
PROBLEM 1: 

1500𝑘𝑔 kütleli bir araba düz, eğimsiz bir yolda bir viraj döner. Virajın yarı çapı 35𝑚 ve asfalt ile tekerlekler arasındaki statik sürtünme 

katsayısı 0,523 ise arabanın yoldan çıkmadan virajı alabileceği maksimum sürati hesaplayınız. 

 
Problem 2: 

Bir inşaat mühendisi arabaların sürtünme kuvvetine ihtiyaç duymaksızın güvenle dönebilecekleri bir viraj yapmak istemektedir. Virajın tasarım 

süratinin 13,4 𝑚 𝑠 ve eğrilik yarıçapının 35𝑚 olduğunu kabul ederek virajın hangi açıyla eğimlendirilmesi gerektiğini belirleyiniz. 

 

 

Example 6.2   How Fast Can It Spin? 

A puck of mass 0.500 kg is attached to the end of a cord 1.50 m long. The puck moves in a horizontal circle as shown in 
Figure 6.1. If the cord can withstand a maximum tension of 50.0 N, what is the maximum speed at which the puck can 
move before the cord breaks? Assume the string remains horizontal during the motion.

Conceptualize It makes sense that the stronger the cord, the faster the puck can move before the cord breaks. Also, we 
expect a more massive puck to break the cord at a lower speed. (Imagine whirling a bowling ball on the cord!)

Categorize Because the puck moves in a circular path, we model it as a particle in uniform circular motion.
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Analyze Incorporate the tension and the centripetal acceler-
ation into Newton’s second law as described by Equation 6.1:

T 5 m 
v2

r
 

continued

Solve for v: (1)   v 5 ÅTr
m

  

Example 6.3   What Is the Maximum Speed of the Car? 

A 1 500-kg car moving on a flat, horizontal road negotiates a curve as shown 
in Figure 6.4a. If the radius of the curve is 35.0 m and the coefficient of static 
friction between the tires and dry pavement is 0.523, find the maximum speed 
the car can have and still make the turn successfully.

Conceptualize Imagine that the curved roadway is part of a large circle so 
that the car is moving in a circular path.

Categorize Based on the Conceptualize step of the problem, we model the car 
as a particle in uniform circular motion in the horizontal direction. The car is not 
accelerating vertically, so it is modeled as a particle in equilibrium in the vertical 
direction.

Analyze Figure 6.4b shows the forces on the car. The force that enables the 
car to remain in its circular path is the force of static friction. (It is static 
because no slipping occurs at the point of contact between road and tires. If 
this force of static friction were zero—for example, if the car were on an icy 
road—the car would continue in a straight line and slide off the curved road.) 
The maximum speed vmax the car can have around the curve is the speed at 
which it is on the verge of skidding outward. At this point, the friction force 
has its maximum value fs,max 5 msn.
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Find the maximum speed the puck can have, which corre-
sponds to the maximum tension the string can withstand:

vmax 5 ÅTmaxr
m

5 Å 150.0 N 2 11.50 m 2
0.500 kg

5  12.2 m/s

Finalize Equation (1) shows that v increases with T and decreases with larger m, as we expected from our conceptual-
ization of the problem.

Suppose the puck moves in a circle of larger radius at the same speed v. Is the cord more likely or less 
likely to break?

Answer The larger radius means that the change in the direction of the velocity vector will be smaller in a given time 
interval. Therefore, the acceleration is smaller and the required tension in the string is smaller. As a result, the string 
is less likely to break when the puck travels in a circle of larger radius.

WHAT IF ?
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Figure 6.4 (Example 6.3) (a) The force 
of static friction directed toward the center 
of the curve keeps the car moving in a cir-
cular path. (b) The forces acting on the car.
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Finalize This speed is equivalent to 30.0 mi/h. Therefore, if the speed limit on this roadway is higher than 30 mi/h, 
this roadway could benefit greatly from some banking, as in the next example! Notice that the maximum speed does 
not depend on the mass of the car, which is why curved highways do not need multiple speed limits to cover the various 
masses of vehicles using the road.

Suppose a car travels this curve on a wet day and begins to skid on the curve when its speed reaches only 
8.00 m/s. What can we say about the coefficient of static friction in this case?

Answer The coefficient of static friction between the tires and a wet road should be smaller than that between the 
tires and a dry road. This expectation is consistent with experience with driving because a skid is more likely on a wet 
road than a dry road.
 To check our suspicion, we can solve Equation (2) for the coefficient of static friction:

ms 5
v2

max

gr

Substituting the numerical values gives

ms 5
v2

max

gr
5

18.00 m/s 2219.80 m/s2 2 135.0 m 2 5 0.187

which is indeed smaller than the coefficient of 0.523 for the dry road.

WHAT IF ?

Example 6.4   The Banked Roadway 

A civil engineer wishes to redesign the curved roadway in Example 6.3 in such a way 
that a car will not have to rely on friction to round the curve without skidding. In 
other words, a car moving at the designated speed can negotiate the curve even when 
the road is covered with ice. Such a road is usually banked, which means that the road-
way is tilted toward the inside of the curve as seen in the opening photograph for this 
chapter. Suppose the designated speed for the road is to be 13.4 m/s (30.0 mi/h) and 
the radius of the curve is 35.0 m. At what angle should the curve be banked?

Conceptualize The difference between this example and Example 6.3 is that the 
car is no longer moving on a flat roadway. Figure 6.5 shows the banked roadway, 
with the center of the circular path of the car far to the left of the figure. Notice 
that the horizontal component of the normal force participates in causing the car’s 
centripetal acceleration.

Categorize As in Example 6.3, the car is modeled as a particle in equilibrium in 
the vertical direction and a particle in uniform circular motion in the horizontal 
direction.

Analyze On a level (unbanked) road, the force that causes the centripetal accelera-
tion is the force of static friction between tires and the road as we saw in the pre-
ceding example. If the road is banked at an angle u as in Figure 6.5, however, the 
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Figure 6.5 (Example 6.4) A car 
moves into the page and is round-
ing a curve on a road banked at an 
angle u to the horizontal. When 
friction is neglected, the force that 
causes the centripetal accelera-
tion and keeps the car moving in 
its circular path is the horizontal 
component of the normal force.
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▸ 6.3 c o n t i n u e d

Apply Equation 6.1 from the particle in uniform circular motion 
model in the radial direction for the maximum speed condition:

(1)   fs,max 5 msn 5 m 
v 2

max

r

Apply the particle in equilibrium model to the car in the verti-
cal direction:

o Fy 5 0  S  n 2 mg 5 0  S  n 5 mg

Solve Equation (1) for the maximum speed and substitute for n: (2)   vmax 5 Åmsnr
m

5 Åmsmgr
m

5 "ms gr

Substitute numerical values: vmax 5 "10.523 2 19.80 m/s2 2 135.0 m 2 5 13.4 m/s

	



PROBLEM 3: 

Sürtünmeli	bir	eğik	düzlem	üzerinde	bulunan	2𝑘𝑔	kütleli	bir	blok,	kütlesi	ihmal	edilebilen	100 𝑁 𝑚	kuvvet	sabitli	bir	yaya	bağlanmıştır.	

Yay	rahat	durumda	iken	(sıkışma	yada	uzama	yok),	blok	ilk	hızsız	olarak	bırakılıyor.	Makara	sürtünmesizdir.	Blok	duruncaya	kadar	eğik	

düzlemde	aşağı	doğru	20 𝑐𝑚 hareket	ediyor.	Blok	ile	düzlem	arasındaki	kinetic	sürtünme	katsayısını,	𝜇! ,	bulunuz.		

 
PROBLEM 4: 

25 𝑚 𝑠  süratle doğu yönünde ilerleyen 1500 𝑘𝑔 kütleli bir araç, kavşakta 20 𝑚 𝑠 süratle kuzey yönünde ilerleyen 2500 𝑘𝑔 kütleli 

ikinci bir araçla çarpışıyor. Çarpışmadan sonra araçlar bir enkaz oluşturup birlikte hareket ediyorlar ise oluşan enkazın hızının büyüklüğünü ve 

yönünü belirleyiniz. 
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Example 9.10 Collision at an Intersection

A 1 500-kg car traveling east with a speed of 25.0 m/s col-
lides at an intersection with a 2 500-kg van traveling north at
a speed of 20.0 m/s, as shown in Figure 9.14. Find the direc-
tion and magnitude of the velocity of the wreckage after the
collision, assuming that the vehicles undergo a perfectly
inelastic collision (that is, they stick together).

Solution Let us choose east to be along the positive x di-
rection and north to be along the positive y direction. Be-
fore the collision, the only object having momentum in the
x direction is the car. Thus, the magnitude of the total ini-
tial momentum of the system (car plus van) in the x direc-
tion is

Let us assume that the wreckage moves at an angle ! and
speed vf after the collision. The magnitude of the total mo-
mentum in the x direction after the collision is

!pxi " (1 500 kg)(25.0 m/s) " 3.75 # 104 kg$m/s

θ
(25.0î) m/s

y

x

vf

(20.0ĵ) m/s

Figure 9.14 (Example 9.10) An eastbound car colliding with
a northbound van.

Knowing the initial speed of particle 1 and both masses, we are left with four unknowns
(v1f , v2f , !, and %). Because we have only three equations, one of the four remaining
quantities must be given if we are to determine the motion after the collision from
conservation principles alone.

If the collision is inelastic, kinetic energy is not conserved and Equation 9.26 does
not apply.

P R O B L E M - S O LV I N G  H I N T S

Two-Dimensional Collisions
The following procedure is recommended when dealing with problems involving
two-dimensional collisions between two objects:

• Set up a coordinate system and define your velocities with respect to that
system. It is usually convenient to have the x axis coincide with one of the
initial velocities.

• In your sketch of the coordinate system, draw and label all velocity vectors and
include all the given information.

• Write expressions for the x and y components of the momentum of each
object before and after the collision. Remember to include the appropriate
signs for the components of the velocity vectors.

• Write expressions for the total momentum of the system in the x direction
before and after the collision and equate the two. Repeat this procedure for
the total momentum of the system in the y direction.

• If the collision is inelastic, kinetic energy of the system is not conserved, and
additional information is probably required. If the collision is perfectly
inelastic, the final velocities of the two objects are equal. Solve the momentum
equations for the unknown quantities.

• If the collision is elastic, kinetic energy of the system is conserved, and you can
equate the total kinetic energy before the collision to the total kinetic energy
after the collision to obtain an additional relationship between the velocities.



PROBLEM 5: 

8 gramlık bir mermi 221,2 m/s ilk süratle, 1m yükseklikte sürtünmesiz bir masanın kenarında duran 2,5 kg’lık bir bloğa ateşleniyor. Mermi 

bloğun içinde kalıyor ve çarpışmadan sonra blok+mermi sistemi, masanın tabanından 2m uzakta yere çarpıyor. Sistemin yere çarpma süratini 

enerjinin korunumu prensibini kullanarak bulunuz.  

 
PROBLEM 6: 

10	kg	kütleli	bir	blok	A	noktasından	serbest	bırakılıyor.	Yol	sadece	B	ve	C	noktaları	arasındaki	6	m’lik	kısımda	sürtünmeli	olup	yolun	

geri	kalan	kısımları	sürtünmesizdir.	Blok	yolun	sonuna	monte	edilmiş	bir	yaya	çarparak	duruyor.		

	
(a) Bloğun B noktasında sahip olduğu sürati hesaplayınız.  

(b) B ve C noktaları arasında blok sabit 10 N’ luk kinetik sürtünme kuvvetine maruz kalıyorsa bloğun C noktasındaki süratini 

hesaplayınız.  

(c) Yolun sonundaki yayın yay sabiti 2250 N/m ise blok yaya çarptığı zaman yayı denge konumundan en fazla ne kadar sıkıştırır? 

(bloğun C noktasındaki sürati için (b)’ de bulunan değeri kullanınız. 

 


