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Instructor: Dr. Fangqun Yu

Spring 2023

ATM505  INTRODUCTION TO 
ATMOSPHERIC PHYSICS II

Module 3: Atmospheric Aerosols

MODULE 3: Atmospheric Aerosols 
The importance of aerosols in the atmosphere arises from 
their links to aerosol-cloud-radiation-precipitation 
interactions – and thus climate forcing and the hydrological 
cycle – as well as role in atmospheric chemistry and air 
quality – and therefore public health and morbidity. This 
brief introduction to the field will introduce students to the 
following important topics: 

Lecture 1: Introduction and Aerosol Characterization

Lecture 2: Particle Microphysics Overview and Thermodynamics  

Lecture 3: New Particle Formation -- HW3 out

Lecture 4: Aerosol Growth, Coagulation, and Deposition

Lecture 5: Environmental and Climatic Impacts of Atmospheric Aerosols

-- HW3 due
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4:20 - 5:00 pm each day after class (ETEC 333) 
or by appointment (fyu@albany.edu)

Reading Materials/Text Book:

(1) Read materials will be specified in the slides/handouts.

(2)  No textbook is required but the following textbook is helpful for more in-depth 
understanding for some contents:
Atmospheric Chemistry and Physics: From Air Pollution to Climate Change
By Seinfeld & Pandis, 1998, 2006, or 2016.  

Office Hour:

MODULE 4: Atmospheric Aerosols 

Lecture 1: Introduction and Aerosol Characterization
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I. What are AEROSOLS?

Definition: Aerosols are suspended particulate matter 
(liquid or solid) – suspended in a fluid. In terms of 
atmospheric aerosols, this fluid is air.
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Example of aerosols or particles in the atmosphere:

How many different types you can think of?

Dust Storm

Dust storm over Denver, Colorado. 
(Source: worldgeography.com)
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Sea Spray

Sea Salt (Giant CCN)

Microorganisms 

Geo-engineering 

Biomass Burning
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Anthropogenic 
Emissions

Pinnacle State Park (PSP) 

*

April 7‐21, 2009  104

103

102

101

May 7‐21, 2012 104

103

102

101

New particle 
formation (NPF) 
in the atmosphere

Data from James Schwab
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II. Importance of atmospheric aerosols

1. Particles and health

2. Effects of aerosols on radiation, 

cloud, climate and weather

Because of its very small size, particle pollution gets right through the 
nasal passage, past the trachea and deep into the lungs. The smallest 
of the particles can even enter the bloodstream via the lungs. 

1. Particles and health impact
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April 1, 2013

in 2010

Based on a Study 
published in The 
Lancet.

From Pan et al., JAM, 2019

Air or aerosol transmission of VIRUS
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Coronavirus: New Facts about Infection Mechanisms - NHK Documentary

https://www.youtube.com/watch?v=H2azcn7MqOU

In class view: 1’58’’ – 3’00’’, 3’50’’ – 5’00”

IPCC, 2007

2. Effects of aerosols on radiation, cloud, 
climate and weather
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Tiny particles have outsize impact on storms

Watch PNNL video https://www.pnnl.gov/news/release.aspx?id=4489
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Boeing chief sustainability officer Chris Raymond:

“… We have to understand how 
to deal with contrail formation 
on a hydrogen fuel cell airplane. 
And we're studying that.”

 Multiple ground and flight tests 
planned for the mid-2020s; 

 Entry-into-service of a zero-
emission aircraft by 2035; 

 Net-zero carbon emissions for 
commercial flight by 2050.

Voigt et al., 2021

Photo by F. Yu, 1/11/2023
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Photo by F. Yu, 1/11/2023

The problem here is that it is 
very difficult to model the 
nature of contrails coming from 
jet engines that burn hydrogen.
Finding out this information is 
rather urgent, as Airbus has to 
decide on a future direction.
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Geo-Engineering

Geo-Engineering

Released on March 25, 2021

“The report says the U.S. Global Change 
Research Program (USGCRP) should lead 
the effort to establish and coordinate a solar 
geoengineering research program across 
federal agencies and scientific disciplines, 
with funding in the range of $100 million-
$200 million over the first five years.”

“Given the urgency of the risks posed by 
climate change, the U.S. should pursue a 
research program for solar geoengineering 
— in coordination with other nations, 
subject to governance, and alongside a 
robust portfolio of climate mitigation and 
adaptation policies, says a new report from 
the National Academies of Sciences, 
Engineering, and Medicine. The report 
emphasizes that solar geoengineering is 
not a substitute for reducing greenhouse 
gas emissions.”
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III. How to characterize aerosols?

Aerosol properties:
How many different kinds you can think of?
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Aerosol properties and climate impacts

IPCC, 2007

Example of size distribution (Number size distribution with three log-normal
modes measured in the Arctic):

How do we measure particle number and particle size ?

Particle Size Distributions
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Optical Particle Counter (OPC): ~ 100 nm to 5 m

size limits defined by Mie scattering, which are used to interpret integrated scattered 
intensity.

Condensation Particle Counter

Saturate an aerosol with water or alcohol vapor

Cool by adiabatic expansion or flow through a cold tube

Nuclei will grow to ~ 10 m

Every nuclei grows to a droplet

Measure the number of droplets with an e.g.  single particle
optical counter
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Condensation Particle Counter (CPC): ~1.5 nm to 0.5 m

Condensation Particle Counters (CPCs) detects 
particles by exposing them to a  region that is 
supersaturated with vapor (usually butanol), 
thus allowing particles to grow to a size that 
can be optically detected.

Counting efficiency curve: TSI model 3010 Response time: TSI model 3010

DMA  ‐ Differential Mobility Analyzer

Hinds

A charged particle will be pushed in the direction of VTE by the
electric field E between the two plates.
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DMA ‐ Differential Mobility Analyzer

Hinds

Stokes Drag on a particle
Fd = 3   V d / Cf
 = viscosity of air
V = transverse velocity (going from plate to plate)
d = diameter of the particle
Cf = 1 + (mean free path of particle) / d       (correction factor)

Electric force on a particle with charge Q in electric field E is
QE       

Equate the two forces , solve for     V = Q E Cf / 3   d 

V = Q E B     where B is called the Mobility

DMA + CPC = Scanning Mobility Particle Sizer (SMPS) or Differential 
Mobility Particle Sizer (DMPS)

DMPS:
• A pre‐impactor removes all particles larger than the upper diameter of the size range to be 

measured
• The particles are brought in the bipolar charge equilibrium in the bipolar diffusion charger.
• A computer program sets stepwise the voltage for each selected mobility bin. 
• After a certain waiting time, the CPC measures the number concentration for each mobility bin.
• The result is a mobility distribution.
• The number size distribution must be calculated from the mobility distribution by a computer 

inversion routine.
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Differential Mobility Analyzer (shown below, a “Nano DMA”)

Chen et al., 1998

TSI, Inc.

inlet

outlet

HV

sheath air

Efficiently size‐selects charged 
particles for collection and 
analysis.

Shen et al., ACP, 2011
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Q: Which size range has the most particles? 

Histogram of frequency (count) versus particle size

Q: See any problem in this approach of describing particle size 
distributions? 

Q: Total # of particles ?

Hands-on exercise of particle size distributions during the first part of next lecture, 
everyone needs to have access to excel in class
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Key knowledge points of Lecture 1:

1. Atmospheric aerosols and their impacts

2. Aerosol properties and aerosol climate effects

3. Particle size distributions


