to left most of a 
1kg, 2kg, and a 3kg block as shown. 
(a) What force does the middle block 
exert on the rightmost block, F23 ?

From Newton’s 2nd, the acceleration of all of the blocks is:

a  F/mtot  12N/6kg  2m/s2

Hence the force from the middle block on the 3rd block is given by:

F23  m3a  32  6N



Example: Using NewtonExample: Using Newton’’s Third Laws Third Law
A 12N force is applied to left most of a 
1kg, 2kg, and a 3kg block as shown. 
(b) What force does the first block 
exert on the middle block?

The acceleration of all of the blocks is a = 2m/s2. The net force of the middle 
block can also be determined from Newton’s 3rd and Newton’s 2nd: 

From Newton’s 3rd F23 = 6N. Hence F1 is given by:

F1net  F12  F32  F12 − F23  m2a  22  4N

F12  F23  F1net  6  4  10N



Example: Using NewtonExample: Using Newton’’s Third Laws Third Law
A 2200kg plane is pulling two gliders 
down the runway with an acceleration 
of 1.9m/s2. The first glider has a mass 
of 310kg and the second 260kg. 
(a) Find the horizontal thrust of the 
plane’s propeller.

From Newton’s 2nd, the thrust is:

(b) Find the tension in the first rope.

Fthrust  mtota  310  260  2200  1.9  5263N

Since the only force on the first glider is the tension in the first rope, 
from Newton’s 2nd we have:

T1  m1a  310  1.9  589N



Example: Using NewtonExample: Using Newton’’s Third Laws Third Law
A 2200kg plane is pulling two gliders 
down the runway with an acceleration 
of 1.9m/s2. The first glider has a mass 
of 310kg and the second 260kg. 
(c) Find the tension in the second rope.

From Newton’s 3rd the tension in the 
first rope opposes the motion of the 
2nd glider. The acceleration of the all
gliders is 1.9m/s2. Newton’s 2nd:

(d) Find the net force on the plane.
The net force on the first plane is 
the thrust minus the tension in the 
second rope: 

Fnet  T2 − T1  ma → T2  T1  ma
T2  589  260  1.9  1083N

Is this consistent with a=1.9m/s2?

Fnet  FThrust − T2

Fnet  5263 − 1083  4180N

a  4180N/2200kg  1.9m/s2 Yes!





Example: Springs in Series with an Additional Mass Example: Springs in Series with an Additional Mass 
Two masses of mass m1 and m2 are 
connected by a spring with spring 
constant k. A force F is applied to the 
larger of the two masses. (a) How 
much does the spring stretch from its 
equilibrium length? (b) Find the net 
force on the larger mass.(a) The acceleration of this system 

is determined by Newton’s 2nd:
From Hook’s law and Newton’s 2nd, 
the displacement of the spring is 

(b) The net force on the larger mass is:  

a  F/m1  m2

x  m1a
k  m1

m1  m2
F
k

Fnet  F − kx  1 − m1
m1  m2

F  m2
m1  m2

F For a force of 15N and a
spring constant of 140N/m:

x  2
5

15
140  4.3cm



Remember that the changeRemember that the change 
in a springs length is NOT in a springs length is NOT 
the springs length!the springs length!



Example: Three SpringsExample: Three Springs
Three identical springs of equal unstretched length l and 
spring constant k are connected to equal masses m as 
shown.  A force is applied to give the top of the upper 
spring that causes an acceleration a of the entire system. 
Determine the length of each spring.

From Newton’s 2nd the force, tension, that induces the 
acceleration of the entire system is:

F  3ma

Hence the tension in the spring attached to the first 
(lowest) block is: 

The length of this spring must be: l1  l  x1  l  F1
k  l  ma

k

F1  ma  F
3



Example: Three SpringsExample: Three Springs
Three identical springs of equal unstretched length l and 
spring constant k are connected to equal masses m as 
shown.  A force is applied to give the top of the upper 
spring that causes an acceleration a of the entire system. 
Determine the length of each spring.

The length of the second spring must be:

F2net  F2 − F1  ma → F2  2ma

l2  l  x2  l  F2
k  l  2ma

k

The net force on the second block is the tension in the 
second spring minus the tension in the first spring:



Example: Three SpringsExample: Three Springs
Three identical springs of equal unstretched length l and 
spring constant k are connected to equal masses m as 
shown.  A force is applied to give the top of the upper 
sppring that causes an acceleration a of the entire system. 
Determine the length of each spring.

The net force on the third block is the force F –F2 . Hence 
the tension in the top spring, F, is 

The length of the third spring must be:

l3  l  x3  l  F
k  l  3ma

k

F − F2  ma → F  3ma

What changes if there is a uniform gravitational field? a → g  a



Example: Springs in (a) Parallel and (b) Series Example: Springs in (a) Parallel and (b) Series 

(a) Two springs which have the same 
unstretched length but different spring 
constants, k1 and k2 , are connected side-by-side. 
Find the new effective spring constant.

If the springs are compressed/stretched an 
equal distance x from equilibrium then the 
restoring force is simply:

Thus if two springs are arranged in parallel (a) the effective spring 
constant is simply a sum of the two spring constants.

F  −k1x − k2x  −k1  k2x  −keffx



Example: Springs in (a) Parallel and (b) Series Example: Springs in (a) Parallel and (b) Series 
(b) Two springs have different spring constants 
k1 and k2 and are connected end-to-end. Find the 
new effective spring constant.

Now consider the forces acting on the 
springs in (b). From Newton’s 3rd the springs 
are pulling/pushing on each other with equal 
strength. Hence the force, F, of 
tension/compression in both springs is equal. 

Summing the displacements of the springs: 

Δx1  Δx2  F
k1

 F
k2

 F 1
k1

 1
k2

Dx1 + Dx2 is the total displacement of the
springs connected in series, (b). 

Hence the effective spring 
constant is:

keff  F
Δx  F

Δx1  Δx2

1
keff

 Δx1  Δx2
F  1

k1
 1

k2



Example: Springs in (a) Parallel and (b) Series Example: Springs in (a) Parallel and (b) Series 

To summarize, two springs connected in parallel 
each have the same displacement. This means 
that their restoring forces add, and the effective 
spring constant is: 

If the spring are connected in series, then 
from Newton’s 3rd they each experience the 
same restoring force and the displacement 
is the sum of the individual displacements. 
The effective spring constant for this case is:

keff  k1  k2

1
keff

 1
k1

 1
k2

→ keff 
k1k2

k1  k2

Which configuration is
stiffer?



Example: Springs in Parallel Plus Series Example: Springs in Parallel Plus Series 

Consider the combination of springs shown 
in the figure with k1 = 10N/cm and 
k2 = 20N/cm. Find the effective spring 
constant for this combination.

The effective spring constant for 
the last two springs in parallel is:

The effective spring constant for these two effective spring constants is:

k1

k1

k1

k2

1
k1eff

 1
k1

 1
k2

k2eff  2k1

1
keff

 1
k1eff

 1
k2eff

 1
k1

 1
k2

 1
2k1

 3k2  2k1
2k1k2

The effective spring constant for
the first two springs in series is:

For the given spring constants: keff 
2k1k2

3k2  2k1
 400

80
N
cm  5N/cm









The friction force is always opposite to the velocity of the body. 
For a sliding body it is along the surface perpendicular to N. 





Before the object breaks away and begins 
moving, the applied force is exactly 
countered by a static frictional force by 
Newton’s 3rd. After break away, the object 
will accelerate. The frictional force will 
adjust to the lower kinetic value once the 
object is in motion. If the applied force is 
reduced to match the frictional force, the 
velocity will be constant. 





FT1 Ff ≥ Sm1g
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