
Physics (waves) 



Today’s Info 
Session 

u   Welcome to this Info Session! 

u   Introduction 

u  Physics 

u  Waves 

u  Doppler effect 

u  Standing waves 

u  How Can Next Step Help? 

u   Questions? 

 WHAT IS YOUR NEXT STEP? 



Introduction 

Hi, I’m Phil! 
 

u  MCAT Content writer 

u  Tutored and taught for 9+ years 

u  Attended University of Nebraska 
Medical Center as an MD/PhD 
student. 

 

 

ü  Next Step is a team of test prep and  
educational experts committed to excellence. 



Who Is Next Step? 

• Began in 2009 as a tutoring company 

• Focus on graduate admissions tests only 

• Team of educational experts 

• First company to have materials built from 
ground up for 2015 MCAT format 

• Now the first company to have new 2018 
MCAT Interface 

 

ü  We never stop improving our materials! 



Waves 

Two main types of waves tested 
on the MCAT: 

 

Transverse and Longitudinal 

 

Sound? 

Light? 

Ocean waves? 

 



Waves 

Equations! 

 

Velocity of a wave = λf 

λ= wavelength 

f= frequency 

 

Period? 

T= 1/f  

How fast do light and sound waves go? 
 
Speed of light: 
C= 3 x 10^8  m/s 
 
Speed of sound (in air) 
v= 340 m/s  
 



Waves 

Doppler effect 

Imagine I have a water balloon gun that fires a water balloon every 
second.  How often do you get hit if the balloons travel at a set speed 
and I am running towards you? 
 

f ′=f↓s v± v↓o /v∓ v↓s   

f’= perceived freq 
f= source freq 

v= speed of wave 
Vo = speed of observer 

Vs = speed of source 



Waves 

Doppler effect 

There is a boombox playing the macarena and it was traveling towards you at twice the 
speed of sound.  You will hear: 
 
A.   The song at twice the pitch 
B.   The song backwards 
C.   The song at half speed 
D.   The song played normally 

 
 
 
 
 
 
What if it was traveling at the speed of sound? 

f ′=f↓s v± v↓o /v∓ v↓s   



Waves 

Standing waves (double closed)  

wavelength =  2L/n 
 
n = number of nodes 
and harmonic 
 
 

Nodes occur any place you cross the 
center. (if it just hits the middle, 

then we count it as a half. 
 

Antinodes occur when the wave hits 
the sides 

Crosses 1 time total = 1 node = first harmonic  

2nd harmonic 

3rd  harmonic 



Waves 

Standing waves (double open)  

wavelength =  2L/n 
 
n = number of nodes 
and harmonic 
 
 

Nodes occur any place you cross the 
center. (if it just hits the middle, 

then we count it as a half. 
 

Antinodes occur when the wave hits 
the sides 

Crosses 1 time total = 1 node = first harmonic  

2nd harmonic 
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Waves 

Standing waves (half open half closed)  

wavelength =  4L/n 
 
n = number of 
harmonic 
  (MUST BE ODD!) 
 
 

Nodes occur any place you cross the 
center. (if it just hits the middle, 

then we count it as a half. 
 

Antinodes occur when the wave hits 
the sides 

Crosses 1 time total = 1 node = first harmonic  

3rd  harmonic 

5th   harmonic 



Practice 
Passage 

 

 

As air is forced out of the lungs, the vocal cords that are stretched over the opening in the larynx vibrate to 
create pressure waves. Muscles attached to the cords can adjust their tension, changing the frequencies of 

vibration. The body creates specific sound waves by changing the size and shape of its respiratory resonance 

cavities. 

 

 
Each human voice has a unique timbre, produced by the shape of the individual’s biological resonance 

chambers. Harmonics known as overtones also contribute to the timbre of the voice. Humans have a lung 

capacity of about 1200 cm3. The system is analogous to a closed tube with an average diameter of about 2 
cm and a length of approximately 10 cm. Adult males have a fundamental frequency from 85 to 180 Hz while 

females range from 165 to 250 Hz. The amplitude of the overtones can be affected by manipulating the 
diameter of resonating chambers (i.e. the mouth). 

 

 
The human vocal cords are similar to the operation of a bottle whistle, also known as a Helmholtz resonator. 

As air is blown over the opening of a bottle, it is forced into the empty bottle, creating a pressure gradient. 
The system responds like a spring, with air being pushed back out of the bottle, causing the pressure inside 

the bottle to decrease. Air from outside then rushes back into the bottle and the process is repeated. Thus, 
the air will oscillate in and out of the container at some natural frequency. If air is gently blown over the 

opening, the sound that is produced is primarily due to the fundamental frequency of the resonating cavity.  



Practice 
Passage 

Figure 1 Bottle whistle.  
 

Blowing air more forcefully can result in the production of one or more overtones. The pitch of the 
fundamental frequency can be changed by adding water to the bottle. Equation 1 allows for the calculation 

of the fundamental frequency of a bottle.  
 

 

Equation 1  



Practice 
Passage 



Practice 
Passage 

 

 

What is the frequency of the lowest pitched tone produced by the bottle 
whistle in Figure 2?  
 
A.  500 Hz 

B.  600 Hz 

C.  1000 Hz 

D.  1200 Hz  



Practice 
Passage 

 

 

According to the passage, what is the predicted fundamental 
wavelength of the average human vocal cords?  
 
A.  20 cm 

B.  40 cm 

C.  80 cm 

D.  100 cm 

 

 



Practice 
Passage 

 

 

Which of the following describe the number of nodes and antinodes for a closed tube 
resonator?  
 

I. For the fundamental, there is a single node and a single antinode.  
II. For the third harmonic, there are two nodes and two antinodes.  
III. For the fifth harmonic, there are three nodes and three antinodes.The pitches get 
higher and the loudness stays the same 

 
A.  I only 

B.  I and III only 

C.  II and III only 

D.  I, II, and III 

 



Practice 
Passage 

 

 

Which of the expressions below correctly shows the relationship 
between the pressure inside and outside of the bottle when the person 
is blowing over the mouth of a bottle filled with air?  
 
A.  Pressure inside < Pressure outside 

B.  2(Pressure inside) = Pressure outside 

C.  Pressure inside > Pressure outside 

D.  Pressure inside = Pressure outside 

 
This is fluid dynamics! 



Q&A 



Next Step:  
Core Values 

We are dedicated to providing personalized support, 
advice and prep options that match each student’s 
individual needs. 



Students Have  
a Choice 

 
•  Always up-to-date content, strategy and tests 
 
•  Guaranteed Satisfaction 
 
•  Expert instructors on call for you 

•  No call center – instead, Academic Managers guide you 
all the way! 

ü Over 50,000 students have used Next Step 
Test Prep in their MCAT Prep journey  



Personalized 
Options 
ü No matter your study style, subject 

expertise, or MCAT goal, Next Step has an 
option for your personal needs and 
lifestyle. 

•  Self-Prep Materials and Planning 

•  Guided Online Study with Free Extra Help 

•  Flexibility and Personalization 

•  One-on-One Tutoring 



Next Step:  
Educate Every Day 

Get your 
FREE MCAT Practice 

Bundle  
 

https://nextsteptestprep.com/
smith 

ü  Start your prep with high-value FREE 
practice to build a study plan suited 
to your goals, needs, and schedule. 

 
Industry’s Best Free MCAT Practice Bundle  

•  Half-length MCAT diagnostic  
•  Full-length MCAT exam 
•  500+ Question Science Content Diag exam 
•  Test Review Videos 
•  Multiple QBank Samples 
•  16 Test & 4 Content Review Videos 
•  Proprietary Study Plan Generator 
•  Aligned to new MCAT 2018 Interface 

 



Additional  
Free Resources 
ü  Supplement your prep with additional support tools 
 
•  Question of the Day Quick Prep 
 
•  YouTube, Facebook and Instagram Content 

•  Ongoing Public Webinars and Q&A Sessions 

•  MCAT Blog: Content and Admissions 

•  Next Step MCAT Forum 
 

 



New 2018 MCAT 
Interface 
 
•  New highlighting features 
•  New strikethrough features 
•  New keyboard shortcuts 
•  New Navigation/Review Screens 

Next Step is ready. Are you? 
 

 

ü  Your practice experience matters! Prep with the most realistic testing 
environment with Next Step. 



Take the Best Next 
Step ü Others say it. We deliver it. 
 
•  Most up-to-date Lesson Review Books in 4-color 

•  QBank with passage and discrete question 
types 

 
•  Exclusive Study Plan Generator personalized for 

you 
 
•  Hundreds of hours of videos 
 
•  Private, small-group Office Hours 5 days a week 
 
•  Direct access to MCAT Content Team 

•  Affordable prep options: from books to tutoring 



MCAT Study Options 
• Best-in-Class MCAT Tutoring Packages 

•  Variety of packages: Crash Course to Elite 
•  Choices include our MCAT Online Course 
•  Personalized Study Plan for each student 
•  Top-scoring tutors 

 
• Most up-to-date MCAT Course 

•  All new books in 4-color, all online AAMC resources 
•  10 full-length exams aligned to new interface 
•  Live online office hours for any Q&A held 5 days per 

week 
•  Study Plan Generator to match each student’s 

strengths, weaknesses and schedule needs. 

 
• MCAT Practice Test Bundles 

•  Available in 4-, 6-, and 10-pack bundles 

ü  All aligned to new 2018 interface 

nextsteptestprep.com/smith/ 

Looking for free resources, or 
interested in signing up for 

future webinars? 



Get Solid Advice for Your Next 

Step 

CALL  888-530-6398 FOR A FREE CONSULT 




