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List of unsolved problems in neuroscience

I Consciousness: What is the neuronal basis of subjective
experience, cognition, wakefulness, alertness, arousal, and
attention? Is there a ”hard problem of consciousness”? If so,
how is it solved? What, if any, is the function of
consciousness?

I Perception: How are the senses integrated? What is the
relationship between subjective experience and the physical
world?

I Learning and memory: Where do our memories get stored
and how are they retrieved again? How can learning be
improved? What is the difference between explicit and implicit
memories? What molecule is responsible for synaptic tagging?

I Neuroplasticity: How plastic is the mature brain?

I Free will



I Sleep: What is the biological function of sleep? Why do we
dream? What are the underlying brain mechanisms? What is
its relation to anesthesia?

I Cognition and decisions: How and where does the brain
evaluate reward value and effort (cost) to modulate behavior?

I Language: How is it implemented neurally? What is the
basis of semantic meaning?

I Diseases: What are the neural bases (causes) of mental
diseases?

I Movement: How can we move so controllably, even though
the motor nerve impulses seem haphazard and unpredictable?

I Computational theory of mind: What are the limits of
understanding thinking as a form of computing?
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Brain vs Computer



Why are neurons special?

Figure : Potentials recorded on the giant axon of the Atlantic squid,
which has the largest neurons ever known, thousand times thicker than
their human counterparts.
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Between Neurons: Synapse
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Halle Berry Neuron



Mirror Neuron

Possible roles: understanding intentions, learning
facilitation,empathy... 7
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Grid and place cells

Figure : O’Keefe and the
Mosers



Intracellular Recordings

I Voltage clamp

I Current clamp

I The patch-clamp
technique

I Sharp electrode
technique

Figure : Current Clamp

Figure : Voltage Clamp
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Patch Clamp

Figure : Clamping an ion
channel



Extracellular Recordings

I Single-unit recording
I Field potentials (!)
I Amperometry
I Optical imaging (!) Link

Figure : Several different probe designs shown on the back of a U.S.
penny.
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https://www.youtube.com/watch?v=lppAwkek6DI


Brain Areas







Scales in recording from the brain

• SUA/MUA: ”Single/Multi Unit Activity” • LFP: ”Local Field
Potential”
• ECoG: ”Electrocorticograph”
• MEG/EEG: ”Magneto-/Electroencephalograph” 10

10http : //www .neurotechnology .uni − freiburg .de/research/clinic/bmi −
overview/box − bmi − scales



LFP



Spikes - > 300Hz



sCSD Method



Brain Rhythms

Figure : Four typical dominant brain normal rhythms, from high to low
frequencies. The delta wave is observed in infants and sleeping adults,
the theta wave in children and sleeping adults, the alpha wave is detected
in the occipital brain region when there is no attention, and the beta
wave appears frontally and parietally with low amplitude.
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Event related potentials -stimulus

Respononse to a specific sensory, cognitive or motor event.







Brain-Computer Interfaces

Monkey controlling robotic arm Link 12

12http : //www .degruyter .com/view/j/revneuro.2013.24.issue −
5/revneuro − 2013 − 0032/graphic/revneuro − 2013 − 0032f ig1.jpg

https://www.youtube.com/watch?v=MeSkcF6nuoQ


Emotive Epoc

Neurogaming Link

https://www.youtube.com/watch?v=1HVWpwQLwXA


Brain Imaging Technics

Figure : Spatial and temporal resolution of brain imaging technincs
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Take home messages

?





Summary

I Single neuron morphology, signal propagation

I Single neuron imaging

I Neuron populations

I Population activity imaging



Multielectrode Probes

Figure : Several different probe designs shown on the back of a U.S.
penny.
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Previous approaches - sCSD method
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	Motivation

